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Abstract

& Social inequalities have profound effects on the physical

and mental health of children. Children from low socio-

economic status (SES) backgrounds perform below children

from higher SES backgrounds on tests of intelligence and

academic achievement, and recent findings indicate that low

SES (LSES) children are impaired on behavioral measures of

prefrontal function. However, the influence of socioeconomic

disparity on direct measures of neural activity is unknown.

Here, we provide electrophysiological evidence indicating that

prefrontal function is altered in LSES children. We found that

prefrontal-dependent electrophysiological measures of atten-

tion were reduced in LSES compared to high SES (HSES)

children in a pattern similar to that observed in patients with

lateral prefrontal cortex (PFC) damage. These findings provide

neurophysiological evidence that social inequalities are asso-

ciated with alterations in PFC function in LSES children. There

are a number of factors associated with LSES rearing condi-

tions that may have contributed to these results such as greater

levels of stress and lack of access to cognitively stimulating

materials and experiences. Targeting specific prefrontal pro-

cesses affected by socioeconomic disparity could be helpful in

developing intervention programs for LSES children. &

INTRODUCTION

Social inequalities have profound effects on the physical

and mental health of children. For example, compared to

children from higher socioeconomic status (SES) back-

grounds, children from low SES (LSES) backgrounds

have higher rates of mortality and are at greater risk

for most forms of childhood morbidities, including in-

juries, chronic medical conditions, and behavioral dis-

orders (Chen, Boyce, & Matthews, 2002). In addition, a

growing body of evidence indicates that individual differ-

ences in adult health status are related to impoverished

circumstances experienced during childhood (Rahkonen,

Lahelma, & Huuhka, 1997; Smith, Hart, Blane, Gillis, &

Hawthorne, 1997). Socioeconomic disparities thus not

only exert health effects on children but they also con-

tribute to health outcomes in adults.

Strong associations have also been found between

SES and cognitive ability and achievement in childhood.

That is, children from LSES backgrounds perform below

children from higher SES backgrounds on tests of in-

telligence, language proficiency, and academic achieve-

ment (Bradley & Corwyn, 2002; Duncan, Brooks-Gunn,

& Klebanov, 1994). In addition, LSES children are more

likely to fail courses, be placed in special education, and

drop out of school compared to high SES children

(HSES) (McLoyd, 1998). Recent behavioral studies have

reported a relationship between SES and specific neu-

rocognitive systems. For example, LSES children have

reduced performance on tests of language, long-term

memory, and executive function compared to middle

SES children (ages 10–13 years) (Farah et al., 2006).

These findings extend those of a previous study that

found differences on tests of language and executive

function between low and middle SES kindergartners

(Noble, Norman, & Farah, 2005). In addition, in a study

using an Attentional Network Test (ANT) (Rueda et al.,

2005), Mezzacappa (2004) found that LSES children

were impaired in both speed and accuracy on measures

of alerting and executive attention compared to HSES

children. Taken together, these findings indicate that

executive function is one of the primary neurocognitive

systems associated with social inequalities in early expe-

rience. Moreover, the tests of executive function em-

ployed in these studies index cognitive processes that

have been attributed to the prefrontal cortex (PFC)

(Diamond, 1988; Goldman-Rakic, 1987).

Although these findings indicate that socioeconomic

disparities affect prefrontal function in children, behav-

ioral tests have a number of limitations. First, they pro-

vide only indirect measures of brain function. Second,

many of these tests are multifactorial, and thus, perfor-

mance could be disrupted for reasons other than frontal

dysfunction (Stuss, Shallice, Alexander, & Picton, 1995).
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In addition, correlations among these tests are low, and

they vary in complexity such that it is sometimes difficult

to separate task difficulty from impairment (Stuss &

Alexander, 2000). In the current study, we addressed

these limitations by using direct measures of neural

activity and a simple target detection task that could

be performed easily by all the children independent of

SES level. In particular, we used electrophysiological

methods to assess whether prefrontal function was

altered in LSES children. The task involved detecting

easily discriminable target stimuli embedded in streams

of repetitive stimuli (Courchesne, Hillyard, & Galambos,

1975). In addition to the target events, task-irrelevant

novel stimuli occurred randomly on 15% of the trials

(see Figure 1). We predicted that certain event-related

potential (ERP) components in this attention task would

show a pattern similar to that observed in patients with

structural PFC damage.

First, we predicted that differences would not be

observed between LSES and HSES children in behavioral

target responses because we expected both groups to

perform the target detection task with a high degree of

accuracy. Second, we predicted that group differences

would not be observed for the P3b ERP component. The

P3b is an index of voluntary detection of target events,

and it is maximal in amplitude at centro-parietal elec-

trode sites (Sutton, Braren, Zubin, & John, 1965). This

component is dependent on the integrity of the temporal–

parietal cortex, and it is not reduced in patients with

PFC lesions in simple tasks such as the one employed in

the current study (Knight, 1997). In contrast, we predicted

that LSES children would have reduced extrastriate (P1

and N1) and novelty ERP (N2) responses relative to HSES

children. The P1 and N1 components are prefrontal-

dependent, early latency brain potentials generated in

ventral and dorsal extrastriate pathways (Clark, Fan, &

Hillyard, 1995; Heinze et al., 1994). These components

are modulated by the degree of voluntary attention and

are under top–down control by the lateral PFC (Yago,

Duarte,Wong, Barcelo,&Knight, 2004; Barcelo, Suwazono,

& Knight, 2000). The novelty N2 component reflects the

automatic response to novelty (Knight, 1984; Courchesne

et al., 1975), and it is dependent on a distributed novelty

processing network with the PFC serving as a critical

component of this system (Knight & Scabini, 1998; Knight,

1997). The early extrastriate P1 and N1 components and

the novelty N2 have been shown to be reduced in patients

with PFC lesions (Yago et al., 2004; Barcelo et al., 2000;

Knight, 1984, 1997).

METHODS

Subjects

A total of 28 child subjects were tested. These subjects

were recruited from the San Francisco Bay Area. The data

from two children were not included in the data analysis

due to excessive electroencephalogram (EEG) artifacts.

One of these subjects was in the HSES group and one

was in the LSES group. The subjects in the final analysis

included 26 children (6 boys, 20 girls; age range = 7–

12 years; mean age = 9.5 years, SD = 1.1 years). There

were 13 subjects in the HSES group [3 boys, 10 girls; age

range = 7–12 years; mean age = 9.2 years, SD= 1.2 years;

child ethnicity: 10 Caucasian/European American, 1 Asian/

Pacific Islander, and 2 biracial (1 Caucasian/Latino and

Figure 1. Examples of

standard (upright triangles),

target (tilted triangle), and

novel (color IAPS image)

stimuli included in the

novelty oddball paradigm.
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1 Caucasian/African American)] and 13 subjects in the

LSES group [3 boys, 10 girls; age range = 8–11 years;

mean age = 9.7 years, SD = 1.0 years; child ethnicity:

10 African American, 1 Caucasian/European American,

1 Latino/Hispanic, and 1 biracial (Asian/African Ameri-

can)]. The two groups did not differ in age ( p = .36).

The ethnic composition of the two groups differed,

with SES confounded, to some degree, with child ethnic-

ity. Distinguishing between socioeconomic and ethnic-

ity effects is constrained by the size and heterogeneity

of the current sample and by the sociodemographic

characteristics of the San Francisco Bay Area, but the

observed associations are more plausibly attributable

to the neurodevelopmental consequences of early social

experience—experience that strongly covaries with SES.

Measures of SES were acquired from primary caregiver

responses on the MacArthur Sociodemographic Ques-

tionnaire. SES criteria were based on primary caregiver

education, average family income, and income-to-needs

ratio. Parental education is one of the most important

and stable indicators of SES (Hoff-Ginsberg & Tardif,

1995; House, 1981). Primary caregivers of the HSES

group had obtained at least a Bachelor’s degree and

completed at least 4 years of college (mean years of edu-

cation = 18.2 years, SD = 1.5 years), whereas pri-

mary caregivers of the LSES group had not obtained a

Bachelor’s degree nor completed a minimum of 4 years

of college (mean years of education = 12.9 years, SD =

3.2 years). The years of education were greater for

primary caregivers in the HSES compared to the LSES

group [t(12) = 5.79, p < .0001]. Average income was

assessed by asking respondents to report their total

combined income for the past twelve months (before

taxes). The mean average family income for the HSES

group was $96,157 and the mean average family income

for the LSES group was $27,192. The average family

income for the HSES group was greater than the aver-

age family income for the LSES group [t(12) = 12.37,

p < .0001]. Family income-to-needs ratio is another

measurement of economic well-being, and its use as

an indicator of SES has become increasingly popular

in contemporary research (McLoyd, 1998). Income-to-

needs ratio was calculated by dividing family income

by the federal poverty threshold (adjusted for family

size) (Duncan et al., 1994). For example, an income-to-

needs ratio of 1.0 indicates that family income is equal to

the poverty threshold. The average family income-to-

needs ratio was 4.87 for the HSES group and 1.47 for

the LSES group. Income-to-needs ratio was greater in

the HSES compared to the LSES group [t(12) = 17.81,

p < .0001].

The child subjects, as assessed by parental report, had

no history of neurological or psychiatric disorders, drug

abuse, or prenatal exposure to drugs or alcohol. In addi-

tion, no child was currently taking psychotropic medi-

cation. Each child subject and one of their parents gave

written informed consent prior to being tested, and they

were paid for their participation. The experimental pro-

cedures were approved by and conducted in compliance

with the Committee for the Protection of Human Sub-

jects for the University of California, Berkeley.

Design and Materials

The stimuli consisted of high-probability (75%) standard

stimuli and low-probability target (10%) and novel stim-

uli (15%). Standard and target stimuli consisted of black

triangles (7.38 � 5.38) presented against a white back-

ground. The target triangles were tilted 108 clockwise

relative to upright standard triangles. The novel stimuli

consisted of digitized color images from the Interna-

tional Affective Picture System (IAPS) (Lang, Bradley, &

Cuthbert, 2005). The novel picture stimuli were selected

in this study in order to facilitate robust novelty re-

sponses. That is, stimuli were selected on the basis of

high valence ratings for pleasantness and moderate

ratings of arousal. The mean pleasantness and arousal

ratings for these picture stimuli were 7.1 (SD = 0.55)

and 4.8 (SD = 1.0), respectively. All stimuli were cen-

trally presented. Stimulus duration was 250 msec with

an interstimulus interval of 1000 msec. Stimuli were

presented in eight blocks of trials consisting of 120 items

per block.

Procedure

Subjects were seated in a sound-attenuated booth facing

a computer monitor at a distance of one meter. They

were instructed to press a button upon detection of

the low-probability targets embedded in streams of the

task-irrelevant stimuli. All stimuli were presented in

pseudorandom order with the constraint that two tar-

gets, two novels, or a target and a novel never appear

sequentially. They were told that there would be pic-

tures (i.e., photographs) presented throughout the ex-

periment, but they were instructed to ignore these

stimuli and focus on the target detection task. ERPs

and reaction time (RT) to targets were recorded to all

stimuli. A button press within 200 to 1000 msec after the

target stimulus onset was considered a correct response,

and an analysis epoch containing a correct response was

defined as a hit.

Electrophysiological Recording

EEG signals were continuously recorded by an ActiView

2 system (BioSemi, the Netherlands), using 64 Ag/AgCl

electrodes arranged according to the 10–20 system. The

channels were referenced to averaged electrodes placed

over the left and right earlobes. Eye movements were

recorded using electrodes above and below the right

eye, and near the left and right outer canthi. The EEG

1108 Journal of Cognitive Neuroscience Volume 21, Number 6



signals were amplified (band-pass: 0.16–100 Hz) and digi-

tized using a 512-Hz sampling rate.

Average ERPs locked to the presentation of the stimuli

were computed from artifact free data epochs extending

from 100 msec prior to 1000 msec poststimulus onset.

EEG epochs with excessive muscle activity or eye blinks

(peak-to-peak amplitude = 100 AV) were excluded from

the analysis. Peak amplitudes for the ERP components

were measured relative to the 100-msec prestimulus

baseline. Early extrastriate components for standard

stimuli were measured in windows of 50–150 msec for

the P1 and 100–250 msec for the N1. Target-related

activity was measured in the windows of 50–250 msec

for the P2, 100–350 msec for the N2, and 200–800 msec

for the P3b. Novelty-related components were measured

in similar windows for the P2 and N2 and in a window of

300–800 msec for the late frontal negativity (LFN).

All measurements were analyzed using a within-

subjects repeated measures analysis of variance (ANOVA).

Greenhouse–Geisser corrections are reported for all analy-

ses to correct for violation of the sphericity assumption.

ERP component amplitudes were submitted to a 2 �

3 repeated measures ANOVA to examine early visual re-

sponses in standard stimuli. The between-subjects factor

in this analysis was group (HSES, LSES) and the within-

subjects factor was laterality [left hemisphere (LH) (P07),

midline (POz), and right hemisphere (RH) (P08)]. To

examine target processing, ERP component amplitudes

were submitted to a 2 � 2 � 3 � 2 repeated measures

ANOVA. The between-subjects factor was the same as

the early visual analysis (i.e., group), and the within-

subjects factors were stimulus (standard, target), later-

ality [LH (F3, C3), midline (Fz, Cz,), RH (F4, C4)], and

caudality [frontal (F3, Fz, F4), central (C3, Cz, C4)]. In

the novelty processing analysis, ERP component ampli-

tudes were submitted to a 2 � 2 � 3 � 2 repeated

measures ANOVA. All within-subjects factors in this

analysis were identical to the target processing analysis

except for the stimulus factor (standard, novel). Habit-

uation analyses for target and novel stimuli included a

factor for block (early block, late block); all other factors

were identical to those described above.

Neuropsychological Tests

Neuropsychological tests were also administered to

determine associations between SES and measures of

language and executive function. These measures were

part of a broader study investigating the affect of social

disparity on cognitive development. Language was as-

sessed using a vocabulary subtest (Wechsler, 1994).

Tests of executive function included measures of work-

ing memory (Wechsler, 1994), visuomotor attention and

cognitive flexibility (Reitan, 1971), inhibitory control

(Golden, 1978), and semantic fluency (Halperin, Healey,

Zeitchik, Ludman, & Weinstein, 1989).

RESULTS

Behavioral Results

Both LSES and HSES children were able to perform the

target detection task without difficulty. For example, the

average mean hit rate accuracy was 92.8% for all sub-

jects. The mean hit rate was 94.9% (SD = 4%) for the

HSES group and 90.8% (SD = 9.5%) for the LSES group.

The mean RT for hits was 545 msec (SD = 72 msec) for

the HSES group and 564 msec (SD = 65 msec) for the

LSES group. Target behavioral responses did not differ

across the two groups in either RT [t(12) = 0.88, p =

.40] (see Figure 2A) for hits or hit rate accuracy [t(12) =

1.71, p = .11] (see Figure 2B).

Electrophysiological Results

ERP Results

Standard stimuli. Both the standard P1 [F(1, 24) =

7.71, p< .05] and the standard N1 [F(1, 24) = 14.86, p<

.005] ERP component amplitudes were reduced in the

LSES compared to the HSES group (see Figure 3A). In

addition, the P1 was greater over left and right hemi-

sphere compared to midline electrode sites [F(2, 46) =

19.38, p < .001], and the N1 was largest over left hemi-

sphere compared to right hemisphere and midline elec-

trode sites [F(2, 41) = 4.24, p < .05].

Target stimuli. No significant effects were observed for

the P2 component. N2 amplitude was enhanced for

target compared to standard stimuli [F(1, 24) = 8.43,

p < .01]. In addition, the N2 was most prominent over

midline compared to left and right hemisphere elec-

trode sites [F(2, 39) = 7.75, p< .005]. Group differences

were not observed for either the N2 amplitude in gen-

eral ( p = .08) or the target N2 in particular ( p = .62).

Robust target ERP responses (P3b) were also observed

in both groups. The P3b amplitude was found to be

greater for target compared to standard stimuli in both

groups [F(1, 24) = 53.57, p < .001]. The target P3b was

most prominent at midline [Stimulus � Laterality: F(2,

44) = 6.02, p < .01] and central electrode sites [Stim-

ulus � Caudality: F(1, 24) = 38.28, p < .001]. In addi-

tion, group differences were not observed for either the

overall P3b amplitude ( p = .31) or the target P3b am-

plitude ( p = .27) (see Figure 2C).

Novel stimuli. Novel stimuli generated a sustained neg-

ativity beginning with a fronto-central N2 component

(100–350 msec) and ending with an LFN (300–800 msec).

The LFNcomponent, also knownasNc (Courchesne, 1977),

has previously been observed in children in response

to novel stimuli (Gumenyuk et al., 2001; Courchesne,

1978). This pattern of novelty ERP response has also been

observed in children by other investigators (Friedman,

Brown, Cornblatt, Vaughan, & Erlenmeyer-Kimling, 1984).

Kishiyama et al. 1109



Although a main effect for stimulus was not observed

for the P2 ( p = .51), the novelty P2 was found to be

most prominent over frontal electrode sites [F(1, 24) =

6.90, p < .05]. The N2 amplitude was greater for novel

compared to standard stimuli in both LSES and HSES

children [F(1, 24) = 146.47, p < .001]. In addition, both

the overall N2 amplitude [F(1, 24) = 20.17, p < .001]

and the novelty N2 amplitude were reduced in the LSES

compared to the HSES group [F(1, 24) = 14.84, p <

.005] (see Figure 3B and C).

The LFN component amplitude was found to be

greater for novel compared to standard stimuli in both

groups [F(1, 24) = 149.62, p < .001], and it was most

prominent at frontal electrode sites [F(1, 24) = 5.96,

p < .05]. Group differences were not observed for the

novelty LFN ( p = .23).

Habituation ERP Results

Additional analyses were conducted in an effort to de-

termine the effects of habituation on target (P3b) and

novelty (N2 and LFN) ERP components. In particular,

target and novelty responses were examined in the early

blocks (EB; Blocks 1–2) and late blocks (LB; blocks 7–8).

Similar results from the ERP Results section will not be

reported here (i.e., findings not relevant to habituation).

Target stimuli. The P3b amplitude was larger in the

early blocks compared to the late blocks [F(1, 24) =

17.35, p< .001]. In addition, target P3b amplitudes were

significantly reduced from the early to the late blocks

compared to standard P3b amplitudes [Block � Stimu-

lus: F(1, 24) = 14.59, p < .005]. However, there was no

difference between the groups in terms of overall P3b

habituation (Block � Group, p = .61) and specific target

P3b habituation (Block � Stimulus � Group, p = .98).

Thus, there was evidence of habituation for the P3b

component including specific target P3b responses, but

group differences in habituation were not observed.

Novel stimuli. The N2 amplitude was larger in the

early blocks compared to the late blocks [F(1, 24) =

7.02, p < .05]. Novelty N2 responses were significantly

Figure 2. (A) Comparison of mean RTs for correct hits for the HSES and LSES groups. (B) Comparison of mean hit rates for the HSES and

LSES groups. (C) Grand-averaged target P3b ERP components for the HSES (black) and LSES (red) groups for a composite of centro-parietal

electrodes (C3, Cz, and C4). Topographic maps (top view) of peak amplitude ranges (400–650 msec) for the target P3b for the HSES and

LSES groups are shown to the right.
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Figure 3. (A) Grand-averaged standard P1 and N1 ERP components for the HSES (black) and LSES (red) groups at the PO8 electrode. Topographic

maps (back view) of peak amplitude times for the standard P1 and N1 for the HSES and LSES groups are shown to the right. (B) Grand-averaged

novelty ERP components for the HSES (black) and LSES (red) groups at the Cz electrode. Topographic maps (top view) of peak amplitude

times for the novelty N2 for the HSES and LSES groups are shown to the right. (C) Scatterplot for novelty N2 amplitudes at electrode Cz for

individual subjects in the LSES and HSES groups.
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reduced from the early to the late blocks relative to

standard N2 amplitudes [Block � Stimulus: F(1, 24) =

4.82, p < .05]. There was no difference between the

groups for overall habituation (Block � Group, p = .52)

and specific novelty N2 habituation (Block � Stimulus �

Group, p = .45). Habituation effects were found for the

N2 component including specific novelty N2 responses,

but group differences in habituation were not observed.

Effects of habituation were not observed for the LFN

component ( p = .72).

Neuropsychological Test Results

Prefrontal-dependent Executive Function Tasks

Digit span. Working memory was measured using the

digit span subtest of the Wechsler Intelligence Scale for

Children III (WISC-III) (Wechsler, 1994). In the digit

span subtest, children were presented with increasingly

long strings of numbers and asked to repeat these

numbers back to the experimenter in the original order

(digit forward, DF) and in reverse order (digit backward,

DB). The total score for the digit span subtest is the sum

of the DF and DB scores. The average digit span total

scores were 16.9 for the HSES group (scaled score = 14)

and 12.2 for the LSES group (scaled score = 9). The

subtest scaled scores (M = 10, SD = 3) were derived

from the age ranges most representative of the average

age of each group [i.e., 9.0–9.3 years for the HSES group

(M = 9.2 years); 9.4–9.7 years for the LSES group (M =

9.7 years)]. The scaled score for the HSES group was

more than one standard deviation above the mean,

whereas the scaled score for the LSES was close to the

mean. In addition, the raw digit span total scores were

greater for the HSES group compared to the LSES group

[t(12) = 5.52, p < .0005].

Visuomotor attention and cognitive flexibility. The

Trail Making Test (TMT) is one of the most widely used

neuropsychological tests (Lezak, 1995; Reitan, 1971).

The TMT has two parts. Part A is a measure of visuo-

motor attention and Part B is a measure of cognitive

flexibility (Baron, 2004). Part B is sensitive to both set

shifting and inhibitory control. Part A requires the child

to draw a line in sequence between numbered circles

scattered across a page, whereas Part B requires the

child to draw a line while alternating between num-

bers and letters in sequence. Scores are determined by

time-to-completion in seconds (including time for errors,

pointed out by the examiner, and subsequent correc-

tions implemented by the child).

Average scores on Part A of the TMT for both the

HSES (M = 20.0 sec) and the LSES (M = 22.6 sec)

groups were within the normal range of Part A scores

for children in a similar age group (i.e., 9 years) (M =

25.1 sec, SD = 8.8 sec) (Spreen & Gaddes, 1969).

Although the average score in seconds on Part B for

the LSES group (M = 58.2 sec) was within the normal

range for Part B scores of children in a similar age group

(9 years) (M= 54.6 sec, SD= 19.0 sec) (Spreen & Gaddes,

1969), the average score for the HSES (M = 33.3) fell

below this norm (i.e., reflecting a faster time to comple-

tion). In addition, significant differences were observed

between the two groups on Part B of the TMT [t(12) =

3.47, p < .005] and in the B–A difference scores [t(12) =

3.21, p < .01] (Part B–A difference scores are considered

to be another index of cognitive efficiency) (Wheeler &

Reitan, 1963). However, group differences were not ob-

served in Part A of the TMT ( p = .25).

Inhibitory control. The Stroop Color and Word Test

(SCWT) (Golden, 1978) is a measure of focused atten-

tion, set shifting, and response inhibition (Lezak, 1995;

Lowe & Mitterer, 1982). This test is based on the Stroop

effect (Stroop, 1935), and it requires children to in-

hibit an automatic reading response while producing a

competing color-naming response. Children were given

45 sec trials of word reading of black typed words

(word), color naming of ‘‘XXXX’’ in randomized color

sequences (color), and color naming of words printed

in nonmatching colored ink (e.g., the word ‘‘red’’

printed in green ink with the correct response being

‘‘green’’) (color/word). Scoring consisted of the number

of items successfully completed during each trial. Aver-

age scores of both groups were compared to normative

data obtained from children of a similar age group (M =

9.93 years): word (M = 67.1, SD = 16.2); color (M =

54.3, SD = 13.9); color/word (M = 32.8, SD = 7.0);

color–color/word scores (M = 21.4, SD = 7.1) (Golden

& Golden, 2002). For the word trial, the scores from

both the HSES (M = 78.0) and the LSES (M = 75.4)

groups fell within the normal range, and no significant

difference was observed between the two groups for this

trial ( p = .56). Similar results were observed for the

color trial (HSES: M = 54.2, LSES: M = 47.1, p = .14),

the color/word trial (HSES: M = 31.7, LSES: M = 27.6,

p = .19), and for the color–color/word scores (HSES:

M = 22.5, LSES: M = 19.5, p = .31).

Semantic fluency. Verbal fluency tests involve speeded

lexical production and aspects of executive function,

such as working memory, set shifting, and inhibition

(Baron, 2004). Verbal fluency tests include tests of letter

fluency and semantic fluency. Semantic fluency tests

assess the child’s ability to produce words in response to

a category cue.

The semantic fluency test consisted of three 1-min

trials. In particular, children were asked to name all the

words they could think of in three different categories

(i.e., animals, food, and words beginning with the sound

‘‘sh’’). Average scores for both groups were compared

to normative data from children of a similar age group

(i.e., 9 years): animals (M = 13.8, SD = 3.7), food (M =
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14.1, SD = 3.9), and sh (M = 6.0, SD = 2.4) (Halperin

et al., 1989). The average score for the LSES group (M =

12.5) in the animals category fell within the normal

range, but the average score for the HSES group (M =

18.6) exceeded this range (i.e., beyond one standard

deviation). In addition, a significant difference was ob-

served between the scores of the two groups for this

category [t(12) = 4.01, p < .005]. In the food category,

the average score for the LSES group (M = 13.7) fell

within the normal range, but the average score for the

HSES group (M = 20.8) exceeded this range. A signifi-

cant difference between the scores of the two groups

was also observed for this category [t(12) = 4.79, p <

.0005]. In the ‘‘sh’’ category, the average scores for the

LSES (M = 4.8) and HSES (M = 5.8) groups fell within

the normal range, and no significant difference was

observed between the two groups ( p = .08).

Language

Language performance was measured using the vocab-

ulary subtest of the WISC-III (Wechsler, 1994). In this

test, children were read words, and they had to verbally

define each word to the examiner. The average raw

score for the HSES group was 34.5 (scaled score = 16)

and the average raw score for the LSES group was 19.0

(scaled score = 7). The scaled scores for the vocabulary

subtest were derived in the same manner as the scores

for the digit span total scores of the WISC-III (see

above). The scaled score for the HSES group was two

standard deviations above the mean, whereas the scaled

score for the LSES group was one standard deviation be-

low the mean. In addition, performance on this subtest,

as reflected in the raw scores, was significantly greater

for the HSES compared to the LSES group [t(12) = 5.48,

p < .0005].

DISCUSSION

The PFC is thought to play an important role in the top–

down attentional modulation of early visual processing

(Barcelo et al., 2000), and it is a critical region in the

novelty processing network (Knight, 1984, 1997). For

example, early, extrastriate attention-sensitive compo-

nents (P1 and N1) and novelty ERP responses are

reduced in patients with lateral PFC lesions (Yago et al.,

2004; Barcelo et al., 2000; Knight, 1997). Such a pattern

was predicted and observed in the current study in LSES

children. That is, early extrastriate (P1 and N1) and

novelty-related (N2) ERP responses were reduced in

the LSES compared to the HSES group. We predicted

that differences between the groups would not be found

for either behavioral or ERP (P3b) target responses, and

no such differences were observed. Similar to prior

studies (Farah et al., 2006), neuropsychological tests

revealed that LSES children had reduced performance

compared to HSES children on measures of executive

function that index processes associated with the PFC

(Diamond, 1988; Goldman-Rakic, 1987), such as work-

ing memory, cognitive flexibility, and semantic fluency.

Taken together, the current behavioral and electrophys-

iological results indicate that factors associated with

social inequalities contribute to altered function of the

PFC in LSES children.

The human PFC has a prolonged period of postnatal

development (e.g., Fuster, 2002; Casey, Giedd, & Thomas,

2000), and major stages of cognitive development are as-

sociated with development of the PFC ( Johnson, 1997).

Evidence from a number of animal studies indicates that

experience can affect brain development. For example,

findings from several studies have shown that environ-

mental complexity can augment brain development

(e.g., van Praag, Emperman, & Gage, 2000; Rosenweig

& Bennett, 1996). In contrast, environmental deprivation

and stress have been shown to adversely affect behavior

(Clarke & Schneider, 1993; Higley et al., 1993), perfor-

mance on cognitive tests (Francis, Szegda, Campbell,

Martin, & Insel, 2003), and PFC development (Braun,

Lange, Metzger, & Poeggel, 2000). Moreover, suscepti-

bility to stress can be transmitted across generations

(Francis & Meaney, 1999), and stressful rearing condi-

tions have even been shown to predict behavior more

reliably than genes (Francis et al., 2003).

There are multiple factors associated with LSES rear-

ing conditions that might plausibly exert influence on

behavior and normal brain development. For example,

LSES children often live in cognitively impoverished en-

vironments. LSES children have limited access to cogni-

tively stimulating materials and experiences, and they

receive less attention from adults than children from

higher SES backgrounds (Bradley & Corwyn, 2002;

McLoyd, 1998; Hart & Risley, 1995). Access to cognitively

stimulating materials mediates the relation between

SES and their academic and intellectual achievement

(Bradley & Corwyn, 2002). Children from LSES back-

grounds also experience greater levels of stress. For

example, LSES children are exposed to a greater number

of family chronic stressors, and they tend to live in more

stressful environments than children from higher SES

backgrounds (McLoyd, 1998). In addition, LSES children

tend to have higher basal levels of the stress hormone

cortisol and poorer selective attention than HSES chil-

dren (Lupien, King, Meaney, & McEwen, 2001).

Factors shown to adversely affect PFC development in

animals (e.g., environmental deprivation and stress) also

appear to be associated with the early life experiences of

LSES children. It is possible that such factors contributed

to the disparity in prefrontal function we observed in the

current study. Identifying specific prefrontal cognitive

processes affected by social inequalities could be helpful

in developing intervention programs for LSES children,

given that such programs have been found to improve

both intellectual development and academic achievement
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in at-risk children (Diamond, Barnett, Thomas, & Munro,

2007; Ramey, Campbell, & Ramey, 1999).
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