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A  growing  body  of  evidence  suggests  that  information  regarding  the  past  self  and  other  people  is  pro-
cessed  similarly.  However,  there  is  not  much  evidence  supporting  this  notion  at  the  neural  level.  In  this
event-related  potential  (ERP)  study  we  examined  processing  of  one’s  own  marital  and  family  name  (i.e.,
present  and  past  self-name,  respectively)  and  images  of  present  and  past  self-face  in  comparison  to
names  and faces  of others  (the  close-other,  famous  and  unknown  person).  Amplitudes  of  P300  (a  late
ERP  component  associated  with  attention,  emotion,  and autobiographical  memory)  to  self-face  and  self-
name,  either  present  or past,  was  enhanced  in comparison  to famous  and  unknown  faces  and  names.
ace
300
resent self
ast self
lose-other

No  differences,  however,  were  observed  between  the  past  and  present  self-names  as  well  as  between
past and  present  self-faces.  Moreover,  P300  amplitude  to  the  past  self-face  was  enhanced  in the  right
hemisphere  in  comparison  to  the  close-other’s  face,  whereas  P300  amplitudes  to the  past  self-name  and
the close-other’s  name  did  not  differ. Thus,  our  results  indicated  that information  related  to  non-physical
aspects  of the  past  self  were  processed  similarly  to the  close-other.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

The sense of self-continuity seems to be an essential aspect of
he human consciousness (Gallagher, 2000; Moran et al., 2006;

orin, 2006). It is related to autobiographical memory and it is
ased on the ability to consolidate different and temporally sepa-
ated pieces of self-related information into a one coherent whole
Conway, 2005; McAdams, 2001). Life brings substantial changes
both physical, e.g., weight gain/loss and situational, e.g., start of a
ew job) as time passes, and these changes imply significant modi-
cations of self-related information. As the self continually evolves,

he self-concept is updated in order to account for these alterations
Demo, 1992; Deutsch et al., 1988).

A growing body of evidence indicates that people distance them-
elves from their past self when they perceive self-changes, even
egarding their past self as ‘another person’ (Libby & Eibach, 2002;
ronin & Ross, 2006; Wilson & Ross, 2003). This is especially the case

hen recalling past behaviors and situations that are discrepant
ith the present self-concept. On such occasions people frequently

dopt a third-person perspective, as if looking not at themselves

∗ Corresponding author. Fax: +48 22 8225342.
E-mail addresses: i.kotlewska@nencki.gov.pl (I. Kotlewska),

.nowicka@nencki.gov.pl (A. Nowicka).
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301-0511/© 2015 Elsevier B.V. All rights reserved.
but at someone else (Libby & Eibach, 2002). Additionally, people
asked to form images of past events in which they participated
often claim to see them from the perspective of an external observer
(e.g., Cohen & Gunz, 2002). Also, attributions made about the past
self resemble attributions made about others rather than attribu-
tions regarding the present self (Pronin & Ross, 2006). All in all,
it seems that following numerous personal changes people may
process information about their past selves as information about
others.

The topic of changes to the self across time has been the focus of
many research groups. However, only a few attempts have been
recently made to unravel the neural basis of temporally-distant
selves. For both the present and distant time-periods, previ-
ous studies investigated self-reflection (D’Argembeau et al., 2008,
2010; Luo et al., 2010), subjective mental time (Arzy, Collette, Ionta,
Fornari, & Blanke, 2009), and self-face recognition (Apps, Tajadura-
Jimenez, Turley, & Tsakiris, 2012; Butler, Mattingley, Cunnington,
& Suddendorf, 2013).

In one of the earliest studies in this field, evaluations of psycho-
logical characteristics of one’s own  person and the other (friend)
were conducted for both the present and a past time periods while

functional magnetic resonance imaging (fMRI) data were collected
(D’Argembeau et al., 2008). The degree of activity in cortical midline
structures (CMS) was  significantly influenced by both the target
of reflection and period of time. The ventral and dorsal medial

dx.doi.org/10.1016/j.biopsycho.2015.07.015
http://www.sciencedirect.com/science/journal/03010511
http://www.elsevier.com/locate/biopsycho
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refrontal cortex (MPFC) and the posterior cingulate cortex were
ore recruited when reflecting on the present self than when

eflecting on the past self or when reflecting on the close friend,
ith those two  conditions showing no differences. In a follow-

p study, the MPFC activity was higher when reflecting on the
resent self than when reflecting on both past and future selves
D’Argembeau et al., 2010). The effects of temporal perspective,
owever, were not modulated by the trait valence.

Interestingly, this impact of emotional valence on the neural
asis of self-evaluation across time was reported in an event-
elated potentials (ERP) study (Luo et al., 2010). In that study, for
oth present and past selves, the process of evaluation of negative
raits in comparison to positive traits, resulted in higher ampli-
udes of a late positive ERP component (so-called late positive
omplex—LPC) in the 650–800 ms  time window. The behavioral
ndings of this study indicated that for each temporal self, par-

icipants had consistently less negative and more positive views of
hemselves, in line with studies on self-enhancement (Leary, 2007;
edikides & Gregg, 2008).

Arzy et al. (2009), in turn, investigated subjective mental time,
.e., ‘self-projection’ of oneself to different time points not only with
espect to one’s life events but also with respect to one’s faces from
ifferent past and future time-points. Participants were asked to

magine themselves at one of three different self-locations in time:
now’ (the present time), ‘past’ (8 years in the past) or ‘future’ (8
ears in the future). Face images of the participant as well as a
amous person (George Clooney) were modified in such a way that
hey represented the participant’s and Clooney’s face appearing as
, 12 and 20 years younger (past faces) or older (future faces). In
ne part of their experiment, faces of the participant or of Clooney
ere shown and participants were asked to indicate whether the

resented face represented the participant’s/Clooney’s appearance
efore (relative-past) or after (relative-future) the imagined self-

ocation in time. Similarly, in the other part of the experiment
articipants were asked to indicate whether the presented event

rom their personal life or world history occurred before or after the
urrently imagined self-location in time. Analysis for past, present,
nd future self-locations revealed a network common for both faces
nd events, consisting of the right anteromedial temporal lobe, pos-
erior parietal cortex bilaterally, left inferior frontal cortex, insula
ilaterally, and right temporo-parietal junction. In a subset of these
rain regions, the percent of fMRI signal change showed higher acti-
ation for the past and future self-locations than for the present
elf-location.

Finally, several studies reported changes in brain correlates
ssociated with processing of present and past self-faces (Apps
t al., 2012; Butler et al., 2013). Neural circuits involved in the recog-
ition of childhood and current (adult) faces were examined using

MRI (Apps et al., 2012). Participants viewed images of either their
wn present face morphed with the face of a familiar other or their
hildhood face morphed with the childhood face of a familiar other.
orphed images of adult self-faces activated different neural net-
orks than morphed images of self-faces in childhood. Specifically,

ctivity in the inferior occipital gyrus, the superior parietal lobule
nd the inferior temporal gyrus varied with the amount of current
elf in an image whereas activity in the hippocampus, the poste-
ior cingulate gyrus, the temporo-parietal junction and the inferior
arietal lobule varied with the amount of childhood self in an image
Apps et al., 2012).

In a recent study, ERP responses to past and present images of
articipants’ faces were investigated in a group of dizygotic twins
Butler et al., 2013). Photographs were taken when they were 5–15,

6–25 and 26–45 years old. The former two time periods referred to
he past (more-distant and less-distant past, respectively) whereas
he latter corresponded to the present, i.e., the period of time in
hich the experiments were done. Control stimuli consisted of
sychology 110 (2015) 201–211

the participant’s twin and unfamiliar other’s photographs of faces,
coming from the same time periods. The results of this study clearly
showed that amplitudes of N400 (a late negative ERP component in
the 400–600 ms  time window) differed as a function of time period,
but only for images of self and not for twin. Processing of both
the present self-face and the less-distant-past self-face resulted in
greater N400 than identification of the self-face in the early period
of life.

All in all, some of the aforementioned studies reported differ-
ences between neural underpinnings of the past and present selves
(Arzy et al., 2009; D’Argembeau et al., 2008; D’Argembeau et al.,
2010) whereas others did not (Luo et al., 2010). In two cases, such
differences were found for the current self compared to the very-
distant-past self, i.e., the self in childhood (Apps et al., 2012; Butler
et al., 2013) but they were absent if the current self was compared
to the less-distant-past self, i.e., the self in adolescence and early
adulthood (Butler et al., 2013).

As far as relation between the past self and the other is con-
cerned, not much evidence exists—at the neural level—supporting
the notion that the past self is processed like the other. Only one
study reported that neural circuits associated with evaluation of
psychological traits in respect to the past self and the other (friend)
did not differ (D’Argembeau et al., 2008). Other studies either did
not include ‘the other’ as a control condition (D’Argembeau et al.,
2010; Luo et al., 2010), or did not compare the past self vs. the other
(Apps et al., 2012; Butler et al., 2013). Therefore, one may  wonder
whether the neural underpinnings associated with the past self and
the close-other (friend, mother, etc.) are similar when processing
of information other than personality traits is required.

For this reason, in the current study ERP responses to present
and past self-faces and self-names were compared to ERP responses
to faces and names of the close-other, famous, and unknown peo-
ple. There is no doubt that one’s own present and past faces are
appropriate to capture time-related changes in the self (Butler et al.,
2013). However, we  propose that one’s own  name is also suitable
to refer to the past and present selves if it has been changed at
some point in life. Examples of such changes include protected wit-
nesses and women who  take their husband’s name after marriage.
It is worth noting that the latter is much more common than the
former. Thus only married women who  voluntarily changed their
names participated in our study, and subject’s family name was
considered to be the past self-name, whereas the subject’s marital
name was  the present self-name. In contrast to previous studies on
past and present self-face processing that used a series of past self-
face images (Arzy et al., 2009; Butler et al., 2013), only one image
of the past self-face was presented to participants. It was taken just
before the name-change (i.e., before marriage) and the image of the
present self-face was taken just before participation in our study.

Similarly to our previous ERP studies on name and face pro-
cessing, we  used here written full names (Cygan, Tacikowski,
Chojnicka, Ostaszewski, & Nowicka, 2014; Tacikowski & Nowicka,
2010; Tacikowski et al., 2011). Thus, these two  different types of
stimuli were presented within the same (visual) modality. This was
done to reduce—as much as possible—the number of factors that
could potentially differentiate ERPs to names and faces.

ERP studies within the framework of the person-recognition
models (Bruce & Young, 1986; Burton et al., 1990; Valentine, Moore,
& Brédart, 1995) identified several correlates of face and name
processing. The occipito-temporal N170 (a negative deflection
occurring around 170 ms  after the stimulus onset) was  shown to be
sensitive to face inversion, but it was  rather unaffected by the famil-
iarity of a face (e.g., Bentin, Allison, Puce, Perez, & McCarthy, 1996).

N170 is often larger for names than for faces in the left hemisphere
(Schweinberger, Ramsay, & Kaufmann, 2006; Tacikowski et al.,
2011) and larger for faces than for names in the right hemisphere
(Rossion & Jacques, 2008). Moreover, N170 is rather unaffected
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y the familiarity of names and faces (Eimer, 2000; Rossion
t al., 2000; Schweinberger et al., 2004) and/or priming manipu-
ations (Pfütze, Sommer, & Schweinberger, 2002; Schweinberger,
aufmann, Moratti, Keil, & Burton, 2007; Schweinberger, Pickering,
urton, & Kaufmann, 2002; Schweinberger, Pickering, Jentzsch,
urton, & Kaufmann 2002). As a consequence, N170 is typically
ssociated with stimulus-category discrimination. It is now widely
greed that N170 represents the analysis of structural information
f faces (Bentin & Deouell, 2000; Carbon et al., 2005; Eimer, 2000;
erzmann et al., 2004; Schweinberger, Pickering, Jentzsch et al.,
002) or word form analysis in case of names (Bentin, Mouchetant-
ostaing, Giard, Echallier, & Pernier, 1999).

Unlike N170, a subsequent temporal-parietal N250 (a relatively
mall negative deflection occurring around 250 ms  after stimu-
us presentation) seems to reflect the activation of familiar face
r familiar name representations stored in long-term memory
Schweinberger, Pickering, Jentzsch et al., 2002). N250 ampli-
ude is: (1) larger for familiar than for unfamiliar names and
aces (2) larger for perceptually primed than unprimed names
nd faces, and (3) unaffected by semantic priming (Sommer,
omoss, & Schweinberger, 1997; Pfütze et al., 2002; Pickering &
chweinberger, 2003; Schweinberger, Pickering, Jentzsch et al.,
002; Tacikowski et al., 2011). As a result, N250 was  suggested to
eflect the process of matching the input name or face to represen-
ations of names and faces stored in long-term memory (Miyakoshi,
omura, & Ohira, 2007).

Lastly, P300 (a positive component occurring around 300 ms
fter the stimulus onset, with its maximum over central-parietal
calp sites) has been related to multiple cognitive functions,
ncluding context updating, allocation of attentional resources and
ssociative memory processes (for review see Polich, 2007). How-
ver, in the context of the person-recognition model P300 was
ssociated mainly with access to semantic information about the
erson whose name or face is being recognized. Support for this
laim comes from observations that P300 is modulated by the
amiliarity of names and faces and does not differentiate between
ames and faces (Bentin & Deouell, 2000; Eimer, 2000; Paller
t al., 2000; Schweinberger, 1996; Cygan et al., 2014; Tacikowski &
owicka, 2010; Tacikowski et al., 2011).

ERP studies prove strong modulation of brain activity by
ne’s own name and face. The self-preference effect was  found
or ERP components described within the person recognition

odel—N170, N250, and P300 as well as for two additional
omponents—P200 and N400. For some of those components such
ffect was present for both names and faces, whereas for others—for
ne type of stimulus only. The most consistent findings refer to
300. P300 amplitude is larger for one’s own name than for other
ames (Berlad & Pratt, 1995; Cygan et al., 2014; Fan et al., 2013;
olmer & Yingling, 1997; Gray et al., 2004; Holeckova, Fischer,
iard, Delpuech, & Morlet, 2006; Müller & Kutas, 1996; Perrin
t al., 2005; Scott et al., 2005; Sui, Zhu, & Han, 2006; Tacikowski

 Nowicka, 2010; Tacikowski et al., 2011; Zhao et al., 2009). This
ffect seems to be task-independent since it was observed even
uring passive listening to the one’s own name (Holeckova et al.,
008). Preferential responses to own name, as revealed by elevated
300, were present even in states of reduced consciousness, such
s vegetative state or minimally conscious states (Di et al., 2007;
errin et al., 2006; Staffen et al., 2006).

The processing of one’s own face also resulted in much higher
300 amplitude than processing of other faces (e.g., Tacikowski

 Nowicka, 2010; Tacikowski et al., 2011; Tanaka et al., 2006)
nd, interestingly, this effect was not influenced by attentional

anipulation and task-relevance, indicating an automatic process

f self-face recognition (Cygan et al., 2014; Gunji et al., 2009; Sui
t al., 2006). P300 is also significantly enhanced when processing
f other types of self-related information, e.g., hometown, phone
sychology 110 (2015) 201–211 203

number, mother’s first name, bank, birth date, initials etc. (Gray
et al., 2004).

Apart from P300, different processing of self- vs. other names
and self- vs. other faces was  reported for N170. Höller et al. (2011)
reported preferential processing when presenting one’s own  name
aurally, reflected in higher amplitudes of N170. Analogous evi-
dence for visual presentation of one’s own  name is missing, but
similar early effects (at the level of N170) were found for self-
face processing (Keyes, Brady, Reilly, & Foxe, 2010). However, in
the case of P200 (frontal-central component with approximate
latency of 200 ms)  self-preferential effects were found for names
only. Hu, Wu,  and Fu (2011) reported that processing of semantic
self-related information—participant’s full name, date of birth, and
hometown—was related to larger P200 responses than stranger’s
full name and self-irrelevant date and place. Fan et al., (2013) found
that P200 was  larger to the name of the participant than to the
name of participant’s father and to the names of famous people.
Amplitudes of N250 component, in turn, were larger for both the
self-name (Zhao et al., 2009) and for the self-face (Keyes et al., 2010;
Tanaka et al., 2006) than to other names and faces, respectively.
Self-face processing resulted also resulted in enhanced amplitudes
of N400 in comparison to the face of twin (Butler et al., 2013) or
a friend’s face (Keyes et al., 2010), as well as in comparison to
unfamiliar faces.

Previous studies showed that the processing of one’s own name
and/or images of one’s own  face is preferential and that this prefer-
ence may  occur at the early (N170, P200, N250) and late (P300,
N400) stages of information processing. Based on our previous
studies with presentation of names and faces (Cygan et al., 2014;
Tacikowski & Nowicka, 2010; Tacikowski et al., 2011; Tacikowski
et al., 2014), we  expected that in the current study effects related
to the present and past selves as well as to the close other would
emerge in P300. However, the other candidate was P200, although
self-related effects for that component have so far involved one’s
own name only and were definitely not so often reported.

Preferential processing of self-related information has often
been attributed to the highly arousing and attention-grabbing
nature of self-related information (e.g., Hu et al., 2011). If this
is the case, the self-preference effect should be observed even if
any intentional discrimination between presented stimuli is not
required, for instance in studies with a simple detection of stimuli.
This supposition was supported by our previous study on name and
face processing in which such a task was  used with favorable results
(Cygan et al., 2014). Specifically, detection of one’s own  name and
one’s own  face resulted in increased amplitudes of P300 in com-
parison to all other names and faces (i.e., close-other’s, famous,
unknown). However, it is a matter of debate whether it is the case
for self-related information referring to the past, i.e., whether auto-
matic attention allocation may  also be preferential for the past
self-name and the past-self-face. Thus we decided to use a detection
task in conjunction with ERP analysis.

Taking all of the aforementioned findings into account, the
hypothesis referring to the present and past self-names and self-
faces was  based on: (i) Butler’s et al., (2013) study, reporting a lack
of significant ERP differences between the present self-face and past
self-face from adolescence/adulthood; (ii) our previous ERP studies
on name and face processing showing no differences between one’s
own (present) name and one’s own (present) face (Cygan et al.,
2014; Tacikowski & Nowicka, 2010; Tacikowski et al., 2011). Thus
we expected that Butler et al.’s findings would be ‘extended’ for
present and past self-names.

As far as the relation between the past self and the close-other

was concerned we hypothesized that it might be influenced by
the type of information (names vs. faces). Based on D’Argembeau
et al.’s study (2008) that reported lack of differences for ‘psycholog-
ical’ (‘non-physical’) aspects of the past self and friend we expected
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imilar neural underpinnings for the past self-name and the close-
ther’s names as names are stimuli referring to the ‘non-physical’
spects of a person. However, in the case of faces, reflecting physi-
al aspects of past self and close-other, there were two  alternative
ypotheses: (i) the two conditions would result in similar ERP
esponses if any information related to the past self was processed
ike information related to the close-other; or (ii) past self-face and
lose-other face would be associated with different ERP responses if
imilarities between processing of information related to the past-
elf and the close-other were restricted only to the non-physical
spects of the past self and close-other.

. Methods

.1. Participants

Twenty five healthy female volunteers with normal or
orrected-to-normal vision participated in the study. Only mar-
ied women who accepted their spouse’s last name were recruited.
hree subjects were excluded from analyses due to excessive
ovement artifacts. Participants’ ages varied from 24 to 60

mean ± standard deviation: 35.7 ± 8.7). The required minimal
ength of marriage was three years and varied from 3 to 37
9.64 ± 8.86). None of the subjects had a history of neurological
iseases. Handedness was controlled with the Edinburgh Inven-
ory (Oldfield, 1971). Twenty three participants were right-handed,
ne left-handed, and one ambidextrous. Informed written consent
as obtained from each participant prior to the study. All sub-

ects were paid for their participation. The experimental protocol
as approved by the local Ethics Committee (University of Social

ciences and Humanities, Warsaw, Poland).

.2. Stimuli

Stimuli consisted of first and last names (which will still be
eferred to as ‘names’ for the sake of simplicity) and pictures of
aces presented visually on a computer screen against a black
ackground. Names were displayed with white letters and faces
ere rendered grayscale. Faces were extracted from their back-

rounds using Adobe Photoshop CS5® software (Adobe Systems
ncorporated), rendering only the face, ears and hair visible. Picture
uminance was matched to the color statistics of a single picture.
he size of the stimuli ranged from 2 × 3◦ to 2 × 6◦ for names and
rom 5 × 4◦ to 5 × 6◦ for pictures. All pictures were resized to a
eight of 198 pixels.

Five different categories of stimuli were applied: (1) subject’s
arital name and face at present, (2) subject’s family name and

ace in the past. As the control conditions name and face of (3)
 close-other, (4) a famous person, e.g., a celebrity, and (5) an
nknown person. Prior to the study participants were requested
o deliver three photographs presenting: an actual image of self-
ace, an image of their face taken just before marriage, and a recent
icture of a female close-other. One restriction was made on the
hoice of the close-other: first and last names (past or present) of
he subject and the close-other had to differ in order to avoid asso-
iations of the latter with either past or present self-name. For this
eason none of the subjects chose one’s own mother, with most
hoosing their best friend, sister (two cases), or cousin (one case).
he average length of acquaintance was 15 ± 9.27 years. Mean

ength of names (in number of letters) was as follows: present
elf—14.95 ± 2.73, past self—15.5 ± 3.54, close-other—13.86 ± 2.25,

amous—14.91 ± 2.72, and unknown—14.93 ± 2.69. Name lengths
id not differ significantly between categories (present vs. past

 > 0.9; present vs. close-other p > 0.9; present vs. famous p = 0.88;
resent vs. unknown p > 0.9; past vs. close-other p > 0.9; past vs.
sychology 110 (2015) 201–211

famous p = 0.60; past vs. unknown p > 0.9; close-other vs. famous
p > 0.9; close-other vs. unknown p > 0.9; famous vs. unknown
p = 0.16). All of them were of Polish origin.

A set of stimuli was  individually tailored for each subject.
Famous and unknown persons were selected to match the length of
first and last name, age and appearance of the subject. The photos of
famous and unknown people were downloaded from the Internet.
Prior to the experiment each participant confirmed familiarity with
the famous person and denied acquaintance with the unknown one
in her stimuli set.

2.3. Experimental procedure

Stimuli were displayed centrally on a 19-inch LCD monitor
(NEC MultiSync 1990Fx). Stimuli presentation was designed using
Presentation® software (Neurobehavioral Systems, Albany, CA,
USA). Participants were seated comfortably in an acoustically and
electrically shielded room at a distance of 60 cm from the monitor.
A simple detection task was applied: the participants responded to
each stimulus as quickly as possible by pressing the same button on
a Cedrus Response pad (RB-830, San Pedro, USA). The instructions
were introduced twice: first verbally by the experimenter and then
displayed on the monitor before the experiment started. Subjects
had to confirm their understanding of the instruction by pressing
the appropriate button.

Each trial consisted of the following sequence of events: pre-
sentation of a fixation cross (white “+” against black background)
for 1000 ms,  the target item displayed for a maximum of 3000 ms
unless the subject reacts earlier, and a blank screen for 1000 ms.
Responses caused disappearance of the target item. The sequence
of stimuli presentation was pseudo-randomized so that no more
than three stimuli of the same type or the same condition were
presented consecutively. Stimulus of each type and category was
presented 30 times. The experiment lasted approximately 15 min.

After the experimental part of the task subjects were asked to
fill out an Identification Form, which consisted of four questions
regarding the subject’s attitude to present and past name and face.
The participants were asked to rate their level of identification with
present/past name and present/past face on a 7-point scale where
1 corresponded to ‘I do not identify myself with this name/photo’
and 7 to ‘I strongly identify myself with this name/photo’.

2.4. EEG recordings

EEG was continuously recorded from 62 scalp sites using
a 128-channel amplifier (Quick Amp, Brain Products, Enschede,
Netherlands) and BrainVisionRecorder® software (Brain Products,
Gilching, Germany). Ag-AgCl electrodes were mounted on an elas-
tic cap (ActiCAP, Munich, Germany) and positioned according to
the extended 10–20 system. Electrode impedance was kept below
5 k�.  The EEG signal was  recorded against an average of all chan-
nels calculated by the amplifier hardware. The sampling rate was
500 Hz.

2.5. Behavioral data analysis

Responses within 200–2000 ms  after the stimulus onset were
scored as correct. Mean reaction times (RTs) were analysed using
repeated measures ANOVA with ‘type of stimuli’ (two levels:
names, faces) and ‘condition’ (five levels: present self, past self,
close-other, famous, unknown) as within-subject factors. The
Identification Form scale ratings were analysed using repeated

measures ANOVA with two within-subject factors, each at two
levels: ‘type of stimuli’ (names, faces) and ‘time’ (past, present).
All effects with more than one degree of freedom in the numer-
ator were adjusted for violations of sphericity (Greenhouse &
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ig. 1. Level of identification with the present and past name/face (percentage o
dentification with a given stimulus whereas response 7—very strong identification. 

ith  their present face and name than the past ones.

eisser, 1959). Bonferroni correction for multiple comparisons
ere applied to post-hoc analyses. All analyses were done in SPSS

Advanced Model).

.6. ERP analysis

Off-line analysis of the EEG data was performed using
rainVisionAnalyzer® software (Brain Products, Gilching,
ermany). The first step of analysis was to re-reference EEG
ata to the mean signal from earlobes. Subsequently, Butterworth
ero Phase filters were applied: low cutoff—0.1 Hz, 12 dB/oct;
igh cutoff—20 Hz, 12 dB/oct; and notch filter—50 Hz. Correction

or ocular artifacts was performed with use of the Independent
omponents Analysis, ICA (Bell & Sejnowski, 1995). After each
ata set was decomposed into maximally statistically independent
omponents, the elements representing eye blinks were rejected
ased on a visual inspection of the component’s map  (Jung
t al., 2001). The remaining components were multiplied using the
educed component-mixing matrix and back-projected to the data,
esulting in a set of ocular-artifact-free EEG. Then the continuous
EG signal was segmented into epochs extending from 200 ms
efore to 1000 ms  after the stimulus onset (baseline correction
rom −200 to 0 ms). Next, the Analyzer’s semi-automatic artifact
ejection tool was used for rejecting trials exceeding the following
erms: the maximum permitted voltage step per sampling point
as 50 �V, the maximum permitted absolute difference between

wo values in the segment was 200 �V, and the lowest permitted
ctivity in the 100 ms  interval was 0.5 �V. Finally, the EEG seg-
ents were averaged for each category of stimuli to create ERP for

 single subject.
Overall 98% of trials passed the artifact rejection procedure for

oth types of stimuli. The detailed range of accepted segments for
ach condition (for names and faces, respectively) was as follows:
8% and 97% for present self, 98% and 98% for past self, 98% and 98%

or close-other, 98% and 97% for famous, 98% and 97% for unknown.

The mean of values at each time point within a certain interval
as used to assess amplitudes of our ERP components of interest.

his method is less affected by possible low signal-to-noise ratio
onses chosen in the Identification Form). Response 1 indicated complete lack of
strated, the vast majority of participants declared significantly higher identification

than the peak measures methods (Luck, 2005). Based on the visual
inspection of grand-average ERPs and based on the existing litera-
ture, the following time-windows were used: 150–250 ms  (P200)
and 350–550 ms  (P300).

We focused on scalp regions in which the above mentioned ERP
components had their maximum amplitudes (see the topography
maps in Figs. 2–4) and localizations reported in previous studies
(e.g., Herzmann & Sommer, 2007; Hu et al., 2011; Liu et al., 2013;
Mu  & Han, 2010; Schweinberger et al., 2006; Tacikowski & Nowicka,
2010; Tacikowski et al., 2011). P200 was analyzed in the frontal-
central region (F3, F4, FC3, FC4, FCz, Fz), and P300 in the central-
parietal region (C3, C4, CP3, CP4, CPz, P3, P4, and Pz).

Amplitudes were analyzed using repeated measures ANOVA
with ‘type of stimuli’ (two levels: names, faces), ‘condition’ (five
levels: present self, past self, close-other, famous, unknown) and
electrode site (P200—six levels: F3, F4, FC3, FC4, FCz, Fz; P300—eight
levels: C3, C4, CP3, CP4, CPz, P3, P4, Pz) as within-subject fac-
tors. All effects with more than one degree of freedom in the
numerator were adjusted for violations of sphericity (Greenhouse
& Geisser, 1959). Bonferroni correction for multiple comparisons
were applied to post-hoc analyses. All analyses were done in SPSS
(Advanced Model).

3. Results

3.1. Behavioral results

Statistical analysis of RTs did not show any significant effects.
Mean RTs (±SD) for each experimental condition were as fol-
lows: present name—488 ± 244 ms,  past name—465 ± 242 ms,
close-other’s name—461 ± 219 ms,  famous name—467 ± 237 ms,
unknown name—482 ± 251 ms,  present face—492 ± 292 ms,  past
face—495 ± 295 ms,  close-other’s face—491 ± 287 ms,  famous
face—475 ± 245 ms,  and unknown face—486 ± 260 ms.
ANOVA carried on responses from the Identification Form
revealed a main effect of time factor (F(1, 21) = 26.72, p < 0.001,
�p

2 = 0.56), indicating a significantly higher level of identi-
fication with stimuli referring to the present self (present
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ame—6.59 ± 0.67; present face—6.27 ± 1.2) than with stimuli
eferring to the past self (past name—5.09 ± 1.48; past
ace—4.82 ± 1.84). Type of stimuli factor and its interaction

ith time factor were insignificant (see Fig. 1).
Pearson’s correlation coefficients did not show significant cor-

elations between the responses given in the Identification Form
nd the participants’ age or length of marriage: identification with
urrent self-name x age, r = 0.136, p = 0.546; identification with cur-
ent self-name x wedlock, r = 0.07, p = 0.755; identification with past
elf-name x age, r = −0.133, p = 0.557; identification with past self-
ame x wedlock, r = −0.227, p = 0.310; identification with present
elf-face x age, r = 0.185, p = 0.410; identification with present self-
ace x wedlock, r = 0.184, p = 0.412; identification with past self-face

 age, r = −0.191, p = 0.394, identification with past self-face x wed-
ock, r = −0.378, p = 0.078.

.2. Electrophysiological results
.2.1. P200
ANOVA on P200 amplitudes revealed a significant main effect

f electrode site (F(2, 50) = 8.64, p < 0.001, �p
2 = 0.29). P200 ampli-

udes at electrode sites located in the midline were higher than
sychology 110 (2015) 201–211

P200 amplitudes in the left hemisphere (Fz vs. F3, p = 0.002; Fz vs.
FC3, p = 0.019; FCz vs. F3, p = 0.004; FCz vs. FC3, p = 0.004). The inter-
action: type of stimuli x electrode site also reached the level of
statistical significance (F(3, 63) = 2.90, p < 0.042, �p

2 = 0.12). Post-
hoc tests showed that P200 to names was enhanced only at Fz in
comparison to F3 (p = 0.047) whereas P200 to faces was increased
at electrode sites in the midline (Fz vs. F3, p = 0.001; Fz vs. FC3,
p = 0.022; FCz vs. F3, p = 0.001) and in the right hemisphere (FC4 vs.
F3, p = 0.037). All other effects and interactions were insignificant.
Fig. 2 illustrates those results.

3.2.2. P300
ANOVA on P300 amplitudes revealed a significant main effect of

type of stimulus (F(1, 21) = 18.23, p < 0.001, �p
2 = 0.46). In general,

all faces elicited higher amplitudes than names (see Figs. 3 and 4).
There was  also a main effect of electrode site (F(3, 60) = 6.57,
p < 0.001, �p

2 = 0.24) which was  associated with significantly higher
P300 amplitudes in the midline than in the left hemisphere
(Pz > C3, p = 0.008; Pz > CP3, p = 0.023; CPz > C3, p = 0.001; CP4 > C3,
p = 0.048). In addition, post-hocs to a significant two-way interac-
tion between type of stimuli and electrode site (F(3, 62) = 13.67,
p < 0.001, �p

2 = 0.39) indicated that differences in P300 amplitudes
between electrode sites were insignificant in the case of names
(all ps > 0.2) but they were significant in the case of faces (C3 < CPz,
p = 0.001; C3 < Pz, p = 0.001; C3 < CP3, p = 0.002; C3 < CP4, p = 0.015;
C3 < P3, p = 0.001; C3 < P4, p = 0.017; CP3 < Pz, p = 0.001; C4 < Pz,
p = 0.026; CP3 < Pz, p = 0.001; CP3 < P3, p = 0.004).

Taking into account the goals of our study, the main points
of interest were the condition factor (i.e., present self, past
self, close-other, famous, unknown) and its interactions. ANOVA
yielded a significant condition factor (F(3, 55) = 13.63, p < 0.001,
�p

2 = 0.39). Post-hoc comparisons showed that P300 amplitudes in
the present self condition (i.e., the present self-name, the present
self-face) were significantly higher than P300 amplitudes in the
close-other (p = 0.009), famous (p = 0.001) and unknown (p = 0.004)
conditions (i.e., close-other’s, famous and unknown names/faces).
However, the present and past conditions (i.e., present and past
self-name/self-face) were associated with similar P300 amplitudes
(p > 0.9). The past self condition, in turn, resulted in enhanced P300
in comparison to the famous (p = 0.004) and unknown (p = 0.002)
conditions. The difference between the past self and the close-other
condition did not reach the level of statistical significance (p = 0.06).

Importantly, the significant interaction between condition, type
of stimuli and electrode (F(28, 588) = 1.69, p = 0.016, �p

2 = 0.07),
indicated that the effects found for some conditions differed in
respect of the type of stimuli (names vs. faces) and/or location of
electrode. Post-hoc comparisons showed no differences between
P300 amplitude to the present self-name and past self-name at
either of the analysed electrode sites (CPz, Pz, C3, C4, CP3, CP4,
P3, all ps > 0.9; P4, p = 0.823). Similarly, no differences were found
between P300 amplitudes to the present self-face and past self-face
at either of the analysed electrode sites (CPz, Pz, C3, C4, CP3, CP4,
P3, all ps > 0.9; P4, p = 0.765).

As far as the past self and the close-other’s names and faces
are concerned post-hoc test indicated that P300 amplitudes asso-
ciated with the past self-name did not differ from the close-other’s
name at any electrode site (all ps > 0.9). In the case of faces, how-
ever, difference between the past self-face and close-other’s face
was present in the right hemisphere at centro-parietal sites (CP4,
p = 0.050; P4, p = 0.053). A similar weak trend was observed at

the midline electrodes (CPz, p = 0.091; Pz, p = 0.088). No difference
between P300 amplitudes to the past face and close-other’s face
was found at electrode sites in the left hemisphere (C3, p > 0.9; CP3,
p = 0.378; P3, p = 0.237).
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. Discussion

One fundamental feature of the human conscious experience
s a sense of self that persists across time. The design of our ERP
tudy enabled us to shed further light on the neural processes
hat underpin processing of information related to the present self,
he past self, and others. We  hypothesized that processing of the
resent self-name/face and past self-name/face would not differ,
esulting in similar ERP responses. In addition, we expected that
elation between ERP responses to the past self and the close-other

ight be influenced by the type of information, i.e., whether it
eferred to physical (faces) or non-physical (names) aspects of per-
on. Specifically, we hypothesized that the past self-name and the
lose-other’s name would be similarly processed whereas it would
ather not be the case for faces. Generally, results of our study
upported those hypotheses.

Significant effects involving category of stimuli (i.e., whether

hey referred to present self, past self, close-other, famous per-
on, unknown person) and type of stimuli (names vs. faces) were
bserved for P300. However, no effects were found for P200. In pre-
ious studies, enhanced P200 to self-related cues was  reported in
 CP3, P3, CPz, Pz, C4, CP4, P4) at which mean amplitudes of P300 were analyzed.
erence. Topographic maps of the voltage distribution in the analyzed time period,

the case of evaluation of personality traits in relation to the self
and others (Liu et al., 2013; Mu  & Han, 2010) or in the case of lying
about the self and others (Hu et al., 2011). Moreover, P200 differ-
ences between the self-name vs. other names were found when
overt recognition of names was required (Tacikowski et al., 2014)
or when an oddball task was used (Fan et al., 2013). It seems that
the absence of P200 effects in the current study may  be a con-
sequence of the substantial methodological differences. In some
of the aforementioned studies rather complex cognitive processes
were investigated (process of lying, reflecting on the self and the
other, recognition of names). In addition, the allocation of attention
might have been varying depending on the experimental proce-
dure. For instance, in Fan et al.’s study names were used as an
infrequent target stimuli among other words that had to be ignored.
In contrast, in our study, the simple detection task did not require
any intentional discrimination between presented stimuli, engaged
attention automatically, and evoked the same motor reaction (i.e.,

pressing the same button) for each stimulus.

The results for P300 amplitudes showed that the present self
condition (one’s own present name, present self-face) was associ-
ated with higher amplitudes of P300 than famous, and unfamiliar
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ames and faces. These findings lay in line with numerous studies
howing such a self-preference effect (Berlad & Pratt, 1995; Cygan
t al., 2014; Fan et al., 2013; Folmer & Yingling, 1997; Gray et al.,
004; Holeckova et al., 2006; Müller & Kutas, 1996; Perrin et al.,
005; Scott et al., 2005; Sui et al., 2006; Tacikowski & Nowicka,
010; Tacikowski et al., 2011; Tanaka et al., 2006; Zhao et al., 2009).
300 responses to the present self-name/face were also signifi-
antly increased in comparison to the close-other’s name/face. The
ssue of similarities/dissimilarities between the neural correlates
f (current) self and the close-other is a matter of ongoing debate
nd experimental evidence is rather inconclusive. For instance, no
ifferences were found for names when recognition was  required
Tacikowski et al., 2014). If stimuli related to the self were just
etected (Cygan et al., 2014), neural differences between the self
nd the close-other were evident both for names and faces. Self-face
dentification, in turn, was  also associated with higher amplitudes
f late ERP responses (N400) than the twin-face identification but

uch effect was absent for earlier ERP components (Butler et al.,
013). In addition, reflection on psychological characteristics of
he present self and the close-other engaged different neural cir-
uits (D’Argembeau et al., 2008). This issue needs to be further
P3, CPz, Pz, C4, CP4, P4) at which mean amplitudes of P300 were analyzed. Analyzed
opographic maps of the voltage distribution in the analyzed time period, for each

investigated in order to find the factors that are crucial and crit-
ical for the emergence of differences between the present self and
significant other at the neural level.

Importantly, we found no differences between P300 responses
associated with processing of information related to the present
self and past self, for either names or faces. Specifically, P300 to
the present self-name did not differ from P300 to the past self-
name, and a similar effect was observed for the present self-face
and past self-face. Interestingly, although there was no difference
on the neural level, behavioral results showed significantly higher
levels of identification with stimuli referring to the present than
the past self.

This pattern of P300 findings may  be viewed in the context of
person-recognition models (Bruce & Young, 1986; Burton et al.,
1990; Valentine et al., 1995). In these models, P300 is considered
to reflect activation of semantic knowledge about the person being
recognized (Herzmann & Sommer, 2007; Kaufmann et al., 2008;

Schweinberger, Pickering, Burton et al., 2002; Paller et al., 2000;
Schweinberger et al., 2006; Tacikowski et al., 2011). Although in
the current study conscious recognition of names and faces was
not required and was not necessary to successfully accomplish the
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ehavioral task (simple detection), it might have occurred when
articipants were viewing different names and faces. Thus, it can-
ot be excluded that similar P300 responses to the present and past
elf conditions were due to similar levels of semantic knowledge
bout the present and past selves. In addition, an attention-related
nterpretation of this effect may  also be plausible because P300 has
ften been associated with attentional processes (for review see:
olich, 2007). In line with this, our P300 findings may  show that
resent and past self-name as well as present and past-self faces
ngaged attentional resources to a similar extent.

In the context of the temporal perspective, the difference
etween the physical (face) and non-physical (name) aspects of the
elf is crucial. While the change of name happened once (at the time
f marriage), changes in physical appearance are continuous due
o the processes of aging and other factors. Thus information about
he physical aspects of the self are constantly updated. Despite the
unctual change for self-name and continuous changes for self-

ace, similar patterns of P300 findings were found for the present
s. past self-face and the present vs. past self-name. In addition, this
ifference could have influenced the behavioral results, and some
ecrease in identification with past name in comparison to past

ace might have been expected. However, levels of identification
ith the past self-name and past self-face did not differ. More-

ver, the lack of P300 differences between the past self-name and
he present self-name could be attributed to the fact that women
ho were married for many years may  view their family (present)

ames as referring to both the present and the past selves. Although
t is plausible, the vast majority of women participating in our study
sed their family names for a much longer time than their marital
ames (the average wedlock was 10 years, the average participant
ge was 36).

Previous studies reported that the temporal perspective exerted
nfluence on neural correlates of self-face recognition only when
he current (adult) self was compared to the ‘childhood self’ (Apps
t al., 2012; Butler et al., 2013). Such an effect, however, was absent
hen the current self was compared to the past, but not-so-distant,

elf (Butler et al., 2013). The latter perfectly corresponds to the lack
f significant differences between the past and present self-faces in
ur study. In addition, the lack of differences between late positive
RP responses (LPC) to the present and past selves was  observed in
he case of psychological traits evaluation (Luo et al., 2010).

In contrast to the present self vs. the past-self comparisons that
howed common effects for names and faces, the relation between
he past self condition and the close-other condition was  influenced
y the type of stimuli. P300 to the past self-face was  enhanced

n comparison to the close-other’s face in the right hemisphere
hereas, P300 to the past self-name and P300 to the close-other’s

ame did not differ. It is worth noting that observed neural dif-
erences between the past self-face and the close-other face have
ot been reported in previous studies on processing present and
ast self- and other faces (Apps et al., 2012; Butler et al., 2013).
pecifically, analyses in Apps et al.’s study were focused on test-
ng whether activity in any area of the brain scaled parametrically

ith the amount of one’s own face in morphed images of one’s own
urrent face and the current face of a personally familiar other, or
f one’s own childhood face and the childhood face of the same
ersonally familiar other. Butler et al., in turn, investigated the

nfluence of temporal perspective within a given identity (self, dizy-
otic twin, unfamiliar other) and not across identities for different
ime periods (e.g., past self vs. present other).

To the best of the authors’ knowledge, only one previous study
howed similar neural underpinnings of the past self and the

lose-other (friend) (D’Argembeau et al., 2008). In that study, the
valuation of psychological characteristics of one’s own  person in
he past and the friend activated the ventral and dorsal (MPFC)
nd the posterior cingulate cortex to the same extent. Thus both
sychology 110 (2015) 201–211 209

studies—D’Argembeau et al.’s (2008) and ours—provide converging
evidence on similar neural responses to the non-physical aspects
of the past self and the close-other despite methodological differ-
ences: the experimental task (reflection vs. detection), measures
of brain activity (fMRI vs. ERP), and stimuli (personality traits vs.
names).

One may speculate that similarly enhanced P300 responses to
the past self-name and the close-other name may  be attributed to
the comparable emotional content of those stimuli. This supposi-
tion was based on the notion that P300 varies with the emotional
value of the stimulus and that emotionally charged stimuli (regard-
less of their valence) produced larger P300 than neutral ones
(Dietrich et al., 2001; Johnston et al., 1986). The pattern of P300
findings for the past self-name and the close-other name may be
also related to the hypothesis about shared mental and neural rep-
resentations of the past self and the significant other. Perceiving
and appreciating the cognitive and emotional similarity between
oneself and other people is an obligatory stage in the normal devel-
opment of the self that is crucial for social interactions (Decety &
Sommerville, 2003; Gopnik & Meltzoff, 1994). This development
requires “forming and coordinating specific social representations
of self and other (. . .)  that extract patterns of similarity between
self and other” (Rogers & Pennington, 1991). Self-other integration
typically grows from the depth of shared experiences (Gopnik &
Meltzhoff, 1994; Slotter & Gardner, 2009 Slotter & Gardner, 2009).
Such experiences are common especially if the ‘other’ is highly
familiar and emotionally related to the subject (i.e., the case of the
close-other in our study). Moreover, the cognitive significance of
being in a close-relationship with other people is described in terms
of including other into the concept of the self (Aron, Aron, Tudor, &
Nelson, 1991; Aron et al., 2004).

In addition, it could not be ruled out that the P300 results
reported here were related to the frequency of occurrence. In every-
day life, self-name and self-face, either past or present, as well as
the close-other’s name and were encountered much more often
than famous and unknown names and faces. Although previous
studies showed that the P300 component is modulated more by
the semantic than by the perceptual-familiarity factor (Bentin &
Deouell, 2000; Eimer, 2000; Paller et al., 2000; Schweinberger,
1996; Tacikowski et al., 2011), the issue needs further investiga-
tion. For instance, Butler et al., (2013) proposed the exposure factor
as one of the major agents influencing the neural processing of the
self-face vs. others’ faces. This may  be valid for faces of own  and
other race, i.e., the own-race bias (Meissner & Brigham, 2001) and
even for faces of own and other ages, i.e., the own-age bias (Hills &
Lewis, 2011). Following this idea, the duration of time that a person
sees the given stimulus differentiates the face processing. Conse-
quently, the daily exposure to own  face across the lifespan shall
be carefully addressed in the processes of the visual self- vs. other
recognition.

In conclusion, the processing of information (names, faces)
referring to the present self and the past self was associated with
similar P300 responses. However, P300 to the past self-face was
enhanced in comparison to P300 to the close-other’s face. This may
indicate that physical aspects of the past self are differentiated from
the close-other. In contrast, no difference between P300 responses
to the past self-name and the close-other’s name suggests that non-
physical aspects of the past self and to the close-other are processed
similarly.
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