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Directed forgetting (DF) assists in preventing outdated information from interfering
with cognitive processing. Previous studies pointed that self-referential items alleviated
DF effects due to the elaboration of encoding processes. However, the retrieval
mechanism of this phenomenon remains unknown. Based on the dual-process
framework of recognition, the retrieval of self-referential information was involved in
familiarity and recollection. Using source memory tasks combined with event-related
potential (ERP) recording, our research investigated the retrieval processes of alleviative
DF effects elicited by self-referential information. The FN400 (frontal negativity at
400 ms) is a frontal potential at 300–500 ms related to familiarity and the late positive
complex (LPC) is a later parietal potential at 500–800 ms related to recollection. The
FN400 effects of source memory suggested that familiarity processes were promoted
by self-referential effects without the modulation of to-be-forgotten (TBF) instruction.
The ERP results of DF effects were involved with LPCs of source memory, which
indexed retrieval processing of recollection. The other-referential source memory of
TBF instruction caused the absence of LPC effects, while the self-referential source
memory of TBF instruction still elicited the significant LPC effects. Therefore, our
neural findings suggested that self-referential processing improved both familiarity and
recollection. Furthermore, the self-referential processing advantage which was caused
by the autobiographical retrieval alleviated retrieval inhibition of DF, supporting that the
self-referential source memory alleviated DF effects.
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INTRODUCTION

Forgetting can be considered an adaptive strategy in preventing traumatic or outdated information
from interfering with current cognitive processing (Bjork, 1989). However, self-referential details
are often hard to forget in real life (i.e., the autobiographical experience of my ex-girlfriend).
Some researchers have focused on the neurocognitive mechanism of memory encoding processing,
demonstrating that self-referential items are harder to forget than other-referential item (Yang et al.,
2013). However, the neurocognitive mechanism of memory retrieval processing which elicits this
phenomenon is not clear.
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Directed forgetting (DF) effects are demonstrated by poorer
recall and recognition of TBF items (‘‘to-be-forgotten’’) than TBR
items (‘‘to-be-remembered’’; Van Hooff et al., 2009). To explore
intentional forgetting, a typical paradigm of ‘‘DF’’ is used in
the experiment (MacLeod, 1998). This procedure provides two
explicit cues to index TBR items and TBF items during the study
phase. These two cues can be presented either after each item
(item-method) or following the entire list of items (list-method).
For the item methods, these effects are generally accounted
for both selective rehearsal hypothesis and retrieval inhibition
hypothesis. The selective rehearsal hypothesis suggests that DF
stems entirely from the diminished elaboration or rehearsal of
TBF rather than TBR words (Woodward et al., 1973; Basden and
Gargano, 1993), and the retrieval inhibition hypothesis is that DF
suppresses the retrieval of these items (Levy and Anderson, 2008;
Mecklinger et al., 2009).

It is generally acknowledged that DF effects are alleviated
by self-relevant information due to self-referential effects.
The self-referential effect reflects self-relevant events that are
remembered better than events related to other events (van
den Bos et al., 2010; Cunningham et al., 2011; Klein, 2012).
This retrieval advantage of the self-referential effect can be
explained by the observation that self-referential processing tasks
make the encoding of information more effective, involving
elaboration and organization strategies, and the subsequent
memory retrieval improves as a result (Rogers et al., 1977;
Symons and Johnson, 1997). Because the diminishing elaborative
encoding of TBF instruction can be improved by self-referential
processing, self-referential information can alleviate DF effects.

In contrast to the encoding account, it is not clear that
the mechanism of memory retrieval processing elicits this
phenomenon. Based on dual-process framework of recognition,
recognition retrieval included two types of process: familiarity
and recollection. Familiarity is a fast and automatic retrieval
process that does not require details and recollection is
a slower process that supports the conscious retrieval of
specific episodic details (Yonelinas, 2002). When retrieval of
self-referential information relies on familiarity without any
details, recognition judgments are made via access to semantic
self-knowledge (Klein, 2012). For example, when people made
judgments for self-trait and the self-trait was paired with
its matching semantic self-knowledge, they benefited from
fast retrieval without any contextual details. By contrast,
when the retrieval of self-referential information relies on
recollection, the ‘‘autobiographical retrieval’’ of episodic details
is more likely to play an important role in the judgment of
recognition. The autobiographical retrieval consists of specific
items of personal information that are closely related to
unique autobiographical events which refer to the individual
in relation to a specific episodic context (Matuszewski et al.,
2009). Particularly, the self-referential effects with nouns are
typically obtained with autobiographical retrieval promoting to
recollect more episodic details of self-referential information
(Klein, 2012). According to retrieval inhibition hypothesis of DF,
sub-processes (familiarity vs. recollection) of retrieval inhibition
which could be overcome by self-referential effects need to be
investigated.

In order to explore the retrieval mechanism, source memory
tasks and event-related potential (ERP) measurements were used
in the current study. Based upon memory distinction between
central items of an event (i.e., item memory) and contextual
details of the event (i.e., source memory), source memory tasks
were sensitive to examine the recollection of specific contextual
details (Sahakyan and Delaney, 2005; Racsmány and Conway,
2006; Racsmány et al., 2008). For scalp electrophysiological
recording, three important ERP components were involved in
recognition retrieval of source memory: the FN400 (a positive
shift or reduction in negativity in frontal regions at 300–500 ms)
that indexed familiarity, the late positive complex (LPC; a
positive component over posterior regions at 500–800 ms)
that indexed recollection, and the late right frontal effect (an
amplitude maximum over right frontal scalp at 800–1200 ms)
that indexed post-retrieval monitoring (Curran, 2000; Diana
et al., 2007; Rugg and Curran, 2007). The right frontal effect
indicated the episodic reorganization and source monitoring of
the retrieval (Hayama et al., 2008; Cruse and Wilding, 2009).

Therefore, we combined a DF task (item method) with a
source memory task so that we could investigate neurocognitive
mechanism of the alleviative forgetting of self-referential
information. Specifically, the retrieval processes (familiarity
vs. recollection) of DF effects which could be modulated
by self-referential processing should be demonstrated. Besides
being associated with self-referential effects, recollection might
possibly be involved in the DF effects which were reduced
by self-referential processing, because previous ERP and
behavioral evidences supported retrieval inhibition of impaired
recollection of episodic details (‘‘episodic inhibition’’). In
behavioral researches, DF effects were only present in responses
accompanied by recollected experience in a recognition test
(Racsmány et al., 2008). The retrieval inhibition of TBF
items was observed in the absence of the old/new effect at
parietal sites which reflected recollection processing (Ullsperger
et al., 2000; Van Hooff et al., 2009; Xiao et al., 2012).
So, the following hypotheses were tested. Given that the
self-referential advantages of retrieval rely upon both semantic
self-knowledge and autobiographical retrieval (Uncapher and
Rugg, 2009; Turk et al., 2013), we investigated the possibility
that self-referential information would elicit enhanced behavioral
accuracies and increased ERP amplitudes of FN400 (indexing
familiarity) and LPC (indexing recollection) effects. As DF
effects were caused by retrieval inhibition of episodic details,
we also assumed that the recollection processes would be
associated with alleviative DF which are caused by self-referential
processing.

MATERIALS AND METHODS

Participants
Nineteen college students from Capital Normal University
(Beijing, China) with normal or corrected-to-normal vision
participated in this study. These subjects were right-handed,
native Chinese speakers with no history of psychiatric or
neurological disorders, head injury, or psychotropic drug
use. Three participants were excluded (their artifact-free
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ERP trials were less than 18 in at least one condition,
due to excessive eye movements or EEG artifacts), leaving
a final sample of 16 participants (mean age, 22.2 years;
8 men). Each subject signed an informed consent form
before experiment and received monetary compensation after
experiment. This study was carried out in accordance with
the recommendations of ‘‘Human Research Ethics Committee
at Capital Normal University’’ with written informed consent
from all subjects. All subjects gave written informed consent
in accordance with the Declaration of Helsinki. The protocol
was approved by the ‘‘Human Research Ethics Committee
at Capital Normal University’’. No additional considerations
of the study in cases where vulnerable populations were
involved.

Materials
Two-character Chinese nouns (640 in total) were used as
stimuli (mean total number of strokes: 16.51 (ranging from
5 to 35), mean word frequency: 14.79 (ranging from 2.3 to 99.7)
occurrences per million (Liu et al., 1990)). Fourteen adult native
Chinese speakers (an independent sample; 7 men) provided
concreteness ratings of the nouns. The concreteness ratings
(from 1/extremely abstract to 7/extremely concrete) confirmed
that the set of nouns was concrete nouns (Mean = 6.12,
ranging from 5 to 6.92). All nouns were separated into two
equal sets (320 nouns for set A and 320 nouns for set
B) that were alternatively used as ‘‘old’’ (studied) or ‘‘new’’
(unstudied) items at the test, which was counterbalanced across
participants. The items of set A and B were randomly selected

to have equivalent concreteness, number of strokes or word
frequency.

Experimental Procedure
Participants were seated 70 cm from a Dell monitor in an
electrically shielded room wherein they performed an extrinsic
source memory task (Figure 1). After a short practice block,
participants undertook the experiment, which included five
study-test blocks (64 old and 64 new items in total), with
each study phase followed by a test phase after a 2-min gap.
The studied items were presented in two separate referential
categories (‘‘self’’ vs. ‘‘other’’). In the ‘‘self’’ condition, the nouns
were accompanied with the personal pronoun ‘‘my’’ (such as ‘‘my
cup’’, ‘‘my table’’ etc.); in the ‘‘other’’ condition, the nouns were
presented together with the personal pronoun ‘‘his’’ (such as ‘‘his
sofa’’, ‘‘his pen’’ etc.). Participants were instructed to consider
‘‘my-noun’’ pairs as the things related to themselves (indicating
self-reference) and to consider ‘‘his-noun’’ pairs as the things
related to Li Keqiang (Chinese Prime Minister; indicating other-
reference).

Each block consisted of a study and a test phase. During
the study phase, each trial began with a fixation cross (750 ms)
that was followed by a pronoun-noun pair (‘‘my-noun’’ pair or
‘‘his-noun’’ pair, extending a 9◦

× 7◦ visual area), which was
centrally presented for 1200 ms. After pronoun-noun pair, a
blank screen, which lasted for 2000 ms, was inserted. Then, an
instruction ‘‘remember’’ (indexing TBR) or ‘‘forget’’ (indexing
TBF) was displayed for 500 ms. At the end of each trial,
another blank screen was shown for 1000 ms. All stimuli

FIGURE 1 | Experimental paradigm. In our experiment, participants completed a study phase immediately followed by a test phase. During the study phase,
participants were explicitly instructed to follow the instruction to remember “to-be-remembered”, (TBR) both the noun and its source (personal pronoun) or to forget
“to-be-forgotten”, (TBF) them. During the test phase, participants were asked to make a response of Self (S), Other (O) or New (N).

Frontiers in Behavioral Neuroscience | www.frontiersin.org 3 October 2017 | Volume 11 | Article 187

https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Mao et al. Self-Referential Information Alleviates Directed Forgetting

were presented in white against a black background. The order
of trials was pseudo-random with each type of instruction
(TBR vs. TBF) appearing in no more than three consecutive
trials. Additionally, stimulus types of reference (‘‘my–noun’’ and
‘‘his–noun’’ pairs) were presented randomly in every session.
Participants were explicitly instructed to follow the instruction
to remember both the noun and its source (personal pronoun) or
to forget them.

Two minutes after the study phase, the participants’ source
memory was tested. In each block, the test stimuli consisted of
64 old items (two-character Chinese noun presented in the study
phase) and 64 new items. All 128 nouns were pseudo-randomly
intermixed. In each trial, after a fixation cross for 750 ms, a noun
(single word without any pronoun, extending an 8◦

× 7◦ visual
area) was presented for 2000 ms. During the presentation of the
noun, the participants were asked to make a response of Self
(S), Other (O) or New (N), thereby indicating whether the noun
belonged to the self (‘‘my-noun’’ pair) or other (‘‘his-noun’’ pair)
category or whether the noun was never presented. Three out
of the four letter keys on a standard English keyboard (i.e., ‘‘D’’,
‘‘F’’, ‘‘J’’, ‘‘K’’) were chosen as response keys for the three possible
responses (i.e., S, O, N). The S/O response keys were assigned to
one hand, and the N keys to the other hand. The response hand
assignment was counterbalanced across participants.

Behavioral Analysis
Self-old items that required S responses and were assigned to
correct sources were deemed to be ‘‘self-source-correct’’ (SSC)
responses. Other-old items that required O responses and were
assigned to correct sources were considered ‘‘other-source-
correct’’ (OSC) responses. Finally, new items that required
N (new) responses were considered ‘‘correct rejections’’ (CR).
Source accuracy for the TBR instruction and TBF instruction
was calculated as the ratio of the number of source correct
items with the TBR and TBF instruction, respectively, over
its corresponding number of hit items. Two-way repeated-
measures analysis of variance (ANOVA; with Greenhouse-
Geisser corrections) was performed on source accuracy, with
independent variables of reference (self, other) and instruction
type (‘‘TBR’’, ‘‘TBF’’). Significant main and interaction effects
were followed by Bonferroni-corrected post hoc pair-wise
comparisons.

EEG Recording and Analysis
The continuous electroencephalography recordings were
measured during test phases. According to the extended
international 10–20 system, 64 scalp sites of Ag/AgCl electrodes
embedded in an elastic cap. An electrooculogram (EOG) was
recorded with four additional channels which were used to
monitor horizontal and vertical eye movements. EEG signals
were referenced to the left mastoid during recording and
re-referenced offline to the average of the left and right mastoid
recordings. EEG/EOG signals (impedance <5 kΩ) were digital
bandpass filtered from 0.05 Hz to 40 Hz, segmented around
image onset (−200 to 1600 ms) and corrected to a 200 ms
pre-stimulus baseline. Trials with EEG voltages that exceeded
±75 µV were excluded from analysis. EOG blink artifacts were

corrected using a linear regression estimate (Gratton et al.,
1983). Experiment presentation was executed using Presentation
(Neurobehavioral Systems, Inc.). Data collection was performed
using Neuroscan acquisition software, and statistical analysis
was performed in SPSS 20.0.

Mean ERP amplitudes were extracted from three time
windows (300–500 ms, 500–800 ms, 800–1200 ms after test
item onset) to estimate the old–new effect, as indexed by the
FN400, LPC and late right frontal effect. The time windows
were selected based upon both visual inspection of the grand
average ERP waveform and previous ERP literature on familiarity
(FN400) and recollection (LPC; Rugg and Curran, 2007; Voss
and Paller, 2008). Electrodes were selected around frontal,
central and parietal sites (anterior site: F1, F2, F3, F4, Fz;
central sites: C1, C2, C3, C4, Cz; posterior site: P1, P2, P3,
P4, Pz). We computed ERP amplitudes of source correct trials
(SC) to index source memory (Guo et al., 2006; Addante
et al., 2012). The ERPs of source memory were classified on
the basis of the subject’s behavior into one of five subsets:
TBR_SSC (self-correct source of TBR instruction), TBR_OSC
(other-correct source of TBR instruction), TBF_SSC (self-correct
source of TBF instruction) TBF_OSC (other-correct source of
TBF instruction n) and CR (correct rejection) trials. However,
there were not enough TBR_SSI (M = 11.70, SD = 2.07;
self-incorrect source of TBR instruction), TBR_OSI (M = 12.30,
SD = 2.05; other-incorrect source of TBR instruction), TBF_SSI
(M = 14.20, SD = 2.11; self-incorrect source of TBF instruction),
and TBF_OSI (M = 14.35, SD = 2.12; other-incorrect source
of TBF instruction) trials for the averaging procedure to
result in a reliable ERP. In order to obtain grand-average
ERP, the ERPs of one type from each subject and each
recording site were averaged. Repeated-measures ANOVA
included Greenhouse–Geisser corrections when necessary and
Bonferroni-corrected post hoc pair-wise comparisons.

RESULTS

Behavioral Results
A two-way repeated-measures ANOVA of reference and
instruction type on source accuracies indicated a significant main
effect of reference (F(1,15) = 5.20, p < 0.05, η2

p = 0.26), and
instruction type (F(1,15) = 34.42, p< 0.001, η2

p = 0.70), as well as a
significant interaction between these two factors (F(1,15) = 9.78,
p < 0.01, η2

p = 0.40). The subsidiary ANOVAs confirmed
that self-referential source accuracies were higher than other-
referential source accuracies only for TBR instruction, but there

TABLE 1 | Behavioral results.

Accuracy RTs

TBR_S 0.65 (0.10) 1098.61 (124.66)
TBF_S 0.47 (0.09) 1196.29 (133.54)
TBR_O 0.58 (0.11) 1121.90 (123.85)
TBF_O 0.47 (0.11) 1192.53 (142.39)
CR 0.73 (0.13) 1046.95 (133.25)

∗Standard deviations in parentheses. Abbreviations: TBR_S, “to be remembered-
self”; TBF_S, “to be forgotten-self”; TBR_O, “to be remembered-other”; TBF_O,
“to be forgotten-other”; CR, correct rejection.
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was no significant difference between these two types of source
accuracies for TBF instruction. (TBR_SSC − TBR_OSC = 0.07
(0.02) µV; t(15) = 3.89, p < 0.05; TBF_SSC − TBF_OSC = 0.02
(0.02) µV; t(15) = 1.00, p = 0.91; Table 1).

A similar two-way ANOVA of reference and instruction
type on mean RTs of SC trials (source-correct) revealed no
reference effect (source memory: F(1,15) = 0.61, p = 0.446,
η2

p = 0.04), but a significant effect of instruction type (source
memory: F(1,15) = 26.59, p < 0.001, η2

p = 0.64). The mean RTs
for TBR instruction (source-correct: 1110.26 (30.08) ms) were
faster than for TBF instruction (source-correct: 1194.41(33.40)
ms; Table 1). RTs exceeding ±3 standard deviations from the
individual subjects’ mean RT were excluded from analysis.

ERP Results
According to previous studies of DF (Bailey and Chapman, 2012;
Yang et al., 2013), the ERPs were conducted for source memory,
in order to explore DF modulation of the self-referential
information. The retrieval of source memory was analyzed with
its correct-source trials.

The retrieval of recognition was based on two types
of processes: familiarity and recollection (Yonelinas, 2002).
First, the familiarity processing was demonstrated with the
FN400 components (frontal negativity at 300–500 ms). For
the 300–500 ms time window of source memory, a repeated-
measures ANOVA with factors of condition (TBR_SSC vs.
TBF_SSC vs. TBR_OSC vs. TBF_OSC vs. CR) and location
(anterior vs. central vs. posterior) indicated significant main
effects of condition (F(4,60) = 3.78, p < 0.05, η2

p = 0.20),
but no significant main effects of location (F(2,30) = 0.22,
p = 0.67, η2

p = 0.02) or interaction between the two variables
(F(8,120) = 0.76, p = 0.48, η2

p = 0.05; Figure 2). The planned sample
effects showed a significant main effects of condition in posterior
region (F(4,60) = 3.66, p< 0.05, η2

p = 0.20). The condition effect in
posterior region was related to more positive amplitudes for both
TBR_SSC and TBF_SSC than CR trials (TBR_SSC − CR = 1.16
(0.29) µV; TBF_SSC − CR = 0.99 (0.23) µV; t(15)’s > 4.00,
ps < 0.05), but there was no difference between TBR_SSC
and TBF_SSC trials (TBR_SSC − TBF_SSC = 0.17 (0.33) µV;
t(15) = 0.51, p > 0.50). In addition, no difference was observed
among TBR_OSC, TBF_OSC and CR trials in posterior region
(t(15)’s < 1.45, ps > 0.30). These results suggested significant
self-referential effects in the familiarity of source memory
without the modulation of DF.

Second, the recollection processing was demonstrated with
the LPC effects (parietal potential at 500–800 ms). For the
500–800 ms time window of source memory, a repeated-
measures ANOVA with factors of condition (TBR_SSC vs.
TBF_SSC vs. TBR_OSC vs. TBF_OSC vs. CR) and location
(anterior vs. central vs. posterior) revealed significant main
effects of condition (F(4,60) = 7.93, p < 0.01, η2

p = 0.35),
but no significant main effects of location (F(2,30) = 1.04,
p = 0.33, η2

p = 0.07) or interaction between the two variables
(F(8,120) = 1.64, p = 0.12, η2

p = 0.10; Figure 2). The
planned sample effects showed a significant main effects of
condition in anterior region (F(4,60) = 10.92, p < 0.001,
η2

p = 0.42) and central region (F(4,60) = 5.83, p < 0.01,

η2
p = 0.28). The condition effect in anterior region indicated

that the TBR_SSC trials evoked higher amplitudes than did
the TBF_SSC trials (TBR_SSC − TBF_SSC = 1.66 (0.38),
t(15) = 4.43, p < 0.01), supporting the DF effect. In addition,
we found a significant old/new effect for both TBR_SSC
and TBR_OSC trials (TBR_SSC − CR = 3.10 (0.37) µV;
TBR_OSC − CR = 1.55 (0.39) µV; t(15)’s > 3.90, ps < 0.01),
with higher amplitudes for TBR_SSC trials in anterior region
(TBR_SSC − TBR_OSC = 1.55 (0.40) µV; t(15) = 1.45,
p < 0.05), suggesting the self-referential effect. The condition
effect in anterior region was also related to more positive
amplitudes for TBF_SSC than CR trials (TBF_SSC − CR = 1.43
(0.42) µV; t(15) = 3.49, p < 0.05), with no difference
between TBF_OSC and CR trials (TBF_OSC − CR = 0.47
(0.68) µV; t(15) = 0.51, p = 1.00), thereby supporting that
self-referential information alleviated impaired recollection of
source memory.

Finally, the late right frontal effects (an amplitude maximum
over right frontal scalp at 800–1200 ms) were used to
reflect the source monitoring of post-retrieval (Hayama et al.,
2008; Cruse and Wilding, 2009). For the 800–1200 ms time
window of source memory, a repeated-measures ANOVA with
factors of condition (TBR_SSC vs. TBF_SSC vs. TBR_OSC
vs. TBF_OSC vs. CR) and location (anterior vs. central
vs. posterior) revealed significant main effect of location
(F(2,30) = 19.03, p < 0.001, η2

p = 0.56), significant main
effects of condition (F(4,60) = 2.72, p = 0.07, η2

p = 0.15)
and interaction between the two variables (F(8,120) = 6.22,
p < 0.001, η2

p = 0.29; Figure 2). The significant condition effect
at the frontal region was observed (F(4,60) = 7.93, p < 0.001,
η2

p = 0.35), but the condition effect at the central region
and parietal region was not significant (central: F(4,60) = 1.73,
p = 0.16, η2

p = 0.10; parietal: F(4,60) = 0.57, p = 0.69,
η2

p = 0.04). The condition main effect at the frontal region
indicated that the TBR_SSC trials evoked higher amplitudes
than the TBR_OSC trials (TBR_SSC − TBR_OSC = 1.35
(0.51) µV; t(15) = 2.64, p < 0.05), but there was no difference
among TBR_SSC, TBF_SSC, TBR_OSC and TBF_OSC trials
(t(15)’s< 1.88, p> 0.05). Three types of all condition (TBF_SSC,
TBR_OSC, TBF_OSC) evoked no significant old/new effects
(TBR_OSC − CR = 2.04 (0.68) µV; TBF_SSC − CR = 2.33
(0.78) µV; TBF_OSC − CR = 1.59 (0.56) µV; t(15)’s < 2.90,
ps > 0.08), except for TBR_SSC trials (TBR_SSC − CR = 3.38
(0.42) µV; t(15) = 2.73, p < 0.001). It suggested that the source
monitoring of post-retrieval was enhanced by self-referential
information.

DISCUSSION

Combining a DF paradigm with a source retrieval task,
the present study examined whether the DF effects which
were alleviated by self-referential information were based
on familiarity or recollection. Our behavioral results of the
source memory indicated lower accuracies and slower RTs
for TBF instruction. These significant DF effects suggested
that the retrieval impairment of contextual details due to TBF
instruction. The source accuracies of TBF instruction were
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no difference between self-referential and other-referential
information because of floor effects (accuracies were about
0.47). This meant that behavioral results could not suggest
that the forgetting alleviation was caused by self-referential
information. However, our ERP data, which involved different
psychological processes and neural correlates of recognition
retrieval, provided evidences for supporting self-referential
information that could alleviate DF effects. In line with the
behavioral results, neural evidence converged on weakened
source memory for TBF instruction, thereby lending support
to the notion that DF effects impaired source memory. With
enhanced FN400 and LPC for self-referential information, the
self-referential effects were demonstrated to be reflected in
familiarity and recollection. Furthermore, the LPC components
of self-referential memory in TBF condition suggested that
the DF effects which were alleviated by self-referential
information were based on recollection processes (rather
than familiarity).

The retrieval of self-referential information was based on
two types of recognition processes: familiarity and recollection
(Yonelinas, 2002). The FN400 component which indexed
familiarity processes was sensitive to memory strength (Curran,
2000; Diana et al., 2007; Rugg and Curran, 2007; Woroch and
Gonsalves, 2014). Also, FN400 components had contribution to
familiarity of source memory (Mollison and Curran, 2012). Our

FN400 effects of source memory suggested that self-referential
effects promoted familiarity processes. These effects were not
modulated by TBF instruction, reflecting that the memory
strength of source memory was affected by self-referential
processing, rather than TBF instruction. Generally, the previous
ERP studies endorsed that familiarity processes could not
support self-referential effects (Magno and Allan, 2007).
Surprisingly, the familiarity of source memory was improved by
self-referential information with more self-semantic knowledge
in the present study, because FN400 were demonstrated to
be enhanced by increased semantic information (Hou et al.,
2013).

Furthermore, the amplitudes of LPC old/new effects in
TBR condition were enhanced for the self-referential source
memory, indicating that self-referential processing improved
the recollection of contextual details. Consistent with previous
research, our findings agreed that self-reference process could
promote recollection of source details (Dulas et al., 2011;
Serbun et al., 2011). These significant self-referential effects
of source memory could be attributed to autobiographical
retrieval, especially with nouns (Klein and Kihlstrom, 1986;
Klein, 2012). The autobiographical retrieval consists of specific
items of personal information that are closely related to
unique autobiographical events which refer to the individual in
relation to a specific episodic context (Matuszewski et al., 2009).

FIGURE 2 | Source-correct event-related potentials (ERPs) of conditions. (A) Grand average ERP waveforms of source-correct (SC) trials for “to be remembered-
self” (TBR_S), “to be remembered-other” (TBR_O), “to be forgotten-self” (TBF_S) and “to be forgotten-other” (TBF_O) conditions, and correct rejection (CR).
(B) During late positive complex (LPC; 500–800 ms) time windows of source memory, topographic maps of differential amplitudes showed old-new ERP effects
(SC-CR) for “to be remembered-self” (TBR_S), “to be remembered-other” (TBR_O), “to be forgotten-self” (TBF_S) and “to be forgotten-other” (TBF_O) conditions.
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Our source judgment task asked subjects to judge whether
the item was self-referential or other-referential. In order to
make more accurate decision of this task, subjects trended
to recollect the episodic context of the study phase. It was
easier to recollect that self-referential nouns were related
to autobiographical experience of subjects. For example,
‘‘my table’’ was easy to elicit autobiographical experience of
my own table in real life; while ‘‘his sofa’’ was hard to
construct episodic context, because the sofa of Chinese Prime
Minister was seldom presented (our experiment instructed
participants to consider ‘‘his-noun’’ pairs as the things related
to Chinese Prime Minister). This autobiographical retrieval
of source memory provided plenty of episodic context for
self-referential source judgment. Thus, source memory tasks
of self-referential information were more likely to elicit
autobiographical retrieval, which could enhance self-referential
retrieval advantages.

Our ERP evidence supported that autobiographical retrieval
happened for self-referential information. On one hand,
self-referential effects in the present study were evoked by
nouns which were failing to obtain self-referential effects
without requiring autobiographical retrieval (Klein and
Kihlstrom, 1986). On the other hand, our result revealed
an activated LPC component in the frontal region which
was associated with autobiographical retrieval, though it
has been reported that the LPC component was maximal
over the parietal scalp (Curran, 2000; Diana et al., 2007;
Rugg and Curran, 2007). The frontal positivity of the LPC
component during recollection was sensitive to episodic content
of retrieval and autobiographical retrieval, supporting our
LPC results at frontal (Peters and Daum, 2009; Mitchell and
Johnson, 2009). The prefrontal cortex was often proved
to be related to self-referential processing, particularly
autobiographical retrieval (Martinelli et al., 2013). The
fMRI studies showed that the amount of activity in FPC
(prefrontal cortex) correlated with autobiographical retrieval
and recollection of self-referential items (Amodio and Frith,
2006; Vinogradov et al., 2006; Turner et al., 2008; Wylie et al.,
2008; Oddo et al., 2010; Leshikar and Duarte, 2012; Morel
et al., 2014). Additionally, the enhanced late right frontal
wave of self-referential information could be explained by the
observation that the processing of post-retrieval reorganization
and source monitoring might be facilitated by autobiographical
retrieval.

However, the behavioral and neural evidence converged
on the notion that the DF effects which was involved
with recollection was alleviated by self-referential information.
Different with our FN400 effects of source memory which
was not influenced by TBF instruction, the decreased LPC
effects of source memory indicated that retrieval inhibition of
recollection which was evoked by TBF instruction. Substantial
evidence of the absence of the LPC effects has been accrued
for inhibition retrieval in item method (Ullsperger et al.,
2000). In contrast to the absence of LPC old/new effects
for other-referential trials, the self-referential trials elicited
the significant LPC old/new effects for TBF instruction.
The evidence aligned with recent reports in the literature

and agreed that self-referential information could alleviate
DF effects (Sahakyan and Delaney, 2005; Racsmány and
Conway, 2006; Bastin et al., 2012; Yang et al., 2013). As
LPC old/new effects was associated with recollection, our ERP
evidences supported that self-referential information overcame
retrieval inhibition of DF, which was based on recollection
processes. This alleviation of the recollection inhibition was also
attributed to autobiographical retrieval caused by self-referential
information. With recollecting episodic details in real life, this
autobiographical retrieval of source memory provided plenty
of retrieval-cues for reactivating the memory representation
of self-referential items (Uncapher and Rugg, 2009; Turk
et al., 2013). Thus, it suggested self-referential information
could alleviate retrieval inhibition which was associated with
recollection.

Therefore, our neural findings and behavioral results
investigated the influence of DF on source memory
for self-referential information, demonstrating that
the self-referential information alleviated DF effects.
The self-referential processing enhanced behavioral
accuracies and ERP amplitudes of FN400 and LPC
effects, suggesting that self-referential processing improved
both familiarity and recollection. Our neural findings
were consistent with our behavioral results suggesting
that the retrieval inhibition of DF effects which were
associated with recollection processes were alleviated by
the self-referential information due to autobiographical
retrieval.

Limitations
The current study poses some notable limitations. First, the
sample size in the current study is small, due to the limited
time and finance. To acquire more robust conclusion in future
studies, large simple size of participants should be used in
the next research. Second, ERP data of retrieval phase in
our research was reported, but the ERP data of encoding
phase was not recorded. ERP data of encoding phase should
be analyzed to compare with retrieval phase so that we can
obtain the association between encoding phase and retrieval
phase to explain the alleviative DF caused by self-referential
processing. Third, we acknowledged that Bonferroni-corrected
post hoc pair-wise comparisons could not be valid enough to
correct for the number of independent ANOVA analyses and
our results should be verified with caution in further research.
Finally, the number of stimuli per category is not large and
might lead to the low signal to noise ratio. More trials of each
category should be designed to obtain more precise signal of
ERP data.
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