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The self-reference effect (SRE) is defined as better recall or recognition performance
when the memorized materials refer to the self. Recently, a number of neuroimaging
studies using self-referential and other-referential tasks have reported that self- and
other-referential judgments basically show greater activation in common brain regions,
specifically in the medial prefrontal cortex (MPFC) when compared with nonmentalizing
judgments, but that a ventral-to-dorsal gradient in MPFC emerges from a direct
comparison between self- and other-judgments. However, most of these previous
studies could not provide an adequate explanation for the neural basis of SRE because
they did not directly compare brain activation for recognition/recall of the words
referenced to the self with another person. Here, we used an event-related functional
magnetic resonance imaging (fMRI) that measured brain activity during processing of
references to the self and another, and for recognition of self and other referenced
words. Results from the fMRI evaluation task indicated greater activation in ventromedial
prefrontal cortex (VMPFC) in the self-referential condition. While in the recognition task,
VMPFC, posterior cingulate cortex (PCC) and bilateral angular gyrus (AG) showed
greater activation when participants correctly recognized self-referenced words versus
other-referenced words. These data provide evidence that the self-referenced words
evoked greater activation in the self-related region (VMPFC) and memory-related regions
(PCC and AQG) relative to another person in the retrieval phase, and that the words
remained as a stronger memory trace that supports recognition.

Keywords: self-reference effect, medial prefrontal cortex, episodic memory, encoding, retrieval

Introduction

People normally prioritize the perception and processing of self-related stimuli over stimuli
unrelated to the self. Like the “cocktail party effect,” our name or other self-related information
strongly attracts our attention and becomes relatively better processed. Prior cognitive functions
bias our memory for self-referenced items, a phenomenon known as the self-reference effect
(SRE; Greenwald and Banaji, 1989). SRE is defined as better recall or recognition performance
when the memorized materials refer to the self. For example, when participants judge words as
descriptive of the self, they recall or recognize them better than had they described others. To date,
various hypotheses about the cognitive mechanisms of SRE have been proposed (Symons and
Johnson, 1997). For example, Rogers et al. (1977) suggested that self-reference judgments produce
a “rich” encoding unit that can function effectively during information processing. Furthermore,
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Bellezza (1984) argued that SRE occurs because the self provides
a set of organized internal cues, and the materials associated
with the cues are easier to retrieve during recognition/recall
tasks. They indicated that recall of the internal cues generated
during learning is necessary for the recall of the presented
material and that a single-factor theory for encoding processes is
insufficient to explain the recall results found in the self-reference
task compared with those found in various control conditions.
Symons and Johnson (1997) reviewed many SRE studies and
indicated that this effect is primarily because the self is a well-
developed and often-used construct in memory, promoting both
the elaboration and organization of encoded information. These
studies suggested that self-reference is a relatively special process
in encoding the evaluation phase, in on the retrieval of the
recognition/recall phase or both.

A number of neuroimaging studies have tried to clarify
the neural correlates of self-referential processing and whether
it depends upon a “unique” neural basis. Recently, however,
many researchers claimed that self- and other-referential
judgments basically show greater activation in common
brain regions, specifically in the medial prefrontal cortex
(MPFC) when compared with nonmentalizing judgments,
for example, counting words length (Schmitz et al., 2004;
Legrand and Ruby, 2009; Mitchell, 2009; Spreng et al,
2009; Yaoi et al,, 2009; Denny et al., 2012). On the other
hand, Denny et al. (2012) performed a meta-analysis of
neuroimaging studies and reported that there is a ventral-to-
dorsal gradient in MPFC for self- to other judgments from a
direct comparison between both. Furthermore, other reviews or
meta-analyses reached approximately the same conclusion (van
der Meer et al, 2010; Qin and Northoff, 2011; Wagner et al.,
2012).

However, most imaging studies that used the self-referential
task only investigated the encoding process for evaluation
tasks and not the neural correlates of the retrieval process (in
recognition or recall tasks) for self-referenced materials. Philippi
et al. (2012) found that in patients with lesions to MPFC, SRE
is eliminated but that SRE is normal in patients with lesions
to other brain regions and in healthy adults. They suggested
that MPFC is necessary for SRE and is important for self-
referential processing and a neural representation of the self.
This result is consistent with neuroimaging studies that have
pointed to the importance of MPFC in the self-referential (and
perhaps also in the other referential) process (Kelley et al,
2002; Macrae et al., 2004; Schmitz et al.,, 2004; Moran et al,
2006; Northoff et al., 2006). However, because MPEFC lesions
in patients would affect throughout the task (from encoding to
the retrieval phase), it is difficult to determine in which phase
(encoding, retrieval, or both) MPFC plays an important role
for SRE.

Few previous studies that investigated the neural correlates
of SRE during encoding or retrieval (Fossati et al., 2004; Macrae
etal., 2004; Benoit et al., 2010; Gutchess et al., 2010; Leshikar and
Duarte, 2012, 2014) recognized the involvement of the ventral
part of MPFC. For example, Macrae et al. (2004) examined
normal subjects using the self-reference task in an event-related
functional magnetic resonance imaging (fMRI) and set the

contrast according to whether the referenced word was later
remembered or forgotten and whether the item was judged
as self-relevant. They found that activity in MPFC predicted
both subsequent memory performance and judgment of self-
relevance. However, they did not discuss the difference between
correct-recognition and forgotten processes in the recognition
task for the self-referenced words. Furthermore, Leshikar and
Duarte (2012) measured neural activity while participants
studied and subsequently retrieved pictures of common objects
under either self-reference or self-external encoding instructions.
They suggested that processing information in relation to the
self leads to mnemonic benefits for source level features, and
that activity in MPFC contributes to this source memory benefit.
Recently, Leshikar and Duarte (2014) investigated the effects of
self-reference on source memory performance and associated
neural activity in young and older adults. They suggested that
the encoding phase activity in the dorsal part of MPFC supports
source memory accuracy for self-referenced materials similarly
in both age groups. However, none of these works focused
on the difference between self- and other-referential processing
from the standpoint of MPFC activation in the recognition
phase. Thus, we still have many questions regarding how self-
referenced items are retrieved/recalled better than other and
whether or not MPFC activation is different in the recognition
phase. To clarify the cognitive and neural basis of SRE, it appears
necessary to investigate the neural correlates of both encoding
and recognition/recall processes, and to compare the self with
other targets in the experiment.

In a recent study, Morel et al. (2014) measured brain activity
under the self, other person, and control semantic conditions
during the encoding and recognition phases. They specifically
focused on the differences between the self and the semantic
control condition and indicated that the self-referential condition
showed greater activity in MPFC and hippocampus. They also
found greater functional coupling between those brain regions
and the posterior cingulate cortex (PCC) during the encoding
phase only. SRE is shown as a comparison of self-reflection
accessing a basic level of semantic knowledge; however, there
are also comparisons of the self with other people, especially
those distant from the participant (Symons and Johnson, 1997;
Yaoi et al., 2009). Therefore, we assumed that there were some
cognitive and neural differences between the self and other
conditions during the encoding or retrieval phase.

In the present study, we focused on the differences between
the self and other conditions and hypothesized that self-
referenced items are involved in special cognitive properties that
require specific processes and corresponding neural activities
for the retrieval of items, relative to other referenced items.
For example, if the self is constituted of a rich and organized
representation that acts as an internal cue in the retrieval
process as Bellezza (1984) pointed out, self-representation may
(re)activate when retrieving in a recognition (or recall) task
rather than others. Therefore, to investigate the neural correlates
of SRE, we measured brain activity during the processing of
references to the self and others and of recognition to the self and
other referenced words using event-related fMRI with specific
interest in regions like MPFC.
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Materials and Methods

Subjects

Twenty-three right or corrected-to-right-handed and one left-
handed healthy Japanese participants were recruited (males
n = 14, mean age = 23.3 & 4.0 years). All participants had
normal or corrected-to-normal vision and reported no history
of psychiatric or neurological disorders. The experiments were
conducted in accordance with the ethical guidelines of the Brain
Activity Imaging Center (ATR, Kyoto, Japan). All participants
provided written, informed consent prior to the experiments.
Four participants did not respond to 5% or more of all trials
and one participant showed 100% correct answers in the self-
recognition task. These five participants were excluded from
the analysis, and all behavioral and neuroimaging analyses were
conducted on the remaining 18 participants only.

Materials

Three hundred Japanese trait adjectives were selected from the
corpus of Aoki (1971), who examined the desirability ratings
of 455 words. All trait adjectives were written with two to nine
characters in Japanese. From these 300 words, we selected the
top 100 high-desirability (2.0-4.3) words and bottom 100 low-
desirability (6.2-7.9) words. Each 100 word list was divided into
four groups (25 high- or 25 low-desirability words) as their
average desirability and word lengths were nearly equal. We then
paired a high- and a low-desirability group and made four word
lists (including 25 high- and 25 low-desirability words). Two of
the four word lists (50 high- and 50 low-desirability words) were
used in the evaluation task, and the other two word lists were
used as fillers for the recognition task. We counterbalanced the
allocation of the word lists across participants. For a preliminary
practice task, another six words were selected from 155 words.

fMRI Tasks

To investigate brain activities during the processing of referential
information relating to either the self or a distant other, we
employed a rapid event-related design paradigm similar to
that of Kelley et al. (2002). In the self-referential condition,
participants were required to judge how well they thought each
trait adjective described them. Similarly, in the other referential
condition, participants were required to imagine Naoto Kan (a
previous Japanese prime minister), and judge how well each
word described him. In these two conditions, participants chose
one of four alternatives, “almost never,” “rarely,” “sometimes,”
or “almost always” using four buttons to declare their decision
(Figure 1). One or two of the above-mentioned word lists was
assigned for the self- and other-referential conditions.

After the evaluation task, participants rested outside the fMRI
scanner for about 30 min. They then returned inside to the
scanner and performed the recognition task. Here participants
were required to respond “old” or “new” to 200 words using
buttons; 100 words had been used in the evaluation task
(“old”) and 100 were distractors (“new”). Because we aimed to
investigate the incidental learning of words used in the evaluation
task, participants were not informed about this task prior to the
experiment.

» <

self Naoto KAN

optimistic talkative

1

«— — «— —

applicable inapplicable applicable inapplicable

FIGURE 1 | Example words of the evaluation task. Each trait adjective
was presented in Japanese.

Apparatus

While in the MR scanner, the participant held in each hand an
fMRI response device connected to a computer via an optic cable.
Each of the two hand devices had two buttons (Current Designs,
Inc., Philadelphia, PA, USA) and participants had to press one of
the four buttons on the keypad using the index or middle finger
in the evaluation task. In the recognition task, participants had
one response device in their right hand and were required to
press one of the two buttons using the thumb.

Procedure

Prior to the main task (and after the preliminary task),
participants performed a practice task. Using a procedure similar
to that of the main task, each condition contained six words
consisting of three self-referential and three other-referential
conditions.

In the evaluation task, each word remained on the screen for
4000 ms. Participants were instructed to evaluate each word by
pressing a response button and they were allowed to judge at
any time within the 4000 ms. Afterward, small fixation crosshairs
were presented for variable (jittered) and inter-trial-interval (ITT)
durations that ranged from 4000 ms to 12,000 ms at the center of
the screen. These stimuli were projected onto a mat screen and
presented to the participants through a mirror. In the recognition
task, each word remained on the screen for 2000 ms. The
methods for defining other parameters were the same as for the
evaluation task.

Data Acquisition

Whole brain imaging data were acquired using a 3.0 Tesla
MRI scanner (Siemens MAGNETOM Verio) and a standard
head coil. Head movements were minimized with cushions
at each side of the head. For functional imaging, we used a
gradient-echo echo-planar imaging sequence with the following
parameters: repetition time rg) = 2000 ms; echo time(rg) = 30 ms;
flip angle = 80° field of viewrovy = 192 x 192 mm; and
voxel size = 3 x 3 x 5 mm. After image collection, TI-
weighted anatomical images using a conventional spin echo
pulse sequence (TR = 2250 ms, TE = 3.06 ms, flip angle = 9°,
FOV = 256 x 256 mm, and voxel size = 1 x 1 x 1
mm) were collected for anatomical co-registration at the same
locations as the functional images. Scanner sequences were
synchronized with the stimulus presentation using the stimulus

Frontiers in Human Neuroscience | www.frontiersin.org

3 June 2015 | Volume 9 | Article 383


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive

Yaoi et al.

Neural correlates of the self-reference effect

software Presentation (Neurobehavioral Systems, Inc., Berkeley,
CA, USA).

Data Analysis

All data were analyzed using SPM 5 (Wellcome Department
of Imaging Neuroscience, London, UK) on Matlab 7.3
(MathWorks, Inc., Natick, MA, USA). The first six images
were discarded from the analysis to eliminate any non-
equilibrium effects of magnetization. All functional images
were realigned to correct for head movements, which were less
than 2.0 mm within runs. Functional images were normalized
and spatially smoothed with an isotropic Gaussian filter (8
mm full-width at half-maximum). Low-frequency noise was
removed with high-pass filtering (128 s). For the evaluation
task, we set four functional events and onsets (self_correct,
other_correct, self_miss and other_miss), which were defined by
whether the word presented in the evaluation task was correct-
to-recognized in the recognition task. For the recognition
task, we added another two events (correct rejection and
false alarm), which were defined by whether each filler
word in the recognition task was correct-to-rejected. These
events were modeled with a gamma hemodynamic response
function (HRF) that was applied when trait words in each
condition appeared onscreen. Group data were analyzed using
a random effects model. Activation areas for all conditions
were specified at p < 0.05 cluster level family-wise error (FWE)
corrected for multiple comparisons with the amplitude of
voxels surviving at p < 0.001 uncorrected across the whole
brain.

Results

Behavioral Data (Evaluation Task)

Table 1 shows behavioral performance (mean reaction time,
RT) under each condition in the evaluation task. The four
conditions were defined by whether the words referred to
the self or other and recognized as correct or miss in the
recognition task. For mean RTs during the evaluation task,
a 2 (condition: self vs. other) x 2 (performance: correct
vs. miss) ANOVA did not reveal a significant effect for
either factor, that is, condition (F(,17y = 1.11, p > 0.05)
and performance (F117 = 0.60, p > 0.05), but there was
a significant interaction (F(,17) = 4.74, p < 0.05). Tukey’s
honest significant difference post hoc analysis indicated that
mean RTs during the self_correct were marginally faster than
those during self_miss and other_correct (p < 0.10), but

TABLE 1 | Mean reaction time (RT) and standard deviation (SD) in the
evaluation task.

Self_correct Self_miss Other_correct Other_miss
M (ms) 2296.4 2404.7 2413.7 2390.3
SD 361.4 424.9 363.9 493.3

Four word condlitions (“self_correct, “self_miss, “other_correct, and “other_miss”)
were used. Each word was categorized based on the correct-to-recognized result
in the recognition task.

TABLE 2 | Percent correct recognition (M) and standard deviation (SD) for
the self-referenced and other-referenced words, and mean percent and
SD of false alarm (FA) in the recognition task.

Self Other FA
M (%) 84.2 64.1 19.3
SD 10.5 16.9 11.0

there were no significant differences between any conditions
(p > 0.05).

Behavioral Data (Recognition Task)

Table 2 shows mean recognition performance for the self-
and other-referenced words in the recognition task. For mean
recognition performance (self: 84.2%, SD = 10.5; other: 64.1%,
SD = 16.9), a t test revealed significant differences between
the self- and other-referenced words (t7, = 6.2, p < 0.001).
This result indicates that words referring to the self were better
recognized than those referring to other (SRE).

fMRI Data (Evaluation Task)

Table 3 and Figure 2 show brain activations according to the
contrast between self/other and the correct/miss condition in
the evaluation task using a random effect analysis (p < 0.05,
FWE correction at the cluster level). Contrasts demonstrate
differences in activation between the self and other; the main
effects of self (self > other), self_correct, and self_miss conditions
showed greater activation in relatively wide range of medial part
of the prefrontal cortex (MPFC) containing the ventromedial
prefrontal cortex (VMPFC) and anterior cingulate cortex (ACC)
compared with their other counterparts. On the other hand,
there was no significant difference between performance (correct
vs. miss), the self_correct and self_miss, and the other_correct
and other_miss conditions. Furthermore, we also could not find
significant activation from both interactions, [(self_correct >
self_miss) > (other_correct > other_miss)]| and [(other_correct
> other_miss) > (self correct > self miss)]. A summary
of these findings by brain regions, Montreal Neurological
Institute (MNI) coordinates, nearest Brodmann’s area (BA),
and Z scores of each activated cluster are presented in
Table 3.

fMRI Data (Recognition Task)

Table 4 and Figure 3 show brain activations according to
the contrast between selfother and correct/miss recognition
tasks using a random effect analysis (p < 0.05, FWE
correction at the cluster level). Contrasts indicated that correct
recognition for self-referenced words caused greater activation
in ventral-to-middle part of MPFC, PCC and precuneus,
bilateral angular gyrus (AG), and some other regions as
compared with other-referenced words (Figure 3). On the other
hand, there was no significant difference in other contrasts,
other_correct > self correct, self miss > other_miss and
other_miss > self_miss. And in common with the evaluation
task, we could not find significant activation from interaction
analysis.
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TABLE 3 | MNI coordinates, approximate Brodmann’s area (BA), and Z scores of activated clusters indicated by the contrast between referential
conditions (self_correct, self_miss, other_correct, and other_miss) and main effect (self vs. other).

Brain region Cluster size BA X y z Z score
Self-correct > other-correct
anterior cingulate cortex 2763 24 -8 36 10 4.81
32 —6 50 0 4.80
Ventromedial prefrontal cortex 10 —10 54 8 4.61
Rinsula 217 13 34 8 20 4.20
R inferior frontal gyrus 44 50 -2 22 4.18
9 44 4 24 3.31
L thalamus 248 - -12 -16 8 4.11
—-18 -20 4 3.78
Self-miss > other-miss
anterior cingulate cortex 3200 10 -8 50 2 5.56
32 —6 34 0 4.95
Dorsomedial prefrontal cortex 9 12 42 20 4.86
R thalamus 953 - 8 -2 4 4.39
R subthalamic nucleus 6 —10 —6 4.35
L inferior frontal gyrus 47 —26 12 —14 4.22
L paracentral lobe 1255 31 0 —-24 50 4.38
L middle frontal gyrus 6 —24 —16 44 4.16
L paracentral lobe 5 —-16 —38 54 3.90
R precuneus 432 7 16 —-68 52 3.84
R superior parietal lobe 22 —66 44 3.55
R temporal lobe 39 32 —62 26 3.53
R middle temporal gyrus 164 37 54 —-60 0 3.51
R temporal lobe 44 —52 -6 3.29
Self > other
Medial prefrontal cortex 7386 10 -8 48 0 5.97
Anterior cingulate cortex 24 —6 38 2 5.42
Medial prefrontal cortex 9 10 44 20 5.08
Midcingulate cortex 13032 31 -8 —-26 48 4.82
L thalamus - —4 —14 -2 4.77
L inferior parietal lobe 40 —-20 —40 54 4.63
R cerebellum 1012 - 12 —64 —-24 4.35
8 —54 -6 3.90
R fusiform gyrus 20 —56 —-14 3.79
L middle temporal gyrus 1168 37 -52 -58 0 4.26
L cerebellum - —22 —62 —-32 4.13
L middle temporal gyrus 37 —-50 —68 4 3.93
R inferior temporal gyrus 431 37 52 -52 -6 4.07
37 44 -50 —-10 3.94
R fusiform gyrus 266 36 38 -36 -12 4.05
R hippocampus — 34 —28 -6 4,92
34 -20 —12 3.70

Activation areas for all conditions were specified at p < 0.05 cluster level FWE corrected for multiple comparisons with the amplitude of voxels surviving at p < 0.001
uncorrected across the whole brain. Bold characters show voxels with maximum Z scores in the clusters.

Discussion

In this experiment, RTs for the self- and other-referential tasks
did not show a significant main effect, but revealed a significant
interaction between condition (self vs. other) and performance
(correct vs. miss). The post hoc analysis indicated that mean
RTs during the self_correct were marginally faster than those
during self_miss and other_correct. This result would indicate
that a relatively longer RT for correct recognition was required
when words were referred to other than self. Conversely, correct
recognition for the self-referenced words would involve in
other factors made RT shorter, for example, self-descriptiveness
(Kuiper and Rogers, 1979). However, because we could not find

significant differences between any conditions from post hoc
analysis, it is difficult to make a strong claim about differences of
RTs. In any case, participants were more accurate at recognizing
whether trait adjectives referred to themselves than if a trait
had been applied to another (Table 2), suggesting that SRE
occurred.

The fMRI data from the evaluation task (Figure 2; Table 3)
showed that the contrast between self_correct and other_correct
and between self_miss and other_miss was significant in VMPFC
(BA10), ACC (BA24, 32) and some other regions regardless
of whether or not the words were retrieved correctly in later
recognition tasks. These results are consistent with previous
studies that indicated a greater activation in VMPFC in self-
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self_miss > other_miss

self _correct > other_correct

FIGURE 2 | Significantly activated regions distinguished by measuring
the contrast between self (self_correct and self_miss) and other
(other_correct and other_miss) conditions in the evaluation task

(p < 0.05, FWE correction at the cluster level).

FIGURE 3 | Significantly activated regions distinguished by measuring
the contrast between self_correct and other_correct conditions in the
recognition task (p < 0.05, FWE correction at the cluster level). VMPFC,
ventromedial prefrontal cortex; PCC, posterior cingulate cortex; AG, angular
gyrus.

reference tasks. Those studies implied that VMPFC was involved
in the representation of self-referential stimuli and constituted a
part of self-related brain area called the cortical midline structure
(CMS; Northoff and Bermpohl, 2004; Heatherton et al., 2006).
This region also has been known to be one of important part
of the default mode network (DMN) that is indicated to relate
internal self-related processing (Gusnard et al., 2001; Buckner
et al, 2008; Sheline et al, 2009; Spreng and Grady, 2010;
Salomon et al., 2014). Kelley et al. (2002) and Yoshimura et al.
(2009) used the above mentioned trait-adjective judgment task
in an fMRI study to demonstrate that VMPFC was selectively

activated in the self-referential condition. Furthermore, Denny
et al. (2012) performed a meta-analysis of neuroimaging studies
and reported that self-related judgments were associated with
relatively ventral MPFC (BA 10) and anterior paracingulate
cortex (BA 32), whereas other-related judgments were associated
with relatively dorsal MPFC (BA 8 and 9). Our data would
support this theory. From the standpoint of a cognitive and
neural basis for SRE, however, we observed that activation of
VMPEFC and other regions in the self-reference task occurred
regardless of recognition. Furthermore, the results of the contrast
between self_correct and self_miss did not show any significant

TABLE 4 | MNI coordinates, approximate Brodmann’s area (BA), and Z scores of activated clusters indicated by the contrast between recognition

conditions (self_correct, self_miss, other_correct, other_miss).

Brain region Cluster size BA X y z Zscore
self-correct > other-correct

posterior cingulate cortex 629 31 -14 -34 44 4.94
precuneus 7 —6 —46 50 3.89
posterior cingulate cortex 31 -8 —-40 44 3.65
R angular gyrus 774 40 66 -34 40 4.38
R postcentral gyrus 2 62 -30 50 3.91
R inferior parietal lobe 40 60 —46 46 3.76
L angular gyrus 329 40 —-62 —42 32 4.21
L supramarginal gyrus —52 —48 36 411
L inferior parietal lobe —58 —52 40 3.51
ventromedial prefrontal cortex 175 10 -6 58 4 4.05
2 58 18 3.49

-2 62 12 3.17

L middle frontal gyrus 272 9 —26 32 32 4.01
L superior frontal gyrus 8 —22 42 48 3.67
10 —26 46 28 3.66

R superior frontal gyrus 164 9 34 36 34 3.94
R middle frontal gyrus 10 28 42 22 3.70
8 36 34 44 3.39

Activation areas for all conditions were specified at p < 0.05 cluster level FWE corrected for multiple comparisons with the amplitude of voxels surviving at p < 0.001
uncorrected across the whole brain. Bold characters show voxels with maximum Z scores in the clusters.
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differences. It is difficult to draw any obvious conclusions for
a relationship between VMPFC activation and SRE only from
these results, but there is a possibility that it cannot provide
an adequate explanation for the neural basis of SRE if only the
evaluation phase is used.

In the recognition task, the results of contrast between
the four conditions showed significant differences, particularly
between self correct and other_correct (Figure 3; Table 4).
This demonstrates that ventral-to-middle MPFC (BA10), PCC,
bilateral AG, and some other regions have a greater activation
for the correct recognition of words that refer to the self. These
regions did not show significantly different activations when the
recognition task found a miss, therefore, these regions might
be involved in processes specific to the correct recognition
of words referring to the self by the self-reference task.
However, there was no significant activation from interaction
analysis, such as [(self_correct > self miss) > (other_correct >
other_miss)]. We consider that this result is due to the effect
of biased number of fMRI events, especially a lack of self_miss
condition. In this experiment, participants’ performances of self-
referential task were generally high. For example, a participant
got almost all the answers correct in the self-referential task,
then there was only one event for self miss condition. Like
this, because of the difference in the number of events
across conditions, it would be difficult to obtain appropriate
results.

Greater VMPFC activation in the self_correct condition only
would indicate that self-representation is re-activated under the
retrieval of self-referenced words in the recognition task. Our
results show that some information networks linked with the
self-representation were activated once the words were referred
to the self in the encoding phase, and worked as efficient
internal cues in the re-activation of the words in the retrieval
phase. On the other hand, it was relatively difficult for words
that referred to a distant other once activated with the other-
representation to provide efficient cues in re-activation. Some
studies have proposed that one of the reasons for SRE is that
self-representation provides richer and more organized internal
cues and facilitates the retrieval of self-referenced items during
the retrieval processes (Bellezza, 1984; Klein and Loftus, 1988).
The greater VMPFC activation in the recognition phase supports
this idea.

MPEFC is also a region important for successful episodic
memory retrieval (Wagner et al., 2005; Buckner et al., 2008).
Huijbers et al. (2010) used a continuous recognition task with
varying retrieval delays to show that MPFC activation increased
with longer memory delays when recognition decisions become
more dependent on hippocampus activity. Leshikar and Duarte
(2012) and Morel et al. (2014) also found that activity in MPFC
contributes to a self-related memory benefit. Our results confirm
that MPFC is involved in retrieving memory processes, especially
for self-referenced items rather than a distant other.

The PCC is also included in the CMS and may be involved
in integrating information related to the self (Northoff and
Bermpohl, 2004). This region, comprised in the DMN, has
been reported to elicit significant activation in previous studies
that used self-referential paradigms (Zysset et al., 2002; Schmitz

et al,, 2004; Seger et al,, 2004; Yaoi et al., 2009) and known
to be involved in the retrieval of episodic or autobiographical
memory (Maguire and Mummery, 1999; Hassabis et al., 2007).
Furthermore, the bilateral AG also showed greater activation
for the self_correct over the other_correct condition. It has
been suggested that the AG is also involved in encoding
and retrieving processes for episodic memory (Maguire and
Mummery, 1999; Wagner et al., 2005). Although participants
could correctly recognize words in both the self correct and
other_correct conditions, we show here differential activations
in these memory-related brain regions. We suggest that stronger
memory traces of words referring to the self remained in the
recognition phase and that this property has some relationship
with the better recognition performance in the recognition task.
Using a self-referential paradigm, Macrae et al. (2004) revealed
that activity in MPFC can predict both subsequent memory
performance and judgments of self-relevance. Furthermore,
Morel et al. (2014) found that the self condition shows greater
activation in VMPFC extending to ACC, hippocampus, and
some other regions but only in the encoding phase, not in
the retrieval phase, relative to control semantic conditions.
Our results provide further evidence that the greater activation
of MPFC, PCC and bilateral AG is involved in retrieving
memory processes of self-referenced items compared with
others.

To uncover further details about the cognitive and neural
basis of SRE, several unresolved issues remain. We compared
the self only with a distant other referential condition. Thus, we
could not discriminate whether increased activations for the self
in the evaluation or recognition tasks would remain significantly
higher for other targets, like a close other (for example, a parent
or friend). Furthermore, in the recognition task, participants
did not judge their confidence in the memory of each word.
Therefore, we could not conclude whether memory traces of the
words referring to the self were actually stronger than others.
As a result, the recognition performance of the self-referential
condition became better. To clarify whether activation of the
parahippocampal cortex or AG reflects the strength of memory
in the recognition process, analyses based on the memory
confidence test assessed by a Remember-Know paradigm should
be considered (Tulving, 1985; Gardiner, 1988). For example, Kim
and Cabeza (2009) investigated whether, and to what extent,
brain regions involved in high- vs. low-confidence recognition
for words overlap or remain separate from each other. They
found greater activation in the hippocampus and ACC and
PCC associated with words recognized with high-confidence,
and activation in the dorsal precuneus and dorsolateral and
posterior prefrontal cortex associated with words recognized
with low-confidence. This approach could clarify the relationship
between the activation of memory-related brain regions and
recognition/recall processes in more detail by including memory
confidence of words that refer to the self and others in the
recognition phase as part of the assessment. Additionally, one
factor that could influence our results is culture. Previous
studies indicated that there were cultural differences, not only
behavioral but also neural, in self-referential processing (Zhu
et al.,, 2007; Korn et al., 2014; Ma et al., 2014). SRE is known
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to be relatively robust across cultures, but it is possible to show
different results between participants from different cultural
backgrounds (for example, Westerner vs. East Asian) when
they perform referential and recognition tasks, especially in the
comparison between self and close-other, for example, a parent
or friend.

Conclusion

Using event-related fMRI, we measured brain activity during
processing of references to the self and a distant other, and
of recognitions for self and other referenced words. Behavioral
data confirm that SRE occurred during this experiment. The
fMRI results from the evaluation task indicated that VMPFC
activation was more closely associated with self-referential

References

Aoki, T. (1971). A psycho-lexical study of personality trait words: selection,
classification and desirability ratings of 455 words. Jpn. J. Psychol. 42, 1-13.
doi: 10.4992/jjpsy.42.1

Bellezza, F. S. (1984). The self as a mnemonic device: the role of internal cues.
J. Pers. Soc. Psychol. 47, 506-516. doi: 10.1037/0022-3514.47.3.506

Benoit, R. G., Gilbert, S. J., Volle, E., and Burgess, P. W. (2010). When I
think about me and simulate you: medial rostral prefrontal cortex and self-
referential processes. Neuroimage 50, 1340-1349. doi: 10.1016/j.neuroimage.
2009.12.091

Buckner, R. L., Andrews-Hanna, J. R., and Schacter, D. L. (2008). The brain’s
default network: anatomy, function and relevance to disease. Ann. N Y Acad.
Sci. 1124, 1-38. doi: 10.1196/annals.1440.011

Denny, B. T., Kober, H., Wager, T. D., and Ochsner, K. N. (2012). A meta-
analysis of functional neuroimaging studies of self- and other judgments reveals
a spatial gradient for mentalizing in medial prefrontal cortex. J. Cogn. Neurosci.
24, 1742-1752. doi: 10.1162/jocn_a_00233

Fossati, P., Hevenor, S. J., Lepage, M., Graham, S. J., Grady, C., Keightley, M. L., et
al. (2004). Distributed self in episodic memory: neural correlates of successful
retrieval of self-encoded positive and negative personality traits. Neuroimage
22, 1596-1604. doi: 10.1016/j.neuroimage.2004.03.034

Gardiner, J. M. (1988). Functional aspects of recollective experience. Mem. Cognit.
16, 309-313. doi: 10.3758/bf03197041

Greenwald, A. G., and Banaji, M. R. (1989). The self as a memory system:
powerful, but ordinary. J. Pers. Soc. Psychol. 57, 41-54. doi: 10.1037/0022-3514.
57.1.41

Gusnard, D. A., Akbudak, E., Shulman, G. L., and Raichle, M. E. (2001). Medial
prefrontal cortex and self-referential mental activity: relation to a default mode
of brain function. Proc. Natl. Acad. Sci. U S A 98, 4259-4264. doi: 10.1073/pnas.
071043098

Gutchess, A. H., Kensinger, E. A., and Schacter, D. L. (2010). Functional
neuroimaging of self-referential encoding with age. Neuropsychologia 48,
211-219. doi: 10.1016/j.neuropsychologia.2009.09.006

Hassabis, D., Kumaran, D., and Maguire, E. A. (2007). Using imagination to
understand the neural basis of episodic memory. J. Neurosci. 27, 14365-14374.
doi: 10.1523/jneurosci.4549-07.2007

Heatherton, T. F., Wyland, C. L., Macrae, C. N,, Demos, K. E., Denny,
B. T., and Kelley, W. M. (2006). Medial prefrontal activity differentiates
self from close others. Soc. Cogn. Affect. Neurosci. 1, 18-25. doi: 10.
1093/scan/nsl001

Huijbers, W., Pennartz, C. M. A., and Daselaar, S. M. (2010). Dissociating
the “retrieval success” regions of the brain: effects of retrieval delay.
Neuropsychologia 48, 491-497. doi: 10.1016/j.neuropsychologia.2009.
10.006

Kelley, W. M., Macrae, C. N., Wyland, C. L., Caglar, S., Inati, S., and Heatherton,
T. F. (2002). Finding the self? An event-related fMRI study. J. Cogn. Neurosci.
14, 785-794. doi: 10.1162/08989290260138672

processing, consistent with previous studies. Results from the
recognition task showed that correct recognition of the self-
referenced words coincided with greater activation in VMPFC,
PCC and bilateral AG. These data provide evidence that the self-
referenced words evoked greater activation in the self-related
region (VMPFC) and memory-related regions (PCC and AG)
relative to another person in the retrieval phase, and that the
words remained as a stronger memory trace that supports
recognition.

Acknowledgments

This work was supported by the Japan Society for the Promotion
of Science Grant #22220003 to NO, #21653077 to MO and
#26730075 to KY.

Kim, H., and Cabeza, R. (2009). Common and specific brain regions in high-
versus low-confidence recognition memory. Brain Res. 1282, 103-113. doi: 10.
1016/j.brainres.2009.05.080

Klein, S. B., and Loftus, J. (1988). The nature of self-referent encoding: the
contributions of elaborative and organizational processes. J. Pers. Soc. Psychol.
55, 5-11. doi: 10.1037/0022-3514.55.1.5

Korn, C. W., Fan, Y., Zhang, K., Wang, C., Han, S., and Heekeren, H. R. (2014).
Cultural influences on social feedback processing of character traits. Front.
Hum. Neurosci. 8:192. doi: 10.3389/fnhum.2014.00192

Kuiper, N. A., and Rogers, T. B. (1979). Encoding of personal information: self-
other differences. J. Pers. Soc. Psychol. 37, 499-514. doi: 10.1037/0022-3514.37.
4.499

Legrand, D., and Ruby, P. (2009). What is self-specific? Theoretical investigation
and critical review of neuroimaging results. Psychol. Rev. 116, 252-282. doi: 10.
1037/a0014172

Leshikar, E. D., and Duarte, A. (2012). Medial prefrontal cortex supports source
memory accuracy for self-referenced items. Soc. Neurosci. 7, 126-145. doi: 10.
1080/17470919.2011.585242

Leshikar, E. D., and Duarte, A. (2014). Medial prefrontal cortex supports source
memory for self-referenced materials in young and older adults. Cogn. Affect.
Behav. Neurosci. 14, 236-252. doi: 10.3758/s13415-013-0198-y

Ma, Y., Bang, D., Wang, C., Allen, M., Frith, C., Roepstorff, A., et al. (2014).
Sociocultural patterning of neural activity during self-reflection. Soc. Cogn.
Affect. Neurosci. 9, 73-80. doi: 10.1093/scan/nss103

Macrae, C. N., Moran, J. M., Heatherton, T. F., Banfield, J. F., and Kelley, W. M.
(2004). Medial prefrontal activity predicts memory for self. Cereb. Cortex 14,
647-654. doi: 10.1093/cercor/bhh025

Maguire, E. A., and Mummery, C. J. (1999). Differential modulation of a common
memory retrieval network revealed by positron emission tomography.
Hippocampus 9, 54-61. doi: 10.1002/(sici)1098-1063(1999)9:1<54::aid-
hipo6>3.0.co;2-0

Mitchell, J. P. (2009). Social psychology as a natural kind. Trends Cogn. Sci. 13,
246-251. doi: 10.1016/j.tics.2009.03.008

Moran, J. M., Macrae, C. N., Heatherton, T. F., Wyland, C. L., and Kelley,
W. M. (2006). Neuroanatomical evidence for distinct cognitive and affective
components of self. J. Cogn. Neurosci. 18, 1586-1594. doi: 10.1162/jocn.2006.
18.9.1586

Morel, N., Villain, N., Rauchs, G., Gaubert, M., Piolino, P., Landeau, B., et al.
(2014). Brain activity and functional coupling changes associated with self-
reference effect during both encoding and retrieval. PLoS One 9:¢90488. doi: 10.
1371/journal.pone.0090488

Northoff, G., and Bermpohl, F. (2004). Cortical
and the self. Trends Cogn. Sci. 8, 102-107. doi:
01.004

Northoff, G., Heinzel, A., de Greck, M., Bermpohl, F., Dobrowolny, H., and
Panksepp, J. (2006). Self-referential processing in our brain-a meta-analysis
of imaging studies on the self. Neuroimage 31, 440-457. doi: 10.1016/j.
neuroimage.2005.12.002

midline structures
10.1016/j.tics.2004.

Frontiers in Human Neuroscience | www.frontiersin.org

8 June 2015 | Volume 9 | Article 383


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive

Yaoi et al.

Neural correlates of the self-reference effect

Philippi, C. L., Duff, M. C,, Denburg, N. L., Tranel, D., and Rudrauf, D. (2012).
Medial PFC damage abolishes the self-reference effect. J. Cogn. Neurosci. 24,
475-481. doi: 10.1162/jocn_a_00138

Qin, P., and Northoff, G. (2011). How is our self related to midline regions and the
default-mode network? Neuroimage 57, 1221-1233. doi: 10.1016/j.neuroimage.
2011.05.028

Rogers, T. B., Kuiper, N. A., and Kirker, W. S. (1977). Self-reference and the
encoding of personal information. J. Pers. Soc. Psychol. 35, 677-688. doi: 10.
1037/0022-3514.35.9.677

Salomon, R., Levy, D. R, and Malach, R. (2014). Deconstructing the default:
cortical subdivision of the default mode/intrinsic system during self-related
processing. Hum. Brain Mapp. 35, 1491-1502. doi: 10.1002/hbm.22268

Schmitz, T. W., Kawahara-Baccus, T. N., and Johnson, S. C. (2004). Metacognitive
evaluation, self-relevance and the right prefrontal cortex. Neuroimage 22,
941-947. doi: 10.1016/j.neuroimage.2004.02.018

Seger, C. A., Stone, M., and Keenan, J. P. (2004). Cortical activations during
judgments about the self and an other person. Neuropsychologia 42, 1168-1177.
doi: 10.1016/j.neuropsychologia.2004.02.003

Sheline, Y. I, Barch, D. M., Price, J. L., Rundle, M. M., Vaishnavi, S. N., Snyder,
A. Z., et al. (2009). The default mode network and self-referential processes
in depression. Proc. Natl. Acad. Sci. U S A 106, 1942-1947. doi: 10.1073/pnas.
0812686106

Spreng, R. N., and Grady, C. L. (2010). Patterns of brain activity supporting
autobiographical memory, prospection and theory of mind and their
relationship to the default mode network. J. Cogn. Neurosci. 22, 1112-1123.
doi: 10.1162/jocn.2009.21282

Spreng, R. N., Mar, R. A, and Kim, A. S. N. (2009). The common neural basis
of autobiographical memory, prospection, navigation, theory of mind and the
default mode: a quantitative meta-analysis. J. Cogn. Neurosci. 21, 489-510.
doi: 10.1162/jocn.2008.21029

Symons, C. S., and Johnson, B. T. (1997). The self-reference effect in memory: a
meta-analysis. Psychol. Bull. 121, 371-394. doi: 10.1037/0033-2909.121.3.371

Tulving, E. (1985). Memory and consciousness. Can. Psychol. 26, 1-12. doi: 10.
1037/h0080017

van der Meer, L., Costafreda, S., Aleman, A., and David, A. S. (2010). Self-reflection
and the brain: a theoretical review and meta-analysis of neuroimaging studies
with implications for schizophrenia. Neurosci. Biobehav. Rev. 34, 935-946.
doi: 10.1016/j.neubiorev.2009.12.004

Wagner, D. D., Haxby, J. V., and Heatherton, T. F. (2012). The representation of
self and person knowledge in the medial prefrontal cortex. Wiley Interdiscip.
Rev. Cogn. Sci. 3, 451-470. doi: 10.1002/wcs.1183

Wagner, A. D., Shannon, B. J., Kahn, I, and Buckner, R. L. (2005). Parietal
lobe contributions to episodic memory retrieval. Trends Cogn. Sci. 9, 445-453.
doi: 10.1016/j.tics.2005.07.001

Yaoi, K., Osaka, N., and Osaka, M. (2009). Is the self special in the dorsomedial
prefrontal cortex? An fMRI study. Soc. Neurosci. 4, 455-463. doi: 10.
1080/17470910903027808

Yoshimura, S., Ueda, K., Suzuki, S., Onoda, K., Okamoto, Y., and Yamawaki,
S. (2009). Self-referential processing of negative stimuli within the ventral
anterior cingulate gyrus and right amygdala. Brain Cogn. 69, 218-225. doi: 10.
1016/j.bandc.2008.07.010

Zhu, Y., Zhang, L., Fan, J., and Han, S. (2007). Neural basis of cultural influence
on self-representation. Neuroimage 34, 1310-1316. doi: 10.1016/j.neuroimage.
2006.08.047

Zysset, S., Huber, O., Ferstl, E., and von Cramon, D. Y. (2002). The anterior
frontomedian cortex and evaluative judgment: an fMRI study. Neuroimage 15,
983-991. doi: 10.1006/nimg.2001.1008

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2015 Yaoi, Osaka and Osaka. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution and reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Human Neuroscience | www.frontiersin.org

9 June 2015 | Volume 9 | Article 383


http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive

	Neural correlates of the self-reference effect: evidence from evaluation and recognition processes
	Introduction
	Materials and Methods
	Subjects
	Materials
	fMRI Tasks
	Apparatus
	Procedure

	Data Acquisition
	Data Analysis

	Results
	Behavioral Data (Evaluation Task)
	Behavioral Data (Recognition Task)
	fMRI Data (Evaluation Task)
	fMRI Data (Recognition Task)

	Discussion
	Conclusion
	Acknowledgments
	References


