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Decision processes in selective attention:
Response priming in the
Stroop color-word task

W. TRAMMELL NEILL
University ofSouth Florida, Tampa, Florida 33620

In a random discrete-trials version of the Stroop color-word task, two subsets of trials were
compared: (1) trials in which the current distractor word named the color response just made
in the preceding trial, and (2) trials in which the current stimulus was unrelated to the previous
stimulus. Shorter response latencies and fewer errors in the first condition suggest either that
(a)increasing the availability of a response can facilitate its rejection (incompatible with passive
strength-of-activation theories), or that (b) the redundancy of the current distractor response
and still-potent preceding response reduces the total number of highly activated competing
responses present on the current trial. The latter hypothesis is favored by a second experiment
in which Stroop stimuli were preceded by a warning signal which "primed" the distractor
response, the appropriate color response, an unrelated response, or no response. That the
efficiency of selective attention is affected by the number of simultaneous competing responses
even when number of input channels remains constant supports theories of attention which
place capacity limitations subsequent to stimulus identification.

The efficiency of selective attention may be re
duced by increasing the number of stimulus input
channels to be ignored. Treisman (1964a) found that
auditory shadowing is disrupted more by two simul
taneous irrelevant messages than by one. Selective
listening deteriorates not only with greater physical
similarity (voice, apparent location) between relevant
and irrelevant inputs, but also with greater discrimin
ability between two competing irrelevant messages.
Within the framework of "filter/attenuation"
theories of attention (Broadbent, 1958; Treisman,
1964b), irrelevant channels compete for limited
perceptual processing capacity, thereby interfering
with the identification of the relevant input. Physical
similarity effects reflect the complexity of filtering
(or attention) required to separate relevant from
irrelevant channels.

An opposing point of view is that perceptual
processes are automatic and that capacity limitations
operate after inputs are identified (Deutsch &
Deutsch, 1963; Keele, 1973; Norman, 1968;
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Shiffrin, 1975). From this alternative perspective,
varying the number of irrelevant input channels
affects the number of active implicit responses which
compete for limited output resources. Physical
similarity between inputs may then affect the criteria
used to discriminate among the competing relevant
and irrelevant responses. An implication of this
approach to attention is, then, that varying the
number of implicitly activated responses while keep
ing the number of input channels constant should
similarly affect the efficiency of selective attention.
Such an effect is demonstrated in Experiment 1 by an
analysis of sequential relations between trials in a
version of the Stroop (1935) color-word task.

EXPERIMENT 1

In the Stroop task, naming the color of a word
is typically slowed when the irrelevant word itself
elicits a conflicting color name. Keele (1972) has
argued that the Stroop effect itself demonstrates
automatic parallel processing of relevant and
irrelevant information, resulting in interference only
when the irrelevant input activates an incompatible
response. Hintzman, Carre, Eskridge, Owens, Shaff,
and Sparks (1972) supported Keele's conclusion by
showing a relative facilitation of color naming when
the distractor word was congruent with the color
name. However, interpretation of the Stroop effect
is not completely unequivocal. If limited perceptual
capacity imposes serial processing of stimulus
attributes, a color-related word might "capture"
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attention and thereby delay processing of the color
(Hock & Egeth, 1970). It could be argued that the
congruency effect found by Hintzman et a!. only
shows that benefits of prior response activation Out
weigh the costs of delayed processing. The issue be
comes still more complicated if analysis-by-synthesis
approaches are considered, in which the word
context might facilitate the actual peceptual process
ing of the named color (Rosch, 1975) at a cost to
processing other colors.

In a random discrete-trials version of the Stroop
task, Neill (1977a) compared trials in which the
current color matched the distractor word presented
in the immediately preceding trial (for example,
BLUE written in red preceded by RED written in
green) with trials in which the current stimulus was
unrelated to the previous stimulus (e.g., BLUE
written in red preceded by YELLOW written in
green). In one experiment, longer response latencies
in the first condition implied selective suppression of
competing responses. In the course of pilot work
for these experiments, analysis of other obtained
relations between trials revealed other interesting
phenomena. Of particular interest is the case in
which the current distractor word matched the
relevant color of the preceding stimulus (e.g., RED
in green preceded by BLUE in red)-reverse
temporal order from the above suppression test. It
was expected that continued availability of the
previous color response would strengthen the
identical current distractor response, thereby in
creasing interference relative to the control condition
in which the current stimulus was unrelated to the
preceding trial. Surprisingly, the opposite result was
obtained: The relation between trials produced faster
responses than in the unrelated condition. A tentative
hypothesis was made that continued availability of
the previous color response in the unrelated condi
tion effectively increases the number of activated
responses competing on the current trial. For
example, if the word RED presented in color green
is preceded by the unrelated stimulus YELLOW in
color blue, the still-potent response "blue" is added
to the current competing response set. In the related
condition, the preceding color response is redundant
with the current distractor , so the number of current
competing responses is not increased. For example,
if RED in green is preceded by YELLOW in red,
the preceding color red does not activate a response
which is not also activated by the current stimulus. 1

Method
Subjects. Six University of Oregon undergraduate, (five male.

one female) were paid $2/h of participation, Most subjects had
previously participated in a variety of other unrelated reaction
time experiments.

Materials and Apparatus. Stroop stimuli consisted of the tour
words RED, GREEN, BUJE. and YELLOW, written in each
of the four named colors. plu- four "control" stimuli of the form
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0000 (four zeros) also written in each of the four colors. All
stimuli were thinly bordered in black for enhanced contrast and
word legibility. Stimuli were rear-projected on an in-line display
controlled by a PDP-9 computer, which also recorded reaction
time data from four microswitch response keys. At a viewing
distance of about 70 ern, the stimuli subtended visual angle-,
roughly from 3.5° to 7°.

An oscilloscope to the left of the in-line display provided pre
block "ready" information and postblock feedback. Subjects had
the option of leaving on or turning off a light which provided
dim background illumination.

Procedure. All subjects memorized the following assignment
of color name, [0 response keys: "red." left middle finger;
"green," left index finger; "blue." right index finger; "yellow,"
right middle linger. Subjects identified the colors of Stroop
stimuli on hand-held cards both verbally and by pointing out the
appropriate response key, to verify successful memorization of the
key assignments and ability to discriminate the stimuli.

Each subject was tested individually over 6 days in session, of
approximately thin length. Each session consisted of 20 blocks
of 100 trials each, preceded by one or two practice blocks, Gn
Days I and 6, the 4 control stimuli and the 4 congruent stimuli
(in which the distractor word matched its color name) were
interspersed with the 12 conflict stimuli, to verify the exivtcnce
of the basic Stroop interference effect and its continuation over
days of practice. On Days 2-5, 10 blocks of responding to the
color of only incongruent (conflict) stimuli were alternated with
10 blocks in which subjects were instructed to respond to the
printed word rather than the presented color. These word-relevant
blocks were included only to maintain a strong association be
tween the printed word and keypress response, and were not
analyzed. Pilot work had suggested that without the interspersed
responding to words, the basic interference effect when manually
responding to color is greatly attenuated by practice.

On Days I and 6, the subjects received one practice color
relevant block. On Days 2-5, they received one color-relevant
and one word-relevant practice block, the order varving day to
day.

When the word ready appeared on the oscilloscope, the -ubject
could initiate a block at will by presenting one of the response
keys. Each stimulus remained present until the subject',
response, at which time it was immediately replaced by anew,
randomly determined stimulus. and a new trial was thus begun.
After completion of a block of 100 trials. the average reaction
time and number correct for that block were displayed on the
oscilloscope. The subjects were instructed to emphasize speed or
responding, while maintaining 80070-90"'1\ accuracy. Subject
generally chose to rest up to a minute between blocks, although
longer delays were permitted.

As each Stroop stimulus was randomly chosen, neither the
color nor the distracror word would be predicted from the stimulu-,
appearing in the preceding trial. The recorded latencies were auto
matically categorized according to whether either the current
color or current distractor word matched either the preceding
di-t ractor or preceding color. Two subsets of data are of
immediate relevance: Approximately 1,000 conflict trials per
subject fall into the present "related" category, in which the
current disrractor matches the preceding response, but not in
combination with any other relation (such as between current color
and preceding distractor). A comparable number of trials fall into
Ihe "unrelated" category. in which neither current color nor
distractor are related to the previous stimulus. Other subsets of
data irrelevant or ambiguous with regard to present concerns are
discussed elsewhere ("ieil!. 1977a, 1977b).

Results and Discussion
The mean reaction time for the related condition

was 695 msec, and for the unrelated condition,
715 msec. The 20-msec difference is highly signif-
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icant, t(5) = 4.75, p < .01. The error proportions
for the related (.12) and unrelated (.17) conditions
also differ significantly, t(5) = 3.32, p < .05. Speed
accuracy tradeoff is ruled out by the similar directions
of the speed and accuracy effects. 2

The results are consistent with the hypothesis that
continued availability of the previous color response
in the unrelated condition increases the number of
relatively highly activated responses competing on
the current trial. However, before accepting this
conclusion, it is necessary to consider possible
alternative explanations.

Klein (1964) suggested that allowing subjects to
name the current distractor before naming the
current color would result in "deactivation" of the
distractor response. Klein found that the total time
to name the word and then the color of each Stroop
stimulus in a list was less than the sum of the times
to name the words and colors separately. Un
fortunately, the argument is faulty in that it does not
allow for any overlap of processing times for the two
stimulus attributes. Nevertheless, an analogous
explanation might be offered for the present data:
Refractoriness of the response just made results in
resistance to activation by the current distractor
word. However, the "repetition effect" literature
indicates that response repetition produces relative
facilitation, not response-specific refractoriness,
even with minimal response-stimulus interval (RSI)
(Rabbitt, 1968), arguing against even a temporary
decrease in availability of the particular emitted
response. Accordingly, a very strong repetition effect
was obtained in the present experiment: When the
color response was repeated in the context of a new
distractor, mean reaction time was 491 msec (error
proportion = .06), and in the same distractor
context, 364 msec (.00). Both of these response
repetition conditions produced great facilitation
relative to the unrelated condition, t(5) = 7.01 and
11.32, respectively, both p < .001.

An explanation that cannot be ruled out by these
data is that increasing the strength of the distractor
response in the related condition actually facilitated
the rejection of that response. This hypothesis is
incompatible with many theories, especially passive
strength-of-activation theories such as Morton's
(1969, 1970; Morton & Chambers, 1973) "logogen"
model, in which response tendency is a direct func
tion of strength of activation. However, more com
plicated hypothesis-testing models, such as Becker's
(1976) "verification" model might be extended to
account for such a possibility. For example, if
hypotheses about the correct response must be tested
serially, the Stroop distractor word may first suggest
a hypothesis that must be tested and rejected before
the correct hypothesis can be tested (Becker, Note 2).
If prior activation allows the distractor hypothesis

to be made sooner, it will be tested and rejected more
quickly, reducing the delay of testing the correct
hypothesis.

Experiment 2 was designed to decide between the
"number-competition" and "rejection-facilitation"
explanations for the relatedness effect found in
Experiment 1. The latter predicts that "priming" the
distractor word should reduce interference relative
to a truly neutral condition in which no response is
activated immediately prior to the Stroop stimulus.
On the other hand, strength-of-activation theories
predict increases in interference when either the dis
tractor or an unrelated response is primed, since
interference is viewed as a function of competing
response strengths.

EXPERIMENT 2

Method
Subjects. Eight new subjects (six male, two female), again

mainly undergraduates experienced in other reaction time tasks,
were each paid $2 for approximately I h of participation.

Materials and Apparatus. The 12 Stroop conflict stimuli from
Experiment I were again used as test stimuli. The four colored
0000 stimuli from Experiment I here served as priming stimuli
not to be responded to. In addition, an uncolored plus sign ( +)
was used as a neutral control for general warning signal effects.
The four congruent stimuli were not used.

In all other respects, materials and apparatus were identical
to Experiment I.

Procedure. Each subject was tested individually in one session
consisting of 10 blocks, preceded by I practice block, of 72 trials
each. At the beginning of the session, the subjects memorized the
stimulus-response mappings and were pretested as in Experi
ment I. The subjects were then shown the priming and neutral
stimuli, and were told that one would be presented as a warning
signal before each colored word stimulus to which they had to
respond. It was stressed that no aspect of the test stimulus could
be predicted from the priming stimulus.
. A trial sequence began with the 200-msec presentation of a
priming or neutral stimulus, immediately followed by a test
conflict stimulus which remained present until the subject's
response. The priming and neutral stimuli and the test stimuli
were randomly chosen such that each possible pair of priming
(or neutral) and test stimuli was sampled without replacement
(until all were sampled), except that the frequency of the neutral
warning signal was twice that of anyone color prime. The result
ing proportions of trial types were then 1/3 "neutral" (no color
primed), 113 "unrelated" (a color other than the distractor and
appropriate response color primed), 1/6 "color-related" (correct
color response primed), and 1/6 "distractor-related" (distractor
response primed).

Following a subject's response, a delay of 500, 1,000, 2,500 or
5,000 msec preceded the next trial. It was hoped that the variable
delay, randomly chosen, would help to focus the subjects'
attention on the priming or neutral stimulus as a warning signal.
The relatively long delays between trials probably served to
attenuate intertrial effects, which were at any rate balanced by
randomization with regard to priming conditions.

Other aspects of procedure were essentially similar to
Experiment I.

Results and Discussion
The average correct response time for the neutral



unprimed condition was 725 msec (error proportion
= .08). The color-related priming condition
averaged 705 msec, the difference from the neutral
condition only marginally significant, t(7) = 2.07,
.05 < p < .10. However, all but one subject made
fewer errors with color-related priming (mean pro
portion = .07), resulting in a small, but significant,
difference in accuracy, t(7) = 3.55, p < .01. The
errors and latencies in the color-related condition
taken together validate the assumption that a re
sponse was indeed "primed" prior to the test stimu
lus, resulting in facilitation when that response was
actually appropriate to the test stimulus color.

Both the unrelated condition (764 msec) and the
distractor-related condition (771 msec) were signifi
cantly slower than the neutral condition, t(7) = 3.42
and 3.34, respectively, both p < .02. The error pro
portions, .07 and .08, respectively, were not signifi
cantly different from the neutral condition. None of
the differences between the unrelated and distractor
related conditions are significant, although six out of
eight subjects tended to be slower in the distractor
related condition, and six made more errors in that
condition also.

The increased interference in the distractor-related
priming condition casts doubt on the proposition
that increasing the availability of a response can
facilitate its rejection. Since both the distractor
related and unrelated conditions produced increases
in reaction time, it seems reasonable to conclude that
there are two possible sources of interference in the
Stroop conflict: (1) the number of relatively highly
activated responses competing simultaneously, and
·(2) the strength of activation of each competing
response.

GENERAL DISCUSSION

The results of Experiments 1 and 2 taken together
demonstrate that the efficiency of selective attention
is affected by both the number of competing implicit
responses and the strength of each individual
competing implicit response. This conclusion is easily
viewed in the context of the "Iogogen" model pro
posed by Morton (1970). A logogen is an abstract
memory representation associated with a verbal
labeling response. Any stimulus input relevant to a
logogen increases the strength of that logogen by
adding to its count of sensory features. When the
feature count exceeds a criterion, that response be
comes eligible to the limited-capacity response
buffer. However, the strength of a given response
must be evaluated against a fluctuating noise back
ground produced by other logogens. According to
the principles of signal detection theory, the decision
processes involved in allocating output resources
would then be affected by any inputs adding to the
feature counts of irrelevant logogens.
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In Experiment 2, priming an unrelated response
and priming the distractor response produced com
parable increases in reaction time. In contrast, prim
ing an unrelated response in Experiment 1 was more
potent-otherwise no relatedness effect could have
been obtained. While the two patterns are not
identical, they are both consistent with a general view
of interference as a function of both number of
competing responses and the relative strength (or
availability) of each competing response. In the
absence of a more precise statistical decision model,
it is difficult to specify when one source of inter
ference should contribute more than the other. The
important point is that number of competing re
sponses influences interference in Experiment 1,
where number of input channels remains constant,
the major alternative explanation having been ruled
out by Experiment 2.

As discussed in the introduction, an effect of
number of competing responses, even when number
of input channels is held constant, is a necessary
prediction of theories that hold that selective atten
tion is mostly a matter of response selection. The
effect of number here must be on the decision
processes that have to choose between two or more
competing responses. However, the results do not
wholly discredit the opposing view that perceptual
selection is important. Indeed, more recent state
ments of filter lattenuation theory (Broadbent, 1971;
Treisman, 1969) concede that response competition
may occur if perceptual capacity is not overloaded
and the stimuli do not provide sufficient criteria
for selective filtering or attenuation. Nevertheless,
the present results must lend support to those (e.g.,
Deutsch & Deutsch, 1963; Keele, 1973; Norman,
1968; Shiffrin, 1975) who claim that postcategorical
capacity limitations are sufficient to account for
attentional phenomena, including the effects of
irrelevant input channels.

REFERENCE NOTES

I. Keele, S. W. Unpublished data, 1975.
2. Becker, C. A. The recognition of words. Unpublished

manuscript.
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NOTES

I. Depending on experimental context, the preceding distractor
may also remain available (Neill. 1977a). If so, ir should contribute
equally to the present related and unrelated conditions. Contribu
tions from trials twice or more removed from the current trial
are balanced by randomization. In this context, "response
activation" must be viewed not as absolute, but relative to a back
ground of weaker, less recently activated responses.

2. A subsequent analysis of comparable Stroop task data
collected by Keele (Note I) reveals a similar pattern over a larger
subject sample (n = 32), without interspersed word-relevant
blocks and a 50-msec RSI.
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