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a  b  s  t  r  a  c  t

The  late  positive  potential  (LPP)  is  an event-related  potential  (ERP)  component  that  indexes
sustained  attention  toward  motivationally  salient  information.  The  LPP  has  been  observed
in children  and  adults,  however  little  is known  about  its  development  from  childhood  into
adolescence.  In  addition,  whereas  LPP  studies  examine  responses  to images  from  the  Inter-
national  Affective  Picture  System  (IAPS;  Lang  et  al., 2008)  or  emotional  faces,  no  previous
studies  have  compared  responses  in youth  across  stimuli.  To  examine  how  emotion  inter-
acts  with  attention  across  development,  the  current  study  used  an  emotional-interrupt  task
to  measure  LPP  and  behavioral  responses  in 8-  to 13-year-olds  using  unpleasant,  pleas-
ant, and neutral  IAPS  images,  as  well  as  sad,  happy,  and  neutral  faces.  Compared  to  older
youth,  younger  children  exhibited  enhanced  LPPs  over  occipital  sites.  In  addition,  sad  but
not happy  faces  elicited  a  larger  LPP  than  neutral  faces;  behavioral  measures  did  not  vary

across  facial  expressions.  Both  unpleasant  and  pleasant  IAPS  images  were  associated  with
increased  LPPs  and  behavioral  interference  compared  to  neutral  images.  Results  suggest
that there  may  be  developmental  differences  in  the  scalp  distribution  of  the  LPP,  and  com-
pared  to faces,  IAPS  elicit  more  robust  behavioral  and  electrocortical  measures  of  attention
to  emotional  stimuli.
. Introduction

Because emotions are multi-faceted constructs, psy-
hophysiological measures can be useful in highlighting
rocesses that may  not be observable through behavioral
r subjective measures (Larsen et al., 2008; Santerre and
llen, 2007). In particular, event-related potentials (ERPs)
re especially useful for studying early neural responses
o emotional stimuli across development because they are
on-invasive, temporally sensitive and can be reliably mea-
ured across childhood (Banaschewski and Brandeis, 2007;

elson and McCleery, 2008). The late positive potential

LPP) is an ERP component that indexes sustained attention
oward, and elaborative processing of, emotional stimuli
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(Cuthbert et al., 2000; Hajcak et al., 2011; Olofsson et al.,
2008). The LPP may  provide insight into the ways in which
emotional processing interacts with attention across both
typical and atypical development. However, in order to
apply ERP methods to understanding these processes from
a developmental psychopathology perspective, it is first
necessary to identify factors that influence behavioral and
LPP measures of emotional processing across typical devel-
opment.

1.1. Late positive potential

Numerous studies have examined the LPP as a measure
of emotional reactivity in adults. The LPP is a sustained ERP

component that begins approximately 200 ms  after stim-
ulus onset and continues throughout stimulus duration
and even beyond offset (Cuthbert et al., 2000; Hajcak and
Olvet, 2008). The LPP is enhanced for emotional compared
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to neutral stimuli and appears to reflect selective and sus-
tained attention toward emotional stimuli, and activation
of motivational systems that respond to salient informa-
tion (Cuthbert et al., 2000; Foti et al., 2009; Hajcak et al.,
2011; Olofsson et al., 2008). It has been linked to activation
in the extrastriate visual system, which is likely to form a
feedback loop with the neural circuitry underlying motiva-
tional systems, including the amygdala (Lang and Bradley,
2010; Sabatinelli et al., 2007). In addition, recent work in
adults suggests that emotional processing, as indexed by
the LPP, is associated with stronger connectivity between
occipito-parietal cortex and frontal networks relative to the
processing of neutral information (Moratti et al., 2011).

In adults, many studies of the LPP have used images from
the International Affective Picture System (IAPS; Lang et al.,
2008; e.g., Cuthbert et al., 2000; Foti et al., 2009; Weinberg
and Hajcak, 2010); however, the LPP has also been observed
in response to emotional faces (e.g., Schupp et al., 2004),
words (e.g., Naumann et al., 1992), and even gestures
(Flaisch et al., 2011). Images from IAPS can be grouped
into broad categories of unpleasant, pleasant and neutral.
Though IAPS images differ in visual complexity, ranging
from simple figure-ground images to complex scenes, there
is evidence that the LPP is more sensitive to motivational
salience than perceptual organization (Bradley et al., 2007).

Although many studies have used passive viewing
paradigms to examine electrocortical reactivity to emo-
tional images in children and adults (e.g., Foti et al.,
2009; Hajcak and Dennis, 2009; Kujawa et al., 2012;
Weinberg and Hajcak, 2010), paradigms that incorporate
active responses allow for the simultaneous examination of
electrocortical and behavioral measures. For example, the
emotional interrupt paradigm involves the presentation of
an emotional image both before and after a target that the
participant must categorize (Mitchell et al., 2006). Though
ERPs are typically only examined in response to the pre-
target image, presenting the emotional image before and
after the target temporally surrounds the target by an emo-
tional distracter. Trials involving emotional images (both
pleasant and unpleasant) have been associated with slower
reaction times to the target. In addition, recent work links
delayed response times in this paradigm with enhanced
LPPs (Weinberg and Hajcak, 2011), suggesting that sus-
tained attention to the emotional stimulus, as measured
by the LPP, interferes with subsequent processing of the
target.

1.2. Development of the LPP

The LPP has been identified in response to IAPS images
in early to middle childhood (Hajcak and Dennis, 2009)
and in response to emotional faces in a large sample of
6-year-old children (Kujawa et al., 2012). Though there is
some evidence of developmental changes in the LPP, the
nature and timing of the changes remain unclear. The LPP in
adults is typically apparent over centro-parietal electrode
sites, whereas early findings suggest that the LPP in early

to middle childhood may  be maximal over more occipi-
tal sites (Hajcak and Dennis, 2009; Kujawa et al., 2012).
In addition, there is some evidence of a developmental
shift in the scalp distribution of LPPs in response to IAPS
 Neuroscience 2 (2012) 458– 467 459

images, with younger adolescents showing enhanced pos-
itivities at occipital sites compared to older adolescents
and young adults (Gao et al., 2010). Evidence from func-
tional magnetic resonance imaging (fMRI) studies suggests
that the neural circuitry underlying emotional process-
ing may  change from childhood to adolescence, with a
shift from enhanced processing in subcortical regions to
greater involvement of the prefrontal cortex (Monk, 2008;
Yurgelun-Todd and Killgore, 2006). Nonetheless, the ways
in which developmental changes in cortical processing of
emotional information translate to ERP measures remain
unclear. Thus, the current study examined the LPP and
behavioral measures in both middle childhood and ado-
lescence to identify potential developmental changes. In
addition, though both emotional faces and images from
IAPS are commonly used to measure the LPP, the ways in
which different types of emotional information influence
attention in children and adolescents are not well under-
stood. Among adults, there is evidence that IAPS images are
more arousing than emotional faces (Britton et al., 2006),
suggesting that IAPS images may  also be associated with
enhanced LPPs compared to emotional faces. However, pre-
vious studies have not directly compared electrocortical
responses to, or behavioral interference from, different sets
of emotional images.

1.3. Current study

In order to evaluate the ways in which emotional stimuli
interfere with attention across development, the current
study examined behavioral and electrocortical reactivity to
emotional faces and IAPS images in middle childhood (ages
8–10) and late childhood/early adolescence (ages 11–13).
The first goal was to examine developmental changes in the
scalp distribution and magnitude of the LPP from childhood
to early adolescence. Based on previous work, we  hypoth-
esized that younger children would show LPPs over more
occipital sites compared to older children/adolescents. The
second goal was  to compare electrocortical reactivity and
behavioral interference effects across stimuli to determine
the extent to which emotional faces and IAPS images elicit
LPPs and are associated with behavioral interference in
children and adolescents. We  hypothesized that emotional
IAPS images would be associated with a larger LPP and
greater behavioral interference than emotional faces.

2. Methods

2.1. Participants

Participants were recruited from Stony Brook and the
surrounding community using a commercial mailing list.
Sixty-seven youth between the ages of 8 and 13 partic-
ipated in the study. For the faces version of the task,
data were excluded for 3 participants due to poor EEG
data quality, 5 participants due to poor behavioral per-
formance (accuracy below 75%), and 1 participant due to

a technical error. Therefore, data from 58 children were
included in analyses of the faces version of the task. For
the IAPS version, 9 parents refused participation due to the
nature of the images. In addition, data were excluded for
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Table 1
Demographics and behavioral results for children included in analyses of the faces and IAPS versions of the task.

Faces version (N = 58) IAPS version (N = 53)
M  (SD) M (SD)

Age 10.81 (1.33) 10.96 (1.53)

Faces version (N = 58) IAPS version (N = 53)
% %

Caucasian 86.2 84.9
African-American 1.7 1.9
Asian-American 5.2 5.7
Hispanic/Latino 6.9 7.5
Age  10 and under 43.1 37.7

Faces version (N = 58) IAPS version (N = 53)
M  (SD) M (SD)

Neutral faces RT 576.00 (205.84) Neutral IAPS RT 571.55 (187.48)
Sad  faces RT 572.78 (205.82) Unpleasant IAPS RT 587.03 (192.52)
Happy  faces RT 573.16 (202.04) Pleasant IAPS RT 583.73 (188.97)
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Neutral faces accuracy 95.35 (4.47)
Sad  faces accuracy 95.40 (4.58) 

Happy faces accuracy 96.10 (3.72) 

 participant due to poor EEG data quality, 3 participants
ue to low accuracy, and 1 participant due to a technical
rror. Thus, data for 53 children were included in analyses
f the IAPS version. For analyses focusing on a single task,
ll children with useable data on that task were included.

 total of 51 children had useable data for both tasks
nd were included in analyses across tasks. Mean age and
acial/ethnic distribution for each set of analyses are pre-
ented in Table 1.

.2. Emotional-interrupt task

.2.1. Faces version
The task was administered using Presentation software

Neurobehavioral Systems, Inc.).
A total of 60 emotional face images1 were selected from

he Karolinska dataset (Lundqvist et al., 1998). Twenty
ctors (10 males, 10 females) were selected, each with an
mage of a happy expression, neutral expression, and sad
xpression. Each image was randomly presented once in
ach of two blocks for a total of 120 trials. Each trial began
ith an 800 ms  fixation (+), then an image was  presented

or 1000 ms  followed by a target (< or >) presented for
50 ms  and the same picture presented for an additional
00 ms.  The target was an arrow pointed to the left or to
he right, and participants were required to press either the
eft or right button on a mouse to indicate the direction of

he arrow. The intertrial interval varied randomly between
500 and 2000 ms.

1 Faces used were: happy (AF01HAS, AF05HAS, AF07HAS, AF09HAS,
F13HAS, AF19HAS, AF22HAS, AF26HAS, AF31HAS, AF32HAS, AM08HAS,
M10HAS, AM11HAS, AM13HAS, AM14HAS, AM17HAS, AM25HSA,
M31HAS, BM05HAS, BM16HAS); neutral (AF01NES, AF05NES, AF09NES,
F13NES, AF19NES, AF22NES, AF26NES, AF31NES, AM08NES, AM10NES,
M11NES, AM13NES, AM14NES, AM17NES, AM25NES, AM31NES,
F07NES, BF32NES, BM05NES, BM16NES); sad (AF01SAS, AF05SAS,
F07SAS, AF09SAS, AF13SAS, AF19SAS, AF22SAS, AF26SAS, AF31SAS,
F32SAS, AM08SAS, AM11SAS, AM13SAS, AM14SAS, AM17SAS, AM25SAS,
M31SAS, BM05SAS, BM10SAS, BM16SAS).
Neutral IAPS accuracy 95.19 (5.28)
Unpleasant IAPS accuracy 93.26 (5.41)
Pleasant IAPS accuracy 94.76 (4.34)

2.2.2. IAPS version
A total of 60 developmentally appropriate pictures were

selected from the IAPS (Lang et al., 2008). Of these, 20
depicted pleasant scenes (e.g., children playing, cute ani-
mals, babies), 20 depicted neutral scenes (e.g., people
in neutral situations, neutral outdoor scenes, household
objects), and 20 depicted unpleasant scenes (e.g., sad or
angry people, weapons, aggressive animals).2 Other than
the stimuli used, the IAPS version of the task was identical
to the faces version described above.

2.3. Procedure

After assent was  obtained from child participants
and written informed consent was  obtained from par-
ents, electroencephalograph (EEG) sensors were attached
and participants completed a total of four tasks, fol-
lowed by an additional paradigm measuring the startle
reflex. The current study focuses only on data from the
emotional-interrupt paradigm, and the results of other
tasks administered during the same experimental session
are presented elsewhere (Bress et al., 2012; Glenn et al.,
2011; Meyer et al., 2012). All tasks were counterbalanced,
such that the order of the tasks varied across participants,
and all possible combinations of orders were presented;
however, the two versions of the emotional-interrupt
task always followed one another. At the start of each
emotional-interrupt task, the participant was instructed to

press the left or right button on a mouse to indicate the
direction of the arrow on the screen. Prior to the start of
each task, participants completed 10 practice trials.

2 IAPS pictures used were: pleasant (1463, 1710, 1750, 1811, 2070,
2091, 2092, 2224, 2340, 2345, 2347, 7325, 8031, 8200, 8461, 8496, 8497,
8370, 7400, 7330); neutral (5395, 7026, 7130, 7190, 7175, 2514, 7038,
2580, 5390, 7090, 5500, 5731, 5740, 7100, 5900, 7000, 7002, 7009, 7010,
7039); unpleasant (1050, 1052, 6571, 1205, 1200, 1300, 1304, 1930, 2458,
9600, 2691, 2703, 2800, 2811, 2900, 3022, 6190, 6213, 6231, 6510).
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2.4. Psychophysiological recording, data reduction and
analysis

Throughout the task, the continuous EEG was  recorded
using a 34-channel Biosemi system based on the 10/20
system (32 channel cap with the addition of Iz and FCz).
Two electrodes were placed on the left and right mastoids,
and the electrooculogram (EOG) generated from eye blinks
and movements was recorded from four facial electrodes:
two approximately 1 cm above and below the participant’s
left eye, one approximately 1 cm to the left of the left eye
and one approximately 1 cm to the right of the right eye.
The ground electrode during acquisition was formed by
the Common Mode Sense active electrode and the Driven
Right Leg passive electrode. The data were digitized using
ActiView software at 24-bit resolution with a LSB value of
31.25 nV and a sampling rate of 1024 Hz, using a low-pass
fifth order sinc filter with a half-power cutoff of 204.8 Hz.
Off-line analysis was performed using Brain Vision Ana-
lyzer software (Brain Products). All data were converted
to a mastoid reference and band-pass filtered with cut-
offs of 0.1 and 30 Hz. The EEG was segmented for each
trial, beginning 200 ms  before each picture onset and con-
tinuing for 1000 ms  after onset. The EEG was corrected
for eye blinks using the method developed by Gratton
et al. (1983).  Artifact rejection was completed using semi-
automated procedures and the following criteria: a voltage
step of more than 50 �V between sample points, a voltage
difference of 300 �V within a trial, and a maximum volt-
age difference of less than 0.5 �V within 100 ms  intervals.
Visual inspection was then used to reject trials in which
additional artifacts were observed.

ERPs were constructed by separately averaging the pic-
ture types (i.e., happy, neutral, and sad faces; pleasant,
neutral, and unpleasant IAPS). Only correct trials with
responses between 150 and 2100 ms  after target onset
were included in average (see average accuracy rates in
Table 1). For each ERP average, the average activity in the
200 ms  window prior to picture onset served as the base-
line. The LPP was scored as the mean activity 400 and
1000 ms  after the onset of the pre-target image averaged
across midline parietal (P3, P4, and Pz) and occipital sites
(O1, O2, and Oz). Behavioral analyses were calculated with
each participant’s mean reaction time (RT) for correct tri-
als and overall accuracy for each emotion type. Responses
with RTs quicker than 150 ms  or slower than 2100 ms  after
target onset were counted as errors. For analyses compar-
ing responses across tasks, data from 51 participants were
available. To maximize power to detect effects, follow up
analyses focusing on a single task included all available data
for that task (i.e., 58 participants for faces and 53 partici-
pants for IAPS).

3. Results

3.1. Effects of task, valence, and age on the LPP
A 2(Task) × 3(Valence) × 2(Electrode pooling) × 2 (age
10 and under vs. over 10) mixed-design ANOVA was per-
formed to examine the effects of task and stimulus valence
at each set of parietal and occipital sites as a function
 Neuroscience 2 (2012) 458– 467 461

of age. The main effects of task, F(1, 49) = 27.45, p < .001,
�p

2 = .36, valence, F(1, 98) = 32.70, p < .001, �p
2 = .40, and

electrode pooling, F(1, 49) = 355.53, p < .001, �p
2 = .88, were

significant. In addition, the task × age, F(1, 49) = 10.42,
p < .01, �p

2 = .18, electrode pooling × age, F(1, 49) = 14.00,
p < .001, �p

2 = .22, task × valence, F(2, 98) = 13.32, p < .001,
�p

2 = .21, task × electrode pooling, F(1, 49) = 68.48,
p < .001, �p

2 = .58, task × electrode pooling × age, F(1,
49) = 25.50, p < .001, �p

2 = .34, valence × electrode
pooling × age, F(2, 98) = 11.65, p < .001, �p

2 = .19, and
task × valence × electrode pooling, F(1, 98) = 4.52, p < .05,
�p

2 = .08, interactions were significant. These effects were
qualified, however, by a significant four-way interac-
tion, F(2, 98) = 5.42, p < .01, �p

2 = .10. The main effect of
age, as well as the valence × age, task × valence × age,
and valence × electrode pooling interactions were not
significant.

To interpret the four-way interaction,
3(Valence) × 2(Electrode pooling) × 2(Age) ANOVAs
were calculated for each task. For the faces version of
the task, the main effect of face valence was significant,
F(2, 112) = 3.95, p < .05, �p

2 = .07, as was  the main effect
of electrode pooling, F(1, 56) = 297.78, p < .001, �p

2 = .84,
and the electrode pooling × age interaction, F(1, 56) = 9.13,
p < .01, �p

2 = .14. The main effect of age and the face
valence × age, face valence × electrode pooling, and face
valence × electrode pooling × age interactions were not
significant.

Paired samples t-tests comparing each emotional face
type to neutral faces were calculated to interpret the main
effect of face valence. Mean activity in response to sad
faces was  significantly more positive than neutral at occip-
ital, t(57) = 2.74, p < .01, but not parietal sites, t(57) = 1.61,
p = .11. No significant differences were found for happy
compared to neutral faces at either occipital, t(57) = 0.11,
p > .05, or parietal sites, t(57) = −0.54, p > .05 (Fig. 1).

The electrode pooling × age interaction for the faces
tasks indicated that younger children show increased reac-
tivity (overall M = 21.39, SD = 10.87) compared to older
children (overall M = 18.72, SD = 7.74) at occipital sites,
while older children (overall M = 4.42, SD = 7.06) show
greater activity at parietal sites compared to younger chil-
dren (overall M = 1.01, SD = 5.16); however, the lack of a
significant face valence × electrode pooling × age interac-
tion indicates that this effect is not modulated by emotional
valence. In addition, independent-samples t-tests indi-
cated that the age groups significantly differed at parietal,
t(56) = −2.03, p < .05, but not occipital sites, t(56) = 1.09,
p > .05.

For the IAPS version of the task, the main effect of
image valence was significant, F(2, 102) = 39.21, p < .001,
�p

2 = .44, as was  the main effect of electrode pooling,
F(1, 51) = 400.22, p < .001, �p

2 = .89, the electrode pool-
ing × age interaction, F(1, 51) = 23.85, p < .001, �p

2 = .32,
and the valence × electrode pooling × age interaction, F(2,
102) = 13.68, p < .001, �p

2 = .21. The image valence × age,
F(2, 102) = 2.70, p = .07, and image valence × electrode pool-

ing interactions, F(2, 102) = 3.04, p = .052, did not reach
significance. The main effect of age was  not significant.

To interpret the three-way interaction for the IAPS ver-
sion of the task, 3(Image Valence) × 2(Age) ANOVAs were
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Fig. 1. Scalp distributions of the difference between emotional and neutral faces (400–1000 ms  after stimulus onset), and ERPs (negative up) at occipital
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top)  and parietal (bottom) electrode sites. Sad faces significantly differed
ote:  ERPs at occipital sites are presented on a different scale than ERPs a

erformed at each set of electrode sites. At occipital sites,
he main effects of image valence, F(2, 102) = 31.84, p < .001,
p

2 = .38, and age, F(1, 51) = 11.40, p < .01, �p
2 = .18, were

ignificant, as was the image valence × age interaction, F(2,
02) = 7.12, p < .01, �p

2 = .12. The effect of image valence at
ccipital sites was then examined separately using one-
ay ANOVAs for each age group. For younger children,

he main effect of image valence was significant, F(2,
8) = 16.34, p < .001, �p

2 = .46, and planned comparisons
ndicated that both unpleasant, F(1, 19) = 36.35, p < .001,
p

2 = .66, and pleasant images, F(1, 19) = 15.08, p < .01,
p

2 = .44, were associated with increased positivities com-
ared to neutral at occipital sites. For older children, the
ain effect of image valence at occipital sites was sig-

ificant but the effect size was smaller, F(2, 64) = 13.80,
 < .001, �p

2 = .30, and only unpleasant images were asso-

iated with significant positivities compared to neutral,
(1, 32) = 25.94, p < .001, �p

2 = .45. No significant differences
ere found between pleasant and neutral images at occip-

tal sites for older children, F(1, 32) = 1.13, p > .05.
eutral at occipital sites. No significant effects were found for happy faces.
al sites.

At parietal sites, the main effect of image valence was
significant, F(2, 102) = 36.94, p < .001, �p

2 = .42, and planned
comparisons indicated that both unpleasant images, F(1,
51) = 74.93, p < .001, �p

2 = .59, and pleasant images, F(1,
51) = 12.67, p < .01, �p

2 = .20, were associated with signif-
icant positivities compared to neutral images. The image
valence × age interaction, F(2, 102) = 1.52, p > .05, and main
effect of age, F(1, 51) = 0.28, p > .05, were not significant
(Figs. 2 and 3).

3.2. Effects of task, valence, and age on RT and accuracy

Average RTs and accuracy rates for each condition
are presented in Table 1. A 2(Task) × 3(Valence) × 2(Age)
ANOVA was  performed to examine the effect of task,
stimulus valence, and age on RT. Overall, RT was

faster in the faces version of the task compared to
the IAPS version, F(2, 98) = 7.60, p < .01, �p

2 = .13, which
was  qualified by a significant interaction between task
and picture valence, F(2, 98) = 3.09, p=.05, �p

2 = .06. The
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Fig. 2. Scalp distributions (400–1000 ms  after stimulus onset) of the dif
occipital (top) and parietal (bottom) electrode sites. Significant effects o
Note: ERPs at occipital sites are presented on a different scale than ERPs a

main effect of age, F(1, 49) = 2.93, p = .09, did not reach
significance. The main effect of valence, valence × age,
task × age, and valence × task × age interactions were not
significant.

To further examine the task × valence interaction, the
role of picture valence was examined separately for each
task. For the faces task, the main effect of valence was  not
significant, F(2, 114) = .25, p > .05, but for the IAPS version,
the main effect of valence was significant, F(2, 104) = 4.20,
p < .05, �p

2 = .08. Planned comparisons indicated that both
unpleasant, F(1, 52) = 6.52, p < .05, �p

2 = .11, and pleasant
images, F(1, 52) = 6.03, p < .05, �p

2 = .10, were associ-
ated with significantly slower RTs compared to neutral
images.

A 2(Task) × 3(Valence) × 2(Age) ANOVA was performed
to examine the effect of task, stimulus valence, and age
on accuracy. The IAPS version of the task was asso-

ciated with poorer accuracy overall compared to the
faces version, F(1, 49) = 8.78, p < .01, �p

2 = .15. The main
effects of valence and age and all interactions were not
significant.
between emotional and neutral IAPS images, and ERPs (negative up) at
 valence were found for IAPS images at both parietal and occipital sites.
al sites.

3.3. Correlations between ERP and behavioral measures
within and between tasks

Table 2 presents correlations between ERP and behav-
ioral measures within each valence on the faces and IAPS
versions of the tasks. Occipital and parietal LPP measures
were significantly correlated for each valence; however,
few associations were found between ERP and behavioral
measures, with the exception of a significant association
between occipital LPP and accuracy for pleasant trials on
the IAPS version, such that larger LPPs were associated with
lower accuracy.

Table 3 presents correlations between faces variables
and IAPS variables matched on valence. Similar to the
within task correlations, there were no significant asso-
ciations across behavioral and ERP measures; however,
all correlations between corresponding measures across

tasks were significant, with the exception of the correla-
tion between accuracy on neutral face trials and neutral
IAPS trials. Across subjects, LPP amplitudes and behav-
ioral measures correspond with the same measures in
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ifferent tasks; however, LPP amplitudes are not consis-
ently associated with behavioral measures in this sample.

. Discussion

The objectives of the current study were to examine
he ways in which emotion and attention interact across
evelopment by measuring behavioral and electrocortical
esponses to emotional faces and IAPS images in a modified
motional interrupt task. Our hypotheses were supported
nsofar as younger children showed enhanced positivities
o IAPS images over occipital sites that were less observ-
ble among older children, and older children relative to
ounger children showed increased activation over pari-
tal sites during the faces version of the task. In addition,
PP and behavioral measures were impacted by both pleas-
nt and unpleasant IAPS images, whereas only a relatively
mall electrocortical effect was observed for sad emotional
aces; emotional faces had no impact on behavioral mea-
ures.

.1. Developmental changes in the LPP
The results of the current study suggest that although
he LPP is apparent over occipital sites in middle child-
ood, occipital positivities are less observable in late
tween emotional and neutral IAPS images for younger children (left) and

childhood/early adolescence. This is consistent with pre-
vious findings that the LPP is more occipitally maximal
in childhood than observed in adults (Hajcak and Dennis,
2009; Kujawa et al., 2012). Interestingly, the developmen-
tal shift in the LPP magnitude appears specific to IAPS
images, with sad faces associated with significant LPPs
only over occipital sites regardless of age. As the LPP in
adults has been linked to connectivity between occipito-
parietal cortex and frontal networks (Moratti et al., 2011),
it may  be that the LPP in middle childhood is marked by
increased engagement of occipital regions, with a shift to a
reliance on more fronto-parietal networks in adolescence.
This possibility is supported by fMRI studies indicating
that the development of emotional processing involves
transitions from a reliance on subcortical regions to more
involvement of the prefrontal cortex (Monk, 2008).

It is important to note that the LPP in the current study
was  not consistently associated with behavioral responses
across children, although previous research in adults has
linked enhanced LPPs to slower reaction times (Weinberg
and Hajcak, 2011). Interestingly, the LPP in the adult
study was derived using principal components analysis and

peaked close to 1000 ms  after stimulus onset. It is possible
that the LPP isolated in the current study did not sufficiently
capture the later, ongoing elaboration observed, and addi-
tional research using more advanced data analysis methods
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Table  2
Correlations between LPP, reaction time, and accuracy within each valence for faces (top) and IAPS (bottom).

Faces version Sad LPP (parietal) Sad RT Sad accuracy

Sad LPP (occipital) .54*** −.01 −.22
Sad  LPP (parietal) – −.05 0.09
Sad  RT − .16

Happy LPP (parietal) Happy RT Happy accuracy

Happy LPP (Occipital) .56*** −.08 −.00
Happy LPP (parietal) – −.16 .06
Happy  RT – .26*

Neutral LPP (parietal) Neutral RT Neutral accuracy

Neutral LPP (occipital) .50*** −.04 −.03
Neutral LPP (parietal) – −.10 .03
Neutral RT – .22

IAPS  version Unpleasant LPP (parietal) Unpleasant RT Unpleasant accuracy

Unpleasant LPP (occipital) .45*** −.10 −.04
Unpleasant LPP (parietal) – −.11 −.04
Unpleasant RT – – −.07

Pleasant LPP (Parietal) Pleasant RT Pleasant accuracy

Pleasant LPP (occipital) .66*** −.17 −.33*

Pleasant LPP (parietal) – −.19 −.08
Pleasant RT – −.02

Neutral LPP (parietal) Neutral RT Neutral accuracy

Neutral LPP (occipital) .60*** −.12 −.02
Neutral LPP (parietal) – −.03 .10

Neutral RT 

*** p < .001.
* p < .05.

is needed to determine whether a similar component is
observable among children.

There is some evidence that the LPP may  be a useful

measure for developmental psychopathology research. For
example, reduced LPPs to emotional faces have been linked
to risk for depressive disorders (Kujawa et al., 2012). In

Table 3
Correlations between physiological/behavioral measures on the faces version and

Unpleasant LPP (parietal) Unpleasant

Sad LPP (parietal) .62*** .27 

Sad  LPP (occipital) .33* .68***

Sad  RT −.12 −.02 

Sad  accuracy .04 −.16 

Pleasant LPP (parietal) Pleasant

Happy LPP (parietal) .66*** .37**

Happy LPP (occipital) .43** .70***

Happy RT −.15 −.11 

Happy accuracy .08 −.19 

Neutral IAPS LPP (parietal) Neutral IA

Neutral face LPP (parietal) .68*** .36*

Neutral face LPP (occipital) .45** .75***

Neutral face RT −.09 −.12 

Neutral face accuracy −.20 −.18 

*** p < .001.
** p < .01.
* p < .05.
– .22

addition, the LPP may  index sensitivity to rewards among
children with attention-deficit hyperactivity disorder
(van Meel et al., 2011) and reactivity to phobic stim-

uli among children with spider phobias (Leutgeb et al.,
2010). When using LPP measures for individual differences
and developmental psychopathology questions, it will be

 IAPS version of tasks.

 LPP (occipital) Unpleasant RT Unpleasant accuracy

−.05 −.07
−.16 −.14

.89*** .09

.20 .42**

 LPP (occipital) Pleasant RT Pleasant accuracy

−.12 .04
−.21 −.19
.88*** −.06
.17 .42**

PS LPP (occipital) Neutral IAPS RT Neutral IAPS accuracy

−.05 .12
−.14 .03

.87*** .16

.16 .20
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mportant to take into consideration normative develop-
ental changes in the nature of the LPP, especially as a

unction of stimulus type employed.

.2. Comparison of IAPS and faces

Among children and adolescents, IAPS images elicit
lectrocortical and behavioral effects that are not observed
n response to emotional faces. Sad faces were associ-
ted with a small electrocortical positivity compared to
eutral faces but only at occipital sites; no significant dif-

erences were found between neutral and happy faces. In
ddition, no behavioral effects were found for emotional
aces. On the other hand, both unpleasant and pleasant
APS images were associated with enhanced electrocor-
ical positivities compared to neutral images, as well as
ignificantly slower reaction times to targets that followed
ictures. In addition, the IAPS version of the task was
ssociated with poorer accuracy overall compared to the
aces version, indicating that the presentation of the salient
APS images has a particularly robust effect on behavioral
erformance. These results are consistent with work sug-
esting that IAPS images are rated as more arousing than
motional faces among adults (Britton et al., 2006), as well
s a previous study of the LPP in young children that found a
elatively small difference between emotional and neutral
aces (Kujawa et al., 2012).

There are a number of processes that may  contribute
o the larger effects observed for IAPS images compared
o emotional faces. As implied above, one possibility is
hat the content of IAPS images is more arousing and

otivationally salient than emotional faces, which is
onsistent with subjective ratings in adults, as well as
nterpretations of the LPP as indexing salience (Britton
t al., 2006; Weinberg and Hajcak, 2010). However, the
ontent of emotional stimuli may  have also played a role.

hile the negative emotional faces were all sad images,
he stimuli selected for unpleasant IAPS images include
ome sad images (e.g., a young boy crying), along with a
umber of fear-related images (e.g., weapons and animals
ttacking). Thus, it is possible that the larger effects
bserved in response to IAPS relates to the inclusion of
hreatening stimuli. In our previous study examining the
PP in response to emotional faces, however, we found
hat sad, fearful, and angry faces elicited comparable LPPs
n young children (Kujawa et al., 2012), suggesting that
imilar results may  have been found even if threatening
aces had been used in the current study. Lastly, it is possi-
le that visual complexity of the images contributed to the
esults, as emotional faces may  be processed more quickly
han the complex IAPS scenes. Previous research in adults
as examined the effect of complexity within the IAPS on
he LPP and suggests that the LPP is primarily modulated
y motivational salience (Bradley et al., 2007). While com-
lexity was found to have some effects on the LPP in that
tudy, the direction of the results indicated that relatively
imple emotional images were associated with enhanced

PPs relative to more complex images (Bradley et al., 2007).

One advantage of the current study is the simultaneous
ssessment of behavioral and ERP measures that converge
n the same point: IAPS images capture attention better
 Neuroscience 2 (2012) 458– 467

than emotional faces. As the magnitude of the difference
between emotional and neutral stimuli is substantially
larger for IAPS images, these stimuli may  be particularly
useful for examining individual differences in the LPP. It
is important to note, however, that approximately 13% of
children in the current study did not participate in the
IAPS task due to parental refusal. This raises the impor-
tance of balancing the selection of images that are arousing
enough to measure emotional processing but also read-
ily accepted by children and parents. Additional work is
needed to establish emotional stimuli that are appropriate
for use across development.

5. Conclusions

The LPP appears to be a useful measure of emotional
processing in children than can be applied to developmen-
tal psychopathology research. The results of the current
study suggest that there are developmental changes in
the nature of the LPP, with younger children showing
positivities over more occipital sites compared to older
children/early adolescents.

In addition, IAPS images are more effective in elicit-
ing emotion-related modulations of the LPP in children
than emotional faces, and an active paradigm can offer a
behavioral measure that complements the electrocortical
measure.
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