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Processing the self-relevance of information facilitates recall. Similarly, processing close-other-related informa-
tion facilitates recall to a lesser degree than processing self-relevant information. This memory advantage
may be viewed as an index of the degree to which the representation of self is differentiated from represen-
tations of close others. To test developmental hypotheses concerning the self, this study examined the relation
of memory for self- and mother-referentially processed information in participants age 7–13 years (Experi-
ment 1: N = 37; Experiment 2: N = 14). Memory for words encoded with reference to oneself increases with
age, relative to memory for words encoded with reference to one’s mother. When used as an individual
difference measure, the difference in self versus mother memory correlates with regions of the rostral anterior
cingulate associated with affective salience.

Social cognitive theory and research suggest that
the cognitive representation of one’s self develops
and individuates from the representation of parents
in childhood and adolescence, as cognitive capacity
and interpersonal experience increase (Baldwin,
1895; Blos, 1979; Damon & Hart, 1988; Erikson,
1968; Harter, 2003). One approach to observing
such individuation is through the cognitive repre-
sentation of self and its distinction from one’s par-
ents. Little is known about the developing cognitive
self-representation as it individuates from the cog-
nitive representation of one’s parents. Moreover,
little is known about changes in brain function that
underlie the maturation of individuated self-repre-
sentation within childhood.

The Self in Adulthood

As a highly elaborated mental construct, an
adult’s self plays an essential role in organizing
and prioritizing information (Klein & Loftus, 1988;
Sarbin, 1962). This is reflected in the ‘‘self-reference
effect’’ (Rogers, Kuiper, & Kirker, 1977): Adults
exhibit better memory for information that they
evaluate with reference to themselves than for
information evaluated along other semantic dimen-
sions like valence (Bower & Gilligan, 1979; Fergu-
son, Rule, & Carlson, 1983; Rogers et al., 1977; see
Symons & Johnson, 1997, for a review). The exten-
sive elaboration and organization of the self-repre-
sentation is thought to be the basis for preferential
memory for and facilitated processing of informa-
tion referenced to the self (Kihlstrom & Klein, 1994;
Klein & Loftus, 1988). Greater elaboration facilitates
memory by providing a large web of semantic asso-
ciations into which new information can be inte-
grated.

The first author was supported by Grants MH58147 and
MH20006 during data collection and Grant MH18921 during
manuscript preparation. These studies were completed as a part
of the first author’s dissertation. This article is dedicated to our
children.

Correspondence concerning this article should be addressed to
Rebecca D. Ray, Psychology Department, Vanderbilt University,
111 21st Avenue South, Wilson Hall, Room 204, Nashville, TN
37203. Electronic mail may be sent to rebecca.ray@vanderbilt.
edu.

Child Development, July/August 2009, Volume 80, Number 4, Pages 1232–1242

� 2009, Copyright the Author(s)

Journal Compilation � 2009, Society for Research in Child Development, Inc.

All rights reserved. 0009-3920/2009/8004-0020



Cognitive representations of close others (such as
parents, spouses, and friends) are also well elabo-
rated and may strengthen memory (Kihlstrom &
Klein, 1994; Klein & Loftus, 1988). In some studies
with adults, processing information with reference
to an intimate other, such as one’s partner, has pro-
duced superior memory equal to that found with
self-referential encoding (close-other effect; Aron,
Aron, Tudor, & Nelson, 1991; Bower & Gilligan,
1979; Maki & McCaul, 1985). In most cases, how-
ever, memory for information encoded about close
others is inferior to memory for information
encoded about oneself (Ferguson et al., 1983; Lord,
1980; Ray, Hollon, Shelton, Gross, & Gabrieli, 2009).
Similarly, a meta-analysis of self-referential process-
ing studies found that the effect size of the self-
reference effect surpasses that for close others
(Symons & Johnson, 1997). Thus, as indexed by
memory formation, adults’ cognitive representation
of self is most elaborated, and the cognitive repre-
sentations of close others are less elaborated,
though still more elaborated than many other kinds
of representations that underlie memory encoding.

Neuroimaging studies of self-referential process-
ing in adults have shown that regions of medial
prefrontal cortex (MPFC) and posterior cingulate
(PCC) are commonly recruited for judgments about
oneself (Craik et al., 1999; D’Argembeau et al., 2007;
Johnson et al., 2002; Kelley et al., 2002; Kircher
et al., 2002; Ochsner et al., 2005). Although there is
some general agreement as to the neural bases of
self-referential processing, the results have been
mixed as to whether the representation of one’s self
is unique in the recruitment of these regions (Gilli-
han & Farah, 2005). Some studies demonstrate that
judgments about oneself, a best friend, or a relative
yielded equivalent MPFC and PCC activations (Lou
et al., 2004; Ochsner et al., 2005; Schmitz, Kawahara-
Baccus, & Johnson, 2004). In other studies, the
MPFC and rostral anterior cingulate (rACC) regions
were more activated when making judgments
about oneself than a close other (Heatherton et al.,
2006; Vanderwal, Hunyadi, Grupe, Connors, &
Schultz, 2008). Studies of individual and cultural
differences suggest that attachment and cultural
differences may account for differences in activa-
tion between self and close other-referential pro-
cessing in the rACC (Ray et al., 2009; Zhu, Zhang,
Fan, & Han, 2007).

The Development of Self

In the developmental literature, several decades
of research suggest that the cognitive representation

of one’s self develops in childhood and adolescence
(Baldwin, 1895; Blos, 1979; Damon & Hart, 1988;
Erikson, 1968; Harter, 2003). Studies of the self-ref-
erence effect in children suggest that some form of
preferential memory for self-encoded items appears
as early as 8 years of age and that adolescents dem-
onstrate a self-reference effect commensurate with
adults (Halpin, Puff, Mason, & Marston, 1984;
Hammen & Zupan, 1984; Pullyblank, Bisanz, Scott,
& Champion, 1985). More specifically, the self-refer-
ence effect appears to increase from ages 6 to 8 and
reaches adult levels by 10 years of age. However,
there has not been a study of the ‘‘close-other
effect’’ in children. Therefore, the developmental
growth of the close-other effect is unknown, as is
the growth of the self-reference effect relative to the
close-other effect.

Only one imaging study has compared self-
referential processing in children and adults
whereas processing statements of social and
academic competence about themselves and an
imaginary social other, Harry Potter (Pfeifer,
Lieberman, & Dapretto, 2007). Similar to adults,
children showed greater activation in MPFC for
judgments about oneself relative to a fictional
other. However, no imaging study has compared
self-referential and close-other referential proces-
sing in children, leaving unanswered questions
about the differentiation of self-representation from
the representation of close others.

The Present Investigation

The goal of this investigation was to examine the
development of self-representation in children.
One objective measure of the development of self-
representation is the difference between the self-
reference effect and the close-other effect in
memory, especially when the close other is the clos-
est possible, the child’s mother. This difference may
be interpreted as an index of individuation, with a
larger difference associated with greater individua-
tion. The present investigation, therefore, used both
behavioral and neuroimaging methods to examine
the development of the self-reference versus close
other effect and the neural correlates of its differen-
tial growth.

Experiment 1: Development of Self- and
Close-Other Referential Effect

In Experiment 1, we examined the growth of mem-
ory effects related to a close other (one’s mother) in
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children ages 7–13 and related that to the growth of
the self-reference effect. We hypothesized that as
children individuated with age, the self-reference
effect would grow relative to the close-other effect.
Further, we hypothesized that this differential
development of the self-reference and close-other
reference effects would occur for psychological
traits, which directly tap self- and close-other repre-
sentations, and not for physical descriptors, which
have superficial relations to self- and close-other
representations. As control conditions, we included
a semantic encoding condition (valence decisions)
and an orthographic, non-semantic condition (deci-
sions on whether words were or were not
outlined).

Method

Participants. Thirty-seven male children between
the ages of 7 and 13 years (M = 10.5, SD = 2.1)
were recruited with fliers from the community, in
compliance with Stanford University’s human sub-
jects guidelines, to participate in a study about lan-
guage processing. Around 2.7% of the children
were African American, 8.1% were Hispanic, 13.5%
were Asian American, and 75.7% were Caucasian.
Parental socioeconomic status was not collected.
Participants were compensated $25 for their time.
Only males were recruited for this initial study to
hold constant the gender relationship of the mother
to the child.

Materials. A depth of processing task was
employed similar to the one that has been used in
previous studies of self-referential processing in
adults (Rogers et al., 1977). Two lists were con-
structed with 60 psychological trait words (Ander-
son, 1968; e.g., kind) and 60 physical trait words
(e.g., tall). The two lists were presented in orders
counterbalanced across subjects. Words were posi-
tive in valence and chosen both for their frequency
of occurrence in the English language as well as for
readability by second graders. Stimulus presen-
tation and behavioral response recording were
controlled using Psyscope software (Cohen, Mac-
Whinney, Flatt, & Provost, 1993).

Procedure. Each child was instructed in the task
and given a short practice trial. Using a block
design, each child was randomly presented with
one of four instruction types designed to prompt
either orthographic, valence, self, or close-other
processing (respectively, ‘‘Is this word outlined?’’
‘‘Is this a nice word?’’ ‘‘Is this word like you?’’ ‘‘Is
this word like Mom?’’). After a 1-s interstimulus
interval, each question was followed by the sequen-

tial presentation of five randomly selected words
from the list. Participants were directed to respond
to each word with either ‘‘yes’’ or ‘‘no’’ by pressing
the buttons on the button box. Each word was
presented for 3 s with a 1-s interstimulus interval.
Participants saw three repetitions of each block
type (orthographic, valence, self, close-other). After
12 blocks (three each of four types, or 60 words),
the participant was administered a recall task in
which he was asked to recall as many words as he
could.

Results

Recall was scored as the proportion (of 15
words) remembered for each of the four encoding
conditions. A 4 · 2 repeated measures analysis of
variance (ANOVA) was performed, with encoding
condition (orthographic, valence, self, or close-other
processing) and list type (physical and psychologi-
cal) as within subjects variables. There was a main
effect of list, F(1, 36) = 33.78, p < .001, with physical
words being recalled better than psychological
words (Table 1). There was also a main effect of
encoding condition, F(3, 108) = 15.86, p < .001.
Memory was superior for words encoded in the self
versus the valence condition, t(36) = 2.87, p = .007
and for the valence versus the outline condition,
t(36) = 4.41, p < .001. Memory for words encoded
in the mother condition was numerically in
between the self and valence conditions, and did
not differ reliably from the self, t(36) = 0.87, p = .39,
but tended toward being superior relative to the
valence condition, t(36) = 1.89, p = .067. There was
superior memory for physical relative to psycholog-
ical trait words in the self, mother, and valence con-
ditions (ps < .002) but not in the orthographic
condition (p = .47; Figure 1). Finally, there was an
interaction of encoding condition and list, F(3,
108) = 2.78, p = .045.

To examine age-related changes in recall, we cor-
related recall and age separately for physical and
psychological words. For the physical words, recall
improved significantly with age for words encoded
in mother, r(36) = .36, p = .028, and outline,
r(36) = .33, p = .047, conditions, and also tended
toward significance in the self, r(36) = .29, p = .08,
and valence, r(36) = .29, p = .07, conditions. Corre-
lations with age for psychological words showed a
different pattern. Recall improved significantly with
age for the self, r(36) = .42, p = .01, and valence,
r(36) = .50, p = .002, conditions, but did not
change with age for the mother and outline
conditions (ps > .31). To test our hypothesis that the
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self-reference effect would grow relative to the
close-other effect for psychological traits but not for
physical descriptors, we created a difference score
by subtracting the proportion of mother words
from the proportion of self words recalled. As
hypothesized, this difference increased with age,
r(36) = .29, p = .04 (Figure 2), for the psychological
words, but not the physical words, r(36) = ).16,
p = .17.

Discussion

Our findings replicate and extend prior research
on memory and the development of self concept.
As expected from prior findings, we found that (a)
memory performance showed the self-reference
effect, (b) memory performance was superior for
concrete (physical descriptors) relative to abstract
(psychological trait descriptors) words and for
semantically encoded words relative to nonseman-
tically encoded words, (c) memory performance
improved with age, and (d) memory for semantic
encoding of psychological trait words increased
with age, whereas memory for orthographic encod-
ing of psychological trait words did not increase
with age.

A novel contribution of this study is that it
examined children’s memory for words encoded in
reference to a close other, in this case one’s mother.
Consistent with adult findings, children’s memory
for words encoded in reference to a close other fell
numerically between self-reference and impersonal
semantic encoding conditions. Importantly, age
moderated the relation between memory for words
encoded in self- versus close-other conditions.
Memory for self-encoded trait words increased
with age, whereas memory for mother-encoded
trait words did not. Therefore, the difference
between memory for self- and mother-encoded trait
words grew significantly with age. Whereas youn-
ger children often recalled more words encoded in
relation to their mothers than themselves, older
children often recalled more words encoded in
relation to themselves than to their mothers. One
unexpected finding was that memory for mother-
encoded words did not increase with age, but that
memory for valence-encoded words did increase
with age. Given that trait judgments about one’s
mother involve semantic processing, it is notewor-
thy that there were not commensurate age-related

Figure 1. Experiment 1: Histogram of proportion of words
recalled in the self, mother, valence, and orthographic conditions
from physical and psychological lists.

Figure 2. Experiment 1: Scatterplot of the difference between
proportion of self versus mother psychological words recalled
across age. Positive values on the y-axis represent better memory
for self than mother encoded words, and negative values
represent better memory for mother than self-encoded words.

Table 1

Experiment 1: Proportion of Words Recalled (Standard Deviations) and Correlation With Age

Encoding condition

Physical words Psychological words

Proportion (%) Age correlation Proportion (%) Age correlation

Self 22.0 (12.3)a .29* 15.1 (13.5)b .46**

Mother 21.6 (15.9)a .36** 12.8 (10.8)b,d .17

Nice 19.1 (14.1)a .29* 8.8 (10.9)c,d .50**

Outline 9.0 (9.0)c .33** 7.6 (8.2)c .09

Note. Subscript letters that differ designate those proportions that are significantly different.
*p < .1. **p < .05.
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increases in memory for mother-encoded and
valence-encoded words. Overall, this study sug-
gests that children ages 7–13 exhibit a growth of
individuation as the self-reference effect grows dis-
proportionately relative to the close-other effect.

Experiment 2: Neural Bases of Development of
Self-Referential Processing

The goal of Experiment 2 was to elucidate the neu-
ral correlates of the individuation of self-represen-
tation that was found in Experiment 1, as indexed
by the memory difference in reference to oneself
versus to one’s mother. In adults, judgments about
the self-relevance of trait descriptors have been
shown to recruit a network of brain regions involv-
ing midline structures, including the MPFC, PCC,
and rACC (Craik et al., 1999; D’Argembeau et al.,
2007; Johnson et al., 2002; Kelley et al., 2002; Kircher
et al., 2002; Ochsner et al., 2005).

There is evidence that rACC activation may be
especially sensitive to individual differences in the
relationship of self to close other. For adult partici-
pants from a culture characterized as emphasizing
personal independence (Western), activations in the
rACC are greater for oneself than one’s mother, but
not so for adult participants from a culture charac-
terized as emphasizing interdependence (East
Asian; Zhu et al., 2007). Similarly, among American
participants, activation of the rACC is greater for
words encoded in relation to oneself than in rela-
tion to one’s mother, as a function of maternal
attachment—greater attachment is correlated with a
smaller activation difference between self- and
mother-encoding conditions (Ray et al., 2009).
These imaging findings suggest that adults’ rACC
activation is related to individuation of oneself rela-
tive to one’s mother. Therefore, we hypothesized
that developmental changes in individuation may
be related to differential rACC activation for self
versus close-other judgments.

Experiment 2 examined activation in children
performing the same kinds of judgments as in
Experiment 1 (orthographic, valence, self, close-
other), but only for psychological trait words
because only trait words showed a difference
between self and mother with age. Experiment 2
assessed memory by recognition rather than free
recall due to the need to use a larger number of
stimuli for an imaging study. The key question was
whether we could identify a brain region that is
associated with the growth of psychological indi-
viduation, as manifested behaviorally in the differ-

ence between memory for words remembered from
the self and mother conditions.

Method

Participants. Fourteen healthy male children
between ages 7 and 10 were recruited (M
age = 9.26 years, SD = 0.86) from the community in
compliance with Stanford University’s human sub-
jects informed consent guidelines and were paid
$75 in compensation for their time. Around 7.1% of
the children reported their ethnicity as Hispanic,
14.3% reported Asian American, and 78.6%
reported Caucasian. Parental socioeconomic status
was not collected. All participants read and signed
assent forms and their parents read and signed con-
sent forms. All participants were right-handed,
native English speakers, reading at or above grade
level, and having no history of neurological prob-
lems. Only males were recruited to hold constant
the gender relationship of the mother to the child.
One participant was dropped for failing to comply
with instructions.

Procedure. Scanning was conducted at the Lucas
Center at Stanford University. Each scanning ses-
sion consisted of a short practice session with the
task, a high-resolution three-dimensional anatomy
scan, an in-plane anatomy scan, the four functional
runs, and ended with a surprise recognition mem-
ory task outside the scanner.

Materials. One hundred sixty psychological trait
adjectives selected for their high frequency in the
English language and early elementary reading
level (e.g., kind, funny; Anderson, 1968) were
divided into four lists, one for each scanning run.
The word lists were equated for valence, frequency,
and reading level. Each participant viewed all four
lists in a modified Latin square presentation order.
Stimulus presentation and behavioral response
recording was controlled using E-Prime software
(Psychology Software Tools, Pittsburgh, PA). An
LCD projector projected the image to a mirror
attached to the head coil, reflecting the stimulus
image onto a screen in the participant’s visual field.
A dental impression bite bar was used to decrease
head movement, and a button box placed in the
participant’s right hand collected behavioral data.

Behavioral task. During the encoding portion of
the study, four different conditions were used: an
orthographic baseline, valence judgments, self-ref-
erence, and close-other reference. Respectively,
these conditions were operationalized by the
questions: ‘‘Are the next words lower case?’’ ‘‘Are
the next words nice words?’’ ‘‘Are the next words
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like you?’’ and ‘‘Are the next words like your
mother?’’ These conditions were presented in
blocks beginning with a 3-s presentation of the
question. After a 1-s interstimulus interval, the
question was followed by the sequential presenta-
tion of five randomly selected words without
replacement. Each word was presented for 3 s with
a 1-s interstimulus interval. Participants were direc-
ted to respond either ‘‘yes’’ or ‘‘no’’ by pressing the
buttons on the button box. They saw eight repeti-
tions of each block type in random order. The
encoding portion was broken up into four, 3-min
14-s imaging runs.

After all four encoding runs were completed,
each participant was given an unexpected recogni-
tion memory test outside of the scanner. Partici-
pants saw all 160 words again with an equal
number of foils and made judgments whether they
had seen the word during encoding using a 1–4
scale. Participants answered 1 if they believed that
they definitely had not seen the word, 2 if they
might not have seen the word, but were not sure, 3
if they might have seen the word, but were not
sure, and 4 if they definitely remembered seeing
the word.

Behavioral data analysis. For each participant,
response latencies and accuracy were calculated for
each encoding condition and for the foils. Hits were
defined as those previously seen words that were
recognized with high and low confidence com-
bined, whereas misses were defined as those previ-
ously seen words that were not recognized with
either low or high confidence. False alarms were
defined as foils that were reported as recognized
with high or low confidence, and correct rejections
were those foils that were not recognized with high
or low confidence. Accuracy was quantified by cal-
culating d¢ for each condition (z score[probability of
hit] ) z score[probability of false alarm]).

Neuroimaging data acquisition and analysis.
Functional magnetic imaging was performed on a
1.5 T General Electric Medical Echospeed LX CV ⁄ I
MR scanner. Twenty-five axial slices (3.75 mm thick
with a 0.5 mm skip) were recorded during the
functional scans using a T2*-sensitive two dimen-
sional gradient echo spiral in–out pulse sequence
(40 ms TE, 2000 ms TR, 90� flip angle, 24 cm field
of view, 64 · 64 data acquisition matrix). T2-
weighted flow-compensated spin echo anatomical
scans were acquired using the same slice prescrip-
tion (3000 TR, 68 TE, 24 cm field of view, 256 · 256
data acquisition matrix). The three-dimensional
high-resolution structural scan was acquired using
a fast SPGR EDR IrP (15� flip angle, 24 cm field of

view, 1.2 mm thick slices, 256 · 256 data acquisi-
tion matrix).

Imaging data were preprocessed and analyzed
using SPM2 (Wellcome Department of Cognitive
Neurology, Institute of Neurology, London).
Functional images were corrected for slice time
acquisition and corrected for motion using a sinc
interpolation and resampled into 2 mm3 voxels.
Anatomical images were coregistered to the mean
functional image and both the anatomical and
functional images were normalized to the Montreal
Neurologic Institute template brain and smoothed
with a 6-mm full-width at half maximum isotropic
Gaussian kernel. A 128-s high-pass filter was
applied to exclude low-frequency artifacts such as
scanner drift. Each participant’s data were modeled
using a regressor function for the four levels of
condition (case, valence, self, mother), in which
each word was modeled as a 3-s epoch using a box
car regressor convolved with the canonical hemo-
dynamic response function. We performed a
whole-brain correlation (thresholded at p < .001,
minimum five-voxel cluster) between (a) the differ-
ence in memory for words encoded under self ver-
sus mother conditions and (b) regions showing
a difference in activation for self versus mother
activation.

Results

Behavioral results. A repeated measures ANOVA
was performed with follow-up paired t test using
Bonferroni correction. Based on a priori hypotheses,
only the self and mother conditions are reported.
For d¢ sensitivity, we found that there was a trend
for better memory for words encoded in the self
than mother conditions self d¢ M = 1.37 (0.79),
mother d¢ M = 1.23 (0.69), t(12) = )2.06, p = .062.
(Table 2). A correlation between age and recogni-
tion memory for words encoded in the self versus
mother conditions was not significant, r(13) = .10,
p = .75. Nonetheless, as we report next, despite the
reduced age range and reduced number of partici-
pants compared to Experiment 1, there was suffi-
cient variability to use this difference as a regressor
in the functional imaging analyses, with partici-
pants who recognized more words in the mother
condition and participants who recognized more
words in the self condition.

Response latency for words in the self (M =
1,565.4 ± 250.3) and mother conditions (M = 1,634.3
± 163.0) did not differ reliably, t(12) = 1.02, p = .33.
Moreover, response latency did not correlate
with response accuracy (ps > .144); therefore, any
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activation differences are not likely due to differ-
ences in the processing duration of words in the two
encoding conditions.

Imaging results. There was a significant and posi-
tive correlation between the self versus mother d¢
and the self versus mother activation in the rACC,

r(13) = .66, p = .015 (Figure 3). As participants
showed greater rACC activation for self than for
mother encoding during scanning, they subse-
quently showed a greater memory advantage for
self over mother. Conversely, as participants
showed greater rACC activation for mother than
for self-encoding during scanning, they subse-
quently showed a greater memory advantage for
mother over self. Similar correlations between self
versus mother encoding activation and subsequent
self versus mother memory were observed in other
regions, including additional regions of the anterior
and subgenual cingulate and medial orbital frontal
cortex (OFC; Table 3), a region of the right inferior
frontal gyrus near the insula, two regions in the left
inferior frontal gyrus, and a region of the right
head of the caudate.

Table 2

Recognition in Experiment 2

Encoding response latency Hits (%) Misses (%)

Self 1565.4 (250.3) 76.2 (11.3) 23.8 (11.3)

Mother 1634.3 (163.0) 72.7 (12.1) 27.3 (12.1)

False alarm (%)

Correct

rejection (%)

Foils 32.7 (22.1) 67.3 (22.1)

Figure 3. Experiment 2: Sagittal view of the statistical parametric map from the regression of self d¢ versus mother d¢ on the contrast of
self greater than mother. The scatterplot is a graphical display of the results of the whole brain regression at the peak of the rostral
anterior cingulate (rACC). The graph demonstrates the relation between the self d¢ versus mother d¢ (high confidence hit, false alarm
for self, mother), and the average beta weight extracted from the peak of the activation in the rACC (Brodmann Area 32, )6 36 )6)
from the self > mother contrast. The map meets a p < .001 uncorrected threshold with a cluster threshold of five voxels.

Table 3

Regions in Regression of Self–Mother Memory on Self > Mother Contrast

Region Brodmann area

MNI coordinates

No. of voxels t valuex y z

Anterior cingulate gyrus L 32 ⁄ 10 )6 36 )6 7 4.23

Anterior cingulate gyrus L 24 )4 30 0 11 5.20

Anterior cingulate gyrus L 24 )16 )8 50 10 4.90

Subgenual cingulate gyrus L 25 )2 28 )20 11 5.59

Medial orbital frontal cortex L 14 )2 28 )22

Medial orbital frontal gyrus L 11 )2 52 )18 22 4.61

Inferior frontal gyrus L 45 ⁄ 47 )56 32 6 13 5.27

Inferior frontal gyrus L 47 )40 22 )12 10 5.58

Inferior frontal gyrus R 47 30 30 )8 49 8.96

Medial frontal gyrus R 6 14 )16 52 11 4.90

Caudate head R 12 16 )2 85 6.91

Ventral thalamic nucleus R 16 )12 14 50 5.70

Anterior thalamic nucleus L )6 )6 8 63 5.57

Note. Contrast threshold of p < .001 with cluster threshold of k = 5. MNI = Montreal Neurologic Institute.
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Discussion

The present study was the first to investigate the
neural bases of the individuation of the self-repre-
sentation of self from the representation of one’s
mother in children, as measured by superior mem-
ory for self versus mother encoded information.
The critical new finding was that the difference in
self and mother recognition memory correlated
positively with the difference in self and mother
encoding activations in the scanner in regions of
the rACC, subgenual cingulate, and medial and
lateral OFC. Participants showed marginally signifi-
cant superior recognition memory for psychological
trait words encoded about themselves than about
their mothers, similar to the recall findings in
Experiment 1, but the age correlation with that
memory difference evident in Experiment 1 was
not observed in Experiment 2.

The two experiments were similar in two
ways—psychological trait words were presented in
blocks and in identical encoding conditions. The two
experiments also differed in several ways, including
recall versus recognition memory measures, age
ranges (7–13 years in Experiment 1, 7–10 years in
Experiment 2), and number of participants (37 in
Experiment 1, 14 in Experiment 2). In general, recall
memory measures are known to be more sensitive
than recognition memory measures for the self-refer-
ence effect (Symons & Johnson, 1997). Also, the con-
stricted age range and reduced power of Experiment
2 may have influenced the lack of a measurable age
effect in Experiment 2.

Despite these limitations, there were significant
correlations between the self versus mother encod-
ing activation in multiple regions, and the sub-
sequent self versus mother memory difference. Most
notable among these activations, the rACC region
has previously shown activation differences in
adults in relation to cultural influences on self and
mother referential processing (Zhu et al., 2007), as
well as in relation to degree of maternal attachment
(Ray et al., 2009). Furthermore, both this region of
the rACC as well as the regions of bilateral inferior
frontal cortex that we observed have been associated
with processing the valence of self relevant items
(Moran, Macrae, Heatherton, Wyland, & Kelley,
2006), suggesting that affective processing may con-
tribute to individual differences in memory for
mother- or self-encoded information. Finally, differ-
ential activations in bilateral inferior prefrontal cor-
tex as well as right caudate head have been
previously associated with the interaction of
affect and memory (Adcock, Thangavel, Whitfield-

Gabrieli, Knutson, & Gabrieli, 2006; Longe, Senior,
& Rippon, 2009; Wittmann et al., 2005). These
findings suggest a role for affect to influence differ-
ences in memory for self versus mother encoded
information.

General Discussion

The present study is the first to examine children’s
behavioral and brain responses while processing
information about both the self and a close other
(their mother), and the first to find an association
between differential patterns of neural activation
and an index of the individuation process. These
findings offer a first view of the individuation of
self-concept, defined as a separation of self from
close-other, both in memory performance and in
brain function.

Experiment 1 demonstrated a shift, across late
childhood and into early adolescence, from prefer-
ential memory for mother-encoded information to
self-encoded information. Memory for self-referen-
tially encoded items increased with age, whereas
memory for information encoded with reference to
one’s mother showed little to no increase as overall
memory improved.

Experiment 2 used neuroimaging methods to
leverage individual differences in memory for self-
versus mother-encoded items and identified
regions that were more active when encoding the
type of word for which the child subsequently
exhibited better memory. Of particular note is the
pattern of activation in the ventral portions of the
rACC, which have been associated with affectively
valenced components of self-referentially processed
information (Moran et al., 2006). These regions
were recruited more when judging information
about oneself than one’s mother by children who
subsequently showed better memory for self than
mother items. Conversely, for those children who
subsequently remembered more mother encoded
items than self-encoded items, these same regions
were recruited more when making judgments
about their mother than about themselves.

Prior studies investigating the relation between
self- and mother-referential processing in adults
have identified the rACC as being sensitive to rela-
tional differences. For example, the rACC was more
active when making judgments about oneself than
about one’s mother for participants from Western
cultures; however, no difference was found for
those from an East Asian culture (Zhu et al., 2007).
Also, individual differences in attachment to one’s
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mother predicted less difference in activation of the
rACC for self and mother judgments in adults (Ray
et al., 2009). The present findings converge well
with these studies, suggesting that greater individ-
uation from mother corresponds to greater activa-
tion in the rACC when making judgments about
oneself, but not in other areas commonly activated
by self-reference.

These findings provide support for theories of
the social construction of self-representation which
suggest that, as children’s social processing devel-
ops through elementary and middle school (6–
11 years), the representations of the self and of
social others become more complex (Damon &
Hart, 1988; Harter, 1999, 2003; Rosenberg, 1979). In
the transition from late childhood to early adoles-
cence, due to increasing self-awareness, children
shift from a parent-dominated view of themselves
to a self system in which the parental perspective is
less influential (Mazer & Enright, 1982). Instead of
parents narrating the salient or emotional contents
of children’s lives, adolescents orient more towards
their peers or their internal states to determine the
importance and emotional significance of events
(Allan & Land, 1999; Berndt & Perry, 1990; Hazan
& Zeifman, 1994; Nickerson & Nagle, 2005; Stein-
berg & Silverberg, 1986). Our results are also
broadly consistent with many psychoanalytic theo-
ries in which, starting from early infancy, a child’s
individuation is understood to be, in part, a pro-
gressive waning of an initial, undifferentiated state,
in which one’s identity is inextricably bound up
with one’s mother (e.g., Mahler, 1968; Winnicott,
1964). Furthermore, these results complement the
literature on peer relationships, which suggests that
during early adolescence, parents begin to play a
less influential role in children’s lives and peers
take on a more influential role (Allan & Land, 1999;
Berndt & Perry, 1990; Hazan & Zeifman, 1994;
Nickerson & Nagle, 2005). Our own study offers an
objective cognitive experimental index of such dif-
ferentiation and initial evidence about the neural
basis of that individuation.

Even though this study provides new informa-
tion for our understanding of the development and
individuation of self-representations, it has impor-
tant limitations. This was a first study, in which we
simplified the problems of gender by examining
the memory processes in children of one sex, boys,
in relation to the parent of the opposite sex, their
mothers. Future investigations will need to consider
how the gender of the child and the gender of the
parent affect the observed behavioral and brain pat-
terns. For example, it is possible that boys and girls

individuate from their parents at different ages, or
that boys and girls differentiate from the opposite-
sex parent at one age but the same-sex parent at a
different age. How children utilize their neurobio-
logical resources in the service of memory may dif-
fer as a function of the differing skill level such age
differences could produce.

Children’s development into autonomously func-
tioning adults is predicated upon the construction
of a self-concept that acts as a reference point to fil-
ter and to organize incoming information. This
study indexed individuation in participants
between 7 and 13 in terms of differences in memory
for self-encoded information versus mother-
encoded information. The individual differences
found in memory map on to differential activation
of neural mechanisms. Notable are the differential
patterns of activation observed in a region associ-
ated with cultural differences in inclusion of the
other in the self, with individual differences in
maternal attachment, and with processing affective
valenced components of self-referential informa-
tion. The present investigation provides behavioral
grounding for a child’s representation of self and of
close other, and it identifies a specific neural basis
for a mechanism and for that mechanism’s chang-
ing role in processing information about self and
close other, as a child individuates.
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