and underdeveloped medial nasal pro-
cesses (/4). This was observed with
scanning electron microscopy in 10- and
11-day-old embryos from ethanol-treated
mothers. The inferior portions of the
medial nasal processes were particularly
diminished in size.

A remarkable finding of this study is
that short-term ethanol exposure affects
neural plate development at such an ear-
ly gestational stage. At the time of etha-
nol exposure on day 7, the mouse embry-
os were undergoing gastrulation, or for-
mation of the mesoderm. The mesoderm
is responsible for induction and mainte-
nance of the neuroepithelium. Although
pronounced histological changes were
noted only in the neuroepithelium, it is
possible that disruption of the mesoderm
was at least partially responsible for the
neural deficiencies.

The striking teratogenic effect of etha-
nol at very early developmental stages
provides excellent opportunities for
studying the cellular and molecular
mechanisms of ethanol teratogenesis,
since very few cell types are present.
Also, since mouse embryos can be
grown in vitro at these stages, analysis of
cellular activity and determination of di-
rect effects of ethanol or its metabolites
are possible.

In conclusion, ethanol, one of the
most prevalent human teratogens, has a
major effect in the mouse at a time
corresponding to the third week of hu-
man gestation. Many women are not
aware of their pregnancy at this stage.
Those who are aware may not realize
that social or binge drinking so early in
pregnancy may be as deleterious to the
embryo as constant heavy drinking. Re-
sults of a study by Hanson ez al. (I5)
indicate a significant relation between
alcohol consumption in the month pre-
ceding pregnancy recognition and FAS-
type abnormalities. Further epidemio-
logical studies in humans are needed to
confirm or deny the existence of a criti-
cal period during which major features of
FAS are determined.
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Brain Potentials Localize the Source of Interference

Abstract. The P300 component of the event-related brain potential was used in
conjunction with reaction time to identify the locus of interference on the Stroop
color-word test. Whereas response time varied with the congruence between the
stimulus word and the color in which it was printed, the duration of stimulus
processing, as indexed by P300 latency, remained constant. The results indicate that
response competition is the primary source of Stroop interference.

When a stimulus provides irrelevant as
well as relevant cues, research latency is
often affected by the degree of congru-
ence between the cues. A classic exam-
ple of interference from stimuli that pro-
vide conflicting cues is demonstrated by
the Stroop color-word test (I). In the
standard Stroop test, the time required
to name the ink color in which a word is
printed is increased if the word spells a
conflicting color name (for example, the
word blue printed in red ink). Explana-
tions for the Stroop effect differ accord-
ing to whether the source of interference
from the irrelevant cue is attributed to
stages of stimulus encoding (2) or re-
ponse production (3, 4).

Numerous studies have been conduct-
ed with the aim of disentangling stimulus
and response effects on Stroop perform-
ance. A confounding of possible effects
of the conflicting cue on stimulus and
response processes has made it difficult
to distinguish between perceptual and
response conflict models of Stroop inter-
ference through the use of behavioral
measures alone. This difficulty could be
surmounted, however, if a procedure
were available for directly measuring the
duration of a subset of the component
processes that contribute to the total
duration of the reaction time (RT) (5).
There is convincing evidence that the
latency of the P300 component of the
human event-related brain potential
(ERP) provides such a measure (6): P300
latency seems to index the duration of
stimulus-evaluation processes and to be
independent of the time involved in re-
sponse production (7, 8). In this study,
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concurrent measures of RT and P300
latency identified response competition
as the primary source of the Stroop
interference effect.

Twelve male subjects (9) performed a
discrete-trials version of the Stroop task,
in which each stimulus was the word red,
blue, or town printed in either red or blue
ink. There were thus three categories of
stimuli: incongruent (for example, the
word red in blue ink), congruent (for
example, the word red in red ink), and
neutral (for example, the word fown in
red ink) (/0). The six stimuli were pre-
sented with equal probabilities in a ran-
dom sequence in blocks of 80 trials.
Slides containing the stimuli were pre-
sented for 200 msec at the rate of one
every 2 to 4 seconds. The experimental
room was dimly lit, and external sounds
were masked with continuous low-lev-
el white noise delivered through ear-
phones.

In one condition, subjects were in-
structed to name the color of ink (/1),
and in a second condition, to read the
word. The word-relevant condition was
included to maintain the association be-
tween the printed word and its name and
thereby prevent possible attentuation of
interference with practice (I, 12). This
condition also served to assess the ex-
tent to which the faster responses consis-
tently observed in the word-naming task
(1, 13, 14) are attributable to a reduction
in stimulus-processing time.

Subjects responded vocally in both
conditions (15). After practice, the two
conditions were presented four times
each in an alternating sequence, with the
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order of presentation balanced across
subjects. To make response selection
maximally contingent on stimulus evalu-
ation, accuracy of performance was re-
warded (8).

The electroencephalogram (EEG) was
recorded with nonpolarizable electrodes
from frontal (Fz), central (Cz), and pari-
etal (Pz) locations, all referred to linked
earlobes and amplified with a time con-
stant of 8 seconds and an upper half-
amplitude frequency of 35 Hz. The sam-
pling rate was 200 Hz. Eye movements
were monitored by electrodes placed on
the inferior and superior orbital ridges of
the right eye. Trials in which there were
eye-movement artifacts or erroneous re-
sponses (/6) were excluded from analy-
sis.

We predicted that if Stroop interfer-
ence is due to a delay in stimulus identifi-
cation, the latency of P300 elicited by
incongruent stimuli in the color-relevant
condition would be delayed relative to
that elicited by congruent or neutral
stimuli. Under these circumstances,
P300 latency would track variations in
RT. Conversely, if the interference oc-
curs subsequent to stimulus evaluation,
then P300 latency would be relatively
stable across the different categories of
stimuli. Responses to incongruent stimu-
li would, however, be delayed relative to
P300. Thus, a dissociation of RT and
P300 latency would point to response
production as the locus of interference.

When ink color was the relevant cue,
responses to incongruent stimuli were
slower than those to neutral stimuli (Fig.
1) (I7). Moreover, there is evidence of
facilitation in RT to congruent stimuli
relative to neutral stimuli (4). As expect-
ed, no differences in RT among stimulus
categories were found when the word
was the relevant cue (13, 14).

A large P300 component was elicited
by all stimuli in both conditions (Fig. 2A)
(18). In contrast to the RT data, P300
latency remained stable across the three
categories of stimuli (Fig. 1) (/9). The
sole factor influencing P300 latency was
the task assigned to the subject (20).
Specifically, the duration of processing
involved in stimulus evaluation, as in-
dexed by the latency of P300, was re-
duced by an average of 21 msec when
the subject was simply required to read
the word.

Subjects are unable to ignore the word
while attending to the color (27). Exami-
nation of the covariation of RT and P300
latency enabled us to assess the separate
contributions of stimulus and reponse
processing to the difference in RT be-
tween conditions. The 21-msec increase
in P300 latency accounted for only a
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Fig. 1. Mean reaction times and P300 laten-
cies in the color-relevant and word-relevant
conditions of the Stroop color-word test as a
function of stimulus category.

small portion of the overall increase in
RT in the color-relevant condition. This
increase in the duration of stimulus pro-
cessing may reflect an additional opera-
tion of transforming the color of the
stimulus into a form that allows response
processing to begin (/3, 22). The bulk of

A

""Raw'’ averages

Color relevant

Word relevant

‘'Latency-adjusted’’ averages B

the increase in response time from the
word-relevant to the color-relevant con-
dition thus appears to be due to pro-
longed response processing. A more cau-
tious response strategy may account for
this increase in RT.

By using P300 latency in conjunction
with RT, we have shown that the Stroop
effect occurs subsequent to stimulus
evaluation. Congruent stimuli were
found to facilitate performance, not only
in comparison to incongruent stimuli but
also in comparison to neutral stimuli. If
the classic Stroop effect were due to
interference with the ability to encode
the ink color, the pattern of P300 latency
exhibited by the three categories of stim-
uli would have paralleled that observed
for RT. The latency of P300 did not,
however, vary as a function of stimulus
category. This latency invariance is what
would be expected if the color and word

- were processed in parallel, with interfer-

ence arising from competition among
conflicting responses.

An alternative interpretation of the
data is that P300 in both conditions is
elicited as a consequence of evaluation
of the letter information only. If this

~——— High discriminability

Low discriminability
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Incongruent :
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Fig. 2. (A) Event-related brain potentials, recorded from Pz and averaged over subjects, elicited
during the Stroop test. ““Raw’’ averages were time-locked to stimulus onset (at 0); ‘‘latency-
adjusted’’ averages were obtained through the use of an adaptive-filter technique (30, 31). To
attenuate activity outside the bandwidth of P300, each single-trial EEG record at Pz was first
smoothed by a zero-phase-shift, low-pass filter (-3 db at 6.77 Hz). The parietal lead was
selected because P300 was largest in amplitude at that site. To restrict latency measures to
P300, a subepoch of the 1700-msec record was selected that bounded the P300 latecy range. For
these analyses, the epoch ranged from 325 to 600 msec after stimulus onset. This procedure
provides an estimate of the ERP waveform, adjusted for the between-trial variability of the
P300. After latency adjustment, the amplitude of the P300 elicited by each of the stimuli was
enhanced, although there seems to be no systematic relation between P300 amplitude and the
category of the eliciting stimulus. (B) Latency-adjusted ERP’s recorded from Pz and averaged
over subjects, elicited in the color-relevant condition of the modified Stroop test. The P300’s
were larger and later in the modified Stroop task. These differences may be due to the decrease
inevent probability (6, 31) as well as the increase in task demands (7, 8, 32) in the modified task.
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were the case, encoding of the color
information would not affect P300 laten-
cy; and no difference in P300 latency
would be expected among stimulus cate-
gories.

This explanation was ruled out by the
results of two additional experiments in
which P300 latency was shown to vary
with the degree of hue discriminability of
the stimuli. In the first, a choice RT
experiment, P300 latency as well as RT
increased significantly as the discrim-
inability of the stimulus hues decreased
(23). The effect of hue discriminability
averaged 80 msec on P300 latency and
150 msec on RT.

In the second experiment, a modified
version of the Stroop task, the latency
of P300 also varied with hue discrimina-
bility. The procedures were identical to
those of the primary experiment in all
respects except that, in addition to the
standard hues of red and blue, the words
red and blue were also printed in hues of
reddish purple and bluish purple—hues
that were difficult to discriminate from
one another (24). The eight stimuli were
presented with equal probabilities. Ten
male subjects (25) were asked to name
the predominant hue (red or blue) of
each stimulus (26). Catch trials were
included to keep the relevance of the
word information equivalent across ex-
periments (27). Whereas P300 latency
was again unaffected by stimulus congru-
ence, it was increased significantly (43
msec) when the hues of the stimuli were
more difficult to discriminate (Fig. 2B)
(18, 28).

The fact that variations in P300 latency
accompany variations in the discrimina-
bility of the stimulus hues argues that,
in the color-relevant condition of the
Stroop task, P300 is elicited after evalua-
tion of the color information. Therefore,
the invariance of P300 latency observed
in the color-relevant condition suggests
that the processing of color information
is unaffected by the congruence of the
printed word, thus pointing to response
production as the locus of Stroop inter-
ference.

One current model of processing that
can account for a response-competition
hypothesis of Stroop interference has
been provided by Morton (29). Accord-
ing to his ‘‘logogen’’ model, each stimu-
lus activates relevant information stored
in memory (for example, its name, its
meaning, and an appropriate response).
The Stroop effect can be explained by
assuming that two or more inputs can
activate different logogens simultaneous-
ly and without interference. When the
same logogen is activated by two or
more sources of information (for exam-
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ple, the color and word content of con-
gruent stimuli), the logogen builds up
information faster, leading to a faster
response. When the irrelevant informa-
tion (for example, the word content of
incongruent stimuli) activates a conflict-
ing logogen in the set leading to the
relevant responses, the criterion of acti-
vation is adjusted, leading to a slower
response. That is, even though more
than one logogen may reach its criterion
level at the same time, apparently only
one response can be initiated. Thus, our
data support the hypothesis that the
Stroop effect is primarily an output, rath-
er than an input, phenomenon.
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