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Toward a translational model
of Stroop interference
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Models ofthe Stroop effect that postulate single, centralized processing stations are fundamen
tally incorrect. A translational model is proposed in which parallel processing systems are hypothe
sized that are linked by a translation mechanism. Each system processes information using its
own internal code specifically linked to the type of information the system processes. Informa
tion is passed between these systems via the translation mechanism. Evidence supporting this
model comes from both the literature and the experiments reported in this article. Of primary
importance is the demonstration that the pattern of interference that emerges is dependent upon
the cognitive system used to process the information.

The Stroop paradigm was employed in the four experi
ments reported. In this paradigm, first reported by Stroop
in 1935,1bidimensional stimuli are created such that either
dimension of a stimulus may be responded to with the
same overt response. Reaction time is measured of the
response to one of the stimulus dimensions, while the sub
ject attempts to ignore the other dimension, which will
conflict on some trials with the correct response. For ex
ample, a subject who is shown the word RED printed in
blue ink could respond either to word meaning by saying
"red" or to ink color by saying "blue."?

The interesting finding is that, when subjects must read
the word out loud, there is no effect of a conflicting ink
color. Reaction time in the conflicting condition is as fast
as in the condition in which the color word names the ink
color for the trial. However, when the subject must name
the ink color, reaction time in the conflicting condition
is greatly increased, compared to the time required for
the condition in which the color word and the ink color
have the same value (e.g., RED in red).

Similar findings have been reported using different
stimulus sets. For example, when word meaning and spa
tial position are combined (e.g., the words RIGHT or
LEFT appear to the right or left of fixation), reading the
word out loud is not affected by a conflicting spatial po
sition, but naming the position the word occupies is slowed
if a conflicting word appears in that position (Palef & Ol
son, 1975; Seymour, 1974).

The models proposed to account for the Stroop effect
have differed in detail but have two underlying assump
tions in common. The first is that, at some point in the
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system, all the information passes through a single, cen
tralized decision and/or response stage. This is true
regardless of the particular task employed. To account
for the asymmetry in the interference effects, the second
assumption is made: The two dimensions are hypothesized
to arrive at the decision stage at different times.

In Figure 1, a schematic of this type of model is shown
for the ink color/color word form of the Stroop task. Two
stimulus-analyzingstages are hypothesized: one to abstract
word meaning and another to abstract ink color informa
tion (see Treisman, 1969). These stimulus analyzers work
in parallel, and output from them races toward a central
decision stage. Information about word meaning is as
sumed to arrive prior to information about ink color. As
a result, when the subject must respond to word mean
ing, there is no interference from a conflicting ink color,
because the word code is the only code active at the deci
sion stage. When the subject must name the ink color of
the stimulus, interference arises due to the prior arrival
of the word code at the decision stage. Two codes are
presumed to be active, and additional time is required to
select the proper code for entry into the response buffer.

The account just provided of speed-of-processing
models is necessarily devoid of details. It is meant to be
an abstraction of the features common to models provided
by Glaser and Dolt (1977), Klein (1964), Morton (1969),
and Palef and Olson (1975), among others. The critical
characteristics of these models are that all are based on
the relative speeds of processing of the two stimulus
dimensions and that a single, centralized response chan
nel is hypothesized. Furthermore, speed-of-processing
models are formulated so that the faster dimension can
interfere with the slower dimension but not vice versa.
For example, one would not expect a conflicting ink color
to interfere with a response based on word meaning. The
ink information is simply hypothesized to be processed
too slowly. 3

There are indications in the literature that speed-of
processing models are, at best, incomplete. Before dis-
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Assume that two independent systems exist: a spatial
system that processes the spatial relations between objects
and a linguistic system that processes information in the
form of linguistic codes. If the location of an object is
to be vocally reported, then the information would have
to be translated from the spatial system that performed
the encoding into the linguistic system for output via a
vocal response. If the location were to be indicated by
moving a lever in a compatible direction, then no trans
lation would need to occur because the spatial system
would be capable of encoding the stimulus and planning
and executing the response. (Note that to say a transla
tion is not required is not the same as saying that no
processing is required. We are not arguing that there is
some sort of direct connection between eye and hand that
mediates lever movement.)

The time-of-arrival hypothesis has been cogently criti
cized by Dunbar and Macleod (1984). In this section we
review a set of studies that speak to the hypothesized ex
istence of a single, central decision and/or response stage
underlying the Stroop effect.

In an auditory Stroop task, McClain (1983) has shown
a clear reversal of the pattern of interference that can read
ily be interpreted in terms of the direction in which a trans
lation process is assumed to run. She presented the words
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Figure 1. A generic representation of speed-of-processing models

of Stroop interference is shown. Input from hoth stimulus analyz
ing stages is passed to a single, centralized decision stage. Output
of the decision stage passes to a central response stage from which
the overt response is initiated.

cussing the pertinent data, an outline ofthe model we are
proposing will be provided.

AN OVERVIEW OF THE
TRANSLATIONAL MODEL

The basic premise of the translational model is that there
are several processing systems, each of which codes and
processes information in a way that is specific to that sys
tem (see Palef, 1978). Information from one system may
be translated into the code of another system (hence the
name we have given this model). This translation process
takes time. Furthermore, some of these systems are replete
with an output or response stage suited to the type of in
formation the system processes, so input to one system
must undergo translation if it is to be processed within
another system. In Figure 2, a generic representation of
the translational model is shown. .

~ TRANSLATION ~
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SYSTEM 1 SYSTEM 2
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Figure 2. The framework for the translational model is presented.
Generic systems are indicated that will be elaborated for the par
ticular tasks as necessary.
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HIGH and LOW in either a high or low pitch to her sub
jects. Four conditions were created by having subjects
respond to either word meaning or pitch by saying' 'high"
or "low" or by humming in a high or low pitch. In the
four resulting conditions, the irrelevant dimension could
be either compatible with or in conflict with the relevant
dimension.

We can postulate two systems: a linguistic system that
processes words and is linked to a vocal response stage
and a tonal system for the processing of pitch that is linked
to a response system for the output of pitch, in this case
humming. Based on these systems, we can generate
several predictions. When word meaning is to be output
by the humming of a correspondingly high or low pitch,
the word code must undergo translation into the form of
representation used by the tonal system. Once in the tonal
system, the code is subject to interference from conflict
ing information already in that system due to the irrele
vant tone in which the word was presented. Interference
will also arise when the subject must name the pitch of
the stimulus. For this condition, the tonal information is
translated into the linguistic system where it may be in
terfered with by a competing linguistic code.

When a subject responds to a word by saying it, or to
pitch by humming, processing is contained within the lin
guistic and tonal systems, respectively. Interference from
a conflicting irrelevant cue has no chance to occur be
cause the irrelevant cue is processed by a different sys
tem and does not compete with the representation of the
word at any point.

The results substantiate the predictions derived from the
model. When a verbal response was required to the word
or a humming response was required to the pitch, the value
on the irrelevant dimension had no effect on reaction time.
Conflicting trials were responded to as rapidly as com
patible trials. When subjects were required to make a vo
cal response to the pitch of the stimulus or a humming
response to the word, interference from the irrelevant
dimension obtained. Conflicting trials in these two con
ditions took significantly longer than compatible trials.
Thus, the relationship between the relevant dimension and
the response mode and, by extension, the existence or ab
sence of a translation, determined the conditions in which
interference obtained. (Note that McClain interpreted her
results in terms of a speed-of-processing model.)

Similar results were obtained by Flowers, Warner, and
Polansky (1979) for the dimensions of numeric value (the
digits 1,2, and 3 or the words ONE, TWO, and THREE)
and numerosity. They found a markedly different pattern
of results that depended upon the mode of responding sub
jects were asked to use. In vocal-naming procedures and
card-sorting tasks, a conflicting numeric value interfered
with responses based on the numerosity value, but con
flicting numerosity values did not interfere with sorting
based on the numeric value.

When Flowers et al. changed the response mode to
manual tapping or "vocal tapping" (e.g., saying duh-duh
to indicate two "taps"), numeric value no longer inter
fered with numerosity-based judgments. However, a con-

flicting value on the numerosity dimension interfered with
judgments of numeric value in this condition. This ex
periment illustrates the point that a change in response
mode can drastically alter the pattern of results. The tap
ping response appears to be tied to numerosity-based judg
ments in much the same way that the vocal naming
response is related to judgments of numeric value. They
each have their own form of representation, and, when
translation between codes must occur for output, inter
ference from the irrelevant dimension can occur.

Additional evidence that interference effects are strongly
dependent on translation processes comes from studies by
Greenwald (1972), Pritchatt (1968), and Treisman and
Fearnley (1969).

In summary, speed-of-processing models are insuffi
cient, as currently outlined. Evidence suggesting the ex
istence of several separate cognitive systems has been
provided that is fatal to these simpler models predicated
on a single, central decision and/or response stage. To
account for these data, the translational model, incorporat
ing the principle of independent cognitive systems, was
postulated.

In Experiments I and 2 of this article, we set out to
directly test predictions derived from the model using first
the standard color word/ink color form of the task and
then the locative/spatial position form of the task. Changes
in the mode of responding are expected to reverse the
direction of the interference effects. In the final two ex
periments, the translation mechanism was probed in an
attempt to make as explicit as possible the conditions un
der which it operates.

EXPERIMENT 1

The translational model adequately accounts for results
from conditions in which the response is initiated via the
linguistic system, but so do simpler models based on the
relative speeds of processing of word and color informa
tion (see Glaser & Dolt, 1977; Morton, 1969; Palef &
Olson, 1975, for examples and Figure 1 for a schematic
of this type of model). The problem was to devise a task
that could be used to control the flow of processing so
that the criterial dimension would arrive at the linguistic
system's decision stage or the alternate system's decision
stage, depending on the experimental condition. We could
then examine whether or not this processing leads to the
standard and/or reversed patterns of interference.

A card-sorting task was used to control the type of
processing needed to complete the task. To mimic the
standard Stroop situation, the bins into which the cards
were placed were labeled with color words printed in
black ink. We hypothesized that these labels would re
quire processing to occur in the linguistic system's deci
sion stage because the criterial dimension on the card
would be matched to a linguistic cue. If this were the case,
then the results should be the same as when subjects were
asked to respond vocally: Responses to the meaning of
the word should not beaffected by a conflicting ink color,



but responses based on the color of the stimulus should
suffer in the presence of a conflicting word cue.

To create a set of conditions in which processing would
occur within the color system's decision stage, the bins
into which the cards were to be sorted were labeled with
patches of color. Rather than matching the criterial dimen
sion on the card with a verbal label, the subject must match
the criterial dimension on the card with a color label. We
hypothesized that this manipulation would require process
ing to be carried out within the color system because the
flow of information would be changed so that all codes
must pass through the color system's decision stage. At
the very least, linguistic processing would not be neces
sary at the response stage because the criterial dimension
was not matched to a linguistic cue. This manipulation
should result in a reversal in the patterns of interference:
Responses to word meaning should suffer in the presence
of a conflicting color cue, but responses to ink color
should not be affected by a conflicting word cue.

This predicted reversal in the direction the interference
takes is called the reversed Stroop effect. The translational
model predicts this change in the pattern of interference
when the way a subject responds is altered. Earlier models
(e.g., Palef & Olson, 1975) do not call for the ink color
to interfere with responses to the meaning of the word.
Nor would they predict that responses to the ink color
of a stimulus would be buffered from interference from
a conflicting word, because information about word mean
ing is expected to reach the central decision stage prior
to information about color. Thus the direction of inter
ference is immutably fixed by assumptions about the
speeds at which the two types of information are
processed. The consequence of this assumption is that
these earlier models predict no reversal in the pattern of
interference.

Two groups of subjects participated in Experiment 1.
For half the subjects the bins were labeled with color
words printed in black ink, and for the other half the bins
were labeled with rectangular patches of colored inks. The
values of the color word labels and the ink color labels
were the same and thus provided two alternative modes
ofresponding. (For half the subjects, the labels above the
bins were the words RED, BLUE, GREEN, and
ORANGE printed in black ink; for the remaining sub
jects the labels were changed to patches of red, blue,
green, and orange ink). Both groups of subjects performed
five card-sorting tasks. The tasks differed with respect
to the information on the cards or to the aspect of the
stimulus to which the subject was asked to respond. We
could then examine the speed with which the various sorts
were performed using the two modes of responding and
determine whether the translational model's predictions
(i.e., a reversal in the pattern of interference) match these
obtained reaction times.

Method
Subjects. Thirty subjects were recruited from the Johns Hop

kins University subject pool and received either class participation
credit or a nominal fee.
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Stimuli. Four decks of 48 cards each were prepared in the fol
lowing way using Casco rubber stamp kit NR07and Excelsior Dri
kwik stamp pads. Each card measured 7.5 x 12 cm. Centered in
the middle of each card was a single stimulus, which varied in length
from 2.5-5.0 em and was approximately 0.7 em in height.

The first deck was a control deck that consisted of the color words
used in the experiment printed in black ink." These words were
RED, BLUE, GREEN, and ORANGE. Each of the four words ap
peared equally often, one word per card. The second deck was made
by placing a row of colored Xs on each card. The ink colors used
for the Xs were named by the color words from the experiment.
Twelve cards were prepared using each ink color with the follow
ing constraint: The number of Xs on each card varied from three
to six to match the number of letters in the color words. As an ex
ample, consider the 12 cards that had rows of green Xs on them.
Three cards each were prepared with three, four, five, and six Xs
on them to match the length of the words RED, BLUE, GREEN,
and ORANGE, respectively. Similar procedures were followed for
the other three colors. The third deck was made up of conflicting
color/word pairs (e.g., the word ORANGE appeared in green ink).
Each of the four color words appeared four times in each of the
three ink colors incompatible with the word. The final deck con
sisted of compatible color/word stimuli (e.g., the word RED would
always appear in red ink). Twelve cards were prepared for each
color word in the ink color named by the word.

Procedure. Subjects were seated at a table in front of four bins.
The top of each bin was open and measured approximately lOx
15 ern. The bins were deep (16 em) so that, once a card was placed
into the bin, the card dropped completely out of sight. For half the
subjects, the bins were labeled with color words printed in black
ink. For the remaining subjects, the labels were rectangular patches
of the colored inks used in the experiment and were approximately
5 em wide x 12 cm long. The purpose of this manipulation was
to permit the match between the criterial dimension and the bin label
to be carried out by the linguistic and color systems, respectively.
In either case, the labels were affixed directly over the bins so that
they were clearly visible to the subject. (Note that each subject saw
only labels that were either all color words or all color patches.)

The same five sorts were carried out by each subject. For the
subjects who had the bins labeled with color words, the criterial
dimension from the cards was to be matched with the word above
the bin. For the subjects who had the bins labeled with color patches,
the criterial dimension from the cards was to be matched to the color
of the patch above the bins.

For the deck in which color words were printed in black mk,
the criterial dimension was word meaning. The cards were matched
to the words above the bins or to the corresponding color patches,
depending on how the bins were labeled for the subject. For the
rows of colored Xs, the criterial dimension was the ink color of
the stimulus. Again, half the subjects matched the color on the card
to word labels, and half matched the color on the card to color
patch labels.

Two types of sorts were performed by each subject for the con
flicting color/word deck. Depending on which sort the subject was
asked to perform, the deck was sorted with either ink color or word
meaning as the criterial dimension. In either case, the irrelevant
dimension provided a conflicting cue. The purpose of this manipu
lation was to examine the subject's ability to respond to the criterial
dimension when the bins' labels were changed, and by extension
when the system used to process the information must bechanged.

The last deck of cards contained compatible color/word pairs.
The subject was free to base the response on either the meaning
of the word from the card or the ink color on the card. No conflict
ing cue was present, as in the decks having words in black ink and
colored Xs. Unlike those decks, the irrelevant dimension was com
patible with the relevant dimension. The question was whether sub
jects use this redundancy to facilitate response times.

Three orthogonal Latin squares were defined so that each row
represented a unique ordering of the five types of sorts each sub
ject performed. The sort order represented by each row was per-
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Table 1
Sorting Times (in Seconds) for Experiment 1

formed by one subject when the bins were labeled with color words
and by another subject when the bins were labeled with color
patches. Any given type of sort was performed three times in suc
cession, and the mean of these three replications was entered into
the analyses. If the sort order for a given subject was A, B, C, D,
E; the subject actually performed 15 sorts in the order A, A, A,
B, B, B, ....

After each sort, the labels above the bins were randomly reor
dered to insure that subjects used the labels in performingthe task.
Also, to avoid biasing the subjects toward linguistic processing,
a minimum of verbal instruction was given at the beginning of the
experiment. After that, all instructions were given by manually
demonstrating each sort, without verbal instruction. When the sub
ject understood the task, he or she indicated this by nodding.

A digital stopwatch recorded reaction times to the nearest .1 sec.
Timing began with the experimenter tapping the table at which the
subject was seated, and timing terminated when the subject tapped
the table after placing the last card into its bin.

Accuracy was emphasized in the instructions, and subjects made
few uncorrected errors. These will not be discussed further.

Results
A one-way analysis of variance (ANOVA) with

repeated measures was performed on the five sorts in
which the bins were labeled with color words. A separate
ANOVA was performed on the five sorts in which the
bins were labeled with color patches.

Bins labeled with color words. The mean times to sort
the decks of 48 cards are shown in Table 1. The ANOVA
revealed a highly significant difference among the sort
ing times for the five conditions [F(4,56) = 14.87, P <
.001]. A Tukey honestly significant difference (HSD) test
was carried out to determine the causes of the differences
between the means. The analysis confirms that sorting the
conflicting color/word pairs based on ink color took sig
nificantly longer than all other sorts (HSD = 5.66, P <
.01). The remaining sorts did not differ significantly from
one another.

Bins labeled with color patches. The results for the
sorts in which the bins were labeled with color patches
also are shown in Table 1. The ANOVA showed a highly
significant effect of the type of sort [F(4,56) = 21.63,
P < .001]. A Tukey HSD test showed that sorting the
conflicting color/word pairs on the basis of word mean
ing took significantly longer than the other four sorts

Bins Labeled With

Discussion
Using the traditional Stroop color/word stimuli, Experi

ment 1 demonstrated that changes in the response mode
can profoundly affect the direction of the interference ef
fect. Ifprocessing of the criterial dimension is carried en
tirely by a single system, there is no effect of a conflic
ing cue encoded by the other system. It also was shown
that interference effects can arise when the criterial dimen
sion undergoes a translation. These results are consonant
with the predictions of the translational model. Most no
table are the results for those conditions in which the bins
were labeled with patches of color. When word meaning
was the criterial dimension, responses were impaired by
a conflicting ink color. To complete the pattern needed
for a reversed Stroop effect, the responses to the inkcolors
were buffered from interfering effects arising from a con
flicting word.

In the analog of the standard Stroop conditions (viz.,
when the bin labels were color words), the usual pattern
of interference obtained. Sorts based on the meaning of
the word were unaffected by conflicting color cues, and
sorts based on the ink color of the stimulus suffered in
the presence of a conflicting word cue.

Even if one agrees that the present results are consis
tent with the predictions of the translational model, it is
still pertinent to ask whether the results are consistent with
single-ehannel speed-of-processing models. One way such
models might be able to account for data demonstrating
"translational" effects is by appeal to the concept of
stimulus-response compatibility (McClain, 1983; see also
Treisman & Fearnley, 1969). The argument is that
stimulus-response incompatibility contributes to response
competition. For example, in the ordinary type of Stroop
task, one type of stimulus (color) must be responded to
with an incompatible type of response (word). Stimulus
response incompatibility could exert its influence by
retarding response availability. This influence would cause
incompatible responses to tend to enter the single response
channel after compatible responses.

It is important to note that in the present experiment
there was clear evidence of Stroop interference in the ab
sence of any hint of a compatibility effect. The lack of
a compatibility effect is indicated by the fact that for both
bins labeled with words and bins labeled with color
patches, there was no difference between the two control
decks. We conclude that stimulus-response incompatibility
may play some role in Stroop-like tasks but that it does
not provide a complete explanation of the phenomenon
(see also McClain, 1983, p. 269).

Finally, the results demonstrate that compatible
color/word pairs produce sorting times equivalent to those
for unidimensional stimuli. For the word-labeled bins,
sorting times were equivalent to those for words in black
ink and, for the color-patch-labeled bins, sorting times
were equal to those for rows of colored Xs. Thus the way

(HSD = 3.65, P < .01), which did not differ significantly
from one another.
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is paved for using only compatible and conflicting stimu
lus pairings in subsequent experiments.

EXPERIMENT 2

Experiment 2 was performed with two goals in mind.
One goal was to extend the model using a new set of
stimuli and tasks. If the model only applied to the
color/word form of the test, then its value would be greatly
reduced. Another goal of the current study was to gain
control over parameters of the stimuli that were not sub
ject to experimental manipulation using a card-sorting task
and the color/word stimuli.

The stimulus set was created by the factorial combina
tion of two locatives, LEFT and RIGHT, with two spa
tiallocations, to the left or to the right of fixation. Two
of the resulting stimuli were compatible (LEFT to the left
of fixation and RIGHT to the right of fixation), and two
were conflicting (RIGHT to the left of fixation and LEFT
to the right of fixation).

Our test of the translational model assumes the exis
tence of two cognitive systems, one linguistic and one spa
tial. The stimuli are composed of a linguistic dimension
(word meaning) and a spatial dimension (word location).
The system used to encode word meaning has already been
proposed in Experiment 1. In this study, however, the
subject was allowed to make a vocal response as the out
put of the linguistic system. The subject either said
"right" or "left" as a way of outputting the response
via the linguistic system's response stage.

In this experiment, a spatial system is postulated instead
of a color system. The first stage of this system abstracts
information about the location in which the stimulus ap
peared. This information is coded in a form specifically
suited to processing by the spatial system. Output of this
position-analyzing stage is passed to the spatial-decision
stage and, from there, to the spatial-response stage. There
is evidence in the literature that the spatial system's code
is particularly suited to a manual response (Greenwald,
1972). In the current study, this manual response is made
by having the subject press a right- or left-hand button.

All the criteria for a test of the translational model have
been met. The stimulus set is bidimensional, and an in
dependent cognitive system has been hypothesized for the
processing of each dimension. More to the point, perhaps,
is that each system is replete with its own response stage
particularly suited to the form of the code used by its sys
tem. The translational model predicts different outcomes
depending upon which response mode the subject
employs.

For half the subjects in Experiment 2, the criterial
dimension was the meaning of the word. They responded
either vocally or manually in different blocks of trials.
This is unlike Experiment 1, in which the criterial dimen
sion varied across conditions for each subject but the
response mode was held constant. For the other half of
the subjects, word position was the criterial dimension.
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This group also responded both manually and vocally in
blocked sets of trials. In all other respects, the logic of
Experiment 2 follows that of Experiment 1. For the two
conditions in which a translation is hypothesized (vocal
responses to position and manual responses to word mean
ing), conflicting trials should take longer than compati
ble trials. For the two conditions in which processing of
the relevant dimension is carried out from encoding to
response by a single system (vocal responses to meaning
and manual responses to position), conflicting trials should
be as fast as compatible trials.

Method
Subjects. A total of 24 subjects were recruited as in Experiment I.
Stimuli. Stimuli appeared on a cathode ray tube (CRT) under

control of a Commodore PET computer. An opaque mask was
placed in front of the CRT with a cutout that restricted viewing
to a rectangle 3.6 0 in height and 10.7 0 in width at a viewing dis
tance of 40 cm. A fixation point was always visible centered within
this rectangle.

Stimuli were created by presenting the word RIGHT or LEFT
either to the right or left of the fixation point. The words were
aligned so that the nearest edge was 1.4 0 from the center of the
field. Each word subtended o.r in height and averaged 2.3 0 in
length.

Procedure. Twelve subjects responded to the meaning of the
word, and 12 responded to the position of the word. Within each
of these groups, half of the subjects responded manually for one
block of 160 trials and responded vocally to another block of 160
trials. For the other half of the subjects in each group, vocal
responses preceded manual responses.

A total of four stimuli were used in this study. Two represent
compatible word/location pairings, and two represent conflicting
wordllocation pairings. Equal numbers of each of the four stimuli
appeared in each of the conditions. Thus, the 160 trials for each
condition were composed of the word RIGHT to the right, LEFT
to the left, LEFT to the right, and RIGHT to the left appearing
40 times each in a random order determined separately for each
subject.

Each trial proceeded in the following manner. A warning tone
sounded .5 sec before onset of the stimulus. The stimulus (a single
word to the right or left of fixation) appeared, and the subject
responded as quickly as possible. Reaction time in milliseconds was
collected from the onset of the stimulus until the response was made.
Manual responses were made by depressing a right- or left-hand
button to indicate "right" or "left," respectively. Vocal responses
closed a switch in a voice-activatedrelay. In either case, the response
terminated the stimulus display and initiated feedback (the word
CORRECT or INCORRECT appeared on the screen). After a 2
sec delay. the next trial began.

Only correct reaction times were collected. Reaction times shorter
than 100 msec or longer than 1.500 msec were considered to be
incorrect. For the correct trials. a mean was calculated for the com
patible and conflicting trials on a subject-by-subject basis. These
means were then entered into the statistical analyses.

Results
A three-way ANOYA was performed on the data. Crit

ical dimension was a between-subjects factor; response
mode and trial type were within-subjects factors. Table 2
presents the results of Experiment 2. All three main ef
fects were significant. For criterial dimension, responses
to the position were faster than responses to the meaning
[F(l,22) = 4.73, P < .05]. For response mode, manual
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Note-All reaction times are shown in milliseconds (msec).

Table 2
Results of Experiment 2.

Response to Meaning

463 471 445 486

Vocal Manual

Compatible Conflicting Compatible Conflicting

In this study, we attempted to determine the fate of the
irrelevant code for those tasks of Experiment 2 in which
processing of the relevant dimension was contained within
a single system. What happens to the word code, for ex
ample,when the subject responds manually to position?
Two possibilities seem plausible. The irrelevant code may
undergo translation into the system used to respond, but
it may arrive at the decision stage after the response to
the relevant code has been initiated. Alternatively, the ir
relevant code may not be translated into the system used
for processing of the criterial dimension. Processing of
the irrelevant dimension may remain within the system
used to encode it; the word code may not be translated
into the spatial system at all.

EXPERIMENT 3

dimension was carried out from encoding to response by
a single system, as in the manual-response-to-position and
vocal-response-to-word-meaning conditions, there was no
evidence that a conflicting cue on the irrelevant dimen
sion led to interference. This lack of interference is indi
cated by the fact that there was virtually no difference
between conflicting and compatible trials, either because
the irrelevant code was not translated into the system used
to respond, or because it arrived after the criterial code
had been passed on to the response stage." When transla
tion of the criterial dimension was required (e.g., when
the linguistic code was recoded into the spatial format for
manual output, or the converse), large and reliable inter
ference effects emerged. It is hypothesized that this in
terference occurs at the decision stage of the system used
to respond. Two codes are in competition: the translated
code to which the subject must ultimately respond and the
code for the irrelevant dimension that has arrived directly
from the analyzing stage of the system used to respond.
When these two codes indicate the same value, no problem
arises. If the codes indicate opposite values, they interact
with each other to slow the decision process, thus elevat
ing the overall reaction time.

The results of both Experiments 1 and 2 are consonant
with the translational model. In accounting for the results
of these studies, three cognitive systems have been iden
tified. The properties of these systems were described
a priori and conformed with experimental results. Con
verging evidence for at least the linguistic and spatial sys
tems is provided by Greenwald (1972). Using a dual
response task, he showed the independence of these two
cognitive systems. Derks and Calder (1969), Treisman
and Fearnley (1969), and Uleman and Reeves (1971) have
shown that nonlinguistic responses to the ink color of a
stimulus are unaffected by a conflicting color word. These
results argue for the independence of the color system and
against models in which all forms of input are channeled
through a single, central stage (i.e., Glaser & Dolt, 1977;
Morton, 1969). Such models cannot account for the ef
fect that changes in response mode have on obtained
results.
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responses were faster than vocal responses [F(l,22) =
34.93, P < .001). For trial type, compatible trials yielded
faster reaction times than conflicting trials [F(l,22) =
89.68, P < .001]. Of the two-way interactions, only
criterial dimension X response mode reached significance
[F(1,22) = 33.58, P < .001]. Both vocal and manual
responses to meaning and vocal responses to position
produced equivalent reaction times. Manual responses to
position were much faster than the other conditions (about
150 msec faster) when collapsed over the type of trial.

The three-way interaction was highly significant
[F(1,22) = 56.96, p < .001]. Based on data shown in
Table 2, it appears that the difference between compati
ble and conflicting trials was greater for the two condi
tions in which translation was hypothesized (manual
responses to word meaning and vocal responses to posi
tion) than for the two conditions in which no translation
was hypothesized (vocal responses to word meaning and
manual responses to position). To determine if these in
terference effects were significant, four t tests were per
formed. The comparisons made were between compati
ble and conflicting trials for each combination of response
mode x criterial dimension.

For example, the compatible and conflicting means for
the 12 subjects who participated in the vocal-response
to-meaning condition were compared using a t test. This
mean difference (conflicting trials minus compatible trials)
of 8 msec was not significant [t(l1) = 1.324, P > .10).
Thus the conflicting trials were responded to as quickly
as the compatible trials. Similar results obtained for the
manual-response-to-position condition [t(11) = 0.523, P
> .10]. The 8-msec difference was not statistically reli
able. For the two conditions in which a translation was
hypothesized, conflicting trials were significantly slower
than compatible trials. When subjects responded manu
ally to meaning, the mean difference was 42 msec [t(11)
= 1.814, P < .05]. Vocal responses to the position of
the word yielded a 38-msec difference between conflict
ing and compatible trials [t(11) = 2.305, P < .025].

Errors were infrequent in all conditions (averaging 2 %)
and positively correlated with reaction times. They will
not be discussed further.

Discussion
The results of Experiment 2 were consistent with the

translational model. When processing of the relevant
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Experiment 3 Stimulus Set

Figure 3. The complete stimulus set employed in Experiment 3
is shown. In the top haIf of the figure, the sequence of stimuli for
the Man-P group are shown, and in the bottom haIf of the figure,
the sequence of stimuli for the Voc-M group are shown.

reading task. Significant inhibition was not observed at
any preview duration up to the maximum tested
(400 msec), which suggests that the irrelevant code was
not translated into the system used for processing the rele
vant dimension.

Method
Subjects. A new group of 24 subjects was recruited from the

Johns Hopkins University subject pool as in earlier experiments.
Stimuli. The test stimuli used in the two primary tasks employed

in this experiment were the same as those used in Experiment 2:
The words RIGHT and LEFT appeared either to the right or left
of fixation. Preceding exposure of the test stimuli was one of two
types of cues.

When the primary task was to respond manually to the position,
the preexposed stimulus was either the letter R or the letter L cen
tered in the field of view.· The preexposed letter always matched
the initial letter of the test word. For example, the centered R was
always followed by the word RIGHT to one side or the other side
of fixation. This precue was visible for a variable length of time
to allow processing of the irrelevant dimension (meaning) to begin
before that of the relevant dimension (position).

For the conditions in which subjects responded vocally to the
meaning of the word, a bar was preexposed to one side or the other
of fixation. This precue was visible for a variable length of time,
after which the test stimulus appeared. The location of the test stimu
lus was perfectly predicted by the bar, but each of the two words
was equiprobable. Using this method, subjects could begin process
ing of the irrelevant spatial dimension before they could begin
processing of the criterial (linguistic) dimension.

In Figure 3, the entire stimulus set for both tasks can be seen.
In the top half. the stimuli for the manual response group are shown;
in the bottom half, the stimuli used for the vocal response group
are shown.

Test

RIGHT +

Pre-Cue Test

Pre-Cue

+ + RIGHT

+ LEFT

ConflictIng Trials

Comoatible Trials

---- + LEFT +

+ RIGHT

Ttst

+ + RIGHT

LEfT +

Pre-Cue Test

Pre-CuI

---- + LEfT +

Comoelible Triels

Vocal Response to Word Menning

Comoelible Trials

Manual Resoonse to PositIon

There is some indirect evidence that the latter alterna
tive may be correct. Consider the condition in Experi
ment 2 in which subjects responded vocally to word mean
ing. Mean reaction time in this condition was 467 msec,
yet no interference from the spatial cue obtained, even
though the spatial code could have undergone a good deal
of processing by this time. Indeed, the total reaction time
for manual responses to the position of the word was only
333 msec, indicating that the position information had to
be available sometime before then. Given that the spatial
code was processed more quickly, if it were obligatorily
translated into the linguistic system, it would have
produced an interference effect. It did not, so it is tempt
ing to conclude that the translation did not occur. The as
sumptions underlying this argument are untested,
however, and it is with this in mind that Experiment 3
was performed.

In Experiment 3, the two conditions that did not show
interference effects in Experiment 2 were used; subjects
performed a primary task of either manually responding
to the position of the stimulus or vocally responding to
its meaning. For those subjects in the former condition,
a linguistic cue was preexposed at fixation that perfectly
predicted what the word for the trial would be. This
manipulation was intended to allow processing of the ir
relevant linguistic dimension to begin prior to process
ing of the criterial spatial dimension. If the linguistic code
were always translated but simply arrived at the spatial
decision stage too late to cause interference in Experi
ment 2, then in the current study some preexposure of
the linguistic cue should yield an interference effect due
to the "head start" given to it.

Similar procedures were followed for the condition re
quiring vocal responses to meaning, except that a spatial
cue was preexposed to allow more processing time for
this irrelevant cue. If preexposure leads to interference
with the linguistic task, we will have evidence that em
ployment of the translation mechanism is not under sub
ject control; its operation would beconsidered obligatory.
The lack of interference from the comparable condition
of Experiment 2 would be attributable to late arrival of
the spatial cue at the linguistic decision stage. Should no
interference effects occur at any preexposure, the experi
ment would support the hypothesis that translation occurs
only when it is necessary in order for completion of the
task (e.g., when a vocal response is to be made to the
location of the word). In this sense, use of the translation
mechanism would be termed flexible rather than ob
ligatory.

There have been several studies reported in which the
irrelevant dimension was previewed. For example, Dyer
(1971) preexposed the word in a standard color-naming
task. Interference decreased, but did not disappear, as
preexposed time increased to 500 msec. Preexposure of
an irrelevant dimension that produces no interference un
der ordinary (i.e., simultaneous onset) conditions is of
greater relevance to the present experiment.

Glaser and Glaser (1982, Experiment 1) used standard
color-word stimuli and preexposed color in a word-
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Procedure. Two groups of 12 subjects each participated in this
study. For one of these groups, the primary task was to respond
manually to the position of the word (the Man-P group). The sec
ond group of subjects had the primary task of responding vocally
to word meaning (the Voc-M group).

Man-P group. For this group of subjects, the letter R or L was
preexposed at fixation. This letter remained in view for either 17,
50, 150, or 500 msec. In separate blocks of trials, the delay be
tween onset of the letter and onset of the test stimulus (SOA) was
varied. Ordering of these blocks for a given subject was determined
using three orthogonal Latin squares. Reaction times were collected
from onset of the test stimulus.

Voc-M group. Virtually the same procedures as used in the Man-P
task were employed in the Voc-M task; however, instead of preex
posing a letter at fixation, a bar marker was preexposed to either
the right or left of fixation. In all other respects, the procedures
followed for the Voc-M group were essentially the same as those
for the Man-P group. Each subject participated in four blocks of
80 trials each, one block at each ofthe four preexposure durations.
For further details of the experimental procedure, the reader may
refer to Experiment 2.

Results
Two separate ANOVAs were performed on the data

from Experiment 3, one on the Man-P group and another
on the Voc-M group. Factors entering the analyses were
trial type and stimulus onset asynchrony (SOA). The
results from both conditions are presented in Table 3.

Man-P group. For this group of subjects, none of the
effects reached significance: for SOA [F(3,33) = 0.74];
for trial type [F(1,l1) = 2.32]; and for the interaction
of SOA X trial type [F(3,33) = 0.17, all ps > .10]. The
lack of an interaction is of particular importance. If the
linguistic cue were translated into the spatial system, we
would expect to see an increasing effect of conflict as the
SOA increased. This expectation is based on the assump
tions that the translation times for the linguistic cue fol
low some distribution and that, as time passes, a greater
proportion of these cues will reach the spatial decision
stage in time to cause interference. (Errors were below
1% in all conditions and will not be discussed further.)

Voc-M group. The main effect of SOA and the inter
action of SOA X trial type failed to reach significance
[F(3,33) = 1.68, P > .10, and F(3,33) = 0.91, P >
.10, respectively]. The main effect of trial type was small
but significant [F(1,l1) = 5.76, p < .05]. Reaction times
for compatible trials averaged 446 msec while those for
conflicting trials averaged 451 msec. This result was
mainly due to one aberrant subject as Table 4 shows.

Table 3
The Results for Both the Manual-P (Man-P) and

Vocal-M (Voc-M) Groups of Experiment 3

Stimulus Onset Asynchrony (in msec)

17 50 150 500
--- --- --- ---

Cp Cf Cp Cf Cp Cf Cp Cf

Man-P Group 292 297 281 283 295 298 294 299
Voc-M Group 446 450 444 454 455 460 441 443

Note-Cp = compatible trials, Cf = conflicting trials.

Table 4
Compatible (Cp) and Conflicting (CO Trial Means are Shown

for the 12 Subjects from Experiment 3, Along with the
Difference Between the Two Trial Types

Subject

Trial Type 1 2 3 4 5 6 7 8 9 10 11 A

Cp 455 512 441 404 444 425 457 415 407 431 546 419
Cf 460 513 437 409 443 430 463 419 413 431 544 455

Cf-Cp 5 1 -4 5 -1 5 6 4 6 0 2 36

Note-The one aberrant subject is marked "A.'

Perhaps of greater importance is the lack of an SOA X

trial type interaction. Given that the encoding and trans
lation times for the spatial cue are distributed about a
mean, we would expect an increase in the interference
effect when the precue was in view for a longer period
of time. This effect did not obtain. (Error rates in all con
ditions were below 2 %and will not be discussed further.)

Discussion
The results of Experiment 3 tend to favor the hypoth

esis that translation of the irrelevant code into the system
used for processing of the criterial dimension is not
obligatory. For all the subjects in the Man-P group and
for 11 out of the 12 subjects in the Voc-M group, inter
ference effects were minimal or nonexistent, and for both
groups, the interaction term was nonsignificant. This may
be interpreted as indicating that the irrelevant code was
not translated. It was to the subject's benefit to refrain
from translating the precue because, on half the trials,
it would have led to conflict and thus slowed reaction
times.

It is not clear why the response pattern of one Voc-M
subject was qualitatively different than the response of the
other 23 subjects. We can only speculate that in the milieu
of this experiment, this subject may have felt compelled
to use the precue, given our efforts to make it available.

In general, the view that translation is not obligatory
seems to be supported by the results. Even when process
ing of the irrelevant cue began 500 msec before process
ing of the criterial dimension, interference effects failed
to materialize. It is unlikely that an effect failed to emerge
due to an insufficient SOA between onset of the irrele
vant and relevant dimensions. Had the subject been asked
to translate and respond to the irrelevant dimension, he/she
would have been able to do so within this 500-msec time
span (see Experiment 2, manual response to meaning and
vocal response to position conditions). One cannot argue,
therefore, that we failed to provide ample time for the
translation to occur.

One might wish to argue that the irrelevant dimension
was not encoded at the stimulus-analyzing stage in this
experiment or, for that matter, in the within-systems tasks
of Experiment 2. We think this line of reasoning can be
discounted on the grounds that it is unparsimonious. One
would need to postulate a separate mechanism for encod
ing of the irrelevant dimension for the tasks in which the



criterial dimension undergoes translation. Without such
an addition, one could not account for the interference
arising in these tasks.

In conclusion, the model best supported by the results
is a translational model in which operation of the transla
tion mechanism is not obligatory (i.e., when translation
is not a prerequisite for completing the task, it will not
occur).

EXPERIMENT 4

Experiment 3 demonstrated the nonobligatory nature of
the translation mechanism. Suppose, however, that trans
lation of an irrelevant dimension is required by the ex
perimental task. Will it then interfere with performance
in a within-system task, or will the within-system task re
main insulated from interference? To answer this ques
tion, we created a situation in which the subject was able
to use the precue by translating it into the system used
to respond to the critical dimension. The new task required
a secondary, unspeeded response to the precue within the
system used to make the primary response (e.g., after a
speeded vocal response to meaning, the subject was asked
to name the position the word occupied). If the subject
translated the precue into the system used to make the
primary, speeded response, we would expect interference
effects to become evident as SOA increased. The increase
is expected because the extra time affords the precued code
a chance to undergo translation and arrive at the decision
stage used to make the primary response.

In a few previous investigations, subjects have been re
quired or encouraged to translate an irrelevant code into
a code presumably used by the system that responds to
the relevant dimension. The most relevant of these studies
would appear to be that by Glaser and Glaser (1982, Ex
periment 2). The irrelevant dimension was previewed, and
SOA varied from 0-500 msec. In this experiment, they
encouraged translation by making the predictive validity
of the previewed dimension high (congruent stimuli oc
curred 80% of the time; control and incongruent stimuli
each occurred 10% of the time). The comparison of the
results with those of their Experiment 1, in which predic
tive validity was low, was quite striking. Interference ef
fects were larger in their Experiment 2. Of particular in
terest is the fact that, in Experiment 2, when color was
previewed, it did interfere with word reading.

Two groups of subjects participated in Experiment 4.
One of these groups of subjects performed a primary task
of responding manually to position. This response was
speeded, and reaction time data were collected. For this
group of subjects, the precue was a letter that predicted
the word for the trial (see Experiment 3). After respond
ing to the position, subjects were asked to press the but
ton named by the word for the trial and, by extension,
the precue for the trial. For example, the precue letter
L might have been followed by the word LEFT to the
right of fixation. The subject would press the righthand
button as quickly as possible to respond to the position
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and then press the lefthand button to respond to the mean
ing. The purpose of the secondary response was to cre
ate a situation that forced the subject to translate the ir
relevant dimension into the system used to respond to the
criterial dimension, the spatial system in the example
above. As the length of time the precue was in view in
creased, larger interference effects were expected, be
cause, with the passage of time, more evidence about the
word's meaning was hypothesized to be available at the
spatial-decision stage. When word meaning conflicted
with positional information, increased latencies should
obtain.

Similar procedures were followed for the other condi
tion used in Experiment 3, in which subjects responded
vocally to meaning. For this group of subjects, however,
the secondary, unspeeded response was to name the po
sition the word occupied. The position was precued by
a bar marker, as in Experiment 3. As for the previous
group, the intention was to force translation ofthe irrele
vant (spatial) information into the system used to respond
to the criterial dimension (the linguistic system).

Method
Subjects. Twenty-four subjects were recruited as in earlier ex

periments.
Stimuli. The stimuli employed in this study were the same as

those used for Experiment 3. The entire stimulus set is shown in
Figure 3.

Procedure. The procedures employed were the same as those
for Experiment 3, with the following additions.

After the response to the relevant attribute was made, subjects
were asked to indicate the value of the irrelevant dimension. (In
this sense, it was not really irrelevant; however, we will refer to
it as the irrelevant dimension to be consistent with Experiment 3
and because the value of the irrelevant dimension provided no in
formation as to what the correct primary response was). The sub
jects were told that they did not have to make this second response
quickly.

For 12 subjects, the criterial dimension was the position of the
word to which they responded manually (the Man-P group). This
primary response was speeded. After the primary response, a sec
ondary, unspeeded response to the word's meaning was also re
quired. The secondary response was made manually. after the
response to the position, and was perfectly correlated with the preex
posed letter. For the other 12 subjects, the criterial dimension was
word meaning, to which they made a vocal response (the Voc-M
group). A secondary response to location was also required. The
secondary response was made vocally to force the subject to trans
late the spatial cue into the linguistic system. Recall that this response
was perfectly predicted by the bar precue.

In all other respects, the procedures used were the same as those
for Experiment 3. Reaction time was collected from onset of the
word/location pair and terminated with the first response. Only trials
in which both responses were correct were entered into the reaction
time analyses. Separate ANOVAs were performed on the error data.

Results
As in Experiment 3, separate ANOVAs were per

formed on the reaction times for the two groups of sub
jects. The error rates obtaining in this experiment were
higher than in previous studies and tended to vary from
condition to condition. As a result, it was deemed ap
propriate to also subject the error data to analysis. Fac
tors entering all of these analyses were SOA (length of
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time precue was visible: 17,50, 150, or 500 msec) and
trial type (compatible vs. conflicting).

Man-P primary task. Subjects in this group responded
to the position of the word manually and then made a
manual response to meaning. In Figure 4, Panel A, reac
tion time data for the primary response are shown. In
creasing the length of time the letter precue was in view
produced no change in reaction times: The main effect
of SOA was insignificant [F(3,33) = 1.88]. Trial type
was significant; compatible trials were generally
responded to faster than conflicting trials [F(l, 11) =
68.80, P < .001]. More important, however, is the sig
nificant interaction of SOA X trial type [F(3,33) = 4.12,
P < .025]. At longer SOAs, the difference between com
patible and conflicting trials appears to be greater.

To determine exactly where the differences lay, a Tukey
HSD test was performed on the SOA X trial-type cells,
resulting in eight means being subjected to all pairwise
comparisons. For each of the four levels of SOA, there
were two levels of trial type. In the following discussion,
we will focus only on the most relevant comparisons.

There were no differences among any of the compati
ble trial means across SOAs. For all SOAs, the compati
ble trials were faster than the conflicting trials (p < .01).
Among the conflicting trials, SOAs of 17 msec and
50 msec differed from those of 150 msec and 500 msec
with p < .05. Differences within these two groups were
not significant. In Figure 4, Panel B, error percentages
for compatible and conflicting trials are shown as a func
tion of precue duration. An ANOVA performed on these
data again showed a significant interaction of SOA X trial
type [F(3,33) = 3.50, p < .025], indicating that the
proportion of errors grew more rapidly for conflicting
trials than compatible trials as the SOA was increased.
Unlike the reaction time data, the main effect of SOA was
significant [F(3,33) = 23.27, P < .001], but the effect
of trial type was not [F(1,11) = 1.91]. These error data
were subjected to a Tukey HSD test in the same manner
as the reaction time data were. Of the four comparisons
between compatible and conflicting trial means for a given
SOA, only one reached significance. At the 5OO-msec
SOA there were more errors on conflicting trials than on
compatible trials (p < .01). This result is consistent with
the translational model, because interference was expected
to increase as the SOA increased.

Voc-M primary task. Subjects in this group responded
vocally to the word's meaning and then made a vocal
response to position. In Figure 4, Panel C, the reaction
time data for the primary response are shown. Both main
effects were significant [SOA, F(3,33) = 6.66, P < .005,
and for trial type, F(l,I1) = 28.21, P < .001]. The in
teraction of these two terms was also significant [F(3,33)
= 4.28, P < .01], showing a tendency for the difference
between compatible and conflicting trials to increase as
the bar marker precue was in view for longer periods of
time.

As in the preceding condition, a Tukey HSD test was
performed on the data. At the 17-msec and 50-msec SOAs,

the difference between compatible and conflicting trials
was not significant. At the 150-msecand 5OO-msec SOAs,
the difference between compatible and conflicting trials
was significant (both with p < .01). This difference is
evidence for a buildup of interference at the longer SOAs.
In addition, compatible trials at the 17-msec SOA differed
from compatible trials at the 50-msec and 150-msec SOAs
(p < .01 and p < .05, respectively). In Figure 4,
Panel D, the percentage of errors for compatible and con
flicting trials are shown as a function of SOA. Errors
tended to vary with SOA [F(3,33) = 21.06, P < .001],
and more errors were made on conflicting trials than on
compatible trials [trial type, F(l,I1) = 8.81, P < .025].
The interaction of SOA by trial type was marginal
[F(3,33) = 2.88, with p approximately .05]. Once again,
an HSD test was applied to the data. For the critical com
parisons of compatible and conflicting trials within a given
SOA, there were no differences at the 17-msec and 50
msec SOAs. At the 150-msec level, this difference was
significant beyond the .05 level and at the 5OO-msec SOA,
the difference between compatible and conflicting trials
was significant (p < .01), reflecting a general trend toward
greater interference at longer preexposure durations.

Discussion
The results of this experiment were generally consis

tent with the translational model. As the length of time
the precue was in view was increased, the amount of in
terference generated by a conflicting irrelevant cue also
increased. It appears that processing and translation of
the irrelevant dimension begins with onset of the precue.
Recall that the precue is a perfect predictor of what the
secondary response for the trial should be. As this precue
remained in view for longer periods of time, its effects
on processing of the criteria1 dimension increased.

There are both similarities and differences between our
results and those of Glaser and Glaser (1982, Experi
ment 2). Similarity is evident in the comparison between
conditions in which subjects read words. In our case, sub
jects responded vocally to locatives (the Voc-M condi
tion); position was precued, In the Glaser and Glaser
study, subjects read aloud the names of color words; color
was precued. In both experiments, as SOA varied from
0-500 msec, the overall Stroop effect (i.e., the difference
between conflicting and compatible reaction time) in
creased monotonically from approximately 0 msec to over
100 msec. (In our case, the estimate of near 0 difference
for 0 SOA is taken from Experiment 3, as the shortest
SOA used in Experiment 4 was 17 msec.)

A clear difference between our findings and those of
Glaser and Glaser (1982, Experiment 2) is evident in the
comparison between our condition in which subjects
responded manually to position with the word precued (the
Man-P condition), and their condition in which subjects
named the colors of color words with the word precued.
We found that as the duration of SOA increased, so did
the difference between conflicting and compatible reac
tion times, just as was the case in the Voc-M condition.
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Figure 4. Results for the primary task of both conditions employed in Experiment 4 are shown. Panels
A and B show reaction time and error data for the Man-P group, respectively, and Panels C and D
show reaction time and error data for the YocoM group, respectively.

However, Glaser and Glaser's data show that the overall
difference between conflicting and compatible reaction
times actually decreased as SOA increased in their color
naming task. There are, of course, many differences be
tween color naming and manual response to position; it
is not yet clear why manipulating SOA has such different
effects on these two tasks. It seems clear that this will
be worth further investigation.

The increase in the Stroop effect with increasing SOA
found in Experiment 4 could result in either of two ways,
depending on whether one posits a discrete stage or con
tinuous flow type of model. 7 If one assumes a discrete
stage model, then increasing the SOA would have the ef
fect of increasing the proportion of trials in which the ir
relevant dimension reached the decision stage prior to the
criterial code. This argument is based on some mean time
for encoding and translation of the irrelevant cue with vari
ance about that mean. On any given trial, the irrelevant
code either will or will not be available at the decision

stage used to process the criterial dimension. The prob
ability of the irrelevant code being available to create con
flict will increase as the SOA increases and, as a result,
the average amount of interference over all the trials in
the condition will be higher. This increase is the product
of a greater proportion of trials in which the irrelevant
cue has time to reach the decision stage before the rele
vant code.

Alternatively, in a continuous flow model (Eriksen &
Schultz, 1979; McClelland, 1979), processing at one
stage is not necessarily complete before partial informa
tion is passed on to subsequent stages. If we relate this
to the task employed in the current study, we arrive at
the conclusion that processing and translation of the ir
relevant precue begins with its onset, just as in the dis
crete stage view. However, the mechanism leading to in
creased interference at longer SOAs is different. Rather
than alterations in the proportion of trials in which the
irrelevant code arrives prior to the criterial code, a con-
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tinuous flow model would vary the amount of evidence
arriving at the decision stage over time. As the precue
is in view for longer periods of time, conflicting trials
would be hypothesized to exert greater effect by virtue
of the salience of the irrelevant code at the decision stage
involved in the processing. As more evidence contrary
to the proper response accumulates at the longer SOAs,
the overall reaction time on each trial should be slowed
by some amount. The current study was not designed to
distinguish between these two alternatives, but future
research might profitably be focused on this distinction.
Methods for distinguishing between continuous-flow and
discrete-stage models have been discussedby Meyer, Yan
tis, Osman, and Smith (1984) and by Miller (1982). Also
relevant here are Schweikert's (1978, 1983) efforts to
model processes organized in networks. (Schweikert has
analyzed Stroop-like tasks in which subjects make speeded
reactions to both dimensions of the stimulus. His analy
sis is provocative, but it is not clear that his conclusions
are directly relevant to standard Stroop tasks.)

One unexpected finding in our Experiment 4 was the
large reaction time difference between compatible and
conflicting trials at all SOAs for the Man-P group. On
the basis of previous results, the difference at the shorter
SOAs was expected to be closer to zero. The effect may
have arisen from the subjects' strong tendency to try to
group the two responses despite instructions that it was
unnecessary to do so. (Voc-M subjects indicated they had
no trouble keeping the vocal responses separated tem
porally, and a similar effect failed to obtain in the Voc
M condition.) Both Man-P responses may have been
facilitated when the same overt response was required for
each and slowed when the primary response differed from
the secondary response. Still, superimposed on this overall
tendency for compatible trials to be responded to faster
than conflicting trials was an increased interference ef
fect at longer SOAs, as is consistent with the translational
model.

The other puzzling finding was the comparative speed
of vocal responses in the l7-msec SOA. Concurrent with
faster reaction times in this condition were lower error
rates, eliminating a speed-accuracy trade-off explanation.
Interestingly, a similar performance gain is shown in the
error data for the Man-P group at the 17-msecpreexposure
duration. We are unable to interpret this finding and are
interested in seeing whether it can be replicated.

It is also worth mentioning that reaction times in the
primary tasks were not as fast as they were for the com
parable conditions of Experiment 3. Even if we consider
only the compatible trials (as there were no predictions
regarding a change for these trials), we see that there is
approximately a 200-msec increase. We suspect that this
increase resulted from an overall increase in the complex
ity of the task required of subjects. It is simply harder
to plan and execute two things than one. It is not a damag
ing result and is concordant with the increase in error rates
for this experiment. The critical finding is that the differ
ence between compatible and conflicting trials was larger
at the longer SOAs.

Finally, it seems prudent to point to some shortcom- '
ings in the designs of Experiments 3 and 4. First, in Ex
periment 3, we only tested conditions that did not yield
interferences in Experiment 2; precuing failed to produce
any interference. It is possible that precuing itself elimi
nated the Stroop effect, and that, if we had included the
conditions that yielded interference in Experiment 2, then
even those conditions would have failed to show inter
ference when the precue was used in Experiment 3.
Although conceivable, this possibility seems unlikely con
sidering the fact that precuing of the irrelevant dimen
sion has not eliminated interference in ordinary Stroop
tasks (e.g., Dyer, 1971; Glaser & Glaser, 1982).
, A second problem is that SOA was confounded with

the exposure duration of the precue. Consequently, it is
possible that at short SOAs, subjects may have been un
able to identify the prime. This confound makes it all the
more impressive that interference did not vary with SOA
in Experiment 3. In Experiment 4, this problem is more
serious because the interesting finding is an increase in
interference with SOA. In particular, it might seem that
at the 17-msec exposure/SOA, it would be difficult to
identify the prime. However, the interference effect in
creases as the exposure/SOA increases beyond 50 msec,
even for the bar precue which ought to be easy to iden
tify. Both experiments also lacked a condition in which
an uninformative warning signal was used at each SOA
to control for preparedness. Although this may have been
worthwhile, it does not seem crucial in the present con
text, because the variable of chief interest is essentially
a difference score between conflicting and compatible
reaction times at each SOA, and both conflicting and com
patible trials would probably be affected similarly by pre
paredness. Indeed, the fact that the focus of interest is
on the change in the difference in reaction time between
conflicting and compatible trials as a function of SOA
helps allay other concerns as well (such as the possibility
that the observed effect is due not to translation but to
the memory or response requirements associated with the
dual-response task used in Experiment 4).

GENERAL DISCUSSION

The main conclusion reached is that the translational
model provides a useful model of dual attribute process
ing. In reviewing the literature, shortcomings of simple
speed-of-processing accounts of the Stroop phenomenon
were pointed out. The most crucial evidence supporting
the translational model comes from studies in which
changes in the response mode reverse the direction of in
terference effects. The reversed-Stroop effect was clearly
demonstrated for the standard color/word form of the task
in Experiment 1 and for the location/word form of the
task in Experiment 2.

One might argue that, in Experiment 1, the response
mode was not altered because subjects, regardless of what
conditionthey were in, responded by placing cards in bins.
This is true, but misses the point of the experiment.
The bin-label manipulation was introduced to provide



provide what nature has neglected to give to humans: a
means of outputting a color code without recourse to lin
guistic processing. In Experiment I, the color patch labels
provided an external color code to which the internal color
code could be matched. Linguistic processing was not
needed to perform the task, and so processing could be
contained within the color system.

The results were consistent with this hypothesis. Color
to-color matches were not slowed in the presence of a con
flicting word. Matching a word to a color patch was shown
to be adversely affected by a conflicting ink color. The
mechanism underlying this interference was hypothesized
to be competition between the translated word code and
the ink code at the color-decision stage. To reduce this
result to the simplest terms, the subject had difficulty
deciding which of the two color codes that were active
should be matched to the color patch above the bin.

The precise way to resolve the conflict arising in tasks
that require a translation has been left unspecified. Klein
(1964) advanced the restimulation hypothesis that may be
interpreted as an active check on the source of the codes.
Consider a two-step decision mechanism in which the first
step can rapidly identify the codes that are active at the
decision stage. For compatible trials, these two codes will
indicate the same value, so the first step may pass either
code, and the response will be correct. If the two codes
indicate different values, as they do on conflicting trials,
the second stage of the decision stage would be used to
determine the source of the two codes. Through this sec
ond, time-consuming process, the correct code will be
chosen, but only at the expense of added time and effort.
This explanation accounts for the difference in time re
quired for compatible and conflicting trials.

While this is a plausible mechanism, it has by no means
been firmly established. As mentioned in the discussion
of Experiment 4, one may postulate a continuous flow
model in which the mechanism for conflict resolution is
based on the accumulation of evidence for one response
or another over time. As an example, take the case in
which the task is to respond manually to word meaning,
and the stimulus word RIGHT appears to the left of fixa
tion. Information from both dimensions of the stimulus
is hypothesized to be accumulating over time at the spa
tial decision stage. Eventually, a threshold criterion for
one of the values will be exceeded, and that response will
be initiated. However, the two types of input are presumed
to inhibit each other, resulting in a longer sampling time
than for a compatible stimulus. For this latter case, both
dimensions of the stimulus will indicate the same value
and will not compete with one another. The type of
mechanism has been modeled as a random walk process
(Pachella, 1974; see Logan, 1980, and Logan & Zbrodoff,
1979, for comments relating to random walk processes
in the Stroop task). Evidence for and against the possible
responses accumulates until one of the response thresholds
is exceeded, thus initiating that response. Either of these
mechanisms could be incorporated into the translational
model.
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To explain the results of the color/word form of the
task (Experiment 1) and the position/word form of the task
(Experiments 2, 3, and 4), three cognitive systems were
implicated. For McClain's (1983) task involving auditorily
presented words that varied in pitch, we must include a
tone-processing system to enable the model to account for
her findings. Finally, the Flowers, Warner, and Polansky
(1979) results, showing reversed interference effects for
numerosity and digit-identity-based judgments when sub
jects changed from vocal naming to a tapping response,
suggests a fifth system for encoding and processing
numerosity. The judgments based on digit identity could
be carried out within the linguistic system. The digit' '6,"
for example, does not intrinsically represent six items any
more than the word RED represents the color red.

How many systems are needed to model all the results
found in the literature? This question is open to debate,
but one thing is clear: As the number of systems needed
to account for the obtained results grow, the attractive
ness and elegance of the translational model is diminished,
unless converging evidence for the existence of the
hypothesized systems can be found (see also Wickens,
1984). As it stands now, the model is largely a redescrip
tion of the results. Separate systems are assumed when
a change in response mode leads to a change from an in
terference effect to no interference effect (or vice versa).
It would clearly be an improvement if the plausibility of
the hypothesized system could be evaluated with respect
to other sorts of evidence. Some steps in this direction
have been taken by Posner, Henik, and McLeod (1982)
and Kinsbourne and Hicks (1978). These researchers have
tried to link cognitive systems to available evidence about
the neural substrate used to implement these systems.

In Experiments 3 and 4, the focus of the research was
changed. Confirmation of the translational model was not
the primary goal: An in-depth examination of the trans
lational mechanism was attempted. Experiment 3 demon
strated that translation of the irrelevant dimension is not
obligatory. Even when processing of this dimension be
gan 500 msec before processing of the criterial dimen
sion, there was no evidence of it being recoded into the
system used to respond. Compatible and conflicting trial
types were responded to with equal speed.

Experiment 4 demonstrated that when the irrelevant
code must be translated due to task requirements, this code
will interact with the code from the criterial dimension.
Increased interference was evidenced as processing of the
precue was allowed to proceed for longer periods of time
before onset of the criterial dimension. Two mechanisms
for this buildup of interference were discussed. In a dis
crete stage view, the proportion of trials in which inter
ference occurs increases with time, and in a continuous
flow view, the amount of interference on each trial in
creases as evidence about the irrelevant dimension ac
cumulates.

To conclude, the translational model is favored for the
depth and breadth of the experimental results it can ac
count for. Those models, based on entry of codes into
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a single, centralizedchannel, are unable to predict changes
in the patterns of interference that result from changes
in response mode. Examination of the specifics of the
translational mechanism was carried out in Experiments
3 and 4. It was concluded that translation occurs only
when it is required by the demands of the task. Finally,
suggestions were made regarding the method future
research might take to examine the mechanism for the
resolution of conflict.
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NOTES

1. The task was actually reported by E. R. Jaensch in 1929. Stroop
was the first to report its use in this country.

2. Throughout this paper, capitals will be used to indicate stimulus
words and lowercase will be used to indicate other dimensions of the
stimulus. Thus, LEFT to right is unambiguously the word LEFT ap
pearing to the right of fixation.

3. To the extent that there is overlap in the distribution of arrival times,
a stimulus dimension which is processed relatively slowly could inter
fere with the dimension that is processed relatively quickly. In the present
studies, the slower dimensions do not interfere with the faster ones, so
we shall ignore the overlap issue.

4. One might wish to argue that black is an ink color, and resultantly
the control deck does not really differ from the other decks used in the
experiment. This may be so, but the important distinction between this
deck and other decks is that the ink color information is invariant over
the deck of cards. It therefore represents a null value. The same com
ments hold for the rows of colored Xs, to be discussed shortly. What
little linguistic information is represented by the Xs is held constant in
the deck, and it too represents a null value.

5. The data tend to support the hypothesis that the irrelevant code
is not translated, at least when the subject responds vocally to the meaning
of the word. Position information is most likely abstracted before word
meaning. This is evidenced by the subject's ability to respond almost
150 msec faster to the position using a manual response than any of
the other conditions. Because position information is available first, if
it were automatically translated into the linguistic system, it should in
terfere with responses to the word's meaning. Because it does not, we
have indirect evidence that the translation is not obligatory. Experiment 3
tested this hypothesis directly.

6. We would have preferred to use the words LEFT and RIGHT;



however, because LEFT has an even number of letters, it could not be
precisely centered on our CRT display. It would have extended one let
ter too far to either the left or the right of fixation. We feared that this
would create a confounding spatial incompatibility effect.

7. The following argument is concerned chiefly with explaining the
increase in Stroop interference with increasing SOA (i.e., with preview
of irrelevant information). Strictly speaking, Stroop interference refers
to the difference between conflicting and neutral trials, not to the differ-
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ence between conflicting and compatible trials, as the latter differences
may include both facilitatory as well as inhibitory effects (cf. Taylor,
1977; Glaser & Glaser, 1982). To the extent that this is the case, a
separate explanation is required for facilitatory effects; these are ignored
herein.
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