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Abstract

Previous studies have reported that developmental disruption of dopaminergic systems results in lateralized deficits
in visual attention (Posner et al., 1991; Craft et al., 1992). Infants who were prenatally exposed to cocaine were
hypothesized to have increased reaction times to targets in the right visual field on measures of visual attention
compared with infants who were not exposed to cocaine. Seventeen children without prenatal exposure to cocaine
and 14 children who were exposed to cocaine (age range from 8–40 months) completed a visual attention task, the
Mental Development Index of the Bayley Scales of Infant Development, Second Edition; and the Preschool
Language Scale, Third Edition. Cocaine-exposed children were slower to orient to stimuli in the right visual field
after repeated trials, especially after attention was first cued to the left visual field. They were also less likely to
orient to the right when given a choice. Results suggest that the left hemisphere visual attention system is
disproportionately affected by prenatal exposure to cocaine. (JINS, 1997,3, 237–245.)
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INTRODUCTION

The neuropsychological impact of prenatal cocaine expo-
sure in children is a subject of speculation and controversy.
The media have presented these children as an increasing
problem for schools because of their inattentiveness and hy-
peractivity (Mayes et al., 1992). Few studies, however, have
addressed empirically the question of whether cocaine ex-
posure influences the development of attention systems. In
this article we review the literature of neurological and cog-
nitive effects of cocaine exposure. We then describe the re-
sults of a study examining the question of impaired visual
attention in this population.

Effects of Prenatal Cocaine Exposure

Central nervous system effects

Although there are numerous studies documenting neuro-
logical abnormalities in infants prenatally exposed to co-

caine, little is known about how cocaine influences the cen-
tral nervous system of the developing child (Doberczak
et al., 1988; Chasnoff et al., 1989; Hite & Shannon, 1992).
Chasnoff et al. (1989) reported an increased rate of seizure
activity, cerebral infarctions, and abnormal electroenceph-
alogram (EEG) activity in newborns exposed to cocaine.
Doberczak et al. (1988) conducted EEGs on cocaine-exposed
neonates who had no significant birth complications, and
over half of them showed EEG abnormalities for the first
few weeks after delivery. In contrast, Link et al. (1991) found
no structural differences in the degree of myelination in 8
cocaine-exposed infants as compared to age-matched con-
trol children.

One possible mechanism through which prenatal expo-
sure to cocaine may affect the brain is by selectively inter-
fering with the maturation of catecholamine systems. In
adults, cocaine acts as a stimulant by specifically blocking
the reuptake of catecholamines at postsynaptic terminals
(Pitts & Marwak, 1988). Akbari and Azmitia (1992) docu-
mented an increased number of dopamine fibers in the an-
terior cingulate cortex and in noradrenergic fibers in the
parietal cortex and the CA1 field of the hippocampus in adult
rats that had been prenatally exposed to cocaine. Dow-
Edwards et al. (1990) measured the rates of glucose utili-
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zation and the number of dopamine receptors in adult rats
with prenatal cocaine exposure. Increased binding of a do-
pamine agonist occurred in the substantia nigrapars com-
pacta. Metabolic activity was decreased in numerous regions,
including hypothalamic structures, the nigrostriatal path-
way, the nucleus accumbens, amygdaloid structures, and the
hippocampus. Minabe et al. (1992) recorded single-cell ac-
tivity in the midbrain structures of adult rats prenatally ex-
posed to cocaine, finding a decrease in the number of active
dopamine cells in the substantia nigrapars compactaand in
the ventral tegmental area. These studies suggest that co-
caine exposure affects dopaminergic pathways.

Cognitive effects

If cocaine selectively influences certain neural systems, then
it is possible that children exposed to cocaine may exhibit
specific cognitive and behavioral deficits instead of general
cognitive impairment. To date, there have been conflicting
findings regarding the development of general cognitive
functions. On the Neonatal Behavioral Assessment Scale
(NBAS; Brazelton, 1973), some studies have found that new-
borns who were prenatally exposed to cocaine showed sig-
nificant differences compared to control children on at least
one of the clusters (Chasnoff et al., 1989; Eisen et al., 1991;
Mayes et al., 1993). However, Neuspiel et al. (1991) and
Woods et al. (1993) found no group differences between
cocaine-exposed newborns and control children on the
NBAS. During infancy, babies exposed to cocaine per-
formed as well as control infants on the Mental Develop-
ment Index of the Bayley Scales and the Stanford Binet
Intelligence Scale (SBIS) (Chasnoff et al., 1992; Griffith
et al., 1994). In contrast, Van Barr (1990) found that 24-
and 30-month-old cocaine-exposed children achieved sig-
nificantly lower scores on the Mental Development Index
than the control group. However, the majority of these chil-
dren also were exposed to heroin and/or methadone, raising
questions about whether the observed deficits were solely
attributable to cocaine exposure.

Results of certain studies suggest that cocaine exposure
selectively influences the development of language and
attention abilities. Bender et al. (1995) reported that cocaine-
exposed children obtain lower scores on language compre-
hension tasks. In addition, children exposed to cocaine
prenatally have had significantly lower scores than control
children on the verbal portions of the SBIS, but not on the
nonverbal portions (Griffith et al., 1994).

Prenatal cocaine exposure may also negatively affect a
child’s ability to direct and sustain attention (Mayes et al.,
1993). Cocaine-exposed newborns obtained significantly
lower scores than control children on the habituation clus-
ter of the NBAS, which measures the regulation of atten-
tion in neonates (Eisen et al., 1991; Mayes et al., 1993).
Chasnoff et al. (1989) found that cocaine-exposed children
performed more poorly on the orientation and state regula-
tion clusters; a significant number of the children who had
been prenatally exposed to cocaine throughout pregnancy

were unable to enter alert states to engage in orientation
tasks, whereas all of the control children were alert and re-
sponsive to the examiner. Each of these studies demon-
strates a deficit in the ability of cocaine-exposed newborns
to regulate their level of arousal and attentiveness.

Further research suggests that attentional deficits result-
ing from cocaine exposure may persist into childhood. Low
scores on the Summative Attention Rating Scale, which was
created from the 5-point rating scales of the Stanford-Binet
Intelligence Scale, were the best predictors of low scores on
the Verbal Reasoning portion of the SBIS and of high scores
on the aggression and destructiveness scales of the Child
Behavior Checklist (Griffith et al., 1994). Cocaine-exposed
children had significantly worse scores on each of these mea-
sures. These findings indicate that cocaine may affect the
ability to be attentive, which in turn may influence the abil-
ity to perform cognitive tasks and to interact with other
people.

Visual Attention Systems

Visual attention plays an important role in cognitive pro-
cessing. Although evidence suggests that attentional sub-
strates may be organized differently in young children,
understanding the mature system provides a context for ex-
amining developmental problems. Posner (1988) and col-
leagues have developed a theory of visual attention in adults.
A posterior attention system mediates reflexive, overt shifts
of attention and an anterior attention system is involved in
sustained attention and state regulation. Orienting of visual
attention involves three cognitive processes: the disengage-
ment, shifting, and engagement of attention, which in adults
are mediated by bilateral posterior parietal cortices, the pul-
vinar and reticular nuclei of the thalamus, and the superior
colliculus, respectively.

The anterior attention system is comprised of cortical and
subcortical structures that control alertness, vigilance, and
voluntary visual actions. In adults, the anterior cingulate gy-
rus is involved with sustaining attention during voluntary
cognitive behaviors, but the level of activity decreases as
the subject practices and learns a task (Posner, 1988; Pos-
ner & Peterson, 1990). The cingulate gyrus has reciprocal
dopaminergic connections with the ventral tegmental nu-
cleus via the caudate nucleus of the basal ganglia (Rothbart
et al., 1990; Colby, 1991). The basal ganglia also have re-
ciprocal connections with many cortical areas. The anterior
system may serve as a regulating loop for selective and sus-
tained attention for higher cognitive processes.

If the anterior cingulate gyrus receives dopaminergic input
and is involved in selecting and maintaining attention and
in regulating emotions, then disruption to this dopaminer-
gic system may result in changes in attention and emotional
behaviors. This possibility is supported by studies of chil-
dren with attention-deficit hyperactivity disorder (ADHD),
who show anterior attention network dysfunction and who
are hypothesized to have disrupted catecholamines (Shay-
witz et al., 1977; McCraken, 1991). Similarly, children ex-
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posed to cocaine exhibit different patterns of state regulation
and attention maintenance than do control children. There-
fore, cocaine may have influenced the anterior attention sys-
tem through prenatal disruption of the dopamine system.

Development of Visual Attention

As an infant develops, certain visual abilities emerge and
may represent the maturation of the neural networks medi-
ating visual attention. The development of disengaging pro-
cesses and anticipatory looking have been studied in healthy
infants. According to Johnson et al. (1991), the maturation
of the parietal lobe and the pathway from the frontal eye
fields to the superior colliculus underlie the infant’s ability
to disengage visual attention. In this study, 4-month-old chil-
dren were able to disengage their attention and orient to new
stimuli consistently (85% of trials) within 1 s, while 2- and
3-month-olds only looked to the new design 32 and 42% of
the time, respectively. These behavioral data coincide with
a PET study documenting that parietal lobe metabolism
reaches adult levels at 4 months of age (Chugani et al., 1987).

Posner et al. (1984) and Craft et al. (1992) suggest that
anterior frontal regions may regulate the parietal lobe’s
allocation of attention. Craft et al. (1992) found that male
children with early-treated phenylketonuria (ETPKU), an
inheritable condition that disrupts dopamine metabolism,
were slow to respond to right visual field targets after a brief
delay when attention had been engaged to a cue in the left
visual field. In addition, children with bilateral injury to an-
terior brain regions had increased reaction times to inval-
idly cued targets in the right visual field after longer intertrial
intervals (Craft et al., 1994). Both populations suffered from
developmental damage to bilateral anterior regions, and both
had difficulty disengaging towards right visual field tar-
gets. These results suggest that, in children, the anterior re-
gions play a role in the disengagement and engagement
processes.

Maturation of the frontal eye fields and other prefrontal
areas coincides with higher level visual attention phenom-
ena such as anticipatory looking. At age 4 to 5 months, in-
fants are able to anticipate the location of a target because
they learn the relationship between cue type and subsequent
location (Johnson et al., 1991). Four-month-old infants
looked with anticipation 29% of the time after being trained,
whereas the 2- and 3-month-old groups only anticipated the
target 14% of the time.

In summary, visual attention abilities emerge early in de-
velopment and are vulnerable to disruption early in infancy.
Therefore, if visual attention abilities are mediated by do-
paminergic pathways, and these pathways are disrupted by
prenatal cocaine exposure, visual attention abilities may be
impaired in children who were prenatally exposed to cocaine.

Dopaminergic Influences on Lateralization

Dopamine may influence neural lateralization, which is ex-
pressed through behavioral asymmetries. For example, Glick

et al. (1977) found asymmetries in dopamine receptors and
metabolism in the nigrostriatal system of rats, and these dif-
ferences in dopamine distribution were correlated with be-
havioral indices such as the direction of spontaneous circling.
A decrease in the asymmetrical behavior resulted when apo-
morphine, a dopamine agonist, was administered (Castel-
lano et al., 1989). Also, there was a decrease in the right-
side preference if the substantia nigra contralateral to the
side of preference was lesioned, but lesioning the ipsilateral
substantia nigra did not influence side preference. Further-
more, as Castellano et al. (1989) noted, the distribution of
catecholamines may regulate the development of neural
asymmetries. Therefore, it is possible that behavioral asym-
metries are determined early in development through dopa-
mine’s influence on the morphology of neural tissue.

Disruption to the dopamine system early in development
can cause behavioral differences throughout development
and possibly into adulthood (Santana et al., 1992). As men-
tioned previously, Craft et al. (1992) found that ETPKU, an
inability to synthesize dopamine postnatally, affected per-
formance on a visual attention task. Males with ETPKU had
slower reaction times to targets in the right visual field than
children without ETPKU. Therefore, if prenatal cocaine ex-
posure disrupts dopamine systems, cocaine-exposed chil-
dren may demonstrate lateralized differences in behaviors
that are influenced by dopamine.

In summary, there is limited information on the effects
of prenatal cocaine exposure on the neuropsychological
functioning of children. Evidence from animal studies sug-
gests that cocaine interferes selectively with the develop-
ment of catecholaminergic systems, including the
dopaminergic pathways (Dow-Edwards et al., 1990; Ak-
bari & Axmitia, 1992; Minabi et al., 1992). Dopamine is
thought to play an important role in the growth and syn-
aptic differentiation of neurons in early development (San-
tana et al., 1992). In addition, it may influence lateralization,
because it is distributed asymmetrically (Glick et al., 1977).
In particular, visual attention is likely to be affected. Craft
et al. (1992, 1994) found that children with metabolic dis-
orders and children who suffered disruption of dopamine-
innervated anterior brain regions at birth displayed abnormal
patterns of attending to targets in the right visual field. These
results suggest that the left hemisphere attention systems
were impaired. We propose that because of cocaine’s in-
fluence on dopaminergic pathways, children who were ex-
posed to cocaine during gestation will have increased
reaction times for targets in the right visual field on mea-
sures of visual attention compared to children who were
not exposed to cocaine.

METHODS

Research Participants

Thirty-one children between the ages of 8 and 40 months
participated. This wide age range was established based on
the ages of the available cocaine-exposed infants. The con-
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trol group consisted of 17 children, and the cocaine-exposed
group consisted of 14 children whose mothers had used co-
caine during pregnancy. Table 1 provides demographic in-
formation about each group. Groups did not differ in age,
number of premature subjects, birth weight, or maternal ed-
ucation. There was no difference in representation of sex
between cocaine-exposed children and control children.
Groups were comparable for ethnicity (cocaine-exposed
group: 12 African American and 2 White participants; con-
trol group: 14 African American and 3 White participants).
The cocaine-exposed group had significantly lower scores
on measures of overall cognitive development and recep-
tive language skills; mean scores are presented in Table 1.

The majority of cocaine-exposed participants were re-
cruited from the WISED (Women and Infants Safe From
the Exposure to Drugs) program at St. Louis Regional Hos-
pital. This program provides prenatal care for pregnant
women who have or are using cocaine and other illegal sub-
stances. Abstinence is encouraged, but not required during
enrollment. In order to protect confidentiality, each mother
was informed about the research study by the WISED co-
ordinators, and their consent was obtained before they were
contacted by the investigators. The majority of the mothers
who were contacted from the WISED program agreed to
participate in the research study. A few participants were
older siblings of children in the WISED program or chil-
dren of mothers who had heard about the study and re-
quested participation. Two of the cocaine-exposed children
were in foster care. Inclusion requirements for the study were
exposure to cocaine during gestation, as identified by pos-
itive urine analysis for cocaine pre- or perinatally and/or
parental report. Children with evidence of concomitant opi-
ate or barbiturate exposure were excluded from the study.
Two of the mothers had also consumed alcohol during their
pregnancy. These children were included in the study be-
cause the alcohol use was limited to infrequent occurrences
during the initial trimester of pregnancy and because two
mothers of control children had similar reports of alcohol
use. Nicotine use was not an exclusionary criterion due to
the number of mothers who used both cocaine and nicotine.
Children were excluded if they suffered any perinatal com-
plications other than prematurity.

The majority of the control subjects were recruited through
daycare centers in middle- to low-socioeconomic neighbor-
hoods in St. Louis, Missouri. Letters describing the study’s
procedures were given to each parent, and the parents were
encouraged to call the researcher if interested in participat-
ing. Children were excluded from the control group if pa-
rental reports indicated drug use during pregnancy and if
children had suffered from any perinatal complications ex-
cept prematurity.

Procedure

The children participated in two testing sessions lasting ap-
proximately 75 min at the St. Louis Children’s Hospital.
Order of tests was counterbalanced so that the Bayley Scales
of Infant Development, Second Edition and the Preschool
Language Scale–3 were administered on different days. The
visual orienting task was administered on the same day as
the Bayley; administration order for the visual attention task
and the Bayley was also counterbalanced. Tests were ad-
ministered in a quiet, well lit medical clinic. The parents of
participants received $20.00 per session and written feed-
back about their children’s performance on the standard-
ized tests.

At the beginning of the first session, a brief interview was
conducted with each mother to obtain information about the
participant’s pre- and postnatal development, as well as to
obtain demographic information, occupational status of the
mother, and drug and alcohol use history. In addition, moth-
ers signed consent forms for participation and release of in-
formation forms from the hospital where the child was born.

Cognitive tests

The Mental Development Index of the Bayley Scales of In-
fant Development, Second Edition (1993) was adminis-
tered to measure overall cognitive development. In addition,
receptive language development of these children was as-
sessed with the Auditory Comprehension component of the
Preschool Language Scale–3 (PLS–3; Zimmerman et al.,
1992). These measures were administered by a Master’s level
psychology graduate student and a research assistant who

Table 1. Age, maternal education level, birth weight, and group scores on the Bayley II
and the Preschool Language Scale–3

Control Cocaine-exposed

Variable M SD n M SD n

Age (months) 23.7 8.11 17 20.3 9.88 14
Education (years) 13.26 2.57 17 12.07 1.84 14
Birth weight (g) 2893.33 701.15 13 2785.00 756.52 8
Bayley II 99.47 12.18 17 86.64 12.00 14
PLS–3 99.47 12.43 17 87.50 8.89 14
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was trained by the Master’s level student. Due to the rela-
tionship between the researcher and the WISED program,
administrators were aware of group status. However, vid-
eotapes of the attention measure were scored by two raters
who were unaware of group status.

Visual orienting task

The visual attention task was administered on a three-
monitor computer system as described in Johnson et al.
(1991). Three 30-cm color monitors were arranged side by
side about 1 m in front of the child, who was sitting on the
parent’s lap. Each parent was instructed to remain silent
throughout the task. The central display had a visual angle
of about 10° and each peripheral display was about 30° from
the middle of the central monitor. There were two central
designs. One consisted of a green background with colorful
spiraling circles, and the other had a blue background with
spiraling squares. Each pattern increased in size with time.
They were accompanied by a regular low-frequency beat
pattern and a tone of increasing frequency, respectively. The
peripheral stimuli were two identical geometric figure sets.

Eye movements were monitored by a video camera situ-
ated above the monitors. This camera recorded the child and
the reflection of the monitors in mirrors located on the wall
behind the child. The examiner administered the test by
watching the video output to a television monitor. Stimulus
presentation was controlled by the examiner with a com-
puter keyboard.

This taskconsistedof twophases.During the trainingphase,
a series of 18 training trials were administered. For each of
these trials, one of two central designs appeared, determin-
ing on which peripheral side the test stimulus would appear.
The child was required to orient to a central design. The off-
set of the central display corresponded with the onset of a uni-
lateral peripheral design.The child was allowed 2.5 s to orient;
then the stimulus was removed, and the trial ended.

Data were scored by frame-by-frame analysis of video
tapes of eye movements by raters who were unaware of group
status. Three scores were assigned. First, the percent of tri-
als completed was determined; a 50% completion rate was
necessary for the participant’s data to be considered valid.
Second, the mean reaction time, from the offset of the cen-
tral design to the beginning of an eye movement, was cal-
culated for right and left visual field trials. Third, the percent
of fastlooks, reaction times under 300 ms, was used to eval-
uate the consistency of fast reactions for both visual fields.

The testing phase of the task consisted of three types of
trials, reinforcement trials, test trials, and disengage trials,
and was administered immediately after the training phase.
The reinforcement trials were identical to those previously
described and were included to reinforce the learned asso-
ciation. During test trials, bilateral peripheral stimuli fol-
lowed the offset of the central display, regardless of which
design was presented. Test trials were included to deter-
mine whether the child oriented to the side that had been
associated with a given design in the training trials, thus

showing that the child had learned the contingent relation-
ship between central design and side of the subsequent tar-
get. Disengage trials were identical to reinforcement trials,
except that the central stimulus remained present during the
peripheral presentation. These trials demonstrated the child’s
ability to disengage attention from the central stimulus. Six
of each trial type, three to each side, were presented in a
pseudorandom order in which randomization was con-
strained by the following limiting factors: no more than two
of the same trial type could be presented consecutively and
no more than three consecutive targets could appear on the
same side.

Reinforcement and test trials were excluded if the child
did not orient to the peripheral stimulus within 2.5 s. Four s
were allowed before exclusion for disengage trials. Fixa-
tion to the central design at the onset of a peripheral stim-
ulus was required during all trial types. At least two, one in
each direction, of each of the trial types needed to be com-
plete in order for the test to be scorable. Reinforcement tri-
als yielded scores for each visual field of percent complete,
percent fast looks, and mean reaction time. For test trials,
the percent complete, percent correct (percent oriented to-
wards peripheral target contingent with the central cue), and
mean reaction time were calculated for each visual field.
Finally, percent complete, percent correct (whether an eye
movement was made within 4 s), and mean reaction time
were scored for disengage trials.

RESULTS

Visual Orienting Task

Visual orienting trials

A repeated-measures multivariate analysis of variance
(MANOVA) was performed for fast reaction times using
group as the between-subjects variable and task phase (train-
ing phasevs. reinforcement trials of the test phase) and di-
rection (leftvs. right visual field) as the within-group factors.
A Group 3 Phase3 Direction interaction was present,
F(1,1) 5 5.01,p , .05. Further ANOVAs were conducted
to determine the nature of this interaction. When the reac-
tion times of both phases were combined, cocaine-exposed
children had significantly fewer fast looks than did the con-
trol children when orienting to targets in the right visual
field, F(1,28)5 4.35,p , .05 (Figure 1). Further analysis
revealed that cocaine-exposed children had fewer fast looks
to the right visual field during the second half of the test
than did control subjects,F(1,28) 5 6.43, p , .05 (Fig-
ure 2). No differences were present between the groups dur-
ing the training phase of the test or for trials in which the
target was in the left visual field. Groups did not differ in
the percentage of trials completed or in reaction times.

Two-choice test trials

A main group effect for percent of correct trials for right
visual field targets was statistically significant,F(1,27)5
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4.91,p 5 .05. As shown in Figure 3, cocaine-exposed chil-
dren had fewer correct trials than controls when the target
was in the right visual field. The binomial distribution was
used to determine if percent correct was different from
chance. Interestingly, only the cocaine-exposed group was
significantly different from chance when expected to look
to the right, having fewer correct than would be expected.
Neither group’s percent correct differed from chance when
the target was in the left visual field.

Disengage trials

An ANOVA was performed for reaction time with group
as the between-group variable and side of target (left or right)
as the within-subjects factor. Figure 4 demonstrates that
cocaine-exposed children had significantly slower reaction
times to right visual field stimuli than did controls,
F(1,21)5 6.51,p , .05. There was no difference between
groups in reaction times to left visual field stimuli. Further
analysis revealed that the controls were faster to disengage
to the right than they were to the left, although the differ-
ence only approached significance,F(1,11) 5 4.13, p ,
.10. In addition, there was a main effect between group for
percent correct on trials in the right visual field (Figure 5),
because controls disengaged more often from the central dis-
play when the stimuli were in the right visual field than did
cocaine-exposed children,F(1,29)5 4.26,p , .05. Once
again, the control children showed a tendency to disen-
gage to the right more frequently than they did to the left,
F(1,16)5 4.15,p , .10.

DISCUSSION

The results of the present study support the hypothesis that
children with prenatal cocaine exposure perform differ-
ently on visual attention tasks than control children. In par-
ticular, we hypothesized that cocaine-exposed children would
have more difficulty with attention to stimuli in the right
visual field. Cocaine-exposed subjects were less likely to
orient quickly to stimuli in the right visual field, especially
after repeated trials, and they took longer to disengage at-
tention to respond to stimuli in the right visual field. After
numerous trials, they were less likely to orient towards the
right when given a choice.

Lateralized Deficits in Cocaine-Exposed
Infants During Simple Orienting

Children who had been prenatally exposed to cocaine were
consistently slower to orient toward right peripheral stimuli
than were control children on trials requiring them to look
to peripheral designs during the test phase of the task. They
had significantly fewer fast looks (reaction time, 300 ms)
to the right visual field than did the control group. There
was no difference in percent of fast looks to the right visual
field between the groups during the training phase of the
task. However, children who were exposed to cocaine pre-
natally had significantly fewer fast looks during the re-
inforcement trials, which were identical to the earlier training
trials, than did control children. The fact that this pattern
was observed only in the latter portion of the task and not in

Fig. 1. Percent of fast looks to the right visual field during train-
ing and testing phases of the visual orienting task. *Cocaine-
exposed children had fewer fast looks to right visual field targets
throughout the task than did control children (p , .05).

Fig. 2. Percent of fast looks during the second phase of training
or reinforcement trials in the visual orienting task. *Cocaine-
exposed children had fewer fast looks to the right side than did
control children (p , .05).
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the initial training portion suggests that the deficit is not in
simple orienting, a basic function of the superior colliculus.
Rather, cocaine-exposed children did not learn to anticipate
the location of the target, a skill normal children acquire by
4 months of age (Johnson et al., 1991).

Cocaine-exposed infants may have problems maintain-
ing attention to stimuli in the right visual field after numer-
ous trials.As noted, there were no differences between groups
in reaction time or percent of fast looks during the training
phase; the difference in time to orient to right visual field
targets emerged during the reinforcement trials in the sec-
ond half of the test. Some studies suggest that neonates pre-
natally exposed to cocaine have difficulty regulating attention
and arousal levels, as demonstrated with lower habituation
scores (Eisen et al., 1991; Mayes et al., 1993). However,
results of the studies of Neuspiel et al. (1991) and Woods
et al. (1993), did not find group differences in ability to reg-
ulate attention and arousal levels. The results from the present
study indicate that visual attention difficulties are present
in early childhood. The slowed response to right visual field
stimuli observed in the present study may reflect dysfunc-
tion in the left anterior attention system, which plays a role
in maintaining directed attention.

Our results suggest that cocaine selectively influences the
development of the left anterior attentional system. This sys-
tem involves frontal regions, the anterior cingulate gyrus,
and the substantia nigra, which are part of the nigrostriatal
and mesolimbic dopaminergic pathways. Akbari and Azmi-
tia (1992), Dow-Edwards et al. (1990), and Minabe et al.
(1992) found that the anterior cingulate gyrus and the sub-

stantia nigra have altered levels of dopamine in rats pre-
natally exposed to cocaine.

Disengagement of Attention in Prenatal
Cocaine Exposure

The results indicate that cocaine also hinders the develop-
ment of the ability to disengage attention. Cocaine-exposed
children exhibited deficits when they were required to dis-
engage their attention from an attractive central stimulus and
look towards a target in the right visual field.They were much
slower to look to the right than were the controls. Similarly,
Craft et al. (1994) found that children with anterior deficits
due to metabolic dysfunction or to acute cerebral insult had
difficulty disengaging attention to respond to right visual field
targets. These results suggest that, for children, the ability to
disengage attention involves an anterior neural system. In ad-
dition, the anterior left hemisphere may be more vulnerable
to disruption than the anterior right hemisphere.

Children with prenatal exposure to cocaine also showed
a leftward orienting bias when given the choice to look to
the left or right on bilateral test trials in the second part of
visual orienting, a pattern that has been observed in chil-
dren with bilateral anterior cerebral disruption (Craft et al.,
1994). This pattern of responding is common in infants
throughout the first 18 months of life, but then disappears
(Posner & Rothbart, 1989). The appearance of this bias on
later trials further suggests that cocaine-exposed children
are unable to maintain attention to right visual field stimuli;
attentional mechanisms may regress to the previous devel-

Fig. 3. Percent correct during test trials in the second phase of the
visual orienting task. *Cocaine-exposed children had fewer correct
trials in the right visual field than did control children (p 5 .05).

Fig. 4. Mean reaction times during disengage trials in the second
phase of the visual orienting task. *Cocaine-exposed children were
slower than control children to disengage during right visual field
trials (p , .05).
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opmental level of leftward orienting when the left hemi-
sphere attention system is fatigued.

Rightward Bias in Control Children

It has been proposed that the right hemisphere dominates
attentional functioning from infancy until about 18 months
(Posner & Rothbart, 1989). Results from the present study
suggest that the left-hemisphere attentional system may in-
crease in efficiency when a child is 2 years old. On the sec-
ond half of orienting trials, the control infants looked to the
right stimulus consistently faster than they did towards the
left. In addition, on bilateral trials, they disengaged from
central stimuli to right visual field targets more quickly than
to left visual field targets.

These results are consistent with the emergence of lan-
guage skills, which are also supported by left hemisphere
neural structures, at this age. The development of left-
hemisphere neural structures may be delayed or disrupted
in children who were exposed to cocaine. The present study
found that cocaine-exposed subjects obtained significantly
lower scores on a measure of receptive language than did
control subjects. Griffith et al. (1994) and Bender et al. (1995)
reported that cocaine-exposed children have a higher prev-
alence of language deficits than control children. In addi-
tion, our study suggests that the left anterior attention system
has been disrupted, resulting in decreased visual attention
abilities toward stimuli in the right visual field. Presently, it
is unknown whether cocaine-exposed children will experi-
ence a subsequent improvement in behaviors mediated by

left neural structures, indicating delayed development, or if
they will suffer chronic deficits in these abilities.

Implications for Future Research
Although growing evidence suggests that developmental dis-
ruption of dopamine affects visual attention, it is possible
that attentional impairment in cocaine-exposed children is
not solely due to disruption of the dopamine systems (Pos-
ner, 1988; Craft et al., 1992). Akbari and Azmitia (1992)
found that rats with prenatal cocaine exposure had in-
creased norepinephrine fibers in the parietal lobe. In addi-
tion, it has been hypothesized that norepinephrine has a
functional role in visual attention (Posner, 1988; Clark
et al., 1989). Potentially, cocaine exposure may disrupt the
balance within some or all of the catecholamine systems.
Further studies may help clarify this issue by relating cat-
echolamine metabolite levels to visual attention perfor-
mance in cocaine-exposed children.

Information regarding nicotine use was not available for
the whole sample. Limited data suggest that an equal num-
ber of mothers in each of the groups smoked during preg-
nancy, making it unlikely that the observed impairments are
in fact due to prenatal nicotine exposure. However, future
work should examine the effects of nicotine specifically, to
determine whether such exposure influences the develop-
ment of visual attention.

CONCLUSIONS
Exposure to cocainein uteroaffects dopaminergic systems,
which play a role in the mediation of attention. Results from
the present study suggest that the left-hemisphere visual at-
tention system is disproportionately affected by prenatal co-
caine exposure. In addition, language, which is typically
controlled by the left hemisphere, is delayed in these chil-
dren as well. Further research is necessary to determine the
duration of these deficits and the impact they will have on
the academic and psychological development of children
with prenatal cocaine exposure.
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