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Abstract

Two studies using the emotional Stroop with 11-year-old children were completed. In Study 1, children were assigned to either

the ‘‘interference group’’ or the ‘‘facilitation group’’ based on their performance on the task. The interference group was slower to

respond to emotion words (positive and negative) versus control words. The facilitation group was faster to respond to the emotion

words. The groups were then compared on a set of cognitive, emotional, and social measures collected at ages 4, 7, and 11. The

interference group showed greater signs of emotional and social, but not cognitive, maladjustment across time. Study 2 replicated

the findings of Study 1. In addition, event-related potentials (ERPs) were collected in Study 2. The ERP data replicated earlier

traditional Stroop studies. In addition, positive and negative words showed differences in processing across components. In par-

ticular, negative words appeared to tax attentional and processing resources more than positive words.

� 2003 Elsevier Science (USA). All rights reserved.
1. Introduction

The notion that emotion (e.g., the expression of

negative affect) and cognition (e.g., the use of attentional

skills for the regulation of negative affect) are func-

tionally interdependent is supported at both the behav-
ioral and neuroanatomical level. Traditionally, observed

behavioral differences in emotional reactivity have been

localized in the limbic system, particularly the amyg-

dala, while executive function or self-regulatory pro-

cesses have primarily been localized in anterior cortical

areas, particularly the prefrontal cortex and the anterior

cingulate (Diamond, 1990). However, recent work has

detailed the extensive neuroanatomical (Alexander,
Crutcher, & De Long, 1990; Masterman & Cummings,

1997) and neurofunctional (Drevets & Raichle, 1998)

connections between these affective and regulatory

structures, including direct connections between the

amygdala and the anterior cingulate.

Given these findings, it seems plausible that tasks that

effectively tap both cognitive and emotion systems may

prove useful in exploring individual differences in the
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processing and regulation of affect. Previous findings

from studies of infant and childhood temperament (Fox,

Henderson, Rubin, Calkins, & Schmidt, 2001) suggest

that this may be of interest in studies of negative affect.

When faced with stimuli or situations that elicit negative

affect, individuals appear to rely heavily on regulatory
processes, particularly those involved in attention

(Rothbart, Posner, & Hershey, 1995). The current paper

employs this methodological strategy in two related

studies of 11-year-old children. Each study has the

emotional Stroop as its central cognitive-emotional task.

An individual differences approach was used to see if

performance in the emotional Stroop could be linked to

distinguishable developmental patterns in cognition and
emotion, at both the behavioral and psychophysiologi-

cal level. Each component of this approach will be dis-

cussed in turn.

In over 60 years of experimental use, the Stroop effect

(Stroop, 1935) has proven to be remarkably robust,

withstanding variation in presentation mode (Holle,

Neely, & Heimberg, 1997; Shimada, 1990), response

mode (Ilan & Polich, 1999), and stimuli content (Bush
et al., 1998; Whalen et al., 1998). The traditional Stroop

task presents individuals with a series of words and asks

them to name the color in which the word is written
reserved.
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while disregarding the actual meaning of the word. In-
dividuals are faster to respond when presented with

congruent stimuli (the word RED in red ink) than when

the stimuli are incongruent (the word RED in blue ink).

The emotional Stroop substitutes emotionally charged

words for the traditional color words.

In his extensive review of the emotional Stroop lit-

erature, Williams (Williams, Mathews, & MacLeod,

1996) found that individuals across a wide range of
clinical populations are slow in responding to stimuli

idiosyncratic to their disorder. For example, a spider-

phobic individual will show slowed responses to the

words ‘‘crawl’’ and ‘‘hairy,’’ but not the words ‘‘dizzy’’

or ‘‘sweating’’ (Watts, McKenna, Sharrock, & Trezise,

1986). The opposite is true for an individual with panic

disorder (Mathews & MacLeod, 1985).

The emotional Stroop has been used with individuals
diagnosed with general anxiety disorder (Mathews &

MacLeod, 1985), panic attacks (Hope, Rapee, Heim-

berg, & Dombeck, 1990; McNally et al., 1994), phobias

(Hope et al., 1990; Watts et al., 1986), obsessive-com-

pulsive disorder (Foa, Ilai, McCarthy, Shoyer, & Mur-

dock, 1993; Lavy, van Oppen, & van den Hout, 1994),

morbid jealousy (Intili & Tarrier, 1998), post-traumatic

stress disorder (Harvey, Bryant, & Rapee, 1996;
McNally, English, & Lipke, 1993), eating disorders

(Lovell, Williams, & Hill, 1997), and depression (Gotlib

& McCann, 1984). The Stroop effect has been shown to

track the participant�s degree of impairment (McNally,
1995) and amenability to treatment (Mattia, Heimberg,

& Hope, 1993). It has also been successfully used with

non-clinical populations when stimuli are derived from

individual interviews (Logan & Goetsch, 1993; Riemann
& McNally, 1995) or when stimuli match experimentally

induced moods (Gilboa-Schechtman, Revelle, & Gotlib,

2000; Richards, French, Johnson, Naparstek, & Wil-

liams, 1992; but not Gotlib & McCann, 1984; Riemann

& McNally, 1995).

While most research has focused on the interference

effects produced by the traditional and emotional

Stroop, a close inspection of the extant literature reveals
that the Stroop task will also frequently produce a

corresponding facilitation effect (Bauer & Hesselbrock,

1999; Ilan & Polich, 1999; MacLeod, 1991; Mathews &

MacLeod, 1994; van Honk et al., 2000). Facilitation

refers to the pattern of faster response times to experi-

mental stimuli (congruent color words in the traditional

Stroop; affective words in the emotional Stroop) than to

the neutral control words. The presence of facilitation
and interference across a group of individuals could

serve as a marker for underlying differences in the way

individuals process and respond to emotional stimuli.

Indeed, recent research indicates that individual

neuroendocrine levels vary as a function of performance

in the emotional Stroop. van Honk and colleagues (van

Honk et al., 2000) used a pictorial emotional Stroop
task employing masked and unmasked angry and neu-
tral faces. They found that individuals who showed in-

terference to angry faces had increased salivary cortisol

levels, while individuals who showed facilitation had a

corresponding decrease in cortisol levels. This would

suggest that individuals who show interference to (neg-

ative) affective stimuli view these images as threatening

and perhaps fear-inducing. This is in line with data in-

dicating that the emotional Stroop engages the same
neural systems, including the amygdala, implicated in

emotional reactivity (Isenberg et al., 1999). The amyg-

dala, in particular, is strongly tied to the HPA axis and

cortisol production. In addition, van Honk et al. (2000)

found that individuals who show interference also ex-

perienced a corresponding increase in testosterone levels

during task participation. Again, individuals showing

facilitation have decreased levels of testosterone. van
Honk et al. (2000) argue that the masked condition

(where the testosterone findings were concentrated) is a

‘‘clean’’ test of the direct thalamic-amygdala pathway,

without the intervention of cortical areas (LeDoux,

1996). As such, they conclude that interference in the

emotional Stroop task can be taken as a marker for a

biological hardwiring to respond to threat.

At the same time, PET and MRI studies have linked
both the traditional and emotional Stroop to a web of

neural systems critical for the expression and self-regu-

lation of emotion (van Honk et al., 2000; West & Alain,

2000a). Studies of the emotional Stroop involving both

control (George et al., 1994; Whalen et al., 1998) and

clinical (Rauch et al., 1994; Rauch et al., 1995; Rauch

et al., 1996) populations have shown high levels of ac-

tivation in the ventral (areas 33 and 25) and rostral
(areas 32 and 24) portions of the anterior cingulate

(Baker, Frith, & Dolan, 1997). These areas show strong

connections to lateral orbital frontal cortex, the limbic

striatum, and the amygdala (Devinsky, Morrell, & Vogt,

1995; Vogt, Nimchinsky, Vogt, & Hof, 1995), which are

strongly implicated in the processing and expression of

emotion (Davidson, 2000).

Analogous studies of the traditional Stroop (Bush
et al., 1998; Carter, Mintun, & Cohen, 1995; Pardo,

Pardo, Janer, & Raichle, 1990) have shown activation in

caudal (areas 24 and 32) portions of the anterior cin-

gulate. These areas have strong connections to the pre-

frontal, premotor, and supplementary motor areas

(Vogt et al., 1995), all of which are linked to executive

functioning in children and adults (Diamond, 2000;

Goldman-Rakic, 1998; Welsh, Pennington, & Groisser,
1991). These data, coupled with the extensive clinical

literature, suggest that the emotional Stroop is particu-

larly well suited for studying the link between cognition

(e.g., self-regulation or executive functioning) and

emotion (e.g., emotional reactivity).

On a practical note, the relative simplicity of the

emotional Stroop makes the task well suited for use in
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developmental studies. Overall, the findings from these
studies are remarkably similar to those from adult

studies. First, children diagnosed with spider phobias

(Kindt, Bierman, & Brosschot, 1997; Martin, Horder, &

Jones, 1992), anxiety disorder (Taghavi, 1996 in Moradi,

Taghavi, Neshat-Doost, Yule, & Dagleish, 1999), con-

duct disorder (Bauer & Hesselbrock, 1999), and PTSD

(Moradi et al., 1999) also show diagnosis-specific inter-

ference. Indeed, children will show interference to words
chosen to reflect the psychological concerns (e.g., pho-

bias, PTSD) of their parents (Moradi, Neshat-Doost,

Taghavi, Yule, & Dagleish, 1998; Schneider, Unnewher,

Florin, & Margraf, 1992 cited in Moradi et al., 1999).

Second, non-clinical children will also show interference

to idiographic stimuli. For example, children ranked low

in popularity and social acceptance show greater inter-

ference to socially negative words than do popular
children (Martin & Cole, 2000). This pattern even car-

ries over to studies designed to meet the skill levels of

very young children through the use of auditory (Green

& Barber, 1983; Jerger, Martin, & Pirozzolo, 1988;

McClain, 1983) or pictorial (Gerstadt, Hong, & Dia-

mond, 1994) stimuli. It appears that the Stroop effect in

children and adults relies on similar underlying cognitive

(and perhaps neural) mechanisms, that these mecha-
nisms are early appearing, and that the effect is broadly

independent of the perceptual and response demands

placed on the individual.

The current study also included two measures of ex-

ecutive functioning (Welsh et al., 1991): the Tower of

Hanoi task and the Wisconsin Card Sorting task. These

tasks, thought to measure flexible strategy implementa-

tion and planning, have both been linked to prefrontal
cortex functioning (Glosser & Goodglass, 1990; Welsh

et al., 1991) and were included to indicate if any differ-

ences in emotional Stroop performance were unique to

the task demands or simply an indication of broader

differences in executive functioning ability.
2. Study 1

2.1. Method

2.1.1. Participants

The participants in this study were taken from a co-

hort of 88 children initially recruited as newborns for a

longitudinal study of the behavioral and physiological

correlates of temperament (see Fox, Schmidt, Calkins,
Rubin, & Coplan, 1996; Stifter & Fox, 1990). Selection

criteria included healthy gestational age, birth weight,

and Apgar score. The children were primarily Caucasian

(80%), recruited from the Washington, DC, metropoli-

tan area, and were from middle-class backgrounds.

Presented in this study are the 21 children (8 male)

who returned to the laboratory at age 11. An analysis
comparing the children who participated at 11 versus
those who did not return indicated that the children did

not differ on any demographic or behavioral factors. The

data presented here were collected at ages 4, 7, and 11.

2.1.2. Procedures

2.1.2.1. Emotional Stroop. At the 11-year visit the chil-

dren were presented with 45 words, 15 in each word

category: positive, negative, and control (see Appendix
A). The words were chosen as representatives of broad

affective states. Unlike many emotional Stroop studies,

the words were not tailored to target particular psy-

chological concerns (e.g., anxiety) or idiographic factors.

Post-hoc analyses (Frances & Kucera, 1982) indicated

that while positive and control words did not differ in

word frequency (tð28Þ ¼ 0:82, p ¼ :42) or number of
syllables (tð28Þ ¼ 0:00, p ¼ 1:00), the negative words
were less frequent (tð28Þ’s > 2:72, p’s < :01) and had
more syllables (tð28Þ’s > 2:15, p’s < :04). However, an
item analysis indicated that the mean reaction times in

the emotional Stroop task did not correlate significantly

with either word frequency (rð45Þ ¼ �:003, p ¼ :99) or
with number of syllables (rð45Þ ¼ :16, p ¼ :28).
Stimuli were presented on a NANAO FlexScan 550i

monitor in red, green, or blue. Word presentation
(ITI¼ 1000ms; time-out latency¼ 3500ms) was con-
trolled by the STIM stimulus presentation system from

the James Long Company (Caroga Lake, NY). The

children were asked to state the color in which the word

was written, while disregarding the content of the word.

Reaction times were collected using a voice-activated

microphone connected to the data acquisition computer.

The microphone was placed directly in front of the child
at a distance of 6 in. An experimenter manually noted

any errors in color naming.

2.1.2.2. Maternal ratings of adjustment and temperament.

CBCL. As a measure of adjustment/maladjustment,

mothers completed the Child Behavior Checklist

(CBCL; Achenbach & Edelbrock, 1983) at ages 4, 7, and

11. The CBCL is a 113-item checklist in which parents
use a three-point scale to rate how descriptive a series of

behavior problems are of their own child. The CBCL

yields a number of narrow-band factors (withdrawal,

anxious/depressed, social problems, attention problems,

delinquency, aggressive behaviors) that are further re-

duced to two broadband factors (internalizing and ex-

ternalizing behavior problems). In addition, it provides

an index of the overall level of difficulty a child may be
experiencing through a total problems score. Additional

information concerning the reliability and validity of the

CBCL can be found in Achenbach (1991).

CCTI. At ages 4 and 7, mothers completed the Col-

orado Child Temperament Inventory (CCTI; Buss &

Plomin, 1984; Rowe & Plomin, 1977). This 30-item
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measure yields six scales pertaining to different dimen-
sions of child temperament. These include emotionality,

activity, attention, soothability, shyness, and sociability.

Two additional scales, ‘‘emotion dysregulation’’ (i.e.,

emotionality minus soothability) and ‘‘impulsivity’’ (i.e.,

emotionality plus activity), were computed (see Coplan,

Rubin, Fox, Calkins, & Stewart, 1994; Rubin, Coplan,

Fox, & Calkins, 1995, respectively). Data on the reli-

ability and validity of the CCTI can be found in Rowe
and Plomin (1977).

2.1.2.3. Social behavior during peer play. At ages 4 and

7, each child participated in a group play session with

three unfamiliar, same sex, same age peers. At the 4-

year visit, children were assigned to quartets based on

an index of behavioral inhibition computed at age 2. At

that time, the children had been presented with a series
of novel stimuli (e.g., a robot, tunnel, unfamiliar adult)

designed to assess their social responsiveness (see Ka-

gan, Reznick, & Snidman, 1987). At the 7-year visit, the

children were assigned to quartets based on their social

play and reticence scores in the quartets at age 4. At

each age, the quartets were designed so that one child

was highly sociable, one child was low social, and the

other two children were near the means on the mea-
sures (for details see Fox et al., 1996; Rubin et al.,

1995).

To begin each quartet visit, the four children were led

into a playroom where several age-appropriate toys

were accessible. The visit was split into several episodes,

a complete description of which may be found in Fox

et al. (1995). For purposes of this study, data from two

15-min free play sessions were used, during which be-
haviors were coded using Rubin�s (1989) Play Observa-
tion Scale (POS). Ten-second intervals were scored for

social participation (unoccupied or onlooking behavior,

type of solitary play, parallel play, peer conversation,

and group play) and the cognitive quality of play

(functional, dramatic and constructive play; explora-

tion; games with rules). Three behavioral indices were

computed: solitary-passive behavior (summing the pro-
portion of coding intervals spent in solitary-exploratory

and/or solitary-constructive play), social reticence (the

sum of onlooking and unoccupied behavior), and social

play (the sum of peer conversation and group play; see

Coplan et al., 1994).

2.1.2.4. Cognitive tasks. Wisconsin Card Sorting Task.

The computerized WCST was administered at age 11
using the standard procedures outlined in the test

manual (Heaton, 1981; Wallner, 1996). The children

were presented with four cards on a computer monitor.

Below, a single target card was presented. The children

were told to point to the card in the top row that cor-

responded to the target card. The children were given no

indication of the matching rules they were to use.
Feedback was presented for correct (high-pitched tone)
and incorrect (low-pitched tone) matches.

The cards were presented with symbols that varied in

type (triangle, star, plus sign, or circle), number (one,

two, three, or four), and color (red, green, yellow, or

blue). While the four standard cards did not vary, there

were 64 unique target cards representing each combi-

nation of symbol type, number, and color. The match-

ing rules were used in this order: color, form, number,
color, form, number. The matching rule shifted after the

children had correctly matched 10 consecutive target

cards. Once all 64 target cards had been presented, they

were reordered and presented once again if necessary.

Testing continued until the children had six runs of 10

correct matches, until they had placed more than 64

cards in one category, or until they had exhausted two

sets of target cards.
Coders noted the number of categories finished, the

total number of trials completed, and the number of

correct and incorrect responses. The incorrect responses

were further subdivided into perseverative and non-

perseverative errors. Errors were considered persevera-

tive if they involved the continued use of the previously

correct matching rule.

Tower of Hanoi. At age 11, the children were pre-
sented with an apparatus consisting of a wooden base

(15:5 in� 5:75 in) with three pegs (4:5 in apart) at its
center. Four wooden disks differing in diameter and

color rested on the pegs. An identical apparatus was

placed in front of the experimenter. The experimenter

used her board to model disk configurations that the

child was to replicate on his or her board. Disk patterns

were presented to the child in order of difficulty (Wall-
ner, 1996; Welsh, 1991). Difficulty was manipulated by

either increasing the number of disks (three or four) or

by designing the initial configuration so that the number

of minimum moves increased (4–15). The child had to

successfully complete a configuration twice before pro-

ceeding to the next level of difficulty. In order to suc-

cessfully complete a configuration, the child had to

reach the goal configuration in the fewest moves possi-
ble and without violating the following rules: 1. Only

one disk could be moved at any time, 2. A disk had to be

either on a peg or in the child�s hand, and 3. A larger
disk could not be placed on a smaller disk. The task

ended if the child could not successfully complete two

consecutive configurations.

The planning efficiency scores computed for this task

took into account the number of problems completed
and the number of trials it took the child to complete

each of the problems.

2.1.3. Emotional Stroop data analysis

The reaction time data were edited for each child

to remove error trials in the emotional Stroop, as well

as any trials more than two standard deviations from his
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or her grand mean. Mean reaction times were then
calculated for each of the three categories of words (see

Fig. 1).

A repeated-measures ANOVA comparing the three

word categories produced a significant main effect

(F ð2; 40Þ ¼ 3:15, p ¼ :05) for reaction times. Pair-wise
comparisons indicated that reaction times to negative

words were significantly slower than to control words

(tð20Þ ¼ 2:23, p ¼ :04), while there was no difference
between positive words and control words (tð20Þ ¼
�0:01, p ¼ :99).

2.1.4. Group classification

In order to create two groups of children based upon

their performance in the Stroop task, reaction times to

the positive and negative words were averaged. Overall,

there was no significant difference in reaction time be-
tween control words and the new emotion composite

(tð20Þ ¼ �1:41, p ¼ :17). For each participant, reaction
times to the control words were then subtracted from
Fig. 1. Reaction times for Study 1. Reaction times (ms) are calculated

for each word category within each participant group. The data for the

emotion words were calculated by averaging the reaction times for

positive and negative words.

Table 1

Mean CBCL ratings for the children in Study 1 at ages 4, 7, and 11

Age 4 Age

Facilitation Interference Fac

Withdrawal 0.88� 2.55� 0.67

Anxious/depressed 0.63þ 2.55þ 1.11

Social problems 1.13 2.18 0.56

Attention problems 2.63 3.00 1.11

Delinquency 0.00 0.09 0.33

Aggressive behaviors 8.00 6.91 4.56

Internalizing 2.50þ 5.82þ 2.11

Externalizing 8.00 7.00 4.89

Total problems 16.5 20.00 9.73

Ratings are presented separately for the facilitation and interference gro
* p < :05.
+ p < :10.
the new emotion word composite to calculate an index
of the Stroop effect. In the interference group, reaction

times to the emotion composite were slower than to the

control words (positive score), while the facilitation

group was faster in responding to the emotion words

(negative score). Pair-wise comparisons indicated that

the twelve subjects in the interference group showed

significant interference with both positive (tð11Þ ¼ 2:40,
p ¼ :04) and negative (tð11Þ ¼ 5:08, p < :001) words.
The remaining nine children, the facilitation group, were

significantly faster with positive words (tð8Þ ¼ �4:17,
p ¼ :003) and had means in the same direction for the
negative words (tð8Þ ¼ �0:94, p ¼ :37).
2.2. Results

2.2.1. Maternal ratings of adjustment and temperament

CBCL. The children in the interference and facilita-

tion groups differed on a number of sub-factors derived

from the CBCL (see Table 1). An initial 3� 2 ANOVA
was used in each analysis. Age of rating (4, 7, and 11)

was the within-subjects factor, while participant group

(interference vs. facilitation) served as the between-

subjects factor.

Parents rated the children in the interference group as
significantly higher in social withdrawal (F ð1; 17Þ ¼
7:71, p ¼ :01). This was significant at 4, 7, and 11
(t’s > 2:30, p’s < :04). The interference group was also
rated as having more problems associated with anxiety

and depression (F ð1; 17Þ ¼ 5:45, p ¼ :03), significant at
ages 4 and 7 (t’s > 2:18, p’s < :04). Parents rated chil-
dren in the interference group higher in attention

problems (F ð1; 17Þ ¼ 4:63, p ¼ :05). This effect was sig-
nificant at age 7 and 11 (t’s > 2:16, p’s < :05). In addi-
tion, the interference group was reported to show

marginally greater social problems (F ð1; 17Þ ¼ 4:08,
p ¼ :059). This was significant at age 7 (tð18Þ ¼ 2:27,
p ¼ :04).
7 Age 11

ilitation Interference Facilitation Interference

� 2.55� 0.88� 3.11�

� 4.10� 1.88þ 5.06þ

� 2.36� 0.75 2.17
� 3.91� 1.15� 4.25�

þ 1.64þ 0.64 1.01

7.73 5.13 7.84
� 7.55� 5.13� 12.08�

þ 9.36þ 5.77 8.82

� 25.09� 14.71þ 30.12þ

ups.



Table 2

Mean CCTI ratings for the children in Study 1 at ages 4 and 7

Age 4 Age 7

Facilitation Interference Facilitation Interference

Shyness 1.80�� 2.92�� 3.29 3.19

Sociability 3.98� 3.23� 3.00 3.00

Emotionality 2.50 2.89 2.00 2.57

Soothability 3.06 3.04 3.49 3.16

Attention 3.60þ 3.43þ 2.76 2.91

Emotion dysregulation )0.56 )0.16 )1.49 )0.59
Impulsivity 6.63 6.57 4.93 5.31

Ratings are presented separately for the facilitation and interference groups.
* p < :05.
** p < :01.
+ p < :10.

Table 4

Mean scores on the Wisconsin Card Sorting Task and Tower of Hanoi

at age 11 for Study 1

Facilitation Interference

Wisconsin Card Sort

Categories finished 4.43 5.36
þ þ
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On the broad-band measures, the interference group

was rated by parents as displaying higher internalizing

scores (F ð1; 17Þ ¼ 5:18, p ¼ :04). This was true at ages 4
(tð17Þ ¼ 1:92, p ¼ :07), 7 (tð18Þ ¼ 2:22, p ¼ :04) and 11
(tð16Þ ¼ 2:05, p ¼ :06). While they also had higher ex-
ternalizing scores, this measure never reached signifi-

cance (t’s < 1:67, p’s > :11). On the measure of total
problems, the interference group had higher scores at 7

(tð18Þ ¼ 2:49, p ¼ :02) and 11 (tð16Þ ¼ 1:92, p ¼:08).
CCTI. Based on parent ratings from the CCTI, the

children in the interference group were rated as more shy
(tð16Þ ¼ 3:85, p ¼ :001) and less social (tð16Þ ¼ �2:81,
p ¼ :01) than their counterparts in the facilitation group
at age 4 (see Table 2). This pattern was not repeated at

age 7 (tð16Þ’s < �0:79, p’s > :44). There were no group
differences on emotionality, soothability, or attention

at either 4 or at 7 (t’s < 1:63, p’s > :12). There were
also no differences on the emotion dysregulation

(t’s < 1:53, p’s > :14) and impulsivity (t’s < 0:85,
p’s > :41) indices.

2.2.2. Social behavior during peer play

There were no significant differences between the in-

terference and facilitation groups in social reticence,

solitary passive play, or social play (see Table 3). This

was true at age 4 (tð19Þ’s < 0:62, p’s > :54) and at age 7
(tð18Þ’s < 0:78, p’s > :45).
Table 3

Mean ratings for social behavior in the quartets for the children in

Study 1 at ages 4 and 7

Age 4 Age 7

Facilitation Interference Facilitation Interference

Reticence 0.23 0.18 0.13 0.18

Solitary

passive

0.17 0.13 0.11 0.13

Social

play

0.13 0.16 0.40 0.37

Ratings are presented separately for the facilitation and interfer-

ence groups.
2.2.3. Cognitive tasks

WCST. In the WCST, the interference and facilita-

tion groups did not differ in the number of categories
finished, the total number of trials performed, or the

number of correct trials (tð16Þ’s < 1:73, p’s > :10) (see
Table 4). While there was a weak trend for the facilita-

tion group to show greater errors (21.3 vs. 39.0;

tð16Þ ¼ �1:87, p ¼ :08), this was driven solely by the
number of non-perseverative errors (9.4 vs. 19.6;

tð16Þ ¼ �2:71, p ¼ :02). The groups did not differ in the
number of perseverative errors (12.0 vs. 19.4;
tð16Þ ¼ �1:01, p ¼ :29).
TOH. In the TOH, the two groups did not differ in

any condition, regardless of the complexity of the con-

figuration (tð17Þ’s < �1:46, p’s > :16).

2.3. Discussion

Although a simple reaction time measure, perfor-
mance on the emotional Stroop task was linked to a
Number of trials 109.00 92.73

Number correct 70.00 71.36

Number errors 39.00þ 21.36þ

Perseverative errors 19.43 12.00

Nonperseverative errors 19.57� 9.36�

Tower of Hanoi

Three disks, five moves 5.67 4.40

Three disks, six moves 3.78 4.30

Three disks, seven moves 3.78 2.90

Four disks, seven moves 3.89 3.00

Four disks, 11 moves 3.11 2.50

Four disks, 15 moves 1.78 1.90

Scores are presented separately for the facilitation and interference

groups.
* p < :05.
+ p < :10.
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consistent pattern of behavior across time on a broad
range of social and emotional measures. At every age,

the children in the interference group showed greater

signs of maladjustment than the children in the facili-

tation group. It is important to note, however, that at no

time did any child reach a clinical cutoff. Rather, the

interference and facilitation groups simply clustered at

different points along the normal distribution. However,

it is striking that reliable results can be documented over
a seven-year span with children who were not selected

for particular physiological or behavioral characteris-

tics.

The current data indicate that the social and emo-

tional dispositions found in the children are not tran-

sient in nature. However, within this stability, the

constellation of findings was most acute at age 7. Since

the expression of a behavioral predisposition is depen-
dent on a number of external and internal forces, it is

not surprising that the pattern peaks at particular points

in development. At age 7, there is a shift in children�s
responsibilities as they enter formal schooling. As well,

social and emotional forces at play are felt quite acutely

in the children as they begin to navigate increasingly

complex social roles at school and at home. By age 11,

these same children may be better equipped for self-
regulation, thus attenuating the behavioral markers.

The null results in the Wisconsin Card Sort Task and

the Tower of Hanoi are in line with previous studies

comparing social withdrawal and performance on these

tasks (Fox & Henderson, 1997). In addition, the groups

did not differ in overall response speeds to the control

words, indicating that they were both comfortable with

the task demands of the Stroop. Rather, differences in
self-regulation ability appear only when affective and

regulatory systems are called on in tandem, either tem-

porally or functionally, as in the emotional Stroop.
3. Study 2

A second study was designed with two issues in mind.
First, we attempted to replicate these initial findings

with an independent sample. Second, while behavioral

(reaction time) differences were quite evident in the

emotional Stroop, little information was available con-

cerning the neural and cognitive processes underlying

the data.

While MRI and PET studies have greatly expanded

our understanding of the neuroanatomical substrates of
the emotional Stroop, these tools cannot offer real-time

temporal resolution of the neural processes involved.

This level of temporal specificity is necessary in order to

address the cognitive processes that fill the void between

stimulus presentation and response production. To fill

this requirement, event-related potentials (ERPs) were

employed in Study 2.
The earliest ERP-Stroop study (Duncan-Johnson &
Kopell, 1981) found no consistent differences across

conditions in the traditional Stroop. They concluded

that Stroop interference was related to conflicts in re-

sponse selection rather than in stimulus evaluation

processes. However, more recent studies have indicated

that there are detectible differences in ERPs generated

by the traditional (color-word) Stroop (Ilan & Polich,

1999; Liotti, Woldroff, P�eerez III, & Mayberg, 2000;
Schack, Chen, Mescha, & Witte, 1999; West & Alain,

1999). Early in the ERP wave, studies have found a

distinct N1–P2–N2 complex (e.g., West & Alain, 2000a).

These components are thought to index early sensory

processing and low-level attention allocation (Hillyard,

Luck, & Mangun, 1994). Traditional Stroop studies

have not found any differences across their two condi-

tions: congruent vs. non-congruent color words. Rather,
these studies have focused on more endogenous com-

ponents, the P3 and N4 (e.g., Ilan & Polich, 1999). The

larger amplitudes noted in the incongruent condition are

thought to reflect the stimulus evaluation time and at-

tentional requirements needed to ultimately repress the

information carried in the incongruent trials (West &

Alain, 2000b). This interpretation also carries over to

the positive slow wave prominently seen in traditional
ERP studies (West & Alain, 2000a).

While the ERP Stroop literature is growing steadily,

the currently published studies have focused exclusively

on the traditional Stroop. As such, this second study

was among the first to directly examine the ERPs gen-

erated by an emotional Stroop task. It therefore allowed

us to see if the relationships outlined above for con-

gruent versus incongruent color-word stimuli were rep-
licated in the affective and neutral stimuli employed in

the emotional Stroop. In addition, this study is one of

only a small number (Barch et al., 1999; Bauer & Hes-

selbrock, 1999) employing an individual differences ap-

proach.

3.1. Method

3.1.1. Participants

The participants in this study were 48 children se-

lected at age four for a longitudinal study of the be-

havioral and physiological correlates of temperament

(see Fox et al., 1996). Families were recruited from the

metropolitan Washington, DC, area via a general

mailing. The children were primarily Caucasian (88.6%)

and of middle-class background. Children were ex-
cluded on the basis of maternal pre-natal health com-

plications or infant postnatal health problems. In this

paper we report on the thirty-one children (13 male)

who returned to the laboratory at age 11. An analysis

comparing the children who participated at 11 versus

those who did not return indicated that the children did

not differ on any demographic or behavioral factors.
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3.1.2. Procedures

The procedures employed for the maternal ratings,

WCST, and TOH were identical to those in Study 1.

3.1.2.1. Emotional Stroop. At the 11-year visit, the chil-

dren were presented with 63 words, 21 in each word

category: positive, negative, and control (see Appendix

A). The words were chosen as representatives of broad

affective states. Unlike many emotional Stroop studies,

the words were not tailored to target particular psy-
chological concerns (e.g., anxiety) or idiographic factors.

Post hoc analyses (Frances & Kucera, 1982) indicated

that while positive and control words did not differ in

word frequency (tð40Þ ¼ 1:07, p ¼ :29) or number of
syllables (tð40Þ ¼ 1:28, p ¼ :21), the negative words were
less frequent (tð40Þ’s > 2:48, p’s < :02) than the positive
and control words. In addition the negative words had

significantly more syllables (tð40Þ ¼ 2:43, p ¼ :02) than
the control words. An item analysis indicated that the

mean reaction times in the emotional Stroop task did

not correlate significantly with number of syllables

(rð63Þ ¼ :237, p ¼ :06). There was, however, a signifi-
cant correlation between word frequency and average

reaction times (rð63Þ ¼ �:289, p ¼ :02). Separate anal-
yses conducted for the three word categories showed

that this held only for the control words (rð21Þ ¼ �:508,
p ¼ :02). There was no such relationship for the positive
and negative words (rð21Þ’s < �:349, p’s > :12).

3.1.2.2. EEG collection. EEG was collected from each

child while performing the emotional Stroop task.

Ten sites (F3, F4, Fz, C3, C4, P3, P4, Pz, O1, and O2)

were collected using a stretch Lycra cap with electrodes

sewn in according to the 10–20 international system
(Jasper, 1958). Impedances were kept below 5 kX.
During collection the signal was digitized at 512Hz

referenced to vertex (Cz). The signal was later converted

to average reference for analysis.

EOGwas recorded via electrodes above and below the

right eye and at the outer canthi of each eye. The data

from 24 children were amplified through individual Grass

AC bioamplifiers (Model 78D) using high- and low-pass
filters of 1 and 100 and a 60Hz notch filter. The signal

was digitized using Snapshot-Snapstream acquisition

software (HEM Data). The data from the remaining six

children were collected with SA Instruments (San Diego,

CA) isolated bioelectric amplifiers using high- and low-

pass filters of .10 and 100Hz. The signal was digitized

with the Snapmaster Data Acquisition System (HEM

Data). Before each visit a 50 lV 10Hz signal was input
into each of the channels for calibration purposes.

The digitized EEG data were manually edited for eye-

blink or movement related artifact. Eye blinks were re-

gressed out using software provided by James Long

Company (Caroga Lake, NY). All other artifact was

expunged from the files.
Event-related potentials (ERPs) were collected si-
multaneously with the presentation of each word, ref-

erenced to a 100ms pre-stimulus baseline. Each of the

included trials was artifact free for the 1000ms following

word presentation. Grand ERPs for each of the three

word categories were calculated by averaging across the

digitized and edited EEG from individual trials.

On average, there were 15.7 positive, 15.6 negative,

and 15.0 control trials available for each participant.
There were no statistically significant differences across

the word categories (tð30Þ’s < 1:41, p’s > :17). A re-

peated-measures ANOVA with word category as the

within-subject factor and participant group (Interfer-

ence vs. Facilitation) as the between-subject factor

showed neither a main effect for word category nor a

word category by group interaction. However, there was

a main effect of group (F ð1; 29Þ ¼ 9:08, p ¼ :01). This
was due to the interference group having more useable

trials than the facilitation group (49.6 vs. 42.3, total).

3.1.2.3. Social behavior during peer play. At ages 4 and 7,

each child participated in a group play session with three

unfamiliar, same sex, same age peers. At the 4-year visit,

children were assigned to quartets based on maternal

assessments of sociability and shyness on the CCTI. At
the 7-year visit, children were assigned to quartets based

on their social play and reticence scores in the quartets

at age 4. At each age, the quartets were designed so that

one child was highly sociable, one child was low social,

and the other two children were near the means on the

measures (for details see Fox et al., 1996; Rubin et al.,

1995).

The testing and coding procedures were identical to
those in Study 1.

3.1.3. Emotional Stroop data analysis

Reaction times for each child were edited to remove

errors and any trials more than two standard deviations

from his or her grand mean. Mean reaction times were

then calculated for each of the three categories of words

(see Fig. 2).
A repeated-measures ANOVA comparing the three

word categories indicated no significant differences

(F ð2; 56Þ ¼ 0:52, p ¼ :60) in reaction times. Pair-wise
comparisons also failed to show any differences in re-

sponses to positive (tð29Þ ¼ 0:34, p ¼ :73) and negative
words (tð29Þ ¼ 0:96, p ¼ :49) versus controls.

3.1.4. Group classification

As in Study 1, an index of the emotional Stroop effect

was calculated for each child using reaction times to the

control words and the mean of reaction times to the

positive and negative words. Overall, there was no sig-

nificant difference in reaction times between the emotion

word composite and the control words (tð29Þ ¼ �0:70,
p ¼ :49). The 16 subjects in the interference group were



Fig. 2. Reaction times for Study 2. Reaction times (ms) are calculated

for each word category within each participant group. The data for the

emotion words were calculated by averaging the reaction times for

positive and negative words.

K. P�eerez-Edgar, N.A. Fox / Brain and Cognition 52 (2003) 33–51 41
slower in responding to positive (tð15Þ ¼ 4:72, p < :001)
and negative (tð15Þ ¼ 4:85, p < :001) words versus con-
trol words. The remaining fourteen children, the facili-

tation group, were significantly faster with positive

(tð13Þ ¼ �5:61, p < :001) and negative (tð13Þ ¼ �3:35,
p ¼ :01) words.

3.2. Results

3.2.1. Maternal ratings of adjustment and temperament

Based on parent ratings of the child on the CBCL

(see Table 5), the children in the interference group

showed more attention problems (F ð1; 17Þ ¼ 5:70,
p ¼ :03). This was significant at age 7 (tð25Þ ¼ 3:04,
p ¼ :01). The interference group also tended to show
more social problems (F ð1; 17Þ ¼ 4:11, p ¼ :059).
Again, the effects appeared to peak at age 7, at which

time the interference group was more anxious and de-

pressed (tð25Þ ¼ 1:97, p ¼ :05) and more aggressive

(tð25Þ ¼ 2:77, p ¼ :01).
Table 5

Mean CBCL ratings for the children in Study 2 at ages 4, 7, and 11

Age 4 Age

Facilitation Interference Fac

Withdrawal 2.00 2.00 2.1

Anxious/depressed 2.50 2.65 2.5

Social problems 1.64 1.31 1.1

Attention problems 2.07 2.35 1.2

Delinquency 0.65 0.88 1.2

Aggressive behaviors 7.71 10.41 5.3

Internalizing 5.36 6.00 5.4

Externalizing 8.36 11.35 6.5

Total problems 20.21 23.63 14.7

Ratings are presented separately for the facilitation and interference gro
** p < :01.
+ p < :10.
On the broad-band measures, the interference group
showed higher internalizing scores at 4, 7, and 11, al-

though these did not reach significance (t’s < 1:30,
p’s > :26). The interference group also had higher ex-
ternalizing scores throughout, reaching significance at

age 7 (tð25Þ ¼ 2:71, p ¼ :01). On the measure of total
problems, the interference group had higher scores at all

three ages (F ð1; 17Þ ¼ 4:45, p ¼ :05), again reaching
significance at age 7 (tð25Þ ¼ 2:89, p ¼ :01).
Based on ratings from the CCTI noted above, the

children in the interference group showed more impul-

sivity (tð25Þ ¼ 2:14, p ¼ :04) (see Table 6). Unlike in
Study 1, here the interference group was less shy than

the facilitation group at age 7 (tð25Þ ¼ �2:41, p ¼ :02).

3.2.2. Social behavior during peer play

There were no significant differences between the in-
terference and facilitation groups in social reticence,

solitary passive play, or social play at age 4

(tð27Þ’s < 0:76, p’s > :46) (see Table 7). At age 7, the
interference group showed less solitary passive behavior

(tð25Þ ¼ �2:06, p ¼ :05) and more social play

(tð25Þ ¼ 2:58, p ¼ :02). These data are in line with the
maternal ratings on the CCTI. There were no significant

differences between the groups in social reticence
(tð25Þ ¼ �0:75, p ¼ :46).

3.2.3. Cognitive measures

In the WCST, the groups did not differ on any of the
coding measures (tð25Þ’s < 1:92, p’s > :07) (see Table 8).
In the TOH, the two groups did not differ in any

condition, regardless of the complexity of the configu-

ration (tð28Þ’s < 1:85, p’s > :08).

3.2.4. ERP data

The ERP findings did not follow the pattern of results

noted in the behavioral data. Therefore, these data will
be address in a separate section after the discussion of

the current results.
7 Age 11

ilitation Interference Facilitation Interference

7 1.67 2.40 2.20

8þ 4.47þ 1.72 3.91

7 2.00 0.60 1.70

5�� 3.73�� 1.52 3.05

5þ 2.20þ 1.10 1.30

3�� 10.20�� 4.50 5.75

2 7.20 5.33 8.41

8�� 12.40�� 5.60 6.92

9�� 25.85�� 14.41 22.33

ups.



Table 6

Mean CCTI ratings for the children in Study 2 at ages 4 and 7

Age 4 Age 7

Facilitation Interference Facilitation Interference

Shyness 2.41 2.41 2.60 2.03

Sociability 3.70 3.98 3.57� 3.87�

Emotionality 3.07 2.83 2.35 2.69

Soothability 3.39 3.30 3.47 3.56

Attention 3.39 3.34 3.55 3.51

Emotion dysregulation )0.32 )0.48 )1.12 )0.87
Impulsivity 6.71 6.75 5.93� 6.53�

Ratings are presented separately for the facilitation and interference groups.
* p < :05.
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3.3. Discussion

The behavioral findings in Study 2 complement those

of Study 1. As in Study 1, children in the interference

group in Study 2 showed greater signs of maladjust-

ment, scoring higher on measures of both externalizing

and internalizing problems. This pattern was consistent
Table 7

Mean ratings for social behavior in the quartets for the children in

Study 2 at ages 4 and 7

Age 4 Age 7

Facilitation Interference Facilitation Interference

Reticence 0.16 0.15 0.16 0.11

Solitary

passive

0.29 0.24 0.18� 0.09�

Social

play

0.29 0.32 0.34� 0.57�

Ratings are presented separately for the facilitation and interfer-

ence groups.
* p < :05.

Table 8

Mean scores on the Wisconsin Card Sorting Task and tower of Hanoi

at age 11 for Study 2

Facilitation Interference

Wisconsin Card Sort

Categories finished 5.92þ 5.20þ

Number of trials 94.58 107.67

Number correct 71.50 72.07

Number errors 23.08þ 35.60þ

Perseverative errors 11.67 17.27

Nonperseverative errors 11.42 18.27

Tower of Hanoi

Three disks, five moves 5.50 5.69

Three disks, six moves 4.93 5.56

Three disks, seven moves 4.93 4.81

Four disks, seven moves 5.29 4.56

Four disks, 11 moves 3.86 2.63

Four disks, 15 moves 2.43þ 1.06þ

Scores are presented separately for the facilitation and interference

groups.
+ p < :10.
across time, again peaking at age 7. There were, how-

ever, some subtle differences in the pattern of results

across the two studies. While the findings for the inter-

ference group children in Study 1 tended to cluster

around internalizing measures (e.g., withdrawal, anxi-

ety), the children in Study 2 had greater difficulty with

externalizing behaviors (e.g., aggression). This is in line
with the questionnaire and behavioral data in Study 2

indicating that the interference group was less shy than

the facilitation group. It is important to note that the

interference group had higher scores for both internal-

izing and externalizing problems in both studies and

that this was reflected in the significantly higher total

problems scores (see Fig. 3).

3.4. Conclusion

The emotional Stroop has been used extensively in

clinical populations. Since early studies often involved

individuals with anxiety disorders (Williams et al.,

1996), the initial explanations for the phenomena cen-

tered on issues central to theories of anxiety. In partic-

ular, Stroop interference was thought to grow out of the
extended practice anxious individuals have with anxiety-

related concepts as they ruminate on particular themes

(Segal, Truchon, Horowitz, Gemar, & Guirguis, 1995).
Fig. 3. CBCL total problems scores. Total problem scores are noted

for the facilitation and interference groups in each study. The children

in the interference group showed a generally stable pattern of higher

scores across the three ages.
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However, the emotional Stroop has proven robust in
populations that do not suffer from anxiety-related dis-

orders, or any disorder at all. Clearly, the mechanisms

involved can not be unique to anxiety disorders. A re-

lated class of explanations also focused on the fact that

most studies use carefully constructed stimuli designed

to target the idiosyncratic concerns of the population of

interest. Gilboa-Schechtman (Gilboa-Schechtman et al.,

2000) noted that this selective processing could be at-
tributed to three distinct factors: (1) the concordance

between the person�s affective state and the valence of
the stimulus, (2) the relevance of the stimuli to the in-

dividual�s current concerns, and (3) the emotional im-
pact of the stimulus. Depending on the facts at hand,

each of these explanations has been invoked, alone or in

combination, to interpret data from the emotional

Stroop.
This study differed from much of the literature in that

neither the stimuli nor the participants were chosen to

target a particular psychological or social concern. Yet,

two independent samples found clear differences in

performance that were linked to distinct patterns of

social behavior across a seven-year span. In order to

interpret the current Stroop data, we can attempt to

apply the three broad explanations noted above.
First, there is the possibility that the findings were

due to mood congruence. This cannot adequately ex-

plain the current data since the children were tested in a

relatively affect-neutral state and the pattern of results

(interference vs. facilitation) held for both positive and

negative words. Valence was relevant only for the ERP

data, which will be discussed in the special section be-

low.
Second, it may be that personal relevance fuels the

emotional Stroop effect. Again, this reasoning does not

seem to fit the current data. As noted above, the stimuli

were chosen to represent broad positive and negative

emotions without regard to a particular psychological or

emotional concern. Secondly, the literature stresses that

the presence and magnitude of the Stroop effect are

closely linked to the individual�s concerns at that mo-
ment in time (Riemann & McNally, 1995). Here we see

that performance on the Stroop is linked to behavior

across a wide span of time. While we do not know how

the children would have performed at ages 4 and 7, it is

unlikely that the emotional, psychological, and social

concerns of these children were static during this de-

velopmental period. Indeed, since this was an unselected

sample, one cannot make the secondary argument that
the children�s concerns were expected to be similar
across the participant pool.

Third, the Stroop effect found in the studies may re-

flect the emotional impact of the stimuli. Given the

motivations behind most emotional Stroop studies, the

unspoken assumption is that the individual is reacting to

a negative emotional state. In this study, however, the
children were grouped based on responses to emotional
stimuli without regard to valence. In addition, since the

stimuli were randomly presented, it seems highly un-

likely that the children vacillated between strong posi-

tive and negative emotional states as the task

progressed. Taken together, the data suggest that the

current Stroop findings do not reflect an acute emo-

tional state in the children. Rather, the mechanisms in-

volved in interference may reflect an emotional/
regulatory style on the part of the children. The notion

that personality/temperament might play a role in the

Stroop effect is supported in the work of Mogg and

Marden (1990). They found that individuals with high

trait anxiety showed interference to both positive and

negative words.

In the developmental literature the presence of an

enduring behavioral style is thought to reflect underlying
temperamental traits in children. This literature has fo-

cused primarily on the expression and regulation of

negative affect and much of this work may be useful for

understanding the current findings.

There are a growing number of studies in the devel-

opmental literature exploring individual differences in

the expression and control of emotions. Much of this

research has focused on temperamental differences in
behavioral inhibition and social withdrawal (Fox et al.,

1996; Kagan et al., 1987). As infants, behaviorally in-

hibited children show high levels of motor activity and

marked negative affect when presented with novel sen-

sory stimulation (Calkins, Fox, & Marshall, 1996; Ka-

gan, Reznick, Clarke, Snidman, & Garcia-Coll, 1984).

Behaviorally inhibited children also display signs of fear

and wariness in response to unfamiliar stimuli (Schmidt
et al., 1997). By pre-school, many of these same children

are reluctant to interact with unfamiliar peers and often

appear shy and withdrawn in social situations (Fox

et al., 2001). Behaviorally inhibited children also appear

anxious and may be at greater risk for anxiety disorders

as adults (Kagan, 1994).

Children who are behaviorally inhibited or socially

withdrawn often experience negative affect in unfamiliar
or novel social environments. Once experiencing nega-

tive emotions, these children may have greater difficulty

regulating and stabilizing their affective experiences

(Rothbart, Ahadi, & Hershey, 1994; Ruff & Rothbart,

1996). This dynamic balance between the experience of

negative affect and its regulation has led researchers to

explore the cognitive and neuropsychological compo-

nents that may underlie individual differences in the
expression and regulation of emotions among behav-

iorally inhibited or socially withdrawn children (Fox,

Henderson, & Marshall, 2001; Fox et al., 1995).

The origins of negative affect and distress among be-

haviorally inhibited children may be linked to hyperex-

citability of certain limbic centers. Kagan (Kagan,

Reznick, Snidman, Gibbons, & Johnson, 1988) has
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argued that inhibited children show greater arousal in
selected hypothalamic and limbic sites, particularly the

amygdala. As noted above, these same regions have also

been implicated in the Emotional Stroop (Isenberg et al.,

1999;Vogt et al., 1995). TheworkofMichaelDavis (1992)

and Joseph LeDoux (1998) has indicated that the amyg-

dala plays a central role in the expression of conditioned

fear in animals.

Building on this work, Kagan speculated that these
same systems might be involved in the display of be-

havioral inhibition in human infants and children. Both

Davis (Davis & Shi, 1999) and LeDoux (1990) found

that activity within the central nucleus of the amygdala

was critical for the expression of conditioned fear.

Heightened amygdala activity was also associated with

several behavioral and physiological outputs including

increased startle response, autonomic changes, and
heightened activity in the HPA axis. Kagan and Fox

have conducted a series of studies with independent

samples and have found that inhibited children display a

similar pattern of responses. Inhibited or reticent chil-

dren showed increased heart rate and decreased heart

rate variability (Calkins et al., 1996), enhanced startle

(Schmidt & Fox, 1998, but not Schmidt et al., 1997), and

elevated morning basal cortisol levels (Schmidt et al.,
1997, but not Schmidt, Fox, Schulkin, & Gold, 1999a,

1999b). Fox and colleagues further report increased al-

pha desynchronization particularly from right anterior

scalp leads in inhibited and reticent children (Fox et al.,

2001). This pattern of physiological and behavioral

findings suggests that the negative affect and distress

seen in inhibited and reticent children may be a function

of the proposed limbic hyper-arousability.
Although inhibited and reticent children may share

an underlying biology that predisposes them to express

greater levels of negative affect and distress, there are

clear individual differences among these children in the

actual expression of inhibition or reticence. Such dif-

ferences in the expression of temperament may be a

function of external factors such as caregiving experi-

ence or learning, as well as internal processes such as
the maturation of neural systems involved in the regu-

lation of both positive and negative affect. Emotion

regulation involves the use of executive control to shape

affective processes and their corresponding behavioral

markers. Fox (Fox et al., 2001) argues that successful

regulation depends on the development of cognitive

processes (e.g., selective attention skills) and on the

child�s experiences within his or her daily environment,
which may or may not support the efficacy of these

skills for affect regulation. Thus, for example, behav-

iorally inhibited children may develop the attentional

skills important for modulation of affect but still be

unable to efficiently utilize these skills for adaptive

prosocial behavior due to poor support from their

caregiving environment.
The notion of temperamental style is particularly
important when one considers that the current data is not

unidirectional. That is, the groups were not chosen for

having different degrees of Stroop interference. Instead,

roughly one-half of the children preformed ‘‘better’’ with

the emotion stimuli. This finding has not been dealt with

extensively in the literature since most emotional Stroop

studies have been designed to elicit the largest Stroop

effect possible. van Honk (van Honk et al., 2000) found
both interference and facilitation effects when presenting

masked and unmasked pictures of angry faces. He ar-

gued that individuals are biologically prepared to exhibit

either a dominant or submissive stance when confronted

with a threat cue. In his study, the increase in testoster-

one and cortisol for the facilitation group readied them

for an active, aggressive response to the perceived threat.

By the same token, the drop in these hormones for the
interference group hinted that this group may be inhib-

ited in terms of their behavioral and physiological re-

sponses. In the current study, children in the interference

group were disposed to showing signs of social and

emotional maladjustment. However, it remains to be

seen if children who showed facilitation in the emotional

Stroop are by comparison merely less prone to these

difficulties, if they are actively inoculated against social-
emotional difficulties, or if they are temperamentally

predisposed to exhibit positive or exuberant behavior.

Clearly, further research will be needed in order to

clarify the promising data from the current studies. The

data suggest that the role of the emotional Stroop as an

empirical and theoretical tool may be broader than

initially thought. Rather than being limited to acute

tests of emotionality within strict diagnostic boundaries,
the emotional Stroop may help reveal broad styles of

functioning that remain relatively stable across time. In

addition, the emotional Stroop appears to tap into the

interaction between emotion and cognition at an early

age, perhaps allowing for greater insight into the de-

velopment of self-regulation. If the emotional Stroop

proves to be useful as both a passive dependent measure

and as an independent factor in the classification and
study of individuals, it may prove particularly helpful to

researchers applying an individual differences approach

to the issues at hand. This will allow researchers to ex-

amine both the causes and consequences of differing

response patterns in the emotional Stroop.
4. Event-related potentials in the emotional Stroop

4.1. Results

A grand ERP was calculated across participants and

conditions for each site in order to select prominent

components for analysis. Based on these ERPs, peak

amplitude and latency were calculated at each site for
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each of the following components: P1 (0–100ms), N1
(50–150ms), P2 (150–250ms), N2 (250–350ms), P3

(350–450ms), and N4 (400–500ms). In addition, mean

amplitude was calculated for the positive slow wave

from 600 to 1000ms.

A separate ANOVA was calculated with Word Cat-

egory (Positive, Negative, and Control), Region (Fron-

tal, Central, Parietal, and Occipital), and Hemisphere

(Right vs. Left) as within-subject factors and the pattern
of Stroop effect (Interference vs. Facilitation) as a be-

tween-subjects factor. The individual ERP components

served as the dependent measures. After the initial AN-
Fig. 4. Grand ERPs for children in Study 2. ERPs are presented for the fo

differences were found between the emotion words for N1, N2, and the p

component latencies.
OVA, separate 3 ðWord CategoryÞ � 2 ðHemisphereÞ�
2 ðGroupÞ ANOVAs were calculated for each scalp
region.

The data analyses were organized across three central

questions.

4.1.1. Are ERPs generated by the emotional Stroop

similar in overall morphology to ERPs collected during

the traditional Stroop task?

The ERPs generated by the emotional Stroop task

produced a number of distinct wave components (see

Fig. 4). Early in the waveform, there is a distinct
llowing sites: F3, F4, Fz, C3, C4, P3, P4, Pz, O1, and O2. Amplitude

ositive slow wave. Hemispheric differences were also evident for the
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P1–N1–P2–N2 complex. This closely mirrors theN1–P2–
N2 complex seen in the ERP studies of the traditional

Stroop (Bauer & Hesselbrock, 1999; Ilan & Polich, 1999;

Liotti et al., 2000; West & Alain, 1999; West & Alain,

2000a, but not West & Alain, 2000b). The traditional

Stroop studies also found prominent P3 and N4 com-

ponents. While these components are discernible in the

emotional Stroop, they are attenuated. Interestingly, the

only traditional Stroop study not to find strong P3 and
N4 effects (Bauer & Hesselbrock, 1999) also involved a

fairly young (late adolescence) participant population.

Finally, each traditional Stroop study finds a marked

positive slow wave (except for West & Alain, 2000b,

where it is negative going). The positive slow wave was

particularly prominent in the current study.

4.1.2. Can ERPs distinguish the different word categories

used in the emotional Stroop?

For the early P1–N1–P2–N2 complex, only the neg-

ative components produced significant word category

effects (see Fig. 5).

For N1, the initial ANOVA indicated a trend dis-

tinguishing among positive, negative, and control words

(F ð2; 58Þ ¼ 2:92, p ¼ :06). This was significant only for
the frontal sites (F ð2; 58Þ ¼ 6:95, p ¼ :002). Pair-wise
comparisons indicated that N1 amplitudes for negative

words were significantly smaller than for positive

(tð30Þ’s > 2:28, p’s < :03) or control (tð30Þ’s > 2:10,
p’s < :04) words.
At N2, the initial ANOVA indicated a significant

effect for word category (F ð2; 58Þ ¼ 4:02, p ¼ :02). This
held for the frontal (F ð2; 58Þ ¼ 2:87, p ¼ :07), central
(F ð2; 58Þ ¼ 3:54, p ¼ :04), and occipital (F ð2; 58Þ ¼ 5:78,
p ¼ :01) sites. Pair-wise comparisons indicated that the
amplitudes to negative words were smaller than those

for positive words (tð30Þ’s > 1:91, p’s < :06).
Fig. 5. ERP from F3. Individual components for the grand ERP are

noted. Of particular interest are N1, N2, and the positive slow wave.
The amplitude of a positive component is often
thought to reflect the amount of processing resources an

individual can allocate among tasks and task compo-

nents. However, some have argued that a reciprocal

change is found in negative components (Mecklinger,

Kramer, & Strayer, 1992). If correct, this may help ex-

plain why the negative words produced the smallest

component amplitudes.

These findings do not concur with the traditional
Stroop studies, which generally do not find significant

effects in the early sensory components (but see Ilan &

Polich, 1999).

There were no significant word category effects for

the P3 and N4 components. Again, this is in contrast to

the significant differences across experimental conditions

found in the traditional Stroop.

For the positive slow wave, the initial ANOVA
showed that the negative words had the largest mean

amplitude across scalp regions. This finding was more

pronounced in the left hemisphere (F ð2; 58Þ ¼ 3:66,
p ¼ :03). Here, the data mirror the traditional Stroop.
Except for Ilan and Polich (1999), each of the cur-

rently published ERP studies focuses exclusively on

peak amplitude. Ilan and Polich (1999) found no sig-

nificant P3 latency differences across experimental con-
ditions. In the current study, there were also no

consistent main effects for word category. However,

there was a strong pattern of data indicating hemi-

spheric differences in the processing of positive and

negative words.

At P1, the main effect for hemisphere was significant

at the frontal sites (F ð1; 29Þ ¼ 4:02, p ¼ :05). This was
driven by the fact that negative words tended to have
shorter latencies than positive words in the right hemi-

sphere (tð30Þ ¼ 1:91, p ¼ :07).
While there were no significant effects at N1 and P2,

the N2 component produced a significant word category

by hemisphere interaction in the initial ANOVA

(F ð2; 58Þ ¼ 4:02, p ¼ :02). For the left hemisphere sites,
positive words had a shorter latency than the negative

words (293 vs. 296ms), while in the right hemisphere,
the reverse was true (296 vs. 289ms). This pattern was

repeated for the frontal sites, although it did not reach

significance (F ð2; 58Þ ¼ 2:68, p ¼ :08). For the frontal,
central, and parietal sites there was also a significant

main effect of hemisphere (F ð1; 29Þ’s > 4:20, p’s < :05),
such that the latencies were shorter for sites on the right.

For P3, the central sites showed a significant word

category by hemisphere interaction (F ð2; 58Þ ¼ 3:22,
p ¼ :05), indicating that negative words showed delayed
latencies in the left hemisphere.

At N4, the initial ANOVA produced a marginally

significant main effect for word category (F ð2; 58Þ ¼
2:99, p ¼ :06). Here, negative words had significantly
shorter latencies than positive words (tð30Þ ¼ 2:10,
p ¼ :04). While the main effect of word category was not
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significant for the frontal sites, there was a significant
interaction between word category and hemisphere. In

the frontal sites, positive words had shorter latencies in

the left hemisphere, while negative words had shorter

latencies in the right hemisphere (F ð2; 58Þ ¼ 3:66,
p ¼ :03).
This pattern of data is striking since the subject

classification criterion, the emotional Stroop index

score, was derived without regard to valence. Indeed,
pair-wise comparisons indicated the children within

each group treated positive and negative words in the

same manner. However, the ERP data center on differ-

ences between words of different valence. It remains to

be seen how the transition between word processing

(ERP) and response selection (Reaction Time) is carried

out.
4.1.3. Are there discernible ERP differences between the

interference and facilitation groups?

There were no consistent group differences across

ERP components produced by the emotional Stroop.
However, there were two findings of note. First, larger

mean amplitudes were found for the positive slow wave

in the parietal sites for the facilitation group

(F ð2; 58Þ ¼ 3:07, p ¼ :05). Second, there was a signifi-
cant word category by group interaction for P2 latencies

at the parietal sites (F ð2; 58Þ ¼ 3:81, p ¼ :03) and a
trend in the frontal sites (F ð2; 58Þ ¼ 2:79, p ¼ :07). At
both locations, the interference group had shorter la-
tencies to negative words versus positive words. The

reverse was true for the facilitation group.
4.2. Discussion

The morphology of the ERPs generated by the

emotional Stroop was remarkably similar to those

studies of the traditional Stroop reported in the litera-
ture (West & Alain, 2000a). This was despite differences

in stimuli content, participant populations, and response

mode. There were, however, differences in particular

ERP components. In previous Stroop studies, condition

effects were concentrated in the middle (P3 and N4) and

late (positive slow wave) components (Ilan & Polich,

1999; West & Alain, 1999). The current study, however,

also produced findings in the early (P1–N1–P2–N2)
components.

ERP amplitude is thought to reflect the amount of

cognitive processing that an individual is allocating to a

particular task (Rugg & Coles, 1995). Word category

differences were found for early components (N1 and

N2) presumed to reflect automatic attentional processes

(Hillyard et al., 1994), indicating that early perceptual

processing may activate latent biases in attentional al-
location. This is in line with the clinical emotional

Stroop literature, which argues that the idiographic
pattern of Stroop interference is fueled by attentional
biases that focus resources on self-referential environ-

mental stimuli (McNally, 1995, 1996).

Late in the ERP wave, the positive slow wave was

most pronounced for the negative words. West and

Alain (2000a) have speculated that this slow wave may

mark the additional processing needed by perceptual-

level color information in order to counteract the on-

going cognitive processing of word meaning. Presum-
ably, this task was more difficult for the negative words

than for the positive. However, this presumed process-

ing difference produced neither significant between-

group differences nor reaction time differences between

positive and negative words.

The latency data also revealed differences in how

emotion words are processed. Only here did hemi-

spheric differences appear to play an important role. As
early as 50ms after presentation (at P1), differences

between word categories were apparent. In particular,

negative words produced shorter ERP latencies in the

right hemisphere versus the left hemisphere. This pat-

tern reoccurred across components, late into the ERP

wave, and coincides with a growing literature concern-

ing the relationship between EEG asymmetry and

emotional processing. In particular, right frontal EEG
activation has been linked to negative or withdrawal

emotions, while left frontal EEG activation has been

linked to positive or approach emotions (Davidson &

Fox, 1989; Fox, 1991). In addition, both the P3 and N4

components showed shorter latencies for negative

words. This may indicate that the negative words held a

‘‘privileged’’ status and were afforded greater resources

for stimulus evaluation, semantic processing, and re-
sponse selection (Schack et al., 1999; West & Alain,

1999).
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