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ARTICLE

Neural representations of others in the medial prefrontal cortex do not depend
on our knowledge about them
Elien Heleven and Frank Van Overwalle

Pyschology, Vrije Universiteit Brussel, Brussel, Belgium

ABSTRACT
Earlier neuroimaging studies on social inferences applying repetition suppression indicated that
psychological entities of persons are represented in the ventral medial prefrontal cortex (mPFC).
These representations were identified by suppression of activation in neural populations after
repetition of the same persons, and are interpreted as abstract summary representations for the
repeated social entity. However, an alternative explanation might be that suppression for persons
does not reflect the representation of a person as such, but rather some degree of knowledge
about this person. The current study contrasted these hypotheses by manipulating repetition not
only of a person, but also of the knowledge about that person. If a high level of knowledge plays
a role in person representation, suppression effects in the mPFC would be larger for well-known
persons as opposed to less-known persons (e.g., close friends versus acquaintances). Contrary to
this alternative hypothesis, but in line with the original interpretation, our results revealed only
suppression for person repetition in the ventral mPFC irrespective of knowledge level, suggesting
that both well-known and lesser-known persons are represented in this area. Suppression areas
for well-known and lesser-known persons were, however, only partly overlapping and the area for
less-known others extended towards the dorsal mPFC.
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Introduction

Every day we engage in different social situations. The
smoothness and efficiency with which we navigate in
these contexts largely depends on our ability to correctly
attribute relevant characteristics to different types of
persons from our social network (e.g., well vs less
known others) such as their goals, strategies, desires or
personality traits (Amodio & Frith, 2006; Schurz, Radua,
Aichhorn, Richlan, & Perner, 2014; Van Overwalle, 2009).
This process is referred to as mentalizing or theory of
mind. Particularly the ventral medial prefrontal cortex
(vmPFC), which is part of a system of brain regions
known as the mentalizing network, is an important
brain area involved in these attributions. This region is
not only recruited during the mere processing of social
information, but is also recognized as a central hub that
integrates and abstracts these attributed characteristics
out of lower level (e.g., observed behavior or interocep-
tive signals) and higher level information (e.g., subjective
value or self-relevance). This integration forms dynamic
summary representations of persons and their character-
istics, that can be retrieved with relatively little effort,
and can help us easily and quickly apprehend our envir-

onment in order to behave appropriately (Baetens, Ma,
Steen, & Van Overwalle, 2014; Forbes & Grafman, 2010;
Krueger, Barbey, & Grafman, 2009; Roy, Shohamy, &
Wager, 2012). Representations are “memories that are
localized in neural networks that encode information
and when activated, enable access to this stored infor-
mation” (Wood & Grafman, 2003, p. 139), so that this
information does not need to be computed anew, but is
immediately available and can be rapidly accessed and
speed up processing. This may greatly facilitate fast and
smooth social interaction with other people.

To reveal these neural representations, researchers
applied functional magnetic resonance imaging (fMRI)
repetition suppression. This technique is based on the
assumption that repeated processing of the same stimu-
lus or concept results in suppressed activation in the
neural population processing and representing knowl-
edge about this stimulus or concept. This view is con-
sistent with predictive coding (Friston, 2005; Gotts,
Chow, & Martin, 2012; Grill-Spector, Henson, & Martin,
2006) and connectionist models of neural functioning
(McClelland & Rumelhart, 1988) since suppression can
be seen as a decrease in prediction error to the same
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stimulus or concept in a neural representation. Contrary
to fMRI activation, this technique thus enables us to
identify the population involved in the representation
of a specific stimulus or summary construct (e.g., person)
and so controls for variable aspects of processing that
elicits non-specific brain activation (de Graaf, Hsieh, &
Sack, 2012) such as prerequisite processes (e.g., body
movement) or consequential post processes (e.g., emo-
tional expression). Moreover, the identification of these
neural populations can give us insight in the organiza-
tion of the brain (i.e., which concepts have a common
neural basis or are represented close to each other).
This suppression technique already demonstrated the
presence of representations for several social constructs
in the vmPFC such as implied personality traits
(Ma, Baetens, Vandekerckhove, Kestemont et al., 2014;
Ma, Wang, Yang, Feng, & Van Overwalle, 2016; Van
Overwalle, Ma, & Baetens, 2015), the self (Jenkins,
Macrae, & Mitchell, 2008), close others (Heleven & Van
Overwalle, 2016) and friends (Szpunar, St Jacques,
Robbins, Wig, & Schacter, 2014) and less familiar other
persons (Heleven, Boukhlal, & Van Overwalle, 2017).

Heleven and Van Overwalle (2016) applied the
repetition suppression technique to reveal represen-
tations of people in our close social network. They
asked their participants to read two consecutive
behavioral sentences in which the repetition of a
close other was manipulated, and asked them to
infer the implied trait of the person. They found
suppression for person repetitions in the vmPFC, sug-
gesting specific representations for close others in
this area. This area overlapped partially with trait
representations which these authors identified by
manipulating the repetition of traits implied in the
behavior (see also Ma, Baetens, Vandekerckhove,
Kestemont et al., 2014; Ma, Baetens,
Vandekerckhove, Van der Cruyssen, & Van Overwalle,
2014).

In the current study we raise the question: what do
these representations comprise of? Are they really
abstract summaries of persons and their trait characteris-
tics or is another aspect of these social stimuli responsible
for the suppression effects? Potential alternative candi-
dates for suppression effects are specific features instead
of integrated person characteristics. Prior work has shown
that such features may recruit activation in the vmPFC
(although no repetition suppression has yet been demon-
strated). Among others, candidates are closeness
(Krienen, Tu, & Buckner, 2010), attributed personal value
(D’Argembeau, 2013; Lin, Horner, & Burgess, 2016), and
person descriptiveness (Araujo, Kaplan, Damasio, &
Damasio, 2014). According to Welborn and Lieberman
(2015), all these different aspects can be interpreted as

an expression of how well we know a specific person,
suggesting that knowledge is the key aspect that deter-
mines vmPFC activation. In their meta-analyses, Murray,
Schaer, and Debbané (2012) also found evidence for
knowledge as an important factor for vmPFC involve-
ment. They found a region in this area related to self
and close other processing, which could be differentiated
from a more dorsal region (dmPFC) related to the proces-
sing of less-known others such as acquaintances or media
figures. This ventral-dorsal differentiation in the mPFC is
generally accepted in mentalizing research (see Bzdok
et al., 2013; and meta-analysis by Van Overwalle, 2009)
with the ventral part being responsible for self and close
other processing and the dorsal part for general mentaliz-
ing processes that are applicable to anyone, also less or
unknown others (Murray et al., 2012; Welborn &
Lieberman, 2015). The role of knowledge in vmPFC activa-
tion was also demonstrated by research that found larger
involvement of this area when autobiographic informa-
tion is processed about a domain for which we havemore
as opposed to less memories or experiences (Araujo et al.,
2014; Lieberman, Jarcho, & Satpute, 2004). Chavez and
Heatherton (2015) suggested that vmPFC involvement is
determined by closeness and similarity, thus our knowl-
edge level about the information. Taken together, these
studies suggest a role for knowledge level in vmPFC
activation. The question is: does knowledge level also
play a role in the neural representation of persons?

A recent suppression study suggests that this is
not the case. Heleven et al., 2017) found suppression
for repeated (compared to different) unknown person
processing in the vmPFC. They concluded that
besides previously identified person-specific represen-
tations for close others in this area, there seem to be
more generic representations for unknown others.
These generic representations are abstractions from
the idiosyncrasies of many individual experiences that
retain an essential generalizability which facilitate the
understanding of unfamiliar social encounters.
However, as far as we are aware, there are no studies
directly comparing representations for persons with
different levels of knowledge. It is therefore still
unclear how these different types of representations
are organized.

In the current research we investigate whether knowl-
edge plays a role in person representation in the vmPFC.
We manipulated not only person repetition as in previous
research (Heleven et al., 2017; Heleven & Van Overwalle,
2016) but also the level of knowledge about these per-
sons. We focused on persons from participants’ social
network instead of unknown persons, since these persons
are most informative for our daily functioning and their
neural representation is therefore probably very strong.
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Our participants selected from their social network well-
known persons (e.g., friends or family members) as well as
less-known persons (e.g., acquaintances). During scanning,
they read two behavioral descriptions that implied the
same moral trait for the persons involved. Critically, two
key person aspects were orthogonally manipulated.
Specifically, the persons in the two sentences were either
(a) exactly the same versus different and (b) the knowl-
edge level was either the same (i.e., well-known or less-
known) versus different (a combination of a well-known
with a less-known person). We always implied the same
trait in the two sentences in order to keep trait suppres-
sion constant in each condition.

We pitted three hypotheses against each other. In
line with previous research, we expected as first
hypothesis to find suppression in the vmPFC when
the same instead of no person is repeated.
Alternatively, if the assumption is correct that high
level of knowledge is critical in person representation,
two hypotheses may follow: a strict and weak one. As
strict (second) hypothesis, we expect larger suppres-
sion effects for well-known than for less-known others,
irrespective of whether the same or different person is
involved. This hypothesis implies that simply proces-
sing a lot of knowledge about various social targets
underlies the representation of those targets. This
seems reasonable because person knowledge (i.e.,
traits and other characteristics) is shared among per-
sons we know well, and therefore also shared (directly
or indirectly through associative links) among repre-
sentations of these persons. As weaker (third) hypoth-
esis we predict that person repetition leads to
suppression, and more so for well-known as opposed
to less-known persons. It seems reasonable that exten-
sive knowledge might constrain the ways we make
judgments about well-known targets in such a way
as to produce more reliable psychological and neural
representations.

In addition, we measure participants’ social network
size in order to investigate the relation between neural
activation during person and knowledge processing and
the ease by which somebody navigates in a social context
as expressed by the persons’ number of social contacts.
Previous studies demonstrated a relation between
reported social contacts and mPFC volume and activation
during person processing (Heleven & Van Overwalle,
2016; Lewis, Rezaie, Brown, Roberts, & Dunbar, 2011;
Powell, Lewis, Roberts, García-Fiñana, & Dunbar, 2012).
These findings are in line with the social brain hypothesis
(Dunbar, 1998) which states that a more variable and
complex social environments should coincide with
changes in the neocortex.

Method

Participants

Participants were 28 right handed, native Dutch speak-
ing individuals (10 men) with ages varying from 19 to
30 years (M = 23.27). They all reported no abnormal
neurological history and had normal or corrected-to-
normal vision. Informed consent was obtained in a
manner approved by the Free University Brussels (of
the primary investigator, FVO) and the Medical Ethics
Committee at the Hospital of University of Ghent,
where the study was conducted. Participants were
paid 20 euro in exchange for their participation.

Stimulus material

The stimulus material consisted of sentences describing
a person performing a behavior. They were borrowed
from prior studies (Heleven & Van Overwalle, 2016; Ma
et al., 2014, 2014; Van der Cruyssen, Heleven, Ma,
Vandekerckhove, & Van Overwalle, 2015). The agents
in the behavioral descriptions were names (or nick-
names) provided by the participants of five persons
they reported to know very well such as family mem-
bers or friends (> 5 on a 7-point scale anchored at 1 = I
slightly know this person, 4 = I know this person well,
and 7 = I know this person extremely well) and five
acquaintances they vaguely know such as a neighbor or
a person from their school or work (< 3 on the same
scale). We only selected persons about whom the par-
ticipants reported to have a positive valence (> 4 on a
7-point scale anchored at 1 = I don’t like this person at
all, 4 = I like this person a little, and 7 = I extremely like
this person). Well-known and less-known persons were
matched on valence, that is, for each well-known per-
son a less-known with the same reported valence was
chosen. Consequently, mean ratings for well-known
and less-known persons differed significantly on knowl-
edge (M = 6.10 & 2.21 respectively, t(27) = 37.20,
p < .05), but not on valence (M = 5.65 for both).

Procedure

Participants were instructed to read the behavioral sen-
tences and to visualize the person performing the
behavior and to infer the implied trait (nice, friendly,
trustworthy, honest, generous, and their opposites).
Each trial started by the word ”Trait” in the middle of
the screen during 2 seconds to remind participants of
the task. After this, two sentences (prime and target)
which implied the same trait, were presented. The per-
sons in the sentences varied, depending on the
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condition. Note that throughout the experiment the
trait implications were always identical, so that our
manipulation reveals repetition effects of persons only.

We created six conditions (see Table 1). In the
Repeated person/High knowledge condition, the
agent in two consecutive sentences was the same well-
known person. In the Repeated person/Low knowledge
condition the agent was the same less-known person. In
the Different person/High knowledge condition the
agents were two different well-known persons. In the
Different person/Low knowledge condition two different
less-known persons were the agents. In the Different
person/Low-High condition the agent in the prime sen-
tence was a less-known person and the one in the target
sentence a well-known person. This was reversed in the
In the Different person/High-Low knowledge condition.
The latter two conditions of mixed knowledge were
added to control for effects of differential activation in
prime or target sentences due level of knowledge alone,
rather than repetition of level of knowledge. We added a
singleton condition in which only a target sentence was
presented, to avoid that participants would ignore the
prime sentence.

There were 20 trials in each condition. We presented
one of six versions of the material to each participant,
counterbalanced between conditions and participants.
All trials were presented in a random order across con-
ditions. Sentences were presented in the middle of the
screen during 5.5 seconds. Each sentence was preceded
by a jittered interstimulus interval, varying from 2.5 to
4.5 seconds randomly drawn from a uniform distribu-
tion, during which participants viewed passively a fixa-
tion crosshair. In 60% of the trials, to keep participants
focused on the task, they were asked to rate how
applicable the implied trait or its opposite was to the
person in the second sentence, using one of four
response buttons: 1 = never 2 = sometimes, 3 = often,
and 4 = always. In the remaining 40% of the trails, no
question was asked in order to keep the total length of
the experiment under one hour.

After participants left the scanner, we measured their
social network size, using an adapted form of the Social
Network Questionnaire designed by Lewis et al. (2011).
Participants were requested to list the initials of every-
one with whom they had social contact (a) during the
last 7 days and (b) during the last month (i.e., approx.
30 days) and to distinguish people from their support
clique (i.e., people that would give emotional or finan-
cial support in difficult times) from others. 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 and 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, a fieldmap was calculated to

Table 1. Schematic presentation of the design.
Condition Sentences

Person Knowledge Prime Sentence Target Sentence

Repeated Repeated High [Friend] shows the instructor her fault [Friend] tells her the truth
Repeated Low [Neighbor] shows the instructor her fault [Neighbor] tells her the truth

Different Repeated High [Mother] shows the instructor her fault [Friend] tells her the truth
Repeated Low [Colleague] shows the instructor her fault [Neighbor] tells her the truth

Different Low – High [Neighbor] shows the instructor her fault [Friend] tells her the truth
High – Low [Friend] tells her friend the truth [Neighbor] tells her the truth

Singleton – – [Friend/Neighbor] tells her the truth

The persons between strait brackets are people from participants’ social network, matched on valence. The same personality trait is implied in two
consecutive sentences.
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correct for inhomogeneities in the magnetic field
(Cusack & Papadakis, 2002). Next, whole brain func-
tional 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 × 2 mm], 30
axial slices).

Image processing

SPM12 (Wellcome Department of Cognitive Neurology,
London, UK) was used to process and analyze the fMRI
data. To remove sources of noise and artifact, data were
preprocessed. Inhomogeneities in the magnetic field
were corrected using the fieldmap (Cusack & Papadakis,
2002). 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.
Then, the functional data were transformed into a stan-
dard anatomical space (2 mm isotropic voxels) based on
the ICBM152 brain template (Montreal Neurological
Institute), which approximates Talairach and Tournoux
atlas space. Normalized data were then spatially
smoothed (6 mm full-width at half-maximum, FWHM)
using a Gaussian Kernel. Finally, using the Artifact
Detection Tool software package (ART; http://web.mit.
edu/swg/art/art.pdf; http://www.nitrc.org/projects/arti
fact_detect), the preprocessed data were examined for
excessive motion artifacts and for correlations between
motion and experimental design, and between global
mean signal and experimental design. Outliers were iden-
tified 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 from the ana-
lysis by including a single regressor for each outlier. No
correlations between motion and experimental design or
global signal and experimental design were identified. Six
directions of motion parameters from the realignment
step as well as outlier time points (defined by ART) were
included as nuisance regressors. A default high-pass filter
was used of 128s and serial correlations were accounted
for by the default auto-regressive AR(1) model.

Statistical analysis

The general linear model of SPM12 (Wellcome
Department of Cognitive Neurology, London, UK) was
used to conduct the analyses of the fMRI data. At the
first (single participant) level, the event-related design

was modeled with two regressors for each condition
time-locked at the presentation of the two sentences
(and one regressor for the singleton condition), and
convolved with a canonical hemodynamic response
function with event duration set to 0 for all conditions.
We did not model the response of the participants as a
separate regressor.

At the second (group) level, in all whole-brain ana-
lyses clusters were defined at threshold p < .001, uncor-
rected with a minimum cluster extent of 10 voxels, and
we restricted the analysis further to clusters with a
Family Wise Error (FWE) corrected threshold at cluster
level with p < .05. First, in order to investigate differences
between well- and less-known person processing (with-
out repetition), we conducted a whole-brain random
effects analysis contrasting the prime sentence of condi-
tions with well-known and less-known agents. Second,
to investigate repetition suppression effects in each con-
dition in particular, we contrasted prime and target sen-
tences in all conditions. Third, to further investigate our
specific hypotheses on the repetition of person versus
knowledge level, in line with earlier repetition research
we defined repetition suppression main effects with the
prime > target contrast involving suppression given
repetition of the same person (hypothesis 1) and given
repetition of high knowledge (hypothesis 2). A first set of
contrasts tested only the relevant prime > target con-
trasts between repetitions of a person or high knowl-
edge, and ignored non-repetitions. We termed these
“main contrasts given person/high knowledge repeti-
tion” (see Table 2 for the contrast weights). A second
set of contrasts provided a stronger test of these repeti-
tion hypotheses, in which the remaining non-repetition
conditions were restricted to show no changes between
primes and targets, by clamping the primes and targets
to a weight of 1. We termed these “main contrasts given
person/high knowledge repetition controlling for non-
repetition” (see also Table 2 for the contrast weights).
Note that this actually also controls for trait repetition
(which occurred in all conditions as the implied traits
were always similar). Finally, to test hypothesis 3, we
defined an interaction to compare person suppression
for high as opposed to low knowledge level (see Table 2
for the contrast weights). In addition, the reverse, target
> prime enhancement contrasts were defined for all
contrasts above to explore whether the brain areas iden-
tified are not involved in the complementary process of
repetition enhancement which refers to an increase of
activation from prime to target (see Supplementary table
for specific contrast weights).

Prior research (Heleven et al., 2017; Heleven &
Van Overwalle, 2016; Ma, Baetens, Vandekerckhove,
Kestemont et al., 2014) documented that a whole brain
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Table 2. Repetition Suppression (Prime > Target contrast) effects from the whole brain analysis.
Anatomical Label X y z Voxels Max t

Simple Prime > Target Contrasts
Repeated person/High knowledge

[1–1 0 0 0 0 0 0]
vmPFC 6 50 −2 396 4.15 ***
vmPFC 6 38 −2 4.14
vmPFC −8 48 −4 3.94

Repeated person/Low knowledge
[0 0 1–1 0 0 0 0]

vmPFC 4 54 4 165 3.81 *
vmPFC 6 42 10 3.55
dmPFC 4 46 22 3.52
R Superior Frontal Gyrus 22 26 60 192 4.75 *
R Superior Frontal Gyrus 32 22 58 4.28
R Superior Frontal Gyrus 22 40 52 3.86

Different person/High knowledge
[0 0 0 0 1–1 0 0]

R PFC 26 38 2 270 5.04 **
R Inferior Frontal Gyrus 22 32 −2 4.37
vmPFC 14 34 −6 4.08

Different person/Low knowledge
[0 0 0 0 0 0 1–1]

vmPFC 4 52 0 687 4.84 ***
vmPFC −10 44 −2 4.40
vmPFC −10 32 0 3.81

Different person/Low-High knowledge
No suprathreshold clusters

Different person/High-Low knowledge
vmPFC 6 36 0 3144 5.56 ***
vmPFC 4 56 6 5.35
vmPFC −2 42 −6 5.12
R Middle Temporal Gyrus 66 −18 −12 315 5.73 **
R Middle Temporal Gyrus 66 −36 0 4.61
R Inferior Temporal Gyrus 62 −20 −22 4.27
Precuneus 4 −40 50 342 4.75 **
Paracentral Lobule −6 −40 52 4.03
Cingulate Gyrus −4 −34 44 3.92
Cerebellum (Pyramis) −38 −72 −44 303 4.29 **
Cerebellum (Tuber) −44 −66 −38 4.27
Cerebellum (Declive) −16 −84 −30 4.08

Main Suppression Prime > Target Contrasts given Person repetition (Hypothesis 1)
Main suppression contrast given person repetition:

[1–1 1–1 0 0 0 0]
vmPFC 4 52 2 678 4.98 ***
vmPFC 8 40 −2 4.70
vmPFC −10 48 −2 3.38
R Inferior Frontal Gyrus 26 36 −4 195 5.71 *
R Superior Frontal Gyrus 34 22 58 231 5.07 *
R Middle Frontal Gyrus 28 36 52 4.67
R Superior Frontal Gyrus 22 28 60 4.08
Precuneus 0 −38 48 214 4.94 *

Main suppression contrast given person repetition controlling for non-repetition:
[1–3 1–3 1 1 1 1]

R Inferior Frontal Gyrus 24 34 −4 849 5.50 ***
vmPFC 8 40 −2 5.08
vmPFC 6 48 −2 4.64
R Middle Frontal Gyrus 32 32 52 277 5.03 **
R Superior Frontal Gyrus 34 22 58 4.54
R Superior Frontal Gyrus 24 28 58 3.72
L Precuneus 0 −38 48 445 5.53 ***
L Cingulate gyrus −12 −38 34 3.95

(Continued )
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analysis may be sensitive to many activation differences
that are not due to suppression alone (e.g., due to
differences in the activation of unrelated primes and
targets), and may so reveal “false” suppression effects.
To identify only brain areas showing the predicted repe-
tition suppression pattern and exclude “false” suppres-
sion effects, we conducted signal change analyses like
this earlier work (see also Jenkins et al., 2008).
Specifically, we defined regions of interest (ROI) as a
sphere of 3 mm around all coordinates of the main
and interaction contrasts revealed in testing our

hypotheses. We then extracted the percentage signal
change in these ROIs for each participant using the
MarsBar toolbox (http://marsbar.sourceforge.net) and
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 the indexes using a repeated measures ANOVA
with Person (repeated vs. different) and Knowledge
(High vs. Low) as within-participant factors with a thresh-
old of p < 0.05. Significant differences between condi-
tions were identified using t-tests with a threshold of

Table 2. (Continued).

Anatomical Label X y z Voxels Max t

Main suppression contrast given High Knowledge repetition (Hypothesis 2)
Main suppression contrast given high knowledge repetition:

[1–1 0 0 1–1 0 0]
R Inferior Frontal Gyrus 24 36 −2 871 6.43 ***
vmPFC 6 48 −2 4.45
vmPFC −6 28 8 4.26
Precuneus 0 −38 48 295 4.59 **
Cingulate Gyrus −10 −38 40 4.00
Cingulate Gyrus 8 −30 42 3.33

Main suppression contrast given high knowledge repetition controlling for non-repetition:
[1–3 1 1 1–3 1 1]

R Inferior Frontal Gyrus 24 34 −4 261 5.60 *
R Anterior Cingulate Gyrus 24 38 8 4.29
– 30 34 12 4.19
Cingulate Gyrus 6 −36 44 161 3.65 *
Cingulate Gyrus −8 −36 42 3.55

Interaction contrast of Person suppression and High > Low Knowledge (Hypothesis 3)

[1–3 1 1 0 0 0 0]
No suprathreshold clusters

Interaction of person suppression and high > low knowledge controlling for non-repetition:
[1–7 1 1 1 1 1 1]

No suprathreshold clusters

Additional Suppression Contrasts given Low Knowledge
Main suppression contrast given low knowledge repetition:

[0 0 1–1 0 0 1–1]
vmPFC 4 52 2 1482 5.63 ***
vmPFC 6 44 −4 4.83
dmPFC 4 60 34 4.61
Superior Frontal Gyrus 22 26 60 410 4.72 ***
Medial Frontal Gyrus 14 36 42 3.93
Superior Frontal Gyrus 32 24 56 3.93
Posterior Cingulate 4 −38 22 414 4.43 ***
Paracentral Lobule 0 −36 46 4.27
Cingulate Gyrus 2 −22 36 3.69
Inferior Parietal Lobule 44 −60 56 341 5.28 **
Inferior Parietal Lobule 54 −56 46 4.19
Inferior Parietal Lobule 44 −72 42 3.98

Conjunction of main suppression contrast given high and low knowledge repetition:
[1–1 0 0 1–1 0 0]
[0 0 1–1 0 0 1–1]

vmPFC 6 48 −2 255 4.45 **
vmPFC 6 40 −4 4.24

Notes: Coordinates refer to the MNI (Montreal Neurological Institute) stereotaxic space. Whole-brain analysis thresholded at p < 0.001, uncorrected with a
voxel extent of ≥ 10. Reported coordinates are from clusters with p < 0.05, FWE cluster corrected. The contrast weights between parentheses refer to the
Prime and Target in the first four conditions respectively: (1) Repeated person/High knowledge, (2) Repeated person/Low knowledge, (3) Different person/
High knowledge and (4) Different person/Low knowledge. The contrast weights of the other conditions were set to zero (not shown). vmPFC = ventral
medial prefrontal cortex, dmPFC = dorsal medial prefrontal cortex, PFC = prefrontal cortex, L = left, R = right.

* p < 0.05, **p < 0.01, ***p < 0.001 (FWE cluster corrected)
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p < 0.05, one-sided since we were testing for increased
suppression only. Note that this analysis has been typi-
cally used for fMRI repetition designs in order to omit
false positives due to differences (e.g., between primes)
other than the predicted suppression prime > target
pattern in the hypothesized conditions (Heleven et al.,
2017; Ma, Baetens, Vandekerckhove, Van der Cruyssen
et al., 2014; Ma et al., 2016).

To explore the relationship between brain activation
and social network size, we calculated the correlation of
percent signal change and reported number of contacts
during each month for each of the first four conditions
separately.

Multivoxel pattern analysis (MVPA)

In order to further investigate potential differences
between high versus low knowledge (without repe-
tition), we applied a MVPA which allows to investi-
gate differences between neural representations by
analyzing the differential pattern of activation in a
cluster rather than the mean level of activation
above threshold in a cluster as in the classical gen-
eral linear model (GLM). We used PRoNTo 2.0
(Schrouff et al., 2013; www.mlnl.cs.ucl.ac.uk/pronto)
and compared high versus low knowledge of all
primes using a Support Vector Machine (SVM;
Burges, 1998). We used prime rather than target
sentences, because the first sentences are unconta-
minated by possible suppression effects, and thus
reflect pure encoding (i.e., an MVPA on target sen-
tences would simply reflect suppression effect). This
analysis was applied at the group level as well as at
a within-individual level of each participant. For the
group level, we analyzed the beta coefficients of the
whole brain of each participant per condition com-
puted by the 1st level GLM in SPM. The multi-voxel
classification estimations were cross-validated using
a leave-one-subject-out scheme. We performed a
similar analysis at the individual level in order to
see whether a person-specific approach would bet-
ter differentiate high vs low knowledge processing.
Analysis at this level was performed on participants’
betas per trial (not per condition as in the group
analysis) computed by another 1st level GLM using a
Least Squares All method (Abdulrahman & Henson,
2016). Validation used a leave-one-block-out cross-
validation scheme. The significance of the perfor-
mance of all classifications is determined by a non-
parametric permutation test.

Results

Whole brain analysis

Before starting the analysis of interest, we began with a
whole-brain random effects analysis of the activation of
the primes to explore whether differences in the pro-
cessing of primes might affect our repetition results.
The well-known > less-known prime contrast and its
reverse did not show significant differences between
primes. This implies that the analyses below are not
contaminated by differences in processing of the
primes.

To investigate repetition suppression effects, we first
contrasted prime and target sentences in all conditions
separately. These simple prime > target repetition con-
trasts revealed a significant degree of repetition sup-
pression in the vmPFC for all conditions except for the
Different person/Low-High knowledge condition
(Table 2). This general suppression effect is unsurprising
since the same trait implication is repeated in all
conditions.

Second and more critically, to compare our person
versus knowledge hypotheses, we conducted several
prime > target contrast analyses across several con-
ditions, termed “main effects”. To reveal person sup-
pression, we conducted a main effect of person
repetition (across the conditions of high and low
knowledge; hypothesis 1). This revealed a significant
main suppression effect of the repeated person in the
vmPFC, but also in a few additional areas involving
the right frontal cortex and precuneus (Table 2).
When additionally controlling for no change in the
non-repetition (different) person conditions by clamp-
ing the weights in these latter conditions to “1”,
similar results were found, including the vmPFC. A
main prime > target contrast for repeated high
knowledge (across similar or different persons;
hypothesis 2), revealed suppression in the vmPFC
and other areas. Importantly, when additionally con-
trolling for no change in the low knowledge condi-
tions (weights clamped to “1”), the analysis did not
show any suppression in the vmPFC (Table 2). This
suggests that high knowledge alone is not predictive
of repetition effects in the vmPFC, contrary to our
knowledge hypothesis. To test our weaker knowledge
prediction (i.e., whether person repetition was stron-
ger given a high versus low knowledge; hypothesis
3), we conducted an interaction of the suppression
(prime > target) contrast comparing repeated person
processing for high > low knowledge. This interaction
did not reveal any significant clusters (Table 2), even
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when further controlling for non-repetition. Together,
these results suggest that persons are represented in
the vmPFC irrespective of the level of knowledge we
have about them. Other contrasts to further explore
these suppression effects comparing high versus low
knowledge in person repetition revealed similar
results.

To explore further the impact of knowledge on per-
son representations, we analyzed suppression in each
(High and Low) knowledge condition, irrespective of
persons. These contrasts revealed suppression in the
vmPFC for well-known persons (Repeated person/High
knowledge), and additionally suppression in the dmPFC
for less-known persons only (Repeated person/Low
knowledge; Figure 1). This finding is in line with the
ventral-dorsal distinction within the mPFC for self ver-
sus other processing (Murray et al., 2012; Welborn &
Lieberman, 2015). Note that suppression in the vmPFC
for less-known others corroborates the finding above
that High knowledge is not specifically predictive of
person repetition effects, and does not impact on
knowledge representations.

For enhancement, the reverse, target > prime contrast
or their interaction contrasts revealed repetition enhance-
ment in many regions (see supplementary Table). Note
that this analysis for repeated high knowledge (across
similar or different persons) did not reveal enhancement
in the vmPFC, except when we additionally controlled for
non-repetitions (MNI: 2 36 4). However, this contrast did
not show any suppression in the vmPFC (Table 2).

Percent signal change analysis

In order to identify only the expected suppression pattern
in the significant contrasts of the whole brain analysis
above and to exclude false suppression effects due to

other reasons (e.g., between unrelated primes and tar-
gets), we computed the percent signal change in ROIs
centered on all the peaks of the repetition main effects
and interactions reported in Table 2. We then calculated a
suppression index by subtracting the percent signal
changes in the prime sentence from those in the target
sentence.

Figure 2 shows the most pronounced person sup-
pression pattern in the vmPFC (hypothesis 1). A
repeated measures ANOVA with Person (repeated
vs. different) and Knowledge (high vs. low) as factors
revealed a main effect for person repetition in the
vmPFC, F (1, 26) = 6.60, p < .05 partial η2 = 0.196,
but none for knowledge, F (1, 26) = 0.01, ns. Simple
t-tests confirmed that the suppression indices of the
conditions involving person repetition did not differ
from each other, while they differed significantly
from the other conditions (p < 0.05, one-sided),
except that one difference was only marginally sig-
nificant (p = 0.08; Different person/High knowledge
versus the Different person/Low knowledge).
Additional analyses on the High-Low and Low-High
conditions further confirmed that the suppression
indices of the conditions involving person repetition
differed (marginally) significantly from these condi-
tions (p < 0.08 and p < 0.05), except for the
Repeated person/Low knowledge condition and the
Different person/High-Low (p = 0.13). Together, the
percent signal change analysis confirms our whole
brain analysis, and also identifies person suppression
in the vmPFC irrespective of the level of knowledge.

We also searched for a pattern in line with our
main knowledge repetition prediction (hypothesis 2)
and in line with our weaker knowledge repetition
prediction (hypothesis 3). Such patterns were not
found in the ROIs based on the peaks in Table 2.

Figure 1. Identified clusters from the whole-brain analyses of the repetition suppression main effects given High and Low
knowledge (with respective main contrasts weights [1–1 0 0 1–1 0 0] and [0 0 1–1 0 0 1–1] as defined in Table 2), and their
conjunction (thresholded at p < .001, uncorrected). The clusters reflecting person representation are located more dorsal for less-
known persons and more ventral for well-known persons.

294 E. HELEVEN AND F. VAN OVERWALLE



Multivoxel pattern analysis

The results of the multi-voxel pattern analysis (Schrouff
et al., 2013) revealed that the accuracy of classification
of High versus Low Knowledge in the prime sentences
(across all respective conditions) at the group level was
below or at random level (i.e., 33 and 51% respectively)
and at the individual level with a classification above
chance for only one participant (i.e., 3.57% of all parti-
cipants). Classification accuracy below chance level of
50% indicates that the obtained classification is gener-
ally opposite to the predicted classification (e.g., when
more items end up in another category than the pre-
dicted category). This demonstrates that the present
multi-voxel analysis was not able to reliably classify
persons with high versus low knowledge based on
information in the prime sentences (i.e., before repeti-
tion), not even when using a within-individual analysis.
Note that applying the classifier after repetition would
be superfluous, as repetition effects were demonstrated
already using the typical univariate SPM analysis.

Correlation with social network size

The mean number of all reported social contacts was
27.82 (SD = 10.39) for the last week and 51.39
(SD = 18.30) for the last month. Reported contacts

with members of the support clique specifically were
7.75 (SD = 2.78) for the last week and 12.36 (SD = 5.12)
for the last month. We investigated the relationship
between the number of reported social contacts during
the last month and the percent signal change of target
sentences for the ROI showing the strongest suppres-
sion (Figure 2; MNI −10 48–2). There was a significant
positive correlation between the number of social con-
tacts with support clique members during the last
month and activation during target processing for the
Different person/High knowledge condition (r = 0.39;
p < 0.05; Figure 3). There was no significant correlation
with percent signal change for any other condition. To
explore potential alternative explanations, we com-
puted the same correlations for the other ROIs showing
no person suppression, but none was significant.

Discussion

The current study investigated whether the knowledge
we have about persons determines their neural repre-
sentation, as identified by the fMRI repetition suppres-
sion method. We pitted against each other three
plausible hypotheses: (1) a suppression effect due to
person repetition (reflecting only a representation of
persons), (2) a suppression effect due to high knowl-
edge in general (reflecting only a representation of the

Figure 2. Percentage signal change in the ventral medial prefrontal cortex (vmPFC) on MNI coordinate −10 48–2. The left side of
the graph shows prime-target pairs for each condition, the right side the suppression indexes. The inset above the indices shows
the cluster and peak (blue crosshairs) revealed in the whole-brain analysis thresholded at p < .001, uncorrected, from which the
signal change was extracted. Repetition suppression in the first two (Repeated person) conditions differs from next two (Different
person) conditions, * p < .05 (F (1, 26) = 6.60, p < .05 partial η2 = 0.196). This pattern is indicative of a neural representation of
persons (cf. repeated person suppression) irrespective of knowledge level.
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high knowledge about persons) or (3) an interaction
(the “weaker” knowledge hypothesis reflecting stronger
representations for well-known persons than less-
known persons). In line with the person representation
hypothesis, we found suppression in the vmPFC when
the same person from participants’ social networks
was processed twice, replicating the finding of
Heleven and Van Overwalle (2016). More importantly,
this suppression effect was the same for well-known
and less-known persons. In contrast to the knowledge
representation hypothesis, the mere repetition of well-
known information without specific person repetition
did not elicit suppression effects. Moreover, the
“weaker” knowledge hypothesis predicting that highly
knowledgeable persons are better represented than
less knowledgeable persons, was not supported either.
These results demonstrate that person representations
in the vmPFC are not determined by the level of knowl-
edge we have about these people, and that the
observed suppression effects in the current and pre-
vious studies are not just a result of the repeated
integration of the same level of knowledge about per-
sons, but about the persons themselves. In line with the
idea of the vmPFC as a central hub region (Baetens
et al., 2014; Forbes & Grafman, 2010; Krueger et al.,
2009; Roy et al., 2012), we interpret these suppression
effects as reflecting abstract summary representations
of persons irrespective of our knowledge level about
them.

Regarding the location of the neural representations,
although suppression for well-known and less-known

persons overlapped in the vmPFC, we found that repe-
tition for well-known persons was confined within the
vmPFC, while the area for less-known others extended
towards the dmPFC. This is in line with the general
accepted ventral-dorsal differentiation in the medial
prefrontal cortex, with the ventral part considered as
being responsible for person-specific processing of the
self and close others, and the dorsal part for less known
or unknown others (Murray et al., 2012; Welborn &
Lieberman, 2015). Note that these suppression clusters
overlapped and hence merely show gradients between
familiar and unfamiliar others rather than clear-cut dis-
tinctions. Moreover, these clusters were unconfounded
for non-repetitions, and should thus be considered with
caution. Moreover, we were unable to further differenti-
ate the neural population involved in high versus low
knowledge processing with an additional MVPA. This
indicates that not only the mean activation at cluster
level in a univariate analysis, but also the analysis of the
distributed pattern of activation at the level of single
voxels, was unable to reliably differentiate low from
high knowledge.

Perhaps the present null results for knowledge
representation are due to the fact that well-known
and less-known people are still quite familiar and
part of participants’ social network (i.e., family, friends,
acquaintances and colleagues). However, it is unlikely
that more reliable knowledge representations will be
uncovered when comparing well-known others with
totally unknown others, since a recent study by
Heleven et al. (2017) revealed person representations

Figure 3. Positive correlation between number of support clique members seen last month and activation in the vmPFC for the
Different person/High knowledge condition. This pattern indicates that processing information about a new well-known other as
target recruits more vmPFC activation when the number of contacts with support clique members increases. Note that this
correlation is absent for less-known others, as well as for repeated others. * p < .05 (two-sided).
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for unknown others in the vmPFC. Perhaps future
suppression studies should investigate whether we
can differentiate persons based on other characteris-
tics than knowledge, in order to understand the neural
organization of person representations.

The absence of a knowledge effect in the mere
activation of the primes is in line with earlier studies
that did not reveal differential activation in the mPFC
when processing close and distant others (Araujo,
Kaplan, & Damasio, 2013), or close and public others
(Murray et al., 2012). It however contradicts other find-
ings such as those of Welborn and Lieberman (2015)
who revealed elevated activation for subjectively well-
known as opposed to less-known persons. Future stu-
dies should investigate which factors determine these
conflicting results. Note that the lack of differences in
prime activation by itself does not invalidate our failure
to find high knowledge repetition suppression. On the
contrary, differences in target activation (in comparison
with primes) are of most importance to reveal repeti-
tion suppression, and differences in prime activation
may only tend to mask such target differences.

A potential limitation of the current study is that
we presented people to whom the participants
attributed a positive valence. Therefore, it is possible
that the observed suppression effect for person
repetition resulted from valence repetition. Since
well and less known persons were matched on
valence, the equivalent suppression effect for
repeated persons on both levels of knowledge can
also be explained in terms of valence. We cannot
entirely dismiss this interpretation in the present
study, but note that an earlier study by Ma,
Baetens, Vandekerckhove, Van der Cruyssen et al.
(2014) contrasted valence and trait repetition, and
found no ground for a valence explanation. Future
research can investigate more directly the possible
role in vmPFC representations for valence or other
person aspects for which we did not control in the
current study such as personal relevance or
descriptiveness.

Another potential alternative explanation for the
present results might be that repetition effects resulted
from the anticipation of a trait question that might
potentially follow right after the target sentence.
However this is unlikely, since no behavioral differences
in reaction time between conditions were observed.

Another possible limitation is that we cannot control
how well participants imagined the persons performing
the described behavior. Future studies can take this into
account by letting participant rate every description on
how easy they were to visualize. We would not recom-
mend to show specific images of the persons since this

could lead to activation in other brain areas such as the
visual (e.g., fusiform face area) or mirror system (Van
Overwalle & Baetens, 2009).

Correlation with social network size

We found a positive correlation between the number of
reported social contacts with support clique members
and vmPFC activation when processing information
about a second, but different well-known person. This
suggests that a larger support clique corresponds with
more in-depth processing of novel well-known person
information. Conversely, individuals with a smaller sup-
port clique probably have a smaller number of well-
known other representations, so that they retrieve the
right person more easily, resulting in lesser activation.
This positive correlation stands in contrast with the
result of Heleven and Van Overwalle (2016) who
found that a higher number of reported social contacts
was related to less (rather than more) vmPFC activation
when processing information about a second but dif-
ferent close other. One possible explanation for this
discrepancy is that Heleven and Van Overwalle (2016)
asked about the number of social contacts in general,
and did not focus on support clique members alone as
was the case in this research. Moreover, Heleven and
Van Overwalle (2016) reported that the identified cor-
relation was heavily dependent on its exact location.
Future research should try to clarify these conflicting
results.

Conclusion

In this study we examined the role of knowledge in
person representations in the vmPFC. We did not find
differential suppression effects for well-known as
opposed to less-known persons. Suppression regions
for both levels of knowledge were partly overlapping
within the vmPFC, with the representation of well-
known others being confined to the vmPFC, and the
representation of less-known others extending towards
the dmPFC. However, an additional MVPA did not con-
firm this ventral-dorsal differentiation. We conclude that
neural representations for persons from our social net-
work (ranging from family to acquaintances) do not
depend much on the level of knowledge we have
about them.
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