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The  current  fMRI  study  investigates  the neural  foundations  of evaluating  oneself  and  oth-
ers during  early  adolescence  and young  adulthood.  Eighteen  early  adolescents  (ages  11–14,
M = 12.6)  and 19 young  adults  (ages  22–31,  M  =  25.6)  evaluated  whether  academic,  physi-
cal,  and  social  traits  described  themselves  directly  (direct  self-evaluations),  described  their
best friend  directly  (direct  other-evaluations),  described  themselves  from  their  best  friend’s
perspective  (reflected  self-evaluations),  or  in general  could  change  over  time  (control
malleability-evaluations).  Compared  to  control  evaluations,  both  adolescents  and  adults
recruited cortical  midline  structures  during  direct and  reflected  self-evaluations,  as well
as during  direct  other-evaluations,  converging  with  previous  research.  However,  unique  to
this study  was  a  significant  three-way  interaction  between  age  group,  evaluative  perspec-
tive,  and domain  within  bilateral  ventral  striatum.  Region  of  interest  analyses  demonstrated
a significant  evaluative  perspective  by domain  interaction  within  the  adolescent  sample
only.  Adolescents  recruited  greatest  bilateral  ventral  striatum  during  reflected  social  self-

evaluations, which  was  positively  correlated  with  age  and  pubertal  development.  These
findings  suggest  that  reflected  social  self-evaluations,  made  from  the inferred  perspective
of  a close  peer,  may  be  especially  self-relevant,  salient,  or rewarding  to  adolescent  self-
processing  –  particularly  during  the  progression  through  adolescence  – and  this  feature
persists  into  adulthood.
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We  are more or less unconsciously seeing ourselves as
we  think others who are important to us and whose

opinions we trust see us.

Rosenberg (1979, p. 97)
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1. Introduction

1.1. Adolescent self-concept development and peer
influence

Adolescence is a key point in a young child’s life,
marking the physical, psychological, and social transition
from childhood to adulthood and characterized by sig-
nificant changes in self-understanding, person-perception,
and social influences. This stage is an important time

Open access under CC BY-NC-ND license.
for  self-exploration and identity development (Erikson,
1963), as youths are introduced to new environments,
new roles, and new role models – suggesting that
one apt way  of describing adolescence is a period of
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elf-concept instability (Rosenberg, 1979; Shirk and
enouf, 1992). Two major changes in adolescent self-
rocessing include the content of and contextual influences
n  self-descriptions. Changes in content are largely driven
y  the acquisition of advanced cognitive abilities, resulting

n  the greater use of psychological and abstract termi-
ology in adolescent self-descriptions (Broughton, 1978;
arter,  1990; Rosenberg, 1979; Secord and Peevers, 1974;
elman,  1980; Steinberg and Morris, 2001). Adolescents
lso develop increasingly differentiated and individuated
elf-representations, which vary across domains and rela-
ional  contexts (Harter, 1990, 1999; Harter et al., 1998;

arsh, 1989; Masten et al., 1995; Ray et al., 2009), result-
ng  in the development of “multiple selves” (Harter, 1998).
dolescents may  view themselves differently at school
s  students, at home as children, and with peers as
riends, revealing distinct contextual influences on self-
erceptions.

At  the intersection between content and contextual
nfluences, social competence, in particular, becomes
ighly salient (Damon and Hart, 1982, 1988; Harter, 1999;
ontemayor and Einsen, 1977; Rosenberg, 1979). In a

rend  that Steinberg and Silverberg (1986) referred to as a
ependency tradeoff, adolescents spend significantly less
ime  with parents and more time with peers (Collins and
ussell,  1991; Csikszentmihalyi and Larson, 1984; Larson
nd  Richards, 1991), which coincides with a similar shift in
nfluence.  As the capacity and tendency for self-reflection
nd social perspective-taking increases (Choudhury et al.,
006;  Damon and Hart, 1982; Dumontheil et al., 2009;
ontemayor and Einsen, 1977; Selman, 1980), adolescents

ecome more self-conscious (Elkind and Bowen, 1979;
osenberg, 1979; Selman, 1980), show a greater inter-
st  in the perceived opinions of others (Elkind, 1967),
nd put greater weight on peer evaluations (Buhrmester,
996; Sussman et al., 1994). Thus, for better or for worse,
eers serve as strong role models and important sources
f  social feedback for adolescent self-evaluations (Harter,
999;  Nurmi, 2004).

.2.  A developmental social neuroscience approach

While behavioral trajectories of self-development have
een  studied for decades, as summarized above, a novel line
f  research is exploring adolescent self-processing at the
eural  level. Adopting a developmental social neuroscience
pproach offers an alternative to the common reliance on
elf-report methodologies, which may  suffer from explicit
nd  implicit participant biases. This approach may  also help
onnect  the underlying social, cognitive, and biological pro-
esses  involved in self-development (Pfeifer et al., 2013b;
feifer  and Peake, 2011).

The  current study was designed to reveal distinct neu-
al  patterns associated with personal and perceived peer
valuations across multiple domains, which would imply
istinct  influences on self-concept development. Specif-

cally,  we examined the patterns of activity supporting

arly adolescent and young adult direct self-evaluations
first-person evaluations about the participant), direct
lose  other-evaluations (first-person evaluations about the
articipant’s  best friend), and reflected self-evaluations
tive Neuroscience 8 (2014) 40–54 41

(third-person evaluations about the participant, from the
best  friend’s perspective). Furthermore, we examined the
distinct  influences of personal and perceived peer eval-
uations across academic, physical, and social domains.
Finally, we explored how pubertal development relates
to  adolescents’ neural activity. The brief neuroimaging
review that follows provides a foundation for the current
study.

1.3.  Adult neuroimaging research on self-processing

Researchers have extensively investigated the neu-
ral  correlates of self-evaluation and self-reflection within
adult  samples using functional magnetic resonance imag-
ing  (fMRI). Typically, participants have evaluated the
descriptiveness of personality traits or made mental state
attributions for oneself and an “other” target. Reviews and
meta-analyses (Northoff et al., 2006; Pfeifer and Peake,
2011; Qin and Northoff, 2011) have highlighted the inte-
gral  role of cortical midline structures (CMS), consisting of
medial  prefrontal cortex (mPFC; including dorsal, anterior
rostral, and ventral aspects, as well as adjacent regions of
anterior  cingulate cortex [ACC]) and medial posterior pari-
etal  cortex (mPPC; including precuneus [Prec], posterior
cingulate cortex [PCC], and retrosplenial cortex), in self-
processing. These CMS  support both self-reference (Zhu
et  al., 2012) and self-relevance (Moore et al., 2013; Moran
et  al., 2011). Additional regions engaged in these processes
include striatal regions representing salience, valuation,
and reward; temporal and parietal regions supporting
social cognition and mental state attribution (such as tem-
poroparietal junction [TPJ], posterior superior temporal
sulcus [pSTS], and temporal poles); as well as hippocampus
and insula.

1.4. Pediatric neuroimaging research on direct self- and
other-processing

There  are relatively few neuroimaging studies examin-
ing  self-processing within developmental samples. Thus, it
is  difficult to ascertain the full extent to which the neu-
ral  correlates of adolescent and adult self-evaluations are
similar,  and if neural patterns generalize across multi-
ple  domains. Previous research has highlighted the role
of  CMS  and striatal regions in youth self-processing, con-
verging  with the adult literature (Ersner-Hershfield et al.,
2009;  Northoff et al., 2006). Ray et al. (2009) found that
self-referential memory in male youths (7–13 yo) was pos-
itively  correlated with activity in rostral ACC (as well
as  subgenual ACC, medial orbital frontal cortex, caudate,
and  bilateral inferior frontal regions), and suggested that
rostral  ACC, in particular, is a neural substrate of psy-
chological self-representations. Research by Pfeifer et al.
(2007,  2013b) similarly underscored the role of CMS  and
ventral  striatum (VS) in self-other differentiation. In a
cross-sectional study examining self-evaluations, preado-

lescents (9–10 yo) and young adults (23–31 yo) recruited
greater mPFC during direct self-evaluations and greater
mPPC during direct other-evaluations about a fictional
character, Harry Potter (Pfeifer et al., 2007). However,
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preadolescents recruited greater mPFC than adults dur-
ing  direct self-evaluations. Complementary results were
found  longitudinally (Pfeifer et al., 2013b). During late
childhood (M = 10 yo) and early adolescence (M = 13.1 yo),
youths  recruited greater mPFC and VS during direct self-
evaluations and greater mPPC (as well as lateral PFC
and  TPJ) during direct other-evaluations. There were also
age-related increases in ventral mPFC (vmPFC) activ-
ity  during direct self-evaluations. These increases were
more  robust in the social domain, compared to the
academic domain, and positively correlated with puber-
tal  development in the social domain. These findings
suggest that the development of social self-evaluations
is related to biological changes and not just interper-
sonal ones, and further highlight the potential influence
of  pubertal development on neural patterns of social
self-processing.

1.5.  Pediatric neuroimaging research on reflected
self-processing

A related line of research has examined the influence
of perceived peer evaluations on youth self-processing.
Pfeifer et al. (2009) investigated the role of evaluative per-
spective  on neural patterns supporting self-evaluations.
Early adolescents (11–13 yo) recruited greater mPPC and
TPJ  than adults (22–30 yo) during direct self-evaluations;
however, this activity did not differ from adolescent or
adult  reflected self-evaluations, suggesting that adoles-
cent  self-processing may  be more strongly influenced by
the  perceived evaluations of others. In addition, adoles-
cents recruited greater mPFC and mPPC during reflected
academic self-evaluations from their mother’s perspective
and reflected social self-evaluations from their best friend’s
perspective. This suggests that neural responses during
adolescent self-processing may  be sensitive to both the
perspective adopted and its relevancy to a given evaluative
domain.

Research has also highlighted the role of CMS  and
striatal regions in anticipated (inferred) evaluations of
unknown peers, which could be viewed as a form of
reflected self-evaluations. Guyer et al. (2009) found that
youths  (8–17 yo) recruited VS, insula, hypothalamus, and
hippocampus during inferred peer social evaluations, and
females  showed age-related increases during inferred eval-
uations  of high interest, relative to low interest, peers.
Furthermore, youths recruited greater cortical (ACC) and
striatal  (caudate and putamen) activity during peer accep-
tance  (receipt of positive social feedback) than peer
rejection (Guyer et al., 2012). Research examining a wider
age  range (8–25 yo) reported similar CMS  and striatal
recruitment during inferred and received positive peer
social  evaluations, greater activity during received posi-
tive  evaluations from highly rated peers, and age-related
increases during inferred positive peer evaluations (Davey
et  al., 2010; Gunther Moor et al., 2010). Together, these

studies underscore the saliency of peer social evalu-
ations, particularly of highly regarded peers, in youth
self-processing and suggest that this effect can be observed
at  the neural level.
tive Neuroscience 8 (2014) 40–54

1.6.  Current study

The  current study integrated Pfeifer et al.’s (2007, 2009,
2013b) research on self-processing and extended it across
additional evaluative perspectives and domains. Distin-
guishing between evaluative perspectives is important,
given the heightened saliency of peers during adolescence
(Collins and Russell, 1991; Csikszentmihalyi and Larson,
1984; Larson and Richards, 1991; Steinberg and Silverberg,
1986) and the potentially greater influence of perceived,
relative to actual, peer evaluations on self-perceptions
(Shrauger and Schoeneman, 1979; Tice and Wallace, 2003).
While  past research has typically used familiar, yet person-
ally  unknown “other” targets, such as Harry Potter (Pfeifer
et  al., 2007, 2009, 2013b) or President George Bush (Kelley
et  al., 2002; Macrae et al., 2004; Powell et al., 2009), the
current study used a close peer, given the growing saliency
of  close friendships during adolescence. This target more
aptly  controlled for familiarity, intimacy, age, and salience.
The  current study also used a novel, high-level control
task, malleability-evaluations, where participants evalu-
ated  if traits could change (in general, not just with respect
to  themselves). Unlike previously used low-level controls
(such  as counting vowels, capital letters, or syllables), this
task  incorporated the semantic and evaluative demands
inherent in self- and other-evaluations.

The  current study also examined several domains of
self-evaluations. Parceling academic, physical, and social
domains is important, given the bourgeoning of multiple,
context-dependent “selves” during adolescence (Harter,
1998)  via a myriad of changes, such as those experienced
in academic demands and expectations during the transi-
tion  into middle school, in physical appearance and abilities
during  the transition into puberty, and in social roles and
peer  influence during the transition into new social cir-
cles.  Furthermore, this is the first study to investigate
the neural correlates of psychological and physical self-
evaluations within a developmental sample. Finally, given
research  highlighting the role of biological, in addition
to  interpersonal, changes on adolescent self-evaluations
(Gunther Moor et al., 2010; Guyer et al., 2009; Pfeifer
et  al., 2013b), the current study examined the relation-
ship between pubertal development and neural responses
in  adolescence. Past research supports our hypotheses:

1. Across domains, adolescents and adults will recruit
CMS during direct self-, direct other-, and reflected
self-evaluations. Direct self-evaluations will recruit CMS
(particularly mPFC) and striatal regions (e.g., VS); direct
other-evaluations will recruit CMS  (particularly mPPC);
and reflected self-evaluations will recruit CMS, striatal
regions, and social cognition regions (e.g., pSTS, TPJ, and
temporal poles).

2. Across domains, adolescents will recruit greater
CMS and social cognition regions during direct self-
evaluations than adults, but similar CMS  during direct

other-evaluations.

3. Adolescents will recruit greater striatal regions during
reflected self-evaluations than adults, and this activity
will be greatest within the social domain.
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. Pubertal status will be positively correlated with
CMS and striatal activity during adolescent direct and
reflected self-evaluations, particularly within the social
domain.

.  Method

.1. Participants

Typically developing young adults (N = 20) and early
dolescents (N = 22) were recruited for the study. One adult
nd  four adolescents were excluded due to scanner fail-
re  or significant artifacts, resulting in 19 adults (9 males)
nd  18 adolescents (9 males) in the final analyses. Adults
22–31 yo, M = 25.6) were primarily graduate students (2
dvanced undergraduate students) currently attending the
niversity  of Oregon. These students represented a range
f  academic disciplines, including psychology, English,
usiness, architecture, and international studies. Adoles-
ents  (11–14 yo, M = 12.6) were middle school students,
ot attending home school. Adolescents were recruited
ia flyers from the surrounding Eugene area, as well as
rom  a departmental database of interested families. Par-
icipants  were primarily Caucasian (adults: 74% Caucasian,
0%  Latino, 5% Asian, 10.5% decline to respond; ado-

escents: 72% Caucasian, 17% multiracial, 11% decline to
espond),  and age groups did not differ by ethnicity. Data
n  household income and maternal education were only
ollected from the adolescent group. Mean annual house-
old  income was between $55,000 and $65,000, although
nnual income ranged from below $25,000 to $125,000.
aternal education was at the high school level or higher;

pproximately 39% of mothers had a bachelor’s degree and
7%  had a professional degree. Participants were screened
or  major neurological, psychological, and medical disor-
ers,  and all participants were right-handed. Adolescents
rovided written informed parental consent and assent,
nd  adults provided written informed consent, according
o  the guidelines outlined by the University of Oregon Insti-
utional  Review Board. Participants were compensated $25
er  hour for their time.

.2.  Procedure

.2.1. Measures
To  assess IQ, adolescents completed the Kauffman Brief

ntelligence Test-II (KBIT-II; Kaufman and Kaufman, 2004)
ithin  1 month of their scan. Full scale IQs, as well as ver-

al  and quantitative subscale IQs, were in the average to
bove  average range (Ms = 114, 116, and 108, respectively).
Q was only available for adolescent participants; however,
ll  participants were advanced undergraduate or graduate
tudents, suggesting similar average to above average IQs.

To  assess pubertal development, adolescents completed
ender-specific versions of the Pubertal Developmental
cale (PDS; Petersen et al., 1988) Average PDS scores were
alculated by averaging all scores except the compara-

ive question, where participants evaluated their perceived
ate  of development relative to their peers. The aver-
ge PDS score was similar for males and females, 2.3.
sing the pubertal category scoring guidelines provided
tive Neuroscience 8 (2014) 40–54 43

by  Crockett and colleagues (see Petersen et al., 1988), the
mean  (and mode) pubertal stage for both male and female
participants was  “midpuberty” (M = 2.9 and 3, Mode = 3
and  3, for males and females, respectively). Furthermore,
there were no significant age group differences between
male and female adolescents [t(16) = 0.65, ns). These find-
ings  supported combining average male and female PDS
scores  into an aggregate variable representing total aver-
age  PDS scores and conducting puberty- and age-related
analyses collapsed across genders. Although not discussed
here, participants also completed several questionnaires
assessing various traits and abilities, such as perceived self-
competence, social comparison, and mentalizing.

2.2.2. Neuroimaging task
Participants were presented with positively and neg-

atively valenced trait phrases and instructed to adopt
different perspectives to evaluate if the phrases were
descriptive of a specified target. Trait valence was bal-
anced across perspective and domain conditions and across
participants. Trait phrases broadly represented general
academic, physical, and social domains (as in Moran et al.,
2011;  Pfeifer et al., 2007, 2009, 2013a,b), such as “stud-
ies  hard”, “very good-looking”, and “very popular” (see
Table  S1 in Supplementary Materials for complete list and
piloting  information). Evaluative perspectives included
direct self-evaluations, direct other-evaluations, reflected
self-evaluations, and malleability-evaluations. Participants
were  instructed to make malleability-evaluations with
respect to “people in general” (not just themselves). Par-
ticipants provided the name of a same-sex, same-age (±2
years)  best friend, which was used in the neuroimaging
task.

The MRI  paradigm was  a mixed block/event-related
design, consisting of four block types representing evalu-
ative  perspective and three event types representing trait
domain.  This resulted in a total of 12 conditions, with 12
events  per condition. The task included two runs presented
in  a counterbalanced order across participants. Each run
included eight blocks (2 blocks of each evaluative per-
spective). Each block was approximately 40 s long and
included nine events (see Fig. 1). Blocks began with an ini-
tial  instruction screen presented for 3.5 s, each event was
presented for 3.5 s, and each interstimulus interval (ISI) was
0.5  s. Using a button box, participants had approximately
4 s to process and respond (yes/no) to each event. Events
were  pseudorandomly intermixed by domain within eval-
uative  perspective blocks in an optimized fashion, using
computerized genetic algorithms. Rest intervals between
blocks were approximately 12 s, but jittered (according to
a  gamma  distribution) to create variable intervals between
event  types. Participants were trained extensively on the
paradigm and reminded of the instructions at the start of
the  scan.

2.2.3. Data acquisition and analysis

Self-report and behavioral data (KBIT-II and PDS

scores, button responses, and reaction times [RTs]
from the neuroimaging task) were analyzed using
SPSS 16.0. When sphericity assumptions were violated,
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Fig. 1. Neuroimaging task. The neuroimaging task included two runs, with eight blocks per run. At the beginning of each block, participants were instructed
series of
in block
s.
to  evaluate trait phrases according to a given perspective, followed by a 

represented  academic, physical, and social domains (all intermixed with
each  participant’s best friend was always included (e.g., “Lily”); s = second

Greenhouse–Geisser adjustments were utilized. Mean RTs
were  calculated across each of the twelve conditions.

Imaging data were acquired using a Siemens Alle-
gra 3.0 Tesla head-only MRI  scanner at the University
of Oregon’s Lewis Center for Neuroimaging. At the
start of the scan, a circle localizer was acquired
to allow prescription of the slices in the following
scans. Blood oxygen-level dependent, echo-planar images

(BOLD-EPI; 207 volumes per run) were acquired across
the  whole brain with a T2*-weighted gradient echo
sequence (TR = 2000 ms,  TE = 30 ms,  flip angle = 80◦, matrix
size  = 64 × 64, in-plane resolution = 3.12 mm × 3.12 mm,  32
 nine trait phrases. Phrases were positively and negatively valenced and
s). In between evaluation blocks were blocks of rest. Note: The name of

slices,  slice thickness = 4 mm,  interleaved acquisition)
along the anterior commissure-posterior commissure (AC-
PC)  transverse oblique plane, as determined by the
midsagittal section, and a high-resolution T2-weighted
structural scan was  acquired coplanar to the functional
sequence (TR = 5000 ms, TE = 34 ms,  flip angle = 90◦, matrix
size  = 128 × 128, in-plane resolution = 1.56 mm × 1.56 mm,
1  slice, slice thickness = 4 mm).  The functional sequence

included prospective acquisition correction (PACE; Thesen
et  al., 2000) and motion correction to adjust for head
motion. Mean levels of motion were greatest within
the x-plane in both adults and adolescents, which
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Fig. 2. Main effect of evaluative perspective. Repeated measures ANOVA,
where evaluative perspective and domain served as the within-subjects
factors and age group served as the between-subjects factor. Illustrated
here is a significant main effect of evaluative perspective within cortical
midline structures (engaged by direct self-, direct other-, and reflected
K.F. Jankowski et al. / Development

orresponded to averages of 0.12 and 0.13 mm,  respec-
ively, [t(34) = −0.60, ns]. Maximum levels of motion were
reatest within the z-plane in both adults and adolescents,
hich corresponded to 0.96 and 1.51 mm,  respectively,

t(34) = −2.00, ns]. There were no significant group dif-
erences. MATLAB (R2011b) and eM’s Stimulus Software
MSS) were used to present stimuli (via back-projection)
nd collect participant responses and RTs. Foam padding
as  used to prevent head movement, and earplugs and
eadphones were worn to protect hearing.

Imaging data were preprocessed and analyzed using
euroElf (http://neuroelf.net) and Statistical Para-
etric Mapping 8.0 (SPM8; Wellcome Department of

maging  Neuroscience, London, UK) software imple-
ented in MATLAB. Images were first converted

rom DICOM to NIfTI (Neuroimaging Informat-
cs Technology Initiative) format using MRIconvert
http://lcni.uoregon.edu/∼jolinda/MRIConvert), robustly
kull-stripped using the Brain Extraction Tool imple-
ented in FMRIB Software Library (FSL), and manually

eoriented to the AC-PC line. The high-resolution structural
mage was normalized to the SPM canonical T1-structural
emplate. Functional images were slice-time corrected,
ealigned to the mean functional image, coregistered to the
tructural  image, segmented, normalized, and smoothed
sing a 6 mm full-width, half-maximum (FWHM) isotropic
aussian kernel.

For  each participant, condition effects were estimated
ccording to the general linear model, using a canonical
emodynamic response function. To address age group
ifferences in mean RT (see behavioral results in Sup-
lementary Materials), trial durations were modeled as
articipant RTs (Grinband et al., 2008). A 128 second
igh pass filter (appropriate because the design was esti-
ated  using events, not blocks) was used to remove

ow-frequency noise and an autoregressive model, AR(1),
as  used to estimate temporal autocorrelation. Single sub-

ect  models included twelve regressors of interest (each
valuative perspective and domain condition) and eight
uisance regressors (six motion parameters represent-

ng translations and rotations during motion correction, a
ariable  representing individual trials with major visually-
etected artifacts, and a variable representing instructions
nd skipped trials). Planned linear contrasts were created
o  identify regions where activity was greater for each
ondition compared to implicit resting baseline. These con-
rasts  were then entered into a group model to estimate
opulation effects. No explicit masks were used in either
ingle  subject or group level models.

To investigate developmental differences in neural
ecruitment during self-processing, in particular interac-
ion  effects between age group, evaluative perspective,
nd domain, a 2 (age group: adults/adolescents) × 4
evaluative perspective: direct self/direct other/reflected
elf/malleability) × 3 (domain: academic/physical/social)
hole-brain, repeated-measures ANOVA was conducted,
ith age group as the between-subjects factor and eval-

ative  perspective and domain as the within-subjects
actors. To correct for multiple comparisons, whole-
rain, voxel-wise and cluster-extent thresholds were
alculated using Monte Carlo simulations with AlphaSim
self-evaluations) and bilateral ventrolateral prefrontal cortex (primar-
ily engaged by malleability-evaluations). Note: x and y = left–right and
anterior–posterior dimensions.

implemented in AFNI. This resulted in a voxel-wise thresh-
old  of p < 0.005 and a cluster-extent threshold of k = 64
voxels  (corresponding to p < 0.05 FWE-corrected). To fur-
ther  investigate developmental interaction effects, region
of  interest (ROI) analyses were conducted using the
Marsbar toolbox for SPM (http://marsbar.sourceforge.net).
Parameter estimates were extracted from clusters repre-
senting significant developmental differences and entered
into  two  4 (evaluative perspective) × 3 (domain) repeated-
measures ANOVAs, in order to compare activity between
age  groups. To investigate the role of pubertal develop-
ment on adolescent self-processing, parameter estimates
were correlated with average PDS scores, as well as with
age  and average PDS scores after controlling for age (see
fMRI  results for separate comparisons of adolescent and
adult  neural recruitment in Supplementary Materials).

3.  Results

3.1. Interaction between age group, evaluative
perspective, and domain

To  investigate developmental differences associated
with making evaluations across varying perspectives and
domains,  a 2 (age group) × 4 (evaluative perspective) × 3
(domain) whole-brain, repeated-measures ANOVA was
conducted (see Table 1). Significant main effects were
found for age group, evaluative perspective, and domain,
which were qualified by significant interaction effects
between age group and evaluative perspective and
between age group, evaluative perspective, and domain.
The  main effect of age group revealed activity in inferior
parietal and occipito/temporal regions, as well as some
frontal areas, TPJ, mPPC, and cerebellum. The main effect
of  evaluative perspective revealed activity predominantly
in CMS, including ventral and anterior rostral mPFC, ros-
tral  ACC, mPPC, as well as ventrolateral PFC, TPJ, and other
inferior  frontal and inferior parietal regions (see Fig. 2, as

well  as Figure S1 in Supplementary Materials). Contrary
to  our hypothesis, but as suggested by separate analyses
for  each age group (see imaging results and Table S1 in
Supplementary Materials), adolescents did not engage CMS

http://neuroelf.net/
http://lcni.uoregon.edu/~jolinda/MRIConvert
http://marsbar.sourceforge.net/
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Table 1
Age  group × evaluative perspective × domain repeated measures ANOVA.

Contrast Region x y z F k

Main effect of age
group

Precentral gyrus −42 −6 54 41.84 166
Inferior parietal lobule −39 −36 45 41.45 2685
Culmen 24 −45 −15 33.19
Fusiform  gyrus −42 −42 −15 26.76
Culmen −24 −54 −18 26.07
Middle  temporal gyrus 39 −72 24 25.71
TPJ  −42 −51 21 23.83
Middle  occipital gyrus 48 −69 −6 20.99
Intraparietal  sulcus −24 −69 30 20.93
Superior  frontal gyrus −21 9 63 22.06 139
Precentral gyrus 45 −3 51 21.87
PCC  12 −60 12 20.10 67
Middle occipital gyrus −36 −81 9 17.07 66

Main effect of
evaluative  perspective

Prec  −6 −54 36 19.46 537
PCC −6 −54 9 7.60
Ventral mPFC −9 48 3 19.40 749
Anterior Rostral mPFC 0 54 12 14.00
Rostral  ACC 0 36 9 12.24
Ventrolateral  PFC 39 48 −6 11.49 83
Middle frontal gyrus −48 33 15 9.54 106
IFG −45 42 0 8.40
Inferior parietal lobule −54 −42 45 9.38 137
TPJ −54 −54 24 6.16
IFG 51 15 21 8.88 498
Middle frontal gyrus 39 33 15 7.18
Inferior parietal lobule 51 −45 48 7.28 65

Age group × evaluative perspective Intraparietal sulcus −30 −69 42 6.28 68

Main effect of domain

OFC  30 33 −15 105.48 5359
IFG −45 36 12 58.45
IFG  45 39 9 54.67
OFC  24 30 −15 49.73
Dorsal  ACC 3 0 30 49.14
Amygdala/parahippocampus −21 0 −18 32.31
PCC  9 −57 18 26.63
Pre-SMA  9 18 63 24.86
Amygdala/parahippocampus 18 −3 −18 23.04
Dorsal  mPFC −3 54 27 18.97
Prec  3 −57 39 16.36
Caudate  9 6 9 9.80
Middle temporal gyrus 54 −3 −18 36.12 145
Fusiform gyrus −51 −57 −12 35.17 256
Middle temporal gyrus −57 −9 −15 28.33 120
TPJ −42 −60 27 23.34 195
Lingual gyrus 15 −78 −6 17.05 175
Superior parietal lobule −27 −66 42 15.34 319
Inferior parietal lobule −48 −48 51 12.15
TPJ  42 −54 27 15.05 154
Ventral mPFC/rostral ACC 9 48 −9 13.35 94

Age group × domain – – – – – –

Evaluative
perspective × domain

RSC −6 −54 15 5.48 126
Superior frontal sulcus 24 30 45 4.75 80
VS 6 0 3 4.66 297
DS 12 0 18 4.64
DS −12 9 12 4.60

Age group × evaluative
perspective × domain

VS −12 21 −6 5.41 73
IFG −18 9 −15 4.75
DS −6 18 3 4.17
IFG 27 30 3 4.84 79
VS 15 18 −9 4.52
DS 18 21 3 4.25

Note: Corrected for multiple comparisons (FWE  p < 0.05) with magnitude and spatial extent thresholds at p < 0.005 and k = 64 voxels, respectively. Minimum
cluster  size thresholds were calculated using Monte Carlo simulations in AFNI. k-values and F-values are reported for peak voxels of each cluster. Additional
subpeaks  within larger clusters are included for descriptive purposes.
TPJ, temporoparietal junction; PCC, posterior cingulate cortex; mPFC, medial prefrontal cortex; ACC, anterior cingulate cortex; PFC, prefrontal cortex; IFG,
inferior  frontal gyrus; OFC, orbital frontal cortex; Pre-SMA, pre-supplementary motor area; Prec, precuneus; DS, dorsal striatrum; RSC, retrosplenial cortex;
VS,  ventral striatum.
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Fig. 3. Three-way interaction (age group × evaluative perspec-
tive × domain). Repeated measures ANOVA, where evaluative perspective
and domain served as the within-subjects factors and age group served
as the between-subjects factor. Illustrated here is a significant age
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entral striatum. Note: x and y = left–right and anterior–posterior
imensions.

nd social cognition regions significantly more than adults
uring  direct self-evaluations (as indicated by the absence
f  a significant interaction effect between age group and
valuative perspective in these regions). However, there
as  a significant three-way interaction effect between age

roup,  evaluative perspective, and domain. This interac-
ion  revealed two clusters of activity in VS, one in each
emisphere, extending across the caudate, putamen, and

nto  portions of inferior frontal gyrus (IFG) (see Fig. 3 and
able  1).

.2.  Region of interest analyses

To  further examine the significant three-way interac-
ion, post hoc ROI analyses were conducted separately
or each age group, where parameter estimates from the
wo  significant VS clusters were extracted and entered
nto two 4 (evaluative perspective) × 3 (domain) repeated-

easures ANOVAs. Within the left VS cluster [−12 21 −6],
here  was no significant interaction between evaluative
erspective and domain within the adult sample [F(1,
8)  = 1.59, ns]; however, there was a significant interac-
ion within the adolescent sample [F(1, 17) = 8.09, p < 0.001;
ee  Fig. 4a and b]. This pattern replicated in the right VS
luster  [27 30 3]. While there was no significant interaction
etween evaluative perspective and domain in the right VS
luster  within the adult sample [F(1, 18) = 1.36, ns]; there
as  a significant interaction within the adolescent sample

F(1,  17) = 7.91, p < 0.001].
Follow-up, paired samples t-tests were conducted

o decompose these interactions. Within the left VS
luster, adolescents recruited significantly less activity
uring direct social self-evaluations, relative to direct
cademic and physical self-evaluations [t(17) = 3.37,

 = 0.004 and t(17) = 4.29 p = 0.001, respectively], but
ignificantly greater activity during reflected social self-
valuations, relative to reflected academic and physical
elf-evaluations [t(17) = −3.07, p = 0.007 and t(17) = −2.63

 = 0.018, respectively]. Furthermore, activity was signif-

cantly  greater during reflected social self-evaluations,
elative to direct social self-evaluations [t(17) = 2.51,

 = 0.023; see Fig. 4b]. Similarly, within the right VS
luster, adolescents recruited significantly less activity
tive Neuroscience 8 (2014) 40–54 47

during direct social self-evaluations, relative to direct
academic and physical self-evaluations [t(17) = 3.00,
p  = 0.008 and t(17) = 3.84, p = 0.001, respectively], but
significantly greater activity during reflected social self-
evaluations, relative to reflected academic self-evaluations
[t(17) = −2.49, p = 0.023]. However, within the right VS
cluster, activity was not significantly greater during
reflected social self-evaluations relative to direct social
self-evaluations [t(17) = −0.22, ns].

In  addition, follow-up, independent samples t-tests
were conducted to compare adolescent and adult bilat-
eral  VS recruitment specifically during direct and reflected
social  self-evaluations. Recruitment of left and right VS
during  direct social self-evaluations significantly differed
by  age group [t(35) = 33.60, p = 0.002 and t(35) = 2.61,
p  = 0.013 for left and right VS, respectively], such that adults
recruited significantly greater bilateral striatal activity, rel-
ative  to adolescents. However, recruitment of left and right
VS  during reflected social self-evaluations did not signifi-
cantly differ by age group, [t(35) = −0.55, ns and t(35) = 0.65,
ns  for left and right VS, respectively.]

3.3. Correlations between neural activity and pubertal
development for early adolescents

Finally, to investigate the relationship between neu-
ral  patterns of activity and pubertal development within
the  adolescent sample, follow-up correlation analyses were
conducted  between VS parameter estimates and average
PDS  scores (collapsed across gender). Activity in the left VS
cluster  [−12 21 −6] during reflected social self-evaluations
was significantly positively correlated with average PDS
scores  [r(17) = 0.53, p = 0.023], such that as pubertal devel-
opment increased, left VS activity also increased (see Fig. 5).
Similar  to activity in the left VS cluster, activity in the right
VS  cluster [27 30 3] during reflected social self-evaluations
was also significantly positively correlated with average
PDS  scores [r(17) = 0.50, p = 0.034], such that as pubertal
development increased, right VS activity also increased.

Supplementary analyses demonstrated that left VS
activity was also significantly positively correlated with
age  [r(17) = 0.59, p = 0.009], although right VS activity was
not  significantly correlated with age [r(17) = 0.34, ns]. How-
ever,  even after controlling for age, left and right VS activity
remained marginally correlated with average PDS scores
[r(15)  = 0.42, p = 0.092, and r(15) = 0.43, p = 0.084 for left and
right  VS, respectively].

4.  Discussion

The current study was designed to extend previous
neuroimaging research comparing adolescent and adult
self-processing across additional evaluative perspectives
and domains, as well as to further explore the potential
contribution of pubertal development to patterns of neural
activity.  The most striking finding was a significant three-
way  interaction between age group, evaluative perspec-

tive, and domain within bilateral VS. Within the adolescent
sample, striatal recruitment differed significantly accord-
ing  to the perspective adopted and domain evaluated;
however, within the adult sample, striatal recruitment
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Fig. 4. Mean parameter estimates in ventral striatum across evaluative conditions. Interaction between evaluative perspective and domain. Panel (A)
illustrates  mean parameter estimates representing activity in the left ventral striatum (VS) cluster during reflected social self-evaluations within the

 activity
adult  group. Panel (B) illustrates mean parameter estimates representing
adolescent  group. Note: L = left; VS = ventral striatum.

did not significantly differ across conditions. Consistent
with our hypotheses, early adolescents recruited sig-
nificantly greater striatal activity during reflected social
self-evaluations, relative to reflected academic or physical
self-evaluations. In addition, adolescents recruited signif-
icantly  greater striatal activity during reflected social self-
evaluations from their best friend’s perspective, relative to
direct  social self-evaluations from their own perspective.
This suggests that reflected social self-evaluations repre-
sent  a unique form of self-processing during adolescence.

The results also revealed a positive correlation between

pubertal development and bilateral VS activity during
reflected social self-evaluations, again consistent with our
hypotheses. Specifically, more advanced pubertal develop-
ment  was associated with greater striatal recruitment. This
 in the left VS cluster during reflected social self-evaluations within the

suggests  that perceived social evaluations of close peers
may  be especially salient to adolescent self-evaluations,
relative to other domains (such as academic abilities or
physical  appearance), and this saliency may  increase with
pubertal  development and other age-related advances dur-
ing  adolescence.

4.1. Striatal activity and adolescent self-processing: the
roles  of saliency and peer influence

Previous research has suggested that regions of the

mesolimbic dopamine reward system, including the stria-
tum,  are commonly recruited during the processing of
salience  and valuation associated with reward (Knutson
et  al., 2005; McClure et al., 2004; Schultz, 1998). These
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Fig. 5. Positive relationship between pubertal development and striatal
activity during adolescent reflected social self-evaluations. Correlation
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etween average Pubertal Development Scale (PDS) scores and mean
arameter estimates representing activity in left ventral striatum (VS)
luster during adolescent reflected social self-evaluations. Note: L = left;
S  = ventral striatum.

egions are recruited during both the anticipation (Knutson
t  al., 2001) and receipt (Delgado et al., 2003) of monetary
Elliot et al., 2000; Knutson et al., 2000), appetitive (Volkow
t  al., 2002), and social (Lin et al., 2012) rewards. An
ncreasingly common perspective suggests that salience or
elevance  may  link reward-processing with self-processing
Northoff and Hayes, 2011). Research suggests that these
wo  processes are integrated and supported by common
triatal (VS and dorsal striatum [DS]) and frontal (mPFC and
CC)  regions (Camara et al., 2009; Enzi et al., 2009; Haber
nd  Knutson, 2010). In particular, striatal regions have been
mplicated in processing self-relatedness (de Greck et al.,
008)  and self-relevance (Enzi et al., 2009), as well as intrin-
ic  and personal value (Phan et al., 2004; Zink et al., 2003),
elf-disclosure (Tamir and Mitchell, 2012), and positive
ocial comparison (Fliessbach et al., 2007). Such studies
ay  suggest that either the self is reward-based and serves

s  a “valuation system” (de Greck et al., 2008), or that self-
rocessing and reward-processing, while distinct, occur in
arallel,  such that the self is processed along a “reward
ontinuum” (Northoff and Hayes, 2011). Regardless, this
onceptual framework is relevant to the interpretation of
he  current findings by suggesting that adolescent reflected
ocial  self-evaluations, made from the inferred perspective
f  a salient social target, the participant’s best friend, are
ighly  self-relevant, salient, or rewarding.

The current findings also converge with neuroimag-
ng research examining self-processing through the lens
f  peer social evaluations. Previous research has broadly
mplicated striatal regions in processing social influence
nd social relevance (Mason et al., 2009; Zaki et al., 2011;
or  a review, see Falk et al., 2012). More specifically, CMS
nd  striatal activity are recruited during both the antic-
pation and receipt of positive social evaluations (Davey
t  al., 2010; Gunther Moor et al., 2010; Guyer et al.,

012). Related studies have demonstrated that the salience
f  an adopted perspective modulates neural recruitment
uring adolescent self-processing. Adolescents recruit
reater CMS  when making inferences about the social
tive Neuroscience 8 (2014) 40–54 49

evaluations of their peers, relative to their parents (Pfeifer
et  al., 2009), and greater VS when making inferences
about the social evaluations of high interest, relative to low
interest,  peers (Guyer et al., 2009). This body of research
informs the interpretation of the current findings by sug-
gesting  that inferred evaluations of a highly regarded and
salient  peer (such as the participant’s best friend) may
be  particularly self-relevant, salient, or rewarding to ado-
lescent  self-processing. Furthermore, inferred evaluations
of  a close peer may  be more salient to adolescent social
self-evaluations, relative to not only perceived peer self-
evaluations within the academic and physical domains, but
also  direct social self-evaluations.

While  significant age group differences across condi-
tions were primarily localized within striatal regions (VS
and  DS), activity also extended into IFG. Previous research
has  implicated inferior prefrontal regions in self-processing
(Northoff et al., 2010; Ochsner et al., 2005; Pfeifer and
Peake, 2011) via support of processes such as autobio-
graphical memory (Greenberg et al., 2005), introspective
speech (Morin and Michaud, 2007), and self-relevance
more broadly (Kelley et al., 2002; Tacikowski et al., 2010).
Inferior prefrontal regions have also been implicated in
reward  processing (Rogers et al., 1999), including repre-
senting gradients of reward sensitivity (Ernst et al., 2004;
Goldstein et al., 2007).

4.2.  Striatal activity and adolescent self-processing: the
roles  of pubertal development and age

The current study also extends neuroimaging studies
investigating the relationship between pubertal develop-
ment  and both self-processing and peer influence. Past
research has reported a positive correlation between
pubertal development and vmPFC recruitment during
direct social, relative to direct verbal academic, self-
evaluations (Pfeifer et al., 2013b). Furthermore, studies
have shown that striatal recruitment during inferred social
evaluations of high interest, relative to low interest, peers
increases with age from preadolescence to adolescence
(Guyer et al., 2009).

The  current study found a similar positive relation-
ship between striatal recruitment during reflected social
self-evaluations (from the inferred perspective of the
participant’s best friend) and pubertal development.
This relationship remained marginally significant after
controlling for age. However, striatal recruitment during
reflected social self-evaluations did not significantly differ
between adolescent and adult age groups, although during
direct  social self-evaluations, recruitment was significantly
greater in adults than adolescents. These findings suggest
that  the significant three-way interaction between age
group,  evaluative perspective, and domain within bilateral
VS  was  driven by both within-group differences in adoles-
cent  striatal recruitment, and between-group differences
in  adolescent and adult striatal recruitment. More broadly,
these  findings suggest that during adolescence, perceived

social evaluations of highly salient peers become increas-
ingly  rewarding with pubertal development or age, and
this  heightened level of social saliency persists, without
further increase, throughout adulthood. However, this
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interpretation relies on reverse inference of VS function,
and should thus be considered with caution.

This proposed neurodevelopmental trajectory is consis-
tent  with the characterization of adolescence as a stage
of  significant social reorientation (Nelson et al., 2005),
as  well as reports of the heightened saliency of per-
ceived peer evaluations during adolescence (Vartanian,
2001). This framework also complements neurobiological
research demonstrating the influence of adolescent hor-
monal  changes on the reorganization of striatal reward
structures and increased dopamine release in striatal
regions (Li et al., 2010), which coincides with enhanced
reward sensitivity and increased reward-seeking behaviors
during  adolescence (Blakemore et al., 2010; Galvan, 2010;
Van  Leijenhorst et al., 2010).

4.3. Main effects of age group, evaluative perspective,
and domain: CMS  and beyond

In line with previous research, participants recruited
CMS, such as ventral, anterior rostral, and dorsal mPFC;
rostral, subgenual, and perigenual ACC; and Prec/PCC, dur-
ing  direct self-evaluations. This pattern of CMS  activity was
generally  observed across both age groups and all three
domains. Thus, the current study supports the role of CMS
in  self-processing, converging with past research. Likewise,
CMS  activity was generally observed during direct other-
and  reflected self-evaluations, again across age groups and
domains,  replicating previous findings (Heatherton et al.,
2006;  Mitchell et al., 2005; Pfeifer et al., 2009; Schmitz et al.,
2004).  It is noteworthy that while the neural correlates
of direct close-other evaluations have not been previously
examined in developmental samples, the patterns of CMS
activity  recruited during evaluations of the participant’s
best friend were consistent with adult research exploring
direct evaluations of similar or personally close others (Lou
et  al., 2004; Mitchell et al., 2005). Furthermore, the current
study  suggests that recruitment of CMS  during self- and
other-processing is domain-general, supporting both psy-
chological  and physical evaluations across development.
This finding adds to the limited number of adult neu-
roimaging studies investigating self-processing of physical
traits  (Kjaer et al., 2002; Lombardo et al., 2010; Moran et al.,
2011).  It also supplements developmental research specifi-
cally  examining self-processing within the verbal academic
domain (Pfeifer et al., 2007, 2009, 2013b), by highlighting
the role of CMS  across general academic self-processing.

CMS  were not the only regions centrally involved in
evaluative processing. In addition to striatal regions (as
discussed above), lateral frontal, temporal, and parietal
regions were implicated in some evaluative processes.
Young adults’ engagement of social cognition regions,
such as TPJ, during reflected self-evaluations replicates
past research examining mental state attribution and
reflected self-evaluations of psychological traits (Ochsner
et  al., 2005; Pfeifer et al., 2009; Saxe, 2006). Furthermore,

malleability-evaluations were supported by ventrolateral
PFC and other lateral frontal and parietal regions, but not
CMS,  which allowed this condition to function as an effec-
tive  high-level control.
tive Neuroscience 8 (2014) 40–54

In  addition, across evaluative perspectives and domains,
results demonstrated a main effect of age group within
prefrontal regions (including precentral gyrus and supe-
rior  frontal gyrus), posterior and inferior parietal regions,
and  middle occipital gyrus. Previous research has impli-
cated  the above frontal regions in direct psychological
and physical self-processing, agentic self-processing,
self-relevance, self-reference, direct psychological other-
processing, memory recall, perspective taking, resting state
activity,  and general evaluative processing (Craik et al.,
1999;  Kjaer et al., 2002; Lou et al., 2004; Moran et al.,
2011; Nakao et al., 2009; Ochsner et al., 2005; Pfeifer et al.,
2007;  Powell et al., 2009; Sebastian et al., 2012; Whitfield-
Gabrielli et al., 2011; Zhu et al., 2012; for reviews see
Gillihan and Farah, 2005; Legrand and Ruby, 2009; Qin
and  Northoff, 2011). Meanwhile, the above inferior pari-
etal  regions have been implicated in an overlapping set of
processes,  including direct psychological self-processing,
agentic self-processing, self-relevance, and direct psycho-
logical  other-processing (Kircher et al., 2002; Kjaer et al.,
2002;  Lou et al., 2004; Pfeifer et al., 2007; Powell et al.,
2009;  for reviews see Gillihan and Farah, 2005; Legrand and
Ruby,  2009). Middle occipital gyrus has also been impli-
cated  in direct self- and other-processing (Leube et al.,
2003;  Ochsner et al., 2004; Tacikowski et al., 2010). In the
current  study, across conditions, adults generally recruited
similar, but more robust, patterns of activity, relative to
adolescents (see Table S2 in Supplementary Materials). In
line  with this trend, the main effect of age group was  driven
by  greater recruitment in all of the aforementioned regions
by  the adult sample.

4.4.  Developmental trajectories in mPFC during
self-evaluative processing

Although  results from the current study replicate gen-
eral  patterns of activity commonly observed during self-
and  other-processing, they do not replicate some spe-
cific  developmental patterns previously observed within
CMS.  Several studies have reported an anterior–posterior
developmental shift during self-processing, such that ado-
lescents  recruit greater anterior regions (like mPFC), while
adults  recruit greater posterior regions (Blakemore et al.,
2007;  Burnett et al., 2009; Gunther Moor et al., 2012;
Pfeifer et al., 2007, 2009; Sebastian et al., 2012; Wang
et  al., 2006; for reviews, see Blakemore, 2008a, 2008b,
2012). In the current study, however, across many condi-
tions,  neural activity recruited by adolescents was clearly
less  robust than that of adults. Thus, while both ado-
lescents and adults recruited similar patterns of mPFC
activity during self- and other-processing, in some condi-
tions,  the magnitude of activity recruited by the adolescent
group did not reach statistical significance. In partic-
ular, activity recruited during adolescent direct social
self-evaluations was  weaker than expected, relative to
previous  research (Pfeifer et al., 2013b). Furthermore, con-
trary  to our hypotheses and inconsistent with previous

research (Pfeifer et al., 2009), adolescents did not recruit
significant social cognition regions, such as TPJ, during
direct or reflected self-evaluations, relative to malleability-
evaluations, nor greater activity than adults during direct
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elf-evaluations, relative to malleability-evaluations. These
ivergent  findings may  be driven by the implementation of

 novel control condition (evaluating trait malleability), the
doption  of a specific paradigm design [modeling condi-
ions  as events, not blocks, which may  represent transient,
ot  sustained, effects (e.g., Petersen and Dubis, 2011)], or
he  use of more conservative preprocessing/data analysis

ethods.

.5.  Limitations and future directions

The current study includes several limitations that
eveal prime areas for future research. First, the current
tudy investigated the neurodevelopmental trajectory of
elf-processing by adopting a cross-sectional design. This
pproach  afforded the comparison of early adolescent
nd young adult self-evaluations, which can be combined
ith previous cross-sectional research to begin charting
evelopmental changes in self-processing from preadoles-
ence to early adulthood. However, cross-sectional designs
ssume  that differences found between age groups and
cross  studies represent changes found within participants
cross development. Future research would benefit from
ross-sectional designs simultaneously examining multi-
le  age groups (e.g., preadolescence, early adolescence,
iddle adolescence, late adolescence, and early adult-

ood), or additional longitudinal designs that track changes
ithin  participants across multiple time points further

nto  adolescence. Another limitation, common to many
tudies, was the use of university-affiliated students to rep-
esent  a young adult sample. Recruiting adults from the
roader community would increase the generalizability of
uture  findings. In addition, future research should recruit
arger  sample sizes to further examine the role of pubertal
evelopment, and potential associated gender differences,
n  neural patterns of activity. While the current study
evealed a positive correlation between pubertal devel-
pmental and bilateral striatal activity during adolescent
eflected self-evaluations, larger sample sizes represent-
ng  a wider range of ages and pubertal stages may  be
ble  to better distinguish the unique contributions of age
nd  pubertal development. Furthermore, while the current
dolescent sample was too small to confidently conduct
ender comparisons, larger sample sizes would offer sig-
ificant  power for these analyses. As a future direction,
esearchers could examine atypical self-development in
arious  populations, including in youth with autism spec-
rum  disorders (Pfeifer et al., 2013a) or in the emergence of
epression  during adolescence, as this may  shed additional

ight  on normative developmental trajectories. Finally,
uture research could examine developmental differences
n  the perceived malleability of traits and coinciding neu-
odevelopmental patterns, as well as neurodevelopmental
ifferences in processing trait valence.

.6. Conclusions
The present study makes several significant contri-
utions toward better understanding the biological and
ocial  mechanisms underlying adolescent self-concept
evelopment. Specifically, this research complements
tive Neuroscience 8 (2014) 40–54 51

behavioral studies characterizing the influence of per-
sonal  and perceived peer evaluations across psychological
and physical domains. First, the current study demon-
strates that bilateral VS activity significantly differentiates
across conditions within the adolescent sample only, sug-
gesting  that the salience of adolescent self-evaluations
differs according to the perspective adopted and the
domain evaluated. Second, early adolescents recruit sig-
nificantly greater bilateral VS when making reflected
social self-evaluations from their best friend’s perspec-
tive. This confirms that personally close peers serve as
prominent social influences during adolescence, and per-
ceived  peer evaluations are highly self-relevant, salient,
or  rewarding – particularly within the social domain.
Third, results demonstrate that there is a positive correla-
tion  between pubertal status and bilateral VS recruitment
during reflected social self-evaluations, such that more
advanced pubertal development is associated with greater
striatal  activity. While the current study cannot distinguish
the  unique effects of age and pubertal status, the results
offer empirical support for the increasing social saliency of
peers  throughout adolescence, consistent with the social
reorientation theory of adolescence (Nelson et al., 2005).

Conflict of interest statement

None  declared.

Acknowledgements

KFJ  was supported by a National Science Foundation
Graduate Research Fellowship (2011122786), and JHP was
supported  by grants from the National Institutes of Health
(L40HD059442 and L40MH087356). The authors would
like  to thank Drs. Elliot Berkman and Sara Hodges for their
comments on earlier drafts, Taylor Blackthorne for aiding
in  recruitment and data entry, the Lewis Center for Neu-
roimaging for assisting in scanning, and the Developmental
Social Neuroscience Laboratory. The authors would also
like  to give a special thanks to the children and families who
participated in this study and made this research possible.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found,  in the online version, at http://dx.doi.org/10.1016/j.
dcn.2014.01.003.

References

Blakemore, S.-J., 2008a. Development of the social brain during adoles-
cence. Quarterly Journal of Experimental Psychology 61 (1), 40–49.

Blakemore, S.-J., 2008b. The social brain in adolescence. Nature Reviews
Neuroscience 9 (4), 267–277.

Blakemore, S.-J., 2012. Imaging brain development: the adolescent brain.
Neuroimage 61, 397–406.

Blakemore,  S.-J., Burnett, S., Dahl, R., 2010. The role of puberty in the
development of the adolescent brain. Human Brain Development 31,
926–933.
Blakemore, S.-J., den Ouden, Choudhury, S., Frith, C., 2007. Adolescent
development of the neural circuitry for thinking about intentions.
Social Cognitive and Affective Neuroscience 2, 30–139.

Broughton, J., 1978. Development of concepts of self, mind, reality, and
knowledge. New Directions for Child Development 1, 75–101.

http://dx.doi.org/10.1016/j.dcn.2014.01.003
http://dx.doi.org/10.1016/j.dcn.2014.01.003
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0005
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0015
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0020
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0025
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0030


tal Cogni
52 K.F. Jankowski et al. / Developmen

Buhrmester, D., 1996. Need fulfillment, interpersonal competence, and the
developmental contexts of early adolescent friendship. In: Bukowski,
W.,  Newcomb, A., Hartup, W.  (Eds.), The Company They Kee. Cam-
bridge University Press, New York, NY, pp. 158–185.

Burnett, S., Bird, G., Moll, J., Frith, C., Blakemore, S.-J., 2009. Development
during adolescence of the neural processing of social emotion. Journal
of Cognitive Neuroscience 21 (9), 1736–1750.

Camara, E., Rodriguez-Fornells, A., Münte, T.F., 2009. Functional connec-
tivity of reward processing. Frontiers in Human Neuroscience 2 (19),
1–14, http://dx.doi.org/10.3389/neuro.09.019.2008.

Choudhury, S., Blakemore, S.-J., Charman, T., 2006. Social cognitive
development during adolescence. Social Cognitive and Affective Neu-
roscience 1, 165–174.

Collins,  W.A., Russell, G., 1991. Mother–child and father–child relation-
ships in middle childhood and adolescence: a developmental analysis.
Developmental Review 11, 99–136.

Csikszentmihalyi, M.,  Larson, R., 1984. Being Adolescent. Basic Books, New
York,  NY.

Craik, F.I.M., Moroz, T.M., Moscovitch, M.,  Stuff, D.T., Winocur, G., Tul-
ving, E., Kaupr, S., 1999. In search of the self: a positron emission
tomography study. Psychological Science 10 (1), 26–34.

Damon,  W.,  Hart, D., 1982. The development of self-understanding from
infancy through adolescence. Child Development 53 (4), 841–864.

Damon,  W.,  Hart, D., 1988. Self-Understanding in Childhood and Adoles-
cence. Cambridge University Press, New York, NY.

Davey,  C.G., Allen, N.B., Harrison, B.J., Dwyer, D.B., Yucel, M.,  2010. Being
liked activates primary reward and midline self-related brain regions.
Human Brain Mapping 31, 660–668.

de Greck, M.,  Rotte, M.,  Paus, R., Moritz, D., Thiemann, R., Proesch, U., Bruer,
U.,  Moerth, S., Tempelmann, C., Bpgerts, B., Northoff, G., 2008. Is our
self based on reward? Self-relatedness recruits neural activity in the
reward system. Neuroimage 39, 2066–2075.

Delgado, M.R., Locke, H.M., Stenger, V.A., Fiez, J.A., 2003. Dorsal stria-
tum responses to reward and punishment: effects of valence and
magnitude manipulations. Cognitive, Affective, and Behavioral Neu-
roscience 3 (1), 27–38.

Dumontheil,  I., Apperly, I.A., Blakemore, S.-J., 2009. Online usage of the-
ory  of mind continues to develop in late adolescence. Developmental
Science 13 (2), 331–338.

Elkind,  D., 1967. Egocentrism in adolescence. Child Development 38 (4),
1025–1034.

Elkind, D., Bowen, D., 1979. Imaginary audience behavior in children and
adolescents. Developmental Psychology 15, 38–44.

Elliot, R., Friston, K.J., Dolan, R.J., 2000. Dissociable neural responses
in human reward systems. Journal of Neuroscience 20,
6159–6165.

Enzi, B., de Greck, M.,  Prosch, U., Tempelmann, C., Northoff, G.,
2009. Is our self nothing but reward? Neuronal overlap
and distinction between reward and personal relevance and
its relation to human personality. PLoS ONE 4 (12), e8429,
http://dx.doi.org/10.1371/journal.pone.0008429.

Erikson, 1963. Childhood and Society, 2nd edition. Norton, New York, NY.
Ersner-Hershfield, H., Wimmer, G.E., Knutson, B., 2009. Saving for the

future self: neural measures of future self-continuity predict temporal
discounting. Social Cognitive and Affective Neuroscience 4, 85–92.

Ernst, M., Nelson, E.E., McClure, E.B., Monk, C.S., Munson, S., Eshel, N.,
Zarahn, E., Leibenluft, E., Zametkin, A., Towbin, K., Blair, J., Charney,
D., Pine, D.S., 2004. Choice selection and reward anticipation: an fMRI
study. Neuropsychologia 42, 1585–1597.

Falk, E.B., Way, B.M., Jasinska, A.J., 2012. An imaging genetics approach
to understanding social influence. Frontiers in Human Neuroscience
6 (168), 1–13, http://dx.doi.org/10.3389/fnhum.2012.00168.

Fliessbach,  K., Weber, B., Trautner, P., Dohmen, T., Sunde, U., Elger, C.E.,
Falk, A., 2007. Social comparison affects reward-related brain activity
in the human ventral striatum. Science 318, 1305–1308.

Galvan, A., 2010. Adolescent development of the reward
system. Frontiers in Human Neuroscience 4 (6), 1–9,
http://dx.doi.org/10.3389/neuro.09.006.2010.

Gillihan, S.J., Farah, M.J., 2005. Is self special? A critical review of evidence
from experimental psychology and cognitive neuroscience. Psycho-
logical Bulletin 131 (1), 76–97.

Goldstein, R.Z., Tomasi, D., Akia-Klein, N., Cottone, L.A., Zhang, L., Telang,
F., Volkow, N.D., 2007. Subjective sensitivity to monetary gradients is
associated with frontolimbic activation to reward in cocaine abusers.

Drug and Alcohol Dependence 87, 233–240.

Greenberg, D.L., Rice, H.J., Cooper, J.J., Cabeza, R., Rubin, D.C., LaBar,
K.S., 2005. Co-activation of the amygdala, hippocampus, and inferior
frontal gyrus during autobiographical memory retrieval. Neuropsy-
chologia 43 (5), 659–674.
tive Neuroscience 8 (2014) 40–54

Grinband, J., Wager, T.D., Lindquist, M.,  Ferrera, V.P., Hirsch, J., 2008.
Detection of time-varying signals in event-related fMRI designs. Neu-
roimage 43 (3), 509–520.

Gunther  Moor, B., van Leijenhorst, L., Rombouts, S.A.R.B., Crone, E.A.,
Van der Molen, M.W.,  2010. Do you like me? Neural correlates of
social evaluation and developmental trajectories. Social Neuroscience
5 (5–6), 461–482.

Gunther Moor, B., Op de Macks, Z.A., Güroglu, B., Rombouts, S.A.R.B., Van
der  Molen, M.W., Crone, E.A., 2012. Neurodevelopmental changes of
reading the mind in the eyes. Social Cognitive and Affective Neuro-
science 7 (1), 44–52.

Guyer,  A.E., McClure-Tone, E.B., Shiffrin, N.D., Pine, D.S., Nel-
son, E.E., 2009. Probing the neural correlates of anticipated
peer evaluation in adolescence. Child Development 80 (4),
1000–1015.

Guyer, A.E., Choate, V.R., Pine, D.S., Nelson, E.E., 2012. Neural circuitry
underlying affective response to peer feedback in adolescence. Social
Cognitive and Affective Neuroscience 7, 81–92.

Haber, S.N., Knutson, B., 2010. The reward circuit: linking primate anatomy
and human imaging. Neuropsychopharmacology 35, 4–26.

Harter,  S., 1990. Self and identity development. In: Feldman, S.S., Elliot,
G.R. (Eds.), At the Threshold: The Developing Adolescent. Harvard
University Press, Cambridge, MA,  pp. 388–413.

Harter, S., 1998. The development of self-representations. In: Damon, W.,
Eisenberg, N. (Eds.), Handbook of Child Psychology: Vol. 3, Social, Emo-
tional, and Personality Development. , 5th ed. Wiley, New York, NY,
pp. 553–617.

Harter, S., 1999. The Construction of the Self: A Developmental Perspec-
tive. Guilford, New York, NY.

Harter, S., Waters, P., Whitesell, N.R., 1998. Relational self-worth:
differences in perceived worth as a person across interper-
sonal contexts among adolescents. Child Development 69 (3),
756–766.

Heatherton, T.F., Wyland, C.L., Macrae, N.M., Demos, K.E., Denny, B.T., Kelly,
W.M.,  2006. Medial prefrontal activity differentiates self from close
others. Social Cognitive and Affective Neuroscience 1, 18–25.

Kaufman,  A.S., Kaufman, N.L., 2004. Kaufman Brief Intelligence Test, 2nd
edition. American Guidance Service Inc., Circle Pines, MN.

Kelley,  W.M.,  Macrae, C.N., Wyland, C.L., Caglar, S., Inati, S., Heatherton,
T.F., 2002. Finding the self? An event-related fMRI study. Journal of
Cognitive Neuroscience 14 (5), 785–794.

Kjaer, T.W., Nowak, M.,  Lou, H.C., 2002. Reflective self-awareness and con-
scious states: PET evidence for a common midline parietofrontal core.
Neuroimage 17, 1080–1086.

Kircher,  T.T.J., Brammer, M., Bullmore, E., Simmons, A., Bartels, M.,  David,
A.S., 2002. The neural correlates of intentional and incidental self-
processing. Neuropsychologia 40, 683–692.

Knutson, B., Fong, G.W., Adams, C.M., Varner, J.L., Hommer, D., 2001. Disso-
ciation of reward anticipation and outcome with event-related fMRI.
Neuroreport 12, 3683–3687.

Knutson,  B., Taylor, J., Kaufman, M.,  Peterson, R., Glover, G., 2005.
Distributed neural representation of expected value. Journal of Neu-
roscience 25 (19), 4806–4812.

Knutson,  B., Westdorp, A., Kaiser, E., Hommer, D., 2000. FMRI visualization
of brain activity during a monetary incentive delay task. Neuroimage
12, 20–27.

Larson, R., Richards, M.H., 1991. Daily companionship in late child-
hood and early adolescence: changing developmental contexts. Child
Development 62, 284–300.

Legrand,  D., Ruby, P., 2009. What is self-specific? Theoretical investigation
and critical review of neuroimaging results. Psychological Review 116
(1),  252–282.

Li,  S.C., Lindenberger, U., Bäckman, L., 2010. Dopaminergic modulation
of cognition across development. Neuroscience and Biobehavioral
Reviews 34, 625–630.

Lin,  A., Adolphs, R., Rangel, A., 2012. Social and monetary reward learning
engage overlapping neural substrates. Social, Cognitive, and Affective
Neuroscience 7, 274–281.

Lombardo,  M.V., Chakrabarti, B., Bullmore, E.T., Wheelwright, S.J., Sadek,
S.A., Suckling, J., MRC  AIMS Consortium, Baron-Cohen, S., 2010. Shared
neural circuits for mentalizing about the self and others. Journal of
Cognitive Neuroscience 22 (7), 1623–1635.

Lou, H.C., Luber, B., Crupain, M.,  Keenan, J.P., Nowak, M.,  Kjae, T.W., Sack-
eim, H.A., Lisanby, S.H., 2004. Parietal cortex and representation of

the mental self. Proceedings of the National Academy of Sciences 101
(17), 6827–6832.

Leube, D.T., Knoblich, G., Erb, M.,  Kircher, T.T.J., 2003. Observing one’s hand
become anarchic: an fMRI study of action identification. Conscious-
ness and Cognition 12, 597–608.

http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0035
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0040
dx.doi.org/10.3389/neuro.09.019.2008
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0050
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0055
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0060
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0060
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0060
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0060
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0060
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0060
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0060
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0065
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0070
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0075
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0080
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0085
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0090
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0095
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0100
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0105
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0110
dx.doi.org/10.1371/journal.pone.0008429
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0120
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0120
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0120
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0120
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0120
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0120
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0120
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0120
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0120
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0125
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0130
dx.doi.org/10.3389/fnhum.2012.00168
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0140
dx.doi.org/10.3389/neuro.09.006.2010
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0150
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0155
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0160
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0165
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0170
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0175
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0180
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0185
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0190
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0195
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0200
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0205
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0210
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0215
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0220
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0225
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0230
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0235
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0240
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0245
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0250
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0255
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0260
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0265
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0270
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0275
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0280
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285
http://refhub.elsevier.com/S1878-9293(14)00005-X/sbref0285


al Cogni

M

M

M

M

M

M

M

M

M

M

N

N

N

N

N

N

O

P

P

P

P

P

P

K.F. Jankowski et al. / Development

acrae, C.N., Moran, J.M., Heatherton, T.F., Banfield, J.F., Kelley, W.M.,
2004. Medial prefrontal activity predicts memory for self. Cerebral
Cortex 14, 647–654.

arsh,  H.W., 1989. Age and sex effects in multiple dimensions of self-
concept: preadolescence to early adulthood. Journal of Educational
Psychology 81 (3), 417–430.

ason,  M.F., Dyer, R., Norton, M.I., 2009. Neural mechanisms of social
influence. Organizational Behavior and Human Decision Processesm
110.

asten, A.S., Coatsworth, J.D., Neeman, J., Gest, S.D., Tellegen, A.,
Garmezy, N., 1995. The structure and coherence of competence
from childhood through adolescence. Child Development 66 (6),
1635–1659.

cClure, S.M., York, M.K., Montague, P.R., 2004. The neural substrates of
reward processing in humans: the modern role of fMRI. Neuroscientist
10, 260–268.

itchell, J.P., Banaji, M.R., Macrae, C.N., 2005. The link between social
cognition and self-referential thought n the medial prefrontal cortex.
Journal of Cognitive Neuroscience 17 (8), 1306–1315.

ontemayor, R., Einsen, M.,  1977. The development of self-conceptions
from childhood to adolescence. Developmental Psychology 13 (4),
314–319.

oore III, W.E., Merchant, J.S., Kahn, L.E., Pfeifer, J.H., 2013. Like me?: ven-
tromedial prefrontal cortex is sensitive to both personal relevance and
self-similarity during social comparison. Social Cognitive and Affec-
tive Neuroscience, http://dx.doi.org/10.1093/scan/nst007.

oran,  J.M., Lee, S.M., Gabrielli, J.D.E., 2011. Dissociable neural sys-
tems supporting knowledge about human character and appearance
in ourselves and others. Journal of Cognitive Neuroscience 23 (9),
2222–2230.

orin, A., Michaud, J., 2007. Self-awareness and the left inferior frontal
gyrus: inner speech use during self-related processing. Brain Research
Bulletin 74, 387–396.

akao,  T., Miyatani, M.,  Nakao, M.,  Takezawa, T., Maruishi, M.,  Mauranaka,
H., Dojo, H., 2009. Does medial prefrontal cortex activity during
self-knowledge reference reflect the uniqueness of self-knowledge?
Japanese Psychological Research 51 (2), 69–84.

elson, E.E., Leinbenluft, E., McClure, E.B., Pine, D.S., 2005. The social
re-orientation of adolescence: a neuroscience perspective on the pro-
cess and its relation to psychopathology. Psychological Medicine 35,
163–174.

orthoff, G., Hayes, D.J., 2011. Is our self nothing but reward? Biological
Psychiatry 69 (11), 1019–1025.

orthoff, G., Heinzel, A., de Greck, M.,  Bermpohl, F., Dobrowolny,
H., Panksepp, 2006. Self-referential processing in our brain: a
meta-analysis of imaging studies of the self. Neuroimage 31,
440–457.

orthoff, G., Qin, P., Feinberg, T.E., 2010. Brain imaging of the self-
conceptual, anatomical, and methodological issues. Consciousness
and Cognition 20 (1), 52–63.

urmi, J.-E., 2004. Socialization and self-development: channeling, selec-
tion,  adjustment, and reflection. In: Lerner, R.M., Steinberg, L. (Eds.),
Handbook of Adolescence Psychology. , 2nd ed. Wiley, Hoboken, NJ,
pp. 85–124.

chsner, K.N., Beer, J.S., Robertson, E.R., Cooper, J.C., Gabrieli, J.D., Kih-
sltrom, J.F., et al., 2005. The neural correlates of direct and reflected
self-knowledge. Neuroimage 28 (4), 797–814.

etersen, A., Crockett, L., Richards, M.,  Boxer, A., 1988. A self-report mea-
sure of pubertal status: reliability, validity, and initial norms. Journal
of Youth and Adolescence 17 (2), 117–133.

etersen, S.E., Dubis, J.W., 2011. The mixed block/event-related design.
Neuroimage 62 (2), 1177–1184.

feifer, J.H., Lieberman, M.D., Dapretto, M.,  2007. I know you are but
what am I?: neural bases of self- and social knowledge retrieval
in children and adults. Journal of Cognitive Neuroscience 19 (8),
1323–1337.

feifer, J.H., Masten, C., Borofsky, L.A., Dapretto, M.,  Fuligni, A.J., Lieberman,
M.D., 2009. Neural correlates of direct and reflected self-appraisals in
adolescents and adults: when social perspective-taking informs self-
perception. Child Development 80 (4), 1016–1038.

feifer, J.H., Merchant, J.S., Colich, N.L., Hernandez, L.M., Rudie, J.D.,
Dapretto, M., 2013a. Neural and behavioral responses during self-
evaluative processes differ in youth with and without autism. Journal
of Autism and Developmental Disorders 43 (2), 272–285.
feifer,  J.H., Kahn, L.E., Merchant, J.S., Peake, S.A., Veroude, K., Masten,
C.L., Lieberman, M.D., Mazziotta, J.C., Dapretto, M.,  2013b. Longitu-
dinal change in the neural bases of adolescent social self-evaluations:
effects of age and pubertal development. Journal of Neuroscience,
http://dx.doi.org/10.1523/JNEUROSCI.4074-12.2013.
tive Neuroscience 8 (2014) 40–54 53

Pfeifer, J.H., Peake, S.J., 2011. Self-development: integrating cognitive,
socioemotional, and neuroimaging perspectives. Developmental Cog-
nitive Neuroscience 2, 55–69.

Phan, K.L., Taylor, S.F., Welsh, R.C., Ho, S.-H., Britton, J.C., Liberzon, I., 2004.
Neural correlates of individual ratings of emotional salience: a trial-
related fMRI study. Neuroimage 21, 768–780.

Powell, L.J., Macrae, C.N., Cloutier, J., Metcalfe, J., Mitchell, J.P., 2009. Disso-
ciable neural substrates of agentic versus conceptual representations
of self. Journal of Cognitive Neuroscience 22 (10), 2186–2197.

Qin,  P., Northoff, G., 2011. How is our self related to midline regions and
the  default-mode network? Neuroimage 57, 1221–1233.

Ray,  R.D., Shelton, A.L., Hollon, N.G., Michel, B.D., Frankel, C.B., Gross,
J.J., Gabrielli, J.D.E., 2009. Cognitive and neural development of indi-
viduated self-representation in children. Child Development 80 (4),
1232–1242.

Rogers, R.D., Owen, A.M., Middleton, H.C., Williams, E.J., Pickard, J.D.,
Sahakian, B.J., Robbins, T.W., 1999. Choosing between small, likely
rewards and large, unlikely rewards activates inferior and orbital pre-
frontal cortex. Journal of Neuroscience 20 (19), 9029–9038.

Rosenberg, M.,  1979. Conceiving the Self. Basic Books, New York, NY.
Saxe, R., 2006. Uniquely human social cognition. Current Opinion in Neu-

robiology 16, 235–239.
Schmitz,  T.W., Kawahara-Baccus, T.N., Johnson, S.C., 2004. Metacognitive

evaluation, self-relevance, and the right prefrontal cortex. Neuroim-
age 22, 941–947.

Schultz, W.,  1998. Predictive reward signal of dopamine neurons. Journal
of  Neurophysiology 80 (1), 1–27.

Sebastian, C.L., Fontaine, N.M.G., Bird, G., Blakemore, S.-J., De Brito, S.A.,
McCrory, E.J.P., Viding, E., 2012. Neural processing associated with
cognitive and affective Theory of Mind in adolescents and adults.
Social Cognitive and Affective Neuroscience 7 (1), 53–63.

Secord,  P., Peevers, B., 1974. The development of social cognition. In: Mis-
chel, T. (Ed.), Understanding Other Persons. Blackwell, Oxford, UK.

Selman, R., 1980. The Growth of Interpersonal Understanding. Academic
Press, New York, NY.

Shirk,  S.R., Renouf, A.G., 1992. The tasks of self-development in mid-
dle childhood and early adolescence. In: Lipka, R.P., Brinthaupt, T.M.
(Eds.), Self-Perspectives Across the Lifespan. State University of New
York Press, Albany, NY, pp. 53–89.

Shrauger, J.S., Schoeneman, T.J., 1979. Symbolic interactionist view of self-
concept: through the looking glass darkly. Psychological Bulletin 37,
273–285.

Steinberg, L., Morris, A.S., 2001. Adolescent development. Annual Review
of  Psychology 52, 83–110.

Steinberg,  L., Silverberg, S., 1986. The vicissitudes of autonomy in early
adolescence. Child Development 57, 841–851.

Sussman, S., Dent, C.W., McAdams, L.A., Stacy, A.W., Burton, D., Flay, B.R.,
1994. Group self-identification and adolescent cigarette smoking: a
1-year prospective study. Journal of Abnormal Psychology 103 (3),
576–580.

Tacikowski, P., Brechmann, A., Marchewka, A., Jednorog, K., Dobrowolny,
M.,  Nowicka, A., 2010. Is it about the self of the significance? An fMRI
study of self-name recognition. Social Neuroscience 6 (1), 98–207.

Tamir,  D.I., Mitchell, J.P., 2012. Disclosing information about the self is
intrinsically rewarding. Proceedings of the National Academy of Sci-
ences 109 (21), 8038–8043.

Tice,  D.M., Wallace, H.M., 2003. The reflected self: creating yourself as, (you
think)  others see you. In: Leary, M.R., Tangney, J.P. (Eds.), Handbook
of Self and Identity. Guilford, New York, NY, pp. 91–105.

Thesen,  S., Held, O., Muller, E., Scad, L.R., 2000. Prospective acquisition
correction for head motion with image-based tracking for real-time
fMRI. Magnetic Resonance in Medicine 44 (3), 457–465.

Van  Leijenhorst, L., Zanolie, K., van Meel, C.S., Westenberg, P.M., Rom-
bounts, S.A.R.B., Crone, E.A., 2010. What motivates the adolescent?
Brain regions mediating reward sensitivity across adolescence. Cere-
bral Cortex 20, 61–69.

Vartanian,  L.R., 2001. Adolescents’ reactions to hypothetical peer group
conversations: evidence for an imaginary audience? Adolescence 36
(142), 347–380.

Volkow, N.D., Wang, W.J., Fowler, J.S., Logan, J., Jayne, M.,  Francschi,
D., Wong, C., Gatley, S.J., Gifford, A.N., Ding, Y.-S., Pappas, N., 2002.
Nonhedonic food motivation in humans involves dopamine in the
dorsal striatum and methylphenidate amplifies this effect. Synapse
44, 175–180.
Wang, A.T., Lee, S.S., Sigman, M.,  Dapretto, M.,  2006. Developmental
changes in the neural basis of interpreting communicative intent.
Social Cognitive and Affective Neuroscience 1 (2), 107–121.

Whitfield-Gabrielli, S., Moran, J.M., Nieto-Castañón, A., Triantafyllou, C.,
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