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Abstract

Information regarding the past-self may be viewed as information referring to other people. However, evidence supporting this
notion at the neural level is rather sparse and it remains unclear whether the past-self is processed like any ‘other’ or like the
close-other only. The aim of this event-related potential study was to investigate this issue. A reflection task requiring evaluation
of positive and negative trait adjectives with respect to present- and past-self, a close-other and a famous person was applied.
We hypothesized that the past-self and close-other conditions would share their neural underpinnings. The process of reflection
on the past-self and close-other was indeed associated with similar mean amplitudes of the late positive component (LPC),
whereas in the case of the past-self vs. famous person comparison LPC was significantly enhanced for the past-self. Analogous
effects were observed when LPC was calculated for trials with traits judged as either suitable or unsuitable to describe a person
who was the target of reflection. Thus, these findings suggest that the processing of information related to the past-self resembles
processing of information related to a personally relevant other. Moreover, sex-differences were observed in reaction times and
LPC amplitudes for responses reflecting the positivity bias.

Introduction

Questions about the nature of the self have inspired many philosophers
and psychologists (James, 1950/1890; Gallagher, 2000). The concept
of a single, continuous self has been rejected (Schelling, 1984;
Loewenstein, 2000) and now it is widely agreed that the self is not a
fixed and completely isolated entity but it is rather a fluctuating, con-
text-dependent, dynamic and complex process (Northoff et al., 2006).
In cognitive and social neuroscience, the topic of the self is

addressed by investigations of self-referential processing (SRP). SRP
concerns stimuli experienced as strongly related to one’s own person,
e.g. one’s own face, name or body (Lenggenhager et al., 2007; Taci-
kowski & Nowicka, 2010). SRP also includes self-mentalizing (Frith
& Frith, 2006) and self-reflection (Moran et al., 2006). Neural under-
pinnings of SRP have gained much attention with functional mag-
netic resonance imaging (fMRI) studies showing that SRP is
mediated by cortical midline structures (Northoff & Bermpohl, 2004;
Northoff et al., 2006). Event-related potential (ERP) studies, in turn,
revealed that SRP is associated mainly with enhanced ERP compo-
nents: P300 for self-name and self-face (Knyazev, 2013) and late pos-
itive component (LPC) for self-reflection (Shestyuk & Deldin, 2010).

The self is continually evolving across the life span (Demo,
1992). The impact of temporal perspective on SRP was investigated
using faces (Apps et al., 2012; Butler et al., 2013), names (Kotle-
wska & Nowicka, 2015) and trait adjectives (D’Argembeau et al.,
2008; Luo et al., 2010). Some studies reported differences between
neural correlates of the present- and past-self (D’Argembeau et al.,
2008), whereas other did not (Luo et al., 2010; Kotlewska & Now-
icka, 2015). In two cases such differences were found when compar-
ing the current self to the self in childhood (Apps et al., 2012;
Butler et al., 2013), but they were absent when comparing the cur-
rent self to the self in adolescence and early adulthood (Butler et al.,
2013). Thus this issue needs further investigation.
In addition, the relation between temporally distant selves and

others is not fully understood on the neural level. In some studies the
past-self was not directly compared to the other (Luo et al., 2010;
Apps et al., 2012; Butler et al., 2013). However, two studies
reported similar neural underpinnings associated with reflection on
the past-self and a friend (D’Argembeau et al., 2008), and with
detection of the past (family) self-name and a close-other’s name in a
group of married women who accepted their husbands’ name (Kotle-
wska & Nowicka, 2015). Those findings are in line with the notion
that people tend to view their past-self as ‘another person’ (Libby &
Eibach, 2002; Pronin & Ross, 2006). However, the important issue
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whether it is the case for ‘any other’ or for a significant-other in par-
ticular remains to be resolved. We consider the latter as the valid
standpoint and the main assumption of our study, thus hypothesizing
similar LPC amplitudes in response to the past-self and the close-
other in the trait adjectives reflection task. We were also interested
whether LPC findings would reveal any sex-differences as previous
fMRI study on self vs. other reflection showed no such effect
(Debban�e et al., 2014).

Methods

Participants

Thirty-two healthy adult participants with normal or corrected-to-
normal vision were recruited for the study (16 females). The mean
age of participants (� SD) was 26.3 � 1.20. Two subjects (one
female) were excluded from the study due to excessive movement
artefacts. None of the subjects reported neural, nor psychological
disorders. All the participants were right-handed (controlled with
The Edinburgh Inventory: Oldfield, 1971). The study conforms to
the World Medical Association Declaration of Helsinki. The experi-
ment was undertaken with the understanding and written consent of
each subject, and the experimental protocol was approved by the
local Ethics Committee (University of Social Sciences and Humani-
ties, Warsaw, Poland). All subjects received payment for their par-
ticipation in the study.

Stimuli

The stimuli consisted of four lists of adjectives representing personal
traits. The adjectives were adapted from Anderson’s List of Person-
ality-Trait Words in English (Anderson, 1968) and translated into
Polish. The frequency of words’ occurrence was controlled with the
Polish Language Dictionary of Attendance (Kurcz, 1990; Kazojc,
2011).
Four different conditions were used: the self at present (further

referred to as present-self), the self in the past (past-self), a close-
other person (close-other) and a famous person (famous). Instead of
using a pre-defined close-other (e.g. father) we decided – as it was
done in our previous research (Tacikowski & Nowicka, 2010; Taci-
kowski et al., 2013; Cygan et al., 2014; Kotlewska & Nowicka,
2015) – to ask participants to freely choose their close-other: a per-
son who was the most significant to the participant ‘at present’, i.e.
at the time of our experiment. This was done to avoid a situation in
which a pre-defined person (e.g. father) is not really close to a par-
ticular subject. Thus, prior to the EEG study participants were
requested to assign a closely related person, describe their relation-
ship briefly and report on the length of the relation (M = 10.5;
SD = 7.9; min = 2; max = 28). Most subjects chose their current
partners (n = 23), some of them chose a relative (n = 7) and only
two participants chose their best friends. The length of relationship
substantially differed, therefore all experimental data were analysed
taking the length of relationship into account.
Four different lists of adjectives were randomly assigned to each

condition and rotated across subjects. Each of the four lists contained
40 traits (20 positive and 20 negative) resulting in 160 different
words. The lists contents were pseudo-randomized so that no more
than three adjectives of the same valence occurred consecutively.
The lists were balanced in respect to word length (i.e. number of

letters), frequency of occurrence, and valence and did not differ
between each other. A detailed description of the aforementioned
parameters may be found in the Supporting Information. The

valence (positive/negative) of the words from Anderson’s list
(Anderson, 1968) was evaluated by a group of five independent
judges. Only adjectives with uniform positive or negative judge-
ments were accepted to the study.

Procedure

Trait adjectives were displayed with white letters against a black
background and the size of the stimuli ranged from 2° 9 3° to
2° 9 8°. A block design was used to easily separate each condition:
present-self, past-self, close-other and famous. To avoid the effect of
priming, each word list was split into four sets of 10 items presented
within one block and the blocks’ order was randomized. The
instruction to a particular condition was displayed before the begin-
ning of each block, so 16 times in total.
Participants were instructed to focus their attention on their own

person in a particular period of time (present or 5 years ago) or on
other people (closely related or famous). Both of the control condi-
tions (close-other and famous) were processed regardless of the time
period. The period of 5 years was chosen since it implied that par-
ticipants had graduated either from their high school or college. At
the time of our study the former were college students and the latter
were PhD candidates or had started working. In both cases, there
were substantial changes in their lives and the self-concept had to
be updated to take these alterations into account (Deutsch et al.,
1988; Demo, 1992). Thus the self before graduation from high
school or college could be considered as the well-defined past self,
whereas the self in the time period following such a ‘transition’ – as
the current/present self.
A detailed instruction was applied prior to each condition to help

the participants enter a state of reflection about the particular person,
including questions regarding his/her recent or usual behaviour
towards the closest people as well as his/her reactions to stressful or
difficult situations, and moments of relaxation. The same questions
were asked in relation to the period of college or high school to
direct attention to their past. Similar questions regarding the closest
person were displayed prior to the close-other block. In the famous
condition participants were asked to consider how the famous per-
son, i.e. a famous Polish actor/actress (Bogusław Linda for male
participants and Krystyna Janda for female participants) might
behave on a daily basis, how he/she might react to adversities or act
in private relations, etc.
Participants were tasked with judging whether a given adjective

was suitable to describe/characterize a person specified in the
instruction in a single block (i.e. present-self, past-self, close-other,
famous person). Yes/no responses were given by pressing one of
two buttons on a Cedrus Response Pad (RB-830, San Pedro, LA,
USA). Buttons assignment was counterbalanced on the group level.
The experimental procedure started by displaying the instruction

for 9 s. The instruction was followed by a block of 10 words pre-
sented in a sequence of events: a blank screen visible for 2 s, a fixa-
tion cross visible for 1 s and a word visible for 7 s unless the
subject responds earlier. A new sequence began upon response or
time-out.

EEG recordings

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

Behavioural analysis

Number of yes/no responses and reaction times (RT) were analysed.
Only trials with responses within 300–3000 ms were treated as cor-
rect and further analysed. The mean number of segments in each
experimental condition was as follows: present-self – 39.7, past-self
– 39.8, close-other – 39.6 and famous – 39.7.
Number of yes/no responses was analysed using mixed model

repeated measures ANOVA with within-subject factors of ‘condition’ (at
four levels: present-self, past-self, close-other and famous), ‘valence’
(at two levels: positive vs. negative) and ‘type of response’ (at two
levels: yes vs. no) and between-subject factors of ‘sex’ (male vs.
female) and ‘duration of relation with close-other’ (short, i.e. less than
8 years vs. long, 8 or more years.). The limit of 8 years was set accord-
ing to the group median calculated on the basis of the parameter ‘length
of relation with the significant-other’ and our group of participants was
sub-divided into ‘short duration of relation with the close-other’ (less
than 8 years, 14 subjects, min. 2 years, max. 7 years, M = 4.79,
SD = 1.76) and ‘long duration of relationship’ (8 or more years, 16
subjects, min. 8 years, max. 28 years, M = 15.13, SD = 7.56).
Regarding reaction times, since nine subjects did not respond

‘yes’ to negative traits either ‘no’ to positive traits in some condi-
tions, an analysis analogous to that performed for number of yes/no
responses (ANOVA with all factors) could not be run. Thus, RTs were
first analysed using repeated measures mixed model ANOVA with
‘condition’ (present-self, past-self, close-other and famous) and ‘type
of response’ (yes vs. no) as within subject factors, and ‘sex’ (male
vs. female) and ‘duration of relation with the close-other’ (short vs.
long) as between-subject factors.
This analysis was followed by ANOVA with within-subject factors

of ‘condition’ (present-self, past-self, close-other and famous) and
‘positivity bias’ (at two levels: positive-yes vs. negative-no) and two
between-subjects factors: ‘sex’ (male vs. female) and ‘duration of
relation with the close-other’ (short vs. long).
All the 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 was
applied to the post hoc analyses. The analyses were conducted in
IBM SPSS Statistics 21 Advanced Model.

ERP analysis

Off-line analysis of EEG data was performed using Brain Vision
Analyzer� software (Brain Products GmbH, Munich, Germany).
The EEG signal was re-referenced to the mean signal from earlobes.
Butterworth Zero Phase filters were applied: low cutoff – 0.1 Hz,
12 dB/oct; high cutoff – 20 Hz, 12 dB/oct. An additional notch fil-
ter (50 Hz) was applied to remove electrical network artefacts. Inde-
pendent Component Analysis (ICA; Bell & Sejnowski, 1995) was
used for ocular artefacts correction. After each data set was decom-
posed into maximally statistically independent components, the ele-
ments representing eye blinks were rejected. The remaining
components were back-projected to the data after multiplying by the
reduced component-mixing matrix. Ocular-artefact-free continuous
EEG signal was segmented into epochs extending from 200 ms
before to 1000 ms after the stimulus onset. Baseline correction was
performed with �200 ms to 0 ms interval before the stimulus onset.
Artefact rejection was conducted with the following settings: the

maximum permitted voltage step per sampling point – 50 lV; the
maximum permitted absolute difference between two values in the
segment – 200 lV; the lowest permitted activity in the 100 ms
interval – 0.5 lV.
Finally, remaining segments were averaged for each experimental

condition to create an ERP for a single subject. Mean amplitudes
(i.e. the mean of values at each time point within a certain interval)
of the LPC were analysed within the 600–900 ms time-window
which was chosen on the basis of previous studies (Luo et al.,
2010; Fields & Kuperberg, 2012).
Selection of electrodes for analyses has to be orthogonal to poten-

tial differences between experimental conditions (Kriegeskorte et al.,
2009). Thus, such selection has to be done on the basis of topo-
graphical distribution of brain activity (in the time window corre-
sponding to a given component), averaged across all experimental
conditions. Electrodes within maxima identified in such a topograph-
ical map should be further analysed. Based on the topographical dis-
tribution of activity in the 600–900 ms time window (see Fig. 2B),
collapsed for all experimental conditions (present-self, past-self,
close-other, famous), responses (yes, no) and trait valence (positive,
negative), electrodes within the region of maximal activity were
selected: AFz, AF4, Fz and F2. The data were pooled for those elec-
trodes. This step is justified by the limited spatial resolution of EEG
and high correlation between neighbouring electrodes.
Mean LPC amplitudes were analysed using mixed model repeated

measures analysis of variance. ANOVA was performed with the within-
subject factor of ‘condition’ (present-self, past-self, close-other,
famous); and between-subject factors of ‘sex’ (male vs. female) and
‘duration of relation’ (short vs. long). ERP differences between exper-
imental conditions were further investigated by adding a second
within-subject factor of ‘type of response’ at two levels (yes vs. no).
Finally, to take valence into account, ERPs were analysed using
repeated measures ANOVA with ‘condition’ (present-self, past-self,
close-other and famous) and ‘positivity bias’ (positive-yes vs. nega-
tive-no) as within-subject factors and with ‘sex’ (male vs. female) and
‘duration of relation’ (short vs. long) as between-subject factors.
The latter analysis followed the pattern of behavioural results,

which clearly indicated that in the case of positive traits, the vast
majority of responses were ‘yes’, whereas in the case of negative
traits the vast majority of responses were ‘no’. Thus, trials represent-
ing less eligible responses were excluded (i.e. ‘yes’ for negative and
‘no’ for positive features) and the remaining segments were used to
calculate ERPs for confirmatory responses for positive traits (posi-
tive-yes) and denial responses for negative traits (negative-no). The
average number of the remaining segments is presented in the Sup-
porting Information. Please note that for some subjects positive/neg-
ative traits in some conditions resulted in null yes/no responses and
for other subjects, number of such responses was very low (less than
10). For that reason it was not possible to calculate ERPs for posi-
tive-no and negative-yes responses.
All effects with more than one degree of freedom in the numera-

tor were adjusted for violations of sphericity (Greenhouse & Geis-
ser, 1959). Bonferroni correction for multiple comparisons was
applied to the post hoc analyses. The analyses were conducted in
IBM SPSS Statistics 21 Advanced Model.

Results

Yes/no responses

Figure 1A illustrates the mean numbers of yes/no responses for neg-
ative and positive traits in each experimental condition. ANOVA
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revealed a significant main factor of ‘type of response’
(F1,26 = 16.45; P < 0.001). In general, ‘yes’ responses were chosen
more frequently than ‘no’ responses (see Fig. 1A). The interaction
between ‘type of response’ and ‘valence’ was also significant
(F1,26 = 339.17; P < 0.0001). Post hoc tests indicated that ‘yes’
responses occurred more often than ‘no’ responses for positive traits
(P < 0.0001), whereas for negative words the pattern of responses
was reversed and ‘yes’ responses were less frequent than ‘no’
responses (P < 0.001). All other main effects and their interactions
were non-significant.

Reaction times

Figure 1B illustrates RTs for negative and positive traits in each
experimental condition. ANOVA with ‘condition’ and ‘type of
response’ as within-subject factors and ‘sex’ and ‘duration of rela-
tionship’ as between-subject factors revealed a significant main fac-
tor of ‘condition’ (F3,78 = 3.32; P = 0.024). The ‘condition’ 9 ‘sex’
(F3,78 = 0.95; P = 0.406), ‘condition’ 9 ‘duration of the relation-
ship’ (F3,78 = 1.07, P = 0.360) and ‘condition’ 9 ‘sex’ 9 ‘duration
of the relationship’ interactions (F3,78 = 0.42; P = 0.700) were not
significant. Post hoc comparisons for conditions yielded significant
differences between close-other vs. famous (P = 0.048); and a ten-
dency between close-other vs. past-self (P = 0.053). No other

comparisons reached the level of significance: present-self vs. past-
self (P > 0.99), present-self vs. close-other (P = 0.177), present-self
vs. famous (P > 0.99), past-self vs. famous (P > 0.99). In general,
the mean RTs for close-other were the shortest among other condi-
tions (mean � SE: present-self 1328.08 ms � 56.72; past-self
1358.14 ms � 76.68; close-other 1269.87 ms � 58.41; famous
1366.75 ms � 70.21).
The same ANOVA design also yielded a significant main factor of

‘type of response’ (F1,26 = 12.73; P = 0.001). Pairwise comparisons
revealed substantially shorter RTs for ‘yes’ than for ‘no’ responses
(mean � SE: 1300.91 ms � 65.19 vs. 1377.96 ms � 65.41;
P = 0.001). Importantly, the interaction of ‘condition’ 9 ‘type of
response’ was significant (F3,78 = 3.55; P = 0.025). Post hoc tests
for that interaction revealed significant differences for ‘yes’
responses, in which the reaction times for close-other were signifi-
cantly shorter than those for famous person (mean � SE:
1234.30 ms � 59.66 vs. 1384.92 ms � 78.64; P = 0.002). No
other pairwise comparisons reached the level of significance.
Subsequently, traits valence and type of response (positive-yes

and negative-no responses, referred to as positivity bias) were
included into analysis. ANOVA with ‘condition’ and ‘positivity bias’
(positive-yes vs. negative-no) as within-subject factors and ‘sex’
(male vs. female) and ‘duration of relation’ (short vs. long) as
between-subjects factors revealed a significant main factor of ‘condi-
tion’ (F3,78 = 5.40; P = 0.004). Post hoc tests for ‘condition’
yielded significant differences between close-other vs. past-self
(P = 0.021) and close-other vs. famous (P = 0.009), and a strong
tendency between present-self vs. famous (P = 0.051). No differ-
ences were found between present-self and past-self (P = 0.574) or
present-self and close-other (P > 0.99). These results indicate the
shortest RTs for close-other and the longest for the famous condi-
tion (see Fig. 1B).
Importantly, ‘condition’ 9 ‘positivity bias’ interaction was signifi-

cant (F3,78 = 3.14; P = 0.040). Post hoc comparisons revealed that
in the case of positive-yes responses RTs for present-self and for
close-other were significantly shorter than those for the famous con-
dition (P = 0.006 and P = 0.021 respectively), whereas in the case
of negative-no responses RTs for past-self were longer than for
close-other (P = 0.013). No other pairwise comparisons reached the
level of significance: present-self vs. past-self (positive-yes:
P = 0.811; negative-no: P = 0.924); present-self vs. close-other
(positive-yes: P > 0.99; negative-no: P = 0.394); present-self vs.
famous (negative-no P > 0.99); past-self vs. close-other (positive-
yes: P = 0.460); past-self vs. famous (positive-yes: P = 0.775; nega-
tive-no: P > 0.99); close-other vs. famous (negative-no: P = 0.116).
What is more, the significant ‘condition’ 9 ‘bias’ 9 ‘sex’ interac-

tion (F3,78 = 4.83; P = 0.007) indicated that findings described above
may differ between the two sexes. Post hoc comparisons showed that
effects for positive-yes responses were driven by men showing that
RTs in the present-self and close-other conditions were substantially
shorter than in the famous condition (P = 0.001 and P = 0.005
respectively). No other effects reached the level of significance.
All other interactions were insignificant: ‘condition’ 9 ‘sex’

(F3,78 = 0.99; P = 0.391), ‘condition’ 9 ‘duration of relationship’
(F3,78 = 0.97; P = 0.403), ‘condition’ 9 ‘bias’ 9 ‘duration of rela-
tionship’ (F3,78 = 0.07; P = 0.975) and ‘condition’ 9 ‘bias’ 9 ‘du-
ration of relationship’ 9 sex (F3,78 = 1.56; P = 0.212).

Electrophysiological results

Figure 2A presents grand average ERPs in each experimental condi-
tion: present-self, past-self, close-other and famous, irrespective of

Fig. 1. The number of ‘yes’ and ‘no’ responses to positive and negative
traits for present-self, past-self, close-other and famous conditions (A). Reac-
tion times split for yes/no responses to positive and negative traits for pre-
sent-self and past-self, close-other and famous conditions (B).
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participant responses or trait valence. Such ERPs illustrate changes
in brain activity associated with the process of reflection on different
targets/persons in general. ANOVA performed on the mean amplitudes
of LPC showed the main factor of ‘condition’ (F3,78 = 17.27;
P < 0.0001). The post hoc tests revealed that mean amplitude of
LPC was significantly higher for the present-self than close-other
(P = 0.008) and famous (P < 0.0001) condition. LPC was also sig-
nificantly enhanced for the past-self and close-other conditions in
comparison to famous condition (P = 0.001 and P = 0.010 respec-
tively). No differences were found between present-self and past-self
(P = 0.320), nor past-self and close-other conditions (P > 0.99). No
interactions were found between the main effect of ‘condition’ with
‘sex’ (F3,78 = 2.09; P = 0.117) or ‘duration of relation’
(F3,78 = 0.975; P = 0.409).
After inclusion of ‘type of response’ factor into the design, ANOVA

yielded again the main effect of ‘condition’ (F3,78 = 16.48;
P < 0.0001). Interactions of ‘condition’ with ‘sex’ (F3,78 = 1.67;
P = 0.180) and with ‘duration of relation’ (F3,78 = 1.33; P = 0.273)
were non-significant. Post hoc tests for the ‘condition’ factor revealed
significant differences between: present-self vs. close-other conditions
(P = 0.005); present-self vs. famous (P < 0.0001), past-self vs. famous
(P = 0.001) and close-other vs. famous (P = 0.018). In all cases, rela-
tions between LPC in different conditions mirrored those previously
described (i.e. present-self > close-other, present-self > famous, past-
self > famous and close-other > famous). No differences were found
neither between present-self and past-self (P = 0.142), nor between

Fig. 2. Grand average ERPs for positive and
negative traits taken together, irrespective of par-
ticipants responses (for pooled AFz, AF4, Fz and
F2) (A). Topographic maps of the voltage distri-
bution in the LPC time window (600–900 ms),
collapsed across all experimental conditions (yes/
no responses, negative/positive traits valence and
targets of reflection: present-self, past-self, close-
other, famous); selection of electrodes to be
pooled was based on this topographical distribu-
tion of activity (B). Global field power (GFP);
GFP quantifies the amount of activity at each
time point in the field considering the data from
all electrodes simultaneously (C). Grand average
ERPs for ‘yes’ and ‘no’ responses (D).

Fig. 3. Grand average ERPs for the positivity bias (positive-yes and nega-
tive-no responses) in the group of men and in the group of women. Signifi-
cant differences between conditions were found in the group of women only.
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past-self and close-other conditions (P > 0.99). Figure 2D presents
grand average ERPs for ‘yes’ and ‘no’ responses in each experimental
condition: present-self, past-self, close-other and famous.

ANOVA for mean amplitudes of LPC for positive-yes and negative-
no trials showed the significant main effect of ‘condition’
(F3,78 = 11.87; P < 0.0001) and its interaction with ‘sex’
(F3,78 = 3.77; P = 0.017). The interaction with ‘duration of relation-
ship’ was not significant (F3,78 = 0.94; P = 0.428), nor was the
three-way interaction ‘condition’ 9 ‘sex’ 9 ‘duration of relation-
ship’ (F3,78 = 0.40; P = 0.76).
The post hoc analysis for the ‘condition’ factor pointed to signifi-

cantly higher LPC amplitudes for present-self, past-self and close-
other in comparison to famous condition (P < 0.0001, P = 0.001
and P = 0.006 respectively). No differences were found between
present-self and past-self (P = 0.968), present-self and close-other
(P = 0.196), or past-self and close-other (P > 0.99).
Finally, the post hoc tests for the ‘condition’ 9 ‘sex’ interaction

revealed the following effects in women: significantly increased
LPC for the present-self in comparison to close-other (P = 0.031),
and famous (P < 0.0001) conditions, as well as for the past-self vs.
famous (P = 0.011) and close-other vs. famous (P = 0.012) condi-
tions. No differences were found between present-self and past-self
(P = 0.115) or past-self and close-other (P > 0.99). However, none
of these effects were significant in men: present-self vs. past-self
(P > 0.99), present-self vs. close-other (P > 0.99), present-self vs.
famous (P = 0.430), past-self vs. close-other (P > 0.99), past-self
vs. famous (P = 0.105) and close-other vs. famous (P = 0.520).
Thus, these results suggest that in the case of the positivity bias the
LPC differences between conditions seem to be driven mainly by
women. Figure 3 presents grand average ERPs in men and women
for the positivity bias.

Discussion

A large body of evidence suggests that people distance themselves
from their past-self and sometimes regard their past-self as ‘another
person’ (Libby & Eibach, 2002; Wilson & Ross, 2003; Pronin &
Ross, 2006). Our study was designed to investigate the electrophysi-
ological correlates of processing information (i.e. evaluation of trait
adjectives) referring to the present-self, past-self, close-other and
famous person.
In general, our results clearly indicated that the LPC amplitudes

associated with the past-self and the close-other conditions were
similar. However, LPC amplitudes in the past-self condition in refer-
ence to the famous person were significantly enhanced. Thus, these
findings suggest that processing information related to the past-self
resembles processing information related to a personally relevant
other but not just any other. It is worth noting that the length of the
relationship with the close-other did not exert a significant influence
on the pattern of LPC findings and similar effects of the ‘condition’
factor were found in both short and long relationship groups.
Similar neural underpinnings of the process of reflection on the

past-self and the close-other (friend) were previously reported in one
study only (D’Argembeau et al., 2008). In that fMRI study, partici-
pants were asked to evaluate their own psychological characteristics
and those of an ‘other’ (friend) for both present and past time peri-
ods. The ventral and dorsal medial prefrontal cortex (MPFC) were
activated to the same extent by the past-self and close-other condi-
tion. Thus, despite different methods of brain activity assessment
(fMRI vs. ERP) both studies – D’Argembeau et al. (2008) and the
current one – provide converging evidence on similar neural corre-
lates of the past-self and the close-other in the process of reflection

on personality traits. It should be noted that processing information
other than personality traits resulted in an analogous pattern of find-
ings. In a group of married women who accepted their husband’s
name, processing the past-self-name (family name) and the close-
other’s name was associated with equivalent ERP responses (Kotle-
wska & Nowicka, 2015). However, it was not the case for past-self
and close-other’s faces. This may indicate that only information
related to non-physical aspects of the past-self were processed simi-
lar to the close-other.
Here, similar to our previous studies on SRP (Tacikowski et al.,

2011, 2013, 2014; Cygan et al., 2014; Kotlewska & Nowicka,
2015), the ‘close-other’ was not pre-defined by the authors (e.g.
father), but it was freely chosen by the participants. The vast major-
ity of participants chose their current partners, whereas some of
them chose relatives or their best friends. As a consequence, the
temporal duration of the relationship varied largely (see the methods
section). Thus, one may wonder whether the length of relationship
with the close-other exert some impact on the observed lack of LPC
differences between the past-self and the close-other. Specifically,
one may assume that the longer the relationship the smaller the dif-
ferences between these two conditions. We investigated this issue
thoroughly (see the results section as well as additional analyses in
Supporting Information) and there was no effect of the length of
acquaintance on observed LPC effects. These results may indicate
that it is rather the strength of the emotional bond that matters more
than the period of acquaintance per se.
In addition, we observed that the process of reflection on the pre-

sent-self was associated with enhanced LPC amplitudes in reference
to the close-other and famous conditions. This finding is in line with
numerous studies on SRP showing the well-known ‘self-preference
effect’ (Gray et al., 2004; Sedikides & Gregg, 2008; Zhao et al.,
2009; Fan et al., 2013; Humphreys et al., 2015). It has been
recently proposed that such a self-preference is rather a consequence
of enhanced neural activity for self-related stimuli, than an effect of
suppression of the other, non-self-related stimulation (Liu et al.,
2013). It should be stressed, however, that in the case of positivity
bias (i.e. positive-yes and negative-no trials), the difference between
LPC amplitudes in the present-self and the close-other conditions
was non-significant. This finding may indicate a similarly positive
attitude to oneself and the close-other – a person that was chosen by
our participants as the most significant in their lives. Self-other inte-
gration typically grows from shared experiences, which means that
people with whom we have an emotional bond are more likely to be
viewed as the self than other people (Gopnik & Meltzoff, 1994;
Slotter & Gardner, 2009).
Finally, amplitudes of LPC in our study did not differ when the

present- and the past-selves were compared. The latter is in line
with the findings of Luo et al.’s (2010) study, which reported a
lack of differences between late positive ERP responses to the pre-
sent- and past-selves in the case of psychological traits evaluation.
Similarly, differences between ERP responses to present and past
self-face as well as to the present and past self-name were non-sig-
nificant in our (earlier mentioned) study investigating the present
and past selves in a group of married women (Kotlewska & Now-
icka, 2015). Moreover, neural correlates of self-face recognition
were influenced by the temporal perspective only when the current
(adult) self was compared to the ‘childhood self’ (Apps et al.,
2012; Butler et al., 2013). However, such an effect was absent
when the current self was compared to the past, but not-so-distant,
self (Butler et al., 2013). In contrast, some fMRI studies showed
that the MPFC activity was higher when reflecting on the present-
self than when reflecting on either the past- or the future-self
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(D’Argembeau et al., 2008, 2010). The issue of similarities/dissimi-
larities – on the neural level – between the present vs. past selves
requires further investigation.
Nevertheless, one may assume that difference in LPC between the

present- and past-selves was not detected due to the fact that the
past-self was not well defined in this study and the present- and
past-selves kind of ‘overlap’. If this is the case, similar patterns of
ERP responses for the two might be expected, i.e. similar LPC
effects for the present-self and the past-self in reference to other
conditions (close-other, famous). However, our results pointed out
enhanced LPC in the present-self condition in comparison to the
‘close-other’ and ‘famous’ conditions in all but the positivity bias
analyses, whereas LPC in the ‘past-self’ condition was increased
compared to the ‘famous’ condition only.
What is more, the analysis of participants’ responses revealed a

strong bias towards a frequent choice of confirmatory responses to
the positive traits and denial responses to the negative traits. Thus,
the positivity bias was observed not only to the self, but also to the
conditions that regarded other people. Moreover, confirmatory
responses for positive traits resulted in significantly shorter RTs for
the present-self and the close-other conditions in comparison to the
famous person and this effect was mainly driven by men.
Previous studies reported the self-positivity bias at both beha-

vioural and neural levels (Watson et al., 2007). Ma & Han (2010)
conducted a series of behavioural experiments with the use of
self-face to distort positive associations with the self. The self-
advantage in face recognition was significantly weaker when the
participants’ positive view of themselves was questioned. In an
ERP study by Watson et al. (2007), participants responded faster
to positive self-related trait adjectives than to the negative ones.
Also, the positive self-descriptive words resulted in elevated ampli-
tudes at around 500 ms after the stimulus occurrence. The ERPs
were lower for words that did not match the self-positivity bias
(Watson et al., 2007; for the correction of figures labels please see:
Fields & Kuperberg, 2012). Frewen et al. (2013), in turn, com-
pared women with positive and negative views of themselves while
making judgements about the self and the other. Despite their own
attitude, most participants endorsed positive views towards them-
selves and others, which is congruent with behavioural results
reported in this study, i.e. most responses showed positivity bias in
all experimental conditions.
In addition, patterns of LPC findings for positive-yes and nega-

tive-no trials (the positivity bias) differed in women and men. In
the group of women, significant differences were found between
conditions (present-self > close-other, present-self > famous, past-
self > famous and close-other > famous), whereas they were non-
significant in the group of men. Sex-differences were not analysed
in reference to the self-reflection task in the majority of studies in
this field (Fossati et al., 2003; Heatherton et al., 2006; Farb et al.,
2007; Watson et al., 2007; D’Argembeau et al., 2008; Esslen et al.,
2008; Luo et al., 2010). To the best of our knowledge, only Deb-
ban�e et al. (2014) used this paradigm to explore the self-reflective
processes in adolescent men and women with early expression of
psychosis. However, no differences between sexes were found in
reflecting about the self and other. In contrast, sex-differences were
observed in fMRI study of self-reflection about body image not per-
sonal characteristic (Owens et al., 2010). Specifically, participants
were instructed to make evaluations of their own bodies in relation
to the images displayed. Only female subjects appeared to engage
neural mechanisms of self-reflection, as revealed by increased acti-
vation in MPFC for overweight vs. thin images. Men showed no

significant MPFC activation while processing either type of image.
Regarding the sex-differences it is worth to note a kind of dissocia-
tion between behavioural and electrophysiological findings in the
positivity bias in our study. While in men, the significant differences
between conditions were present in RTs and absent in LPC ampli-
tudes, in women such differences were observed in LPC amplitudes
and missing in RTs. Thus the issue of sex-differences in the process
of self vs. other reflection and in the positivity bias needs further
investigation.
Finally, we would like to mention the controversies regarding the

topic of trait adjectives lists. There are as many lists as published
articles using the self-reflection task in neuroscience. There is no
agreement on the lists currently used in research, neither for the
number of words nor for the number of lists even within the same
language (Alagna & Hamilton, 1986; Fossati et al., 2003; Heather-
ton et al., 2006; Farb et al., 2007; Watson et al., 2007; D’Argem-
beau et al., 2008; Luo et al., 2010). Yet, the spectrum begins from
as little as fourteen bipolar trait dimensions of positive and negative
affective ratings that result in only 28 words (Alagna & Hamilton,
1986), and ends up with three lists of ninety separate words sum-
ming up to two hundreds and seventy words all together (Heatherton
et al., 2006). The discrepancy in the method of trait-adjective evalu-
ation may cause a certain confusion regarding the experimental pro-
cedures and reported experimental findings.
In conclusion, processing information (trait adjectives) referring to

the past-self and the close-other was associated with similar LPC
responses. These results support the notion of similar processing of
the past-self and the significant-other, excluding not personally rele-
vant others from the scope of the past-self. Moreover, the LPC to
the present-self was enhanced in comparison to other conditions,
proving the advantage of self-processing over the processing infor-
mation about other people in line with numerous SRP studies. Last,
but not least, trait adjectives evaluation showed a strong positivity
bias towards the self and others.
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