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THE STROOP CONGRUENCY EFFECT IS MORE OBSERVABLR
UNDER A SPEED STRATEGY THAN AN ACCURACY STRATEGY "’

JENN-YEU CHEN AND MARCIA K. JOHNSON
New York State Pyychiatric Institute Princeton University

Summary, —Naming the ink color of an incongruent color word {e.g., RED printed
in green) usually takes longer than naming the inl colot of a color bar. However, when
the ink matches the word {e.g., RED printed in fed), naming tends o be faster. These
phenomena are known as the Stroop interference effect and the Stroop congruency of-
fect, respectively. Although the interference effect has been robust and reliable across
studies, the congruency effect tends to be elusive. It was hypothesized thar this varia-
tion in outcomes might be related to subjects’ response strategy. The experiment con-
ducted 1o test this hypothesis induced either a speed or an accuracy strategy in Lwo
separate groups of subjects. Significant inrerference effects were found for both groups
and the magnitudes did not differ. At the samc time, the congruency effect was ob-
served in the speed group but nol in the accuracy group. These results supggest that
researchers wha wish to observe and study the Stroop congruency and interlerence ef-
fects should place special emphasis on speed. Implications of the study for a model of
the Stroup effect are also discussed.

In a Stroop color-naming task, a stimulus is printed in some color and
subjects are asked to name the color. Three kinds of stimuli are usually
included, neutral (e.g., a red color bar or xxxx printed in red), congruent
{e.g., the word rep printed in red), and conflict (e.g., the word GREEN
printed in red ink). The neutral conditicn serves as a control for assessing
subjects’ response speed and accuracy in the other conditions. The typical
findings are an increase in both response time and number of errors in the
conflict condition and a decrease in both in the congruent condition. These
phenomena have been referred to as the Stroop interference effect and con-
gruency effect, respectively (Stroop, 1935; Dyer, 1973).

Traditionally, the interference effect has been the focus of most studies
because it bears directly on theories of selective atlention (Broadbent, 1958;
Deutsch & Deutsch, 1963; Norman, 1968). In particular, the effect has been
thought to indicate how and where attention fails to select relevant informa-
tion from the environment (IHock & Egeth, 1970; Morton & Chambers,
1973). The interference effect has also been very reliable, making it a favor-
ite for study.

The story for the congruency effect has been different, however. First,
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facilitation has not been as reliable a phenomenon as interference; although
some investigators (e.g., Dalrymple-Allord, 1972; Hintzman, Carre, [isk-
ridge, Owens, Shaff, & Sparks, 1972) have found it, others have not (e.g.,
Seymour, 1977; Stitling, 1979; Stirling & Coltheart, 1977). Second, for
those studies claiming a congruency effect, there is some doubt about the
adequacy of the control condition used to derive the effect. For example,
Dalrymple-Alford (1972) used noncolor words as the control rather than
color bars or crosses. Because Klein (1964} has shown that noncolor words
themselves also produced some interference (i.e., naming time was longer as
compared with that for color bars), the use of noncolor words as the control
might have boosted a perhaps nonexistent congruency effect into existence.
The same possibility can be found in Hintzman, er al’s study (1972). They
used single-solution anagrams constructed from color words (¢.g., RDE, BEUL)
as the control. The mean response times for these anagram stimuli (696
msec.) and for the noncolor word stimuli {694 msec.) also included in their
study were very similar. In both studies, if color bars or crosses had been
used as the control, there might not have been a congruency cffect.

As a result of its elusive status, few attempts have been made to explain
the congruency effect, Moreover, since there has been some dispute over
what type of stimuli should be used as the control for measuring the inter-
ference and congruency effects {Zajano, Hovceanyls, & Quellette, 1981),
some researchers have suggested we forget about the congruency effect and
only use the congruent condition as the control for measuring the interfer-
ence effect (e.g., Virzi & Egeth, 1985; McClain, 1983; W. T. Neill, 1977,
personal communication). Ilowevet, such a practice could lead to a spurious
interference effect, o, ar the least, inflate its magnitude should a congruency
effect become established as a phenomenon in its own right. Besides, if
there is a theoretical reason to believe that the congruency effect should
exist, the effect should be given more attention.

In fact, a congruency effect is consistent with any model in which acti-
vation (or response tendencies) from various sources can accumulate. For
example, a spreading acrivation network model of human memory (e.g.,
Collins & Loftus, 1975; Anderson, 1983; Cohen, Dunbar, & McClelland,
1990) would predict a congruency effect. The reasoning is that, when a color
word and a color both activate their corresponding nodes in memory, acliva-
tions spread, meet, and sum to exceed the response threshold faster than
when only the color node is activated. The congruency effect, then, presum-
ably reflects a savings in processing time when two different stimulus
dimensions converge on the same response compared with when only one
does.

The congruency effect, should it become a reliable phenomenon, would
also present a challenge to the existing theories of the Stroop effect, which
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are primarily theories of interference. The perceptual competition theory was
discounted partly because it could not properly deal with the congruency
effect (Hintzman, ef af., 1972). Other theories must address the effect as
well to achieve generality and wvalidity. However, to expect this to happen,
one needs 2 way of observing the congruency effect reliably.

The purpose of the present study is to identify a factor that might con-
tribute to the elusiveness of the congruency effect, which, i controlled,
might produce a more stable phenomenon for study. Aside from the use of
different control conditions in deriving the effect, a possible reason for the
elusiveness of the effect is variation in subjects’ response strategies. Subjects
who focus on being accurate might tend to be overcauticus and not trust a
response that came to mind first because it could be an incorrect one. This
seems plausible given that contlict trials usvally are mixed with neutral and
congruent trials, As a result, any savings in processing time for the congruent
trials might be canceled out by a double-check procedure imposed on every
response. On the other hand, if subjects focused on responding quickly and
were fiot too cohcerned about making errors, they might be more likely to
benefit from the congruent trials and show a congruency effect.

To test the hypothesis that response stratepy affects the congruency
effect, we encouraged an accuracy strategy in one group of subjects and a
speed stralegy in another group. If response strategies do influence the con-
gruency effect, the effect should be more likely 1o occur in the speed group
than in the accuracy group because subjects should be less likely to dou-
ble-check in the speed group. The interference effect, however, was expected
not to be affected by the sirategy because double-checking a response is
alwavs necessary on a conflict trial, assuming that subjects would not genex-
ally want to err on too many such trials.

MeT110D
Subjects

Twenty-four college students (11 men and 13 women) were recruited
from an introductory psychology course at the State University of New York,
Steny Brook, An additional 23 students (4 men and 19 women) were re-
cruited from Princeton University. All the subjects reported normal color

vision. This was [urther verified by the experimenier during the practice
trials, where the subjects actually named the colors used in the experiment.

Apparatus and Materials

An Apple lle mictocomputer was programmed to present the stimuli on
an Amdek-II color monitor. A voice-relay device and a John Bell parallel
interface card with timer (Model No. 79295) were connected with the com-
puter to measure subjects’ vocal response times. The timer measured re-
sponse times to milliseconds. Presentation of a stimulus started the timer,
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which was stopped by subjects’ vocal responses detected by the voice-relay
device.

Four colors and their names were used: RED, BLUE, GREEN, and YELI.OW.
There were three types of 40 trials each, Each of the neutral trials consisted
of an array of three to six symbols randomly arranged and printed in one of
the four colors (e.g., *@&%#$ printed in blue). The advantage of using
these symbols was that they controlled for homogeneity of form. Color bars
and crosses have been criticized as inadequate controls because they contain
homogeneous forms across trials while color-words contain nonhomogeneous
forms (Zajano, et al., 1981). Each of the congruent trials consisted of a col-
or-word printed in its own color (e.g., RED printed in red), Fach of the
conflict trials consisted of a color-word printed in one of the other three col-
ors than its own (e.g., RED printed in blue).

The three types of trials were randomly ordered into a block of 120
trials, with the restriction that the same color or color word did not appear
rwice in a row. These stimuli were used in the naming task. Another block
of 120 trials was prepared in a similar way, with the only difference in the
neutral trials. Here, the peutral trials were color words printed in screen
white color. These stimuli were used in the reading task. A new random
order of trials for naming and reading tasks was constructed for each subject.

The reason neutral, congruent, and conflict stimuli were mixed instead
of presented in blocks is that we wanted to avoid reducing the congruency
condition into a reading condition. Subjects might develop the strategy of
simply reading the words if all the congruent trials were grouped in a single
block, As a marter of fact, the instability of the congruency effect across
studies occurred primarily when different types of stimuli were mixed rather
than blocked and so subjects could not simply read the words.

Design and Procedure

The experiment employed a 2 x (2 x 3) mixed design, with strategy as
the between-subjects factor and task and relation as the within-subjects fac-
tors. The two responsc strategies were speed and accuracy. The two tasks
were reading and naming. The three target-distractor relations were neutral,
congruent, and conflict, cotresponding to the three types of trials described
previously.

The order of the tasks was counterbalanced across subjects, with half of
the subjects in each group receiving the reading task first and the other half
receiving the naming task first. In the reading task, all the subjects were
asked to read aloud the color words regardless of the colors that the words
were printed in. In the naming task, the subjects had to name the ink colors
of the words instead.

The subjects were randomly assigned to the speed group or the accuracy
aroup. The assignment put 9 men and 14 women in the speed group and 6
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men and 18 women in the accuracy group. Subjects in the speed group were
told that the purpose of the experiment was to assess how quickly people
could make up their minds and say a response. They were told that accuracy
was of little concern to the experimenter and that they should not be wor-
ried about making mistakes. Subjects in the accuracy group, on the other
hand, were instructed that the experimenter was interested in finding out
how accurately people could make a response under uncertainty. They were
encouraged to think over a potential response before actually saying it. Both
groups, however, were told not to correct a mistake should one be made.

Subjects were scated at a viewing distance of 275 cm from the screen. A
trial started with a cursor [lashing at the center of the screen for about one
second. Subjects were told to look at the cursor when preparing to receive a
stimulus, which followed the cursor after about 1 second. The stimulus re-
mained on the screen until subjects responded within the limit of 2 seconds,
(None of the subjects responded later than the limit) Subjects’ vocal re-
sponse removed the stimulus and brought the cursor back on the screen.
Each stimulus measured 3.4 to 6.8 cm in width and 0.6 ¢m in height. It sub-
tended 0.13° of visual angle vertically and 0.71° 1o 1.42° horizontally.
Subjects were given 20 practice trials for each task,

RESULTS
Mean response time for correct responses and number of errors out of
40 trials were computed for each subject in each relation condition within
each task. These measures, further averaged across subjects, are presented in
Figs. 1 and 2 as well as Tables 1 and 2.
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Ti. 1. Mean response times as a function of strategy (speed ot accuracy), task [reading
(=) or naming (m)] and targer-distractor relation (congruent, neutral, or conflict}

Multivariate analysis of variance was employed. An initial check of pos-
sible differences in outcomes for subjects from the rwo universities {sample)
gave only a significant main effect for sample (F ,, = 4.85, MSe = 26426.62,
p<.04); none of the interactions involving the sample factor were significant
(p ranges from .08 to .98). The two samples wete then combined in all sub-
sequent analyses.
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Fic. 2. Mean number of crrors as @ function of strategy (speed or accuracy), task [reading
{c) or naming (M)| and target-distractor relation {congruent, neutral, or conflict}

The {irst set of analyses aimed to verify the effectiveness of the instruc-
fions in manipulating subjects’ response strategies. Analyses of the response
times for correct responses as well as the number of errors both showed a
significant main effect for strategy (F,.,=23.38, MSe=30040.18, p<.001
and F, .;=26.57, MSe=1.05, p<.001, respectively), Subjects in the speed
group responded faster and also made more etrors over-all than subjects in
the accuracy group. The mean response times were 541.81 msec. and 641,63
msec., and the mean numbers of errors out of 40 trials were 0,78 and 0.13
for the speed and accuracy groups, respectively. This indicated that the in-
structions successfully induced different response strategies in the subjects.

TABLE 1
Mean Resroxss Toars ann STANDARD DEVIATIONS TY STRALEGY,
Task, axn TarRcrT-DisTRACTOR RELATION

[ask Accuracy Speed
Congruent Neutral — Conflict Congruent  Neutral Conflict
Namung M 70921 706.95 81941 37579 609.45 723.37
SD 0.6l §3.23 97.65 61.00 63.34 %4 .87
Reading M 537.37 341.11 335.76 447.31 442,69 450.03
D 83.13 20,85 30,83 56.86 4757 5835

The next sct of analyses’ focused on response times to check for a num-
ber of findings that are typical of a Stroop color-naming task. This was done
to validate the general cxperimental procedure. If the typical findings were
also found in the present experiment, the experiment could be said to be
procedurally comparable to previous Streop experiments. This multivariate
analysis yiclded a significant interaction for task x relation (F,s0 = 170.15,
MSe = 686.36, p<.001), a significant main effect for relation (F, 5, =215.28,
MSe = 554.39, p<.001), and a significant main effect for task (F, ,; = 887.19,

Results based an the response times are reported hereafter. TFurther analyses of errors were
omitted because ettor rates were very low and variance was lacking in some conditions.
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MSe = 3133.35, p<.001). Four simple main effects for relations were also ex-
amined for each task in each strategy group. There were no significant
relation effects for the reading tasks in either strategy group (F,,, = 1.65 and
F,.. = .80 for the speed and the accuracy groups, respectively). In contrast,
the relation effects were significant for the naming tasks in both groups
(T, = 146.18, MSe = 968.83, and F, ., = 90.97, MSe = 1090.32, p<.001, for
the speed and the accuracy groups, respectively). These results are consistent
with the typical Stroop findings.

TABLE 2
Mean NCMRER OF ERRORS AND STaNpARD DEVIATIONS BY STRATECY,
Task, AxD TARGET-DNISTRACTOR RETATION

Task Accuracy Speed
Congtuent  Neutral ~ Conflict Congruent Neutral ~ Conflict
Naming M 0.13 0.00 0.67 0.17 0.32 391
8D 0.34 0.00 1.17 0.57 078 299
Reading M 0.00 0.08 0.00 0.00 0.00 0.17
5D 0.00 0.41 0.00 0.00 0.00 0.64

Finaily, the analyses focused on the naming tasks to assess whether
there was a significant congruency effect or interference effect in the two
strategy groups and whether the two groups differed in the two kinds of
Stroop effects. Multivariate analysis of variance involving strategies and re-
lations showed a significant two-way interaction (I, ,, = 5.42, MSe = 1030.92,
p<.01}, indicating that the Stroop effects did vary with subjects’ response
strategy. When the interference effect and the congruency effect were exam-
ined separately, the interaction of sirategy x relation was not significant in
the analysis that included the neutral and the conflict conditions (F .. =
.05), but it was significant in the analysis that included the nevtral and the
congruent conditions (F, ;= 16.90, MSe =448.66, p< .001). The magnitude
of the interference effect was 115.92 msec, {or 19.029% increase over the
neutral condition) and 112.46 msec, {or 15.91% increase over the neutral
condition) for the speed and the accuracy groups, respectively. The magni-
tude of the congruency effect was -33.66 msec. {or 5.52% decrease over
neutral) and 2.26 msec. (or 0.32% increase over neutral) for the speed and
accuracy groups, respectively.

Drscussiox
Present results showed that the Stroop congruency effect was observed
when speed was emphasized but not when accuracy was emphasized in sub-
jects’ response strategy. This result is consistent with the idea that the
congruency effect may not always have been found in past studies because in
some cases subjects tended to he overcautious. The presence of conflict trials
among neutral and congruent trials would make subjects aware that the first
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response that comes to mind is not necessarily the correct response. A natu-
ral extra step would be to double-check a potential response before it Is
articulated. This step would add time to the response process and cancel out
any savings in processing time on the congruent trials.

Consider whether an explanation of the present results can be framed in
terms of the evaluation mechanism that Warren and Lasher (1974) proposed
to explain how subjects arrive at a correct response. The mechanism consists
of two types of response check, one against a list of permissible responses (a
set check), the other a source check. The set check rejects a response that
does not belong to the target set, whereas the source check rejects a response
that belongs to the target set but is not the target response on 4 given trial
(in effect, the source check tesolves conflict), The fact that the mapipulation
of response strategy in the present experiment affected the congruency cffect
but not the interference cffect suggests that different evaluation processes
may underlie responses to congruent stimuli and responses to conflict stimuli.
According to this idea, when subjects confront a conflict stimulus, they typi-
cally apply both a set check and a source check whether they have adopted a
speed strategy or an accuracy strategy. On the other hand, when subjects
confront a congruent stimulus, those adopting the accuracy strategy would
still apply both types of check, whereas those adopting the speed strategy
might bypass the source check and apply only the set check, at least on some
of the trials. The consequence of applying a source check, in addition to a
set check, on a congruent trial is that it consumes more processing time and
hence obscures a possible congruency effect,

Such an explapation, however, begs a critical question. The explanation
seems to presume that subjects know ahead of time what type of stimulus
will appear on a given trial; yet, given the randem mixture of different tvpes
of stimuli in the present experiment, how could they know this without hav-
ing gone through the response-evaluation process? One possibility is that the
response-evaluation process can give partial information about whether there
is a competing response. When there is such a conflict, the source of each
response could be checked. When there is no competing response, depending
on the response strategy they adopt, the subjects would either output the
only available response immediately or conduct a source check to be sure.

Ap alternative explanation might be based on a spreading activation
network, in particular, the Parallel Distributed Processing (PDP) model (Rum-
elhart, McClelland, & the PDP Research Group, 1986). Cohen, ez al. (1990}
recently applied a PDP model to account for the Stroop effect. Tn their ac-
count, word rcading and color naming constitute two processing pathways
that differ in strength {with word reading being the stronger one). The two
puthways share the same output module {verbal response), where they inter-
sect in a Stroop color-naming task. When both pathways activate the same
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output unit, as in the Stroop congruent condition, activation accumulates
faster to exceed the response threshold than when only one pathway actl-
vates the output unit or when the two pathways activate two different out-
put units. The rescarchers were able to simulate the congruency effect as well
as other basic Stroop phenomena such as the fasier reading than naming
time, the interference effect, and the greater magnitude of the interference
effect than the congruency cffect. Tlowever, the simulations assumed a
blocked presentation of different types of Stroop stimuli, as opposed to the
mixed presentation employed in the present experiment. Processes are likely
to be different in a blocked presentation than in a mixed presentation.
Moreover, although the PDP model allowed task demands (i.e., whether a
color-naming or a reading response was called for) to modulate the initial ac-
tivation Jevel of the network, response strategy was not considered as a
possible factor that could change the pattetn of activation. Presumably, re-
sponse strategy would be handled by adjusting the response thresheld of an
outpui unit and the parameters of the activation function.

There is an increasing tendency in the literature to use the congruent
condition as the control to assess interference when the first of a series of
experiments does not detect the congruency effect {e.g., McClain, 1983;
Virzi & Egeth, 1985). However, lack of the congruency effect in one experi-
ment does not justify abandoning the neutral condition and using the con-
gruent condition as a control in subsequent experiments. The null result is
likely to be unstable across experiments and subjects unless researchers spe-
cifically manipulate response strategy. As pointed out carlier, using the con-
grucnt condition as a control could lead to a sputious interference effect or
inflate its magnitude at the least, It seems more appropriate to check on the
congruency effect when the interference effect is being assessed. Further-
mote, given the interference effect and the congruency effect were both
ohservable under the speed sirategy in the present experiment, explicit em-
phasis should be placed on response speed if researchers wish to study both
effects.
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