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When the visual format of the color carrier word
does and does not modulate the Stroop effect

CHRIS BLAIS and DEREK BESNER
University of Waterloo, Waterloo, Ontario, Canada

We investigated the impact of making the color carrier word visually unfamiliar via case and font
mIxInG in the context of three Stroop experiments. Experiment 1 yielded an increase in the size of
the Stroop effect when the color carrier words were visually unfamiliar relative to lowercase words
that were case and font consistent. Experiments 2A and 2B showed that the modulation of the Stroop
effect by visual familiarity observed in Experiment 1 was eliminated when there was no correlation
between the color and the color carrier word. These results are considered in the light of four different
theoretical accounts of the Stroop effect (strength of association [Cohen, Dunbar, & McClelland, 1990],
instance [Logan, 1988], schema [MacLeod, 2000], and obligatory processing followed by deactivation
[Coltheart, Woollams, Kinoshita, & Perry, 1999]). None of these accounts appear capable of explaining

all the results.

Stroop (1935) was the first to demonstrate that the
time required to identify the ink color of stimuli in a list
was slowed by the presence of incongruent color words.
Hundreds of papers have subsequently explored a num-
ber of variants of Stroop’s seminal work. In the proto-
typical modern variant, a single item is displayed and a
response to that stimulus is measured. The typical find-
ing is that words displayed in an incongruent color (e.g.,
the word RED displayed in blue) produce slower reaction
times (RTs) and more errors than do words displayed in a
congruent color (e.g., the word RED displayed in red; see
MacLeod’s 1991 review). The present article investigates
the consequences, in three Stroop experiments, of making
the color carrier word visually unfamiliar (e.g., by case
and font mixing). We also consider four extant theories of
the processes underlying the Stroop effect, none of which
are consistent with the data from all of these three experi-
ments. We end with a discussion of how a subset of the four
theories can be modified to account for the present results.
We also offer a speculative proposal in which (1) identi-
fying words and colors utilizes common attentional re-
sources; (2) visually unfamiliar words attract more of this
resource (by virtue of the word’s novelty) than do familiar
words; and (3) as a consequence, participants are more
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likely to pick up on the contingency between the word and
the color (when the congruency proportion is 50:50) and
to use this information in the unfamiliar condition.

Automaticity

The received view of the Stroop effect is that it arises
because the irrelevant word is processed “automatically.”
Automaticity is standardly taken to mean that processing
(1) is stimulus driven, (2) occurs without intent, (3) is ca-
pacity free (in some accounts), and (4) cannot be derailed
or interrupted (i.e., once initiated, it runs to completion).
Those who discuss the Stroop effect (e.g., Brown, Gore, &
Carr, 2002; Posner & Snyder, 1975) typically invoke one
or more of these criteria.

Many scholars of adult human cognition believe that neu-
rologically intact young adults who are highly literate
have reached this goal of automated word recognition . . .
[i]ndeed, it is fair to say that the assumption of automated
word recognition in the mature reader is the ‘standard’ or
‘received’ view in cognitive science, in part because of the
impact exerted by results from the Stroop task. (Brown
et al., 2002, p. 220)

Automaticity is also widely believed to be on a con-
tinuum such that some processes are more automatic than
others, rather than “all or none.” MacLeod and Dunbar
(1988) were one of the prime movers of the idea that “au-
tomaticity is on a continuum” in the context of the Stroop
effect. When a participant views a compound stimulus
(e.g., aword printed in a color), processing occurs on both
the word dimension and the color dimension. The major
claim is that the process that is more automatic interferes
with the less automatic one, but not vice versa.

Evidence for the idea that heavily practiced stimulus—
response (S—R) pairings are responsible for the Stroop
effect comes from a training study in which participants
labeled shapes with color names. MacLeod and Dunbar
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(1988) showed that practice in naming the shapes pro-
duced results consistent with a continuum of automaticity
framework. After 1 day of practice, familiar color names
interfered with naming unfamiliar shapes, but not vice
versa. After 20 days of practice, however, heavily prac-
ticed shape names interfered with naming familiar colors,
but not vice versa. MacLeod and Dunbar argued that these
results imply that the more practiced a person is at read-
ing words relative to identifying colors, the more word
reading interferes with making a color response (but see
Roelofs, 2003, for an argument as to why color—shape
interference is fundamentally different from color-word
interference).

Context Dependency

In addition to being on a continuum, automaticity is
also widely believed to be intimately context dependent.
For example, MacLeod (2000) argued that “automaticity
is a schema that develops with practice and is highly spe-
cific.” This statement was made in particular reference to
Besner, Stolz, and Boutilier’s (1997) report that coloring
only a single letter in a color word causes a reduction in
the size of the Stroop effect, relative to a baseline condi-
tion in which all of the letters are colored. Besner et al.
(1997) used this result in support of the argument that
visual word recognition is not automatic in the sense of
being obligatory, ballistic, and incapable of being inter-
fered with. In contrast, MacLeod argued that a reduction
in the size of the Stroop effect resulting from coloring only
a single letter simply shows that the underlying schema(s)
for recognizing words is (are) highly specific, rather than
such data being evidence that visual word recognition is
not automatic. In the experiments reported here, we inves-
tigate the effect of making words visually unfamiliar in
another way, because a number of theories make a variety
of predictions.

What Are the Consequences of Making the Word
Visually Unfamiliar?

Our departure point for the present set of experiments
is the observation that the time to read aloud a letter string
or make a lexical decision about it is slowed by case mix-
ing (see, e.g., Besner, 1983; Besner & McCann, 1987).
This fact can be viewed, in the context of MacLeod’s con-
text dependency framework, as evidence that the schema
at work here is less “automatic” than the schema at work
when stimuli are case consistent. A slightly different inter-
pretation is that case mixing reduces processing efficiency.
However, for our purposes, these two accounts appear
functionally similar.

In the experiments reported here, we examine how vari-
ations in the visual familiarity of the color carrier word
affect the size of the Stroop effect. A number of existing
theoretical accounts appear to make quite different pre-
dictions about the effects of such manipulations.

Veridical Versus Abstract Representations
An important issue is the nature of the representation
of the words in memory that serve as color carriers in

the experiment. If the representation contains information
about visual details of the word, this can be likened to the
idea that information is stored in memory as a collection
of exemplars (instances) of the word. On the other hand,
if the representation does not include visual details, this
is analogous to the idea that information about the word
is stored in an abstract “prototypical” form that is not
tied to its visual properties (see, e.g., Besner, Coltheart,
& Davelaar, 1984; Coltheart, 1981; Evett & Humphreys,
1981; Rayner, 1975, for the idea of “abstract letter identi-
ties”). In summary, veridical representations will contain
information about the word’s visual properties, whereas
abstract representations will not.

If the representation of the word in memory is veridical
with respect to the word that is presented, then making
the color carrier word visually unfamiliar should serve to
reduce the strength of association between the presented
stimulus and its representation in memory, because fewer
examples would exist in memory that were similar to the
stimulus in the display. However, if the representation
of the stimulus in memory is abstract, then making the
stimulus visually unfamiliar need not affect the strength
of such associations.

Predictions From Four Variations of Context-
Dependent Automaticity

MacLeod (2000): Highly specific schemas. As we
noted earlier, MacLeod (2000) asserted that “automatic-
ity is a schema that develops with practice and is highly
specific” (italics ours). With reference to the Besner et al.
(1997) results (i.e., that there is a reduction in the size of
the Stroop effect when only a single letter is colored) he
further stated that “trying to find one colored letter may
change the nature of word processing.” By this logic, it
would seem that virtually any departure from a learned
schema should result in a decrease in the size of the
Stroop effect because the participant will be less prac-
ticed at using this modified schema. Thus, MacLeod’s
account appears to predict that making the color carrier
word visually unfamiliar by case mixing and presenting
each letter in a different font should cause a decrease in
the size of the Stroop effect in comparison with that for a
lowercase and font-consistent color carrier word, because
the unfamiliar color carrier would be less likely to trigger
a schema for processing the word that is automatic. The
implication here is that veridical information, either for
the word or the schema used to process the word (or both)
exists; otherwise, this account is unable to accommodate
the reduction in the size of the Stroop effect when a single
letter is colored.

Cohen, Dunbar, and McClelland (1990): Strength
of association. Cohen, Dunbar, and McClelland (1990)
implemented MacLeod and Dunbar’s (1988) strength of
processing idea in a connectionist model. The model con-
tains a layer of input units for colors and a layer of input
units for words, a layer of response units, and a layer of
hidden units that are modulated by a set of task units. The
task units allow the model to respond to either dimension
(word or color). In order to simulate word reading being
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more practiced than color naming, the word pathway re-
ceived more training cycles than did the color pathway.
Consequently, the word pathway had stronger connections
between the input and response units than did the color
pathway. The trained model was able to successfully re-
produce the Stroop effect: Incongruent words interfered
with color naming.

To simulate the MacLeod and Dunbar (1988) experi-
ment described earlier, a shape pathway was added to the
Cohen et al. model. Once this pathway received the same
amount of training as did the participants in MacLeod
and Dunbar’s Experiment 3, shapes interfered with color
naming. Thus, Cohen et al. (1990) demonstrated that the
strength of association between input units and response
units in a connectionist model (amount of practice on
particular S—R pairings) is consistent with the continuum
of automaticity framework. More generally, differences
in the magnitude of the connection weights between the
word and the color are responsible for the size of the
Stroop effect.

In Cohen et al.’s (1990) implementation, the represen-
tation of the word is abstract. Thus, making the word visu-
ally unfamiliar would have no effect on the strength of the
connection weights between the stimulus and its repre-
sentation in memory. No change in the size of the Stroop
effect would therefore be expected when the color carrier
word is visually unfamiliar. However, there is nothing in
Cohen et al.’s model that precludes it from being imple-
mented so as to have veridical representations for the
word (e.g., by storing information about the word’s size,
case, font, etc.) and color (e.g., hue, saturation, bright-
ness, etc.). Under these circumstances, forms of the word
most commonly encountered would have the greatest
strength of association (e.g., yellow > yElLow). Thus, a
smaller Stroop effect is expected when the color carrier
word is visually unfamiliar (yElLow) than when it is visu-
ally familiar (yellow) because the strength of association
is weaker for the former than for the latter. To see that this
is the case, one can simply work backward from the fully
trained state of the model to when there is less training on
the word. This indeed yields a smaller Stroop effect (see
Cohen et al., 1990, pp. 339-342).

Logan (1988): Instance theory of automaticity.
Logan stated that

each encounter with a stimulus is encoded, stored, and re-
trieved separately. Each encounter with a stimulus is as-
sumed to be represented as a processing episode, which
consists of the goal the participant was trying to attain, the
stimulus encountered in pursuit of the goal, the interpreta-
tion given to the stimulus with respect to that goal, and
the response made to the stimulus. When the stimulus is
encountered again in the context of the same goal, some
proportion of the processing episodes it participated in are
retrieved. (p. 495, italics ours)

Simply put, everything that is attended to is stored as part
of the instance. Thus, if the visual format of the word is at-
tended to, this is akin to a veridical representation; failing
to attend to the form of the word is akin to an abstract rep-
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resentation. If the format of the word is attended to, then
making the stimulus visually unfamiliar would serve to
reduce the number of instances in memory that are similar
to the presented stimulus. The result would be a reduction
in the size of the Stroop effect, because the probability
of finding a match between the displayed stimulus and
the instances stored in memory decreases as the number
of matching instances decreases. Conversely, if the form
of the word is not attended to, the number of matching
instances will be the same for both visually familiar and
unfamiliar words, and hence we would expect no differ-
ence in the size of the Stroop effect as a function of visual
familiarity.

Coltheart, Woollams, Kinoshita, and Perry (1999):
Cascaded processing with a deactivation process. Col-
theart et al. (1999; see their note 2) explained the Stroop
effect in terms of the assumption that the presentation of
a word causes obligatory activation in the visual word-
recognition system. Activation in their dual route model is
cascaded, meaning that as soon as there is even the slight-
est activation at one level, this activation is passed to the
next level. It is assumed that activation for a word begins
earlier than for a color. Thus, activation for the phonemes
associated with the word accumulates at the phoneme
level and prevents the activation for phonemes associated
with color identification from growing, because there
is inhibition between the phonemes associated with the
word and those associated with the color. Critically, acti-
vation for the word needs to reach a threshold before the
word starts to deactivate in the orthographic lexicon. As
a result of the cascaded processing integral to this dual
route model, any deactivation occurring within the ortho-
graphic lexicon would flow on to the semantic system, the
phonological output lexicon, and the phoneme system.
Regardless of the level at which this is taking place, the
deactivation mechanism allows for the activation of the
phonemes associated with the color name to eventually
dominate (which ultimately allows the model to correctly
perform the task).

Coltheart et al.’s account of the Stroop effect thus pre-
dicts that anything that slows lexical activation should
cause an increase in the size of the Stroop effect. This is
because the obligatory activation of the phonemes associ-
ated with the color carrier word must reach some criterion
before they can begin to be deactivated, and anything that
slows that activation delays the time taken for activation
to reach threshold. As noted earlier, rendering words visu-
ally unfamiliar by case mixing slows reading aloud and
lexical decision time. According to the Coltheart et al. ac-
count then, making the words visually unfamiliar via case
and font mixing should cause an increase in the size of
the Stroop effect.

Summary

Four theoretical accounts have been discussed. The
class of theories in which strength of association—and by
extension, continuum of automaticity—plays a major role
in producing the Stroop effect (e.g., Cohen et al., 1990;
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Logan, 1988; MacLeod, 2000) predicts an outcome that is
dependent on how the word is represented in memory. If
the word is represented abstractly (e.g., in a lexical system
that takes as its input the output of abstract letter identi-
ties) such that it is independent of visual features such as
case or font, then these three accounts appear to predict
no change in the size of the Stroop effect as a function
of visual familiarity. On the other hand, if some repre-
sentation of the color carrier word in memory contains
information about case and font, then all of these accounts
predict a decrease in the size of the Stroop effect, because
there are fewer instances in memory that are similar to
the presented stimulus. The Logan account stands alone
in that it qualifies this so as to depend upon whether such
information is attended to or not.

Coltheart et al.’s (1999) account predicts an increase in
the size of the Stroop effect whenever word processing is
slowed. Thus, visually unfamiliar words should produce
a larger Stroop effect than their visually familiar coun-
terparts.

EXPERIMENT 1

As previously noted, one manipulation known to reli-
ably affect naming and lexical decision is case mixing.
Naming and lexical decisions are slower for case-mixed
words than for words displayed in lowercase. Such stimuli
certainly look visually unfamiliar; case mixing was there-
fore chosen as a manipulation of visual familiarity. In ad-
dition, when the words were case mixed, each letter of the
word was also presented in a different font, in order to
make the word more visually unfamiliar. Thus, in Experi-
ment 1, half of the words were displayed in lowercase let-
ters and half were displayed as described above.! At issue
here is whether the Stroop effect will be the same size,
larger, or smaller for words rendered visually unfamiliar,
in comparison with their visually familiar counterparts.

Method

Participants
Forty-seven undergraduates from the University of Waterloo were
tested individually and paid C$4.00 each for their participation.

Stimuli

The stimuli consisted of four color words displayed either in all
lowercase letters or in aLtErNaTiNg cASE, where the first letter of the
word always appeared in lowercase. On half of the trials, the stimuli
were congruent (i.e., the color and the word referred to the same
color), and on the remaining trials they were incongruent (i.e., the
color and the word referred to different colors; all possible incon-
gruent pairings were used). For the congruent condition, each word
appeared in the color to which it referred 12 times for each of the
four color words for each of the lowercase (48 trials) and mixed-case
(48 trials) conditions. For the incongruent condition, each word ap-
peared in one of the three colors to which it did not refer, 4 times for
each of the four color words for each of the lowercase (48 trials) and
mixed-case (48 trials) conditions. The experiment was programmed
in MEL (Schneider, 1988) running on a Pentium computer with a
color monitor. The four colors used (and their corresponding MEL
codes) were red (RGB 42, 0, 0), blue (RGB 0, 0, 42), green (RGB 0,
42, 0), and yellow (RGB 63, 63, 21). In the mixed-cAsE condition,

an additional manipulation of font was used. Each letter of the word
in the experimental condition appeared in one of six unfamiliar fonts
(MEL: md30.fnt, candy28.fnt, chicam30.fnt, berkly25.fnt, neon28
.fnt, and alexis28.fnt) so that no font was presented more than once
within a trial. In the lowercase control condition, all letters appeared
in one font (MEL font: newyrk22.fnt).

Procedure

On each trial, a single word was presented in the middle of the
screen and was terminated as soon as a participant made a response.
The participant was told to ignore the word and to identify quickly
and accurately in which of the four colors (red, blue, yellow, green)
it appeared. The participant responded by pressing the appropriate
color on the keyboard; the “z,” “x,” “>,” and “?”’ keys were covered,
respectively, by red, blue, yellow, and green stickers. The intertrial
interval was 400 msec. There was no fixation point (i.e., the words
always appeared centered at the same location). Each participant
saw a different random order of 192 test trials. The experimental tri-
als were preceded by 48 practice trials whose composition mirrored
the test trials. Given the low error rates in other Stroop experiments
performed in this lab, we did not provide feedback concerning the
correctness of the response.

Results

The correct RT data for each participant in each condi-
tion were subjected to an outlier analysis, where scores
falling 3.5 or more standard deviations above or below
the mean for that condition were eliminated from further
analyses (Van Selst & Jolicceur, 1994). This resulted in
the elimination of 2.9% of the RT data. The remaining
RT data and associated percentage errors can be seen in
Table 1.

RT Analysis

A 2 (congruency: congruent vs. incongruent) X 2 (for-
mat: lowercase vs. unfamiliar) ANOVA was carried out
on the RT data. Congruent trials were 103 msec faster
than incongruent trials [F(1,46) = 59.7, MS, = 8,633,
p < .001]. The main effect of format was not significant
(F <'1). Critically, the interaction between format and
congruency was significant [F(1,46) = 5.7, MS, = 5,042,
p < .05]. The Stroop effect was 49 msec larger for the
unfamiliar format as compared to the familiar format.

Error Analysis

A two-way ANOVA of the same design was carried out
on the error data. Participants made 3.1% fewer errors
on congruent than on incongruent trials [F(1,46) = 48.3,
MS, = 9.0, p < .001]. Neither the main effect of format
nor the interaction between format and congruency were
significant (F < 1).

Table 1
Mean Reaction Time (RT, in Milliseconds) and Percentage
Error According to Conditions in Experiment 1

RT % Error

Familiar Unfamiliar Familiar Unfamiliar

Condition M SE M SE M  SE M SE

Incongruent 729 17 764 23 54 06 5.6 0.5
Congruent 650 17 635 14 23 04 26 0.4
Difference 79 17 129 17 31 06 3.0 0.6
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Discussion

The new finding reported here is that rendering the
format of the color carrier word visually unfamiliar in-
creases the size of the Stroop effect by more than 50%
in comparison to a visually familiar color carrier word
(i.e., one printed in lowercase that is also font consistent).
With regard to the four theoretical accounts discussed in
the introduction, the fact that the magnitude of the Stroop
effect is increased by making the color carrier word vi-
sually unfamiliar appears inconsistent with the strength
of association theories discussed in the introduction (i.e.,
Cohen et al., 1990; Logan, 1988; MacLeod, 2000). When
the color carrier word is made visually unfamiliar, the
strength of association theories predict either a decrease
or no change in the size of the Stroop effect, depending,
in turn, on whether the representation of the word in mem-
ory is veridical or abstract, respectively. These theories
assume that the processes underlying word recognition
become automatic through repeated S—R pairings. If the
representation of these color carrier words in memory
contains information about visual features such as case
and font, then a word that has been rendered visually un-
familiar should produce a smaller Stroop effect, because
the strength of association between the stimulus and the
response would be reduced. However, if the representa-
tions of these color carrier words in memory do not con-
tain information about visual features such as case or font,
then the Stroop effect should be the same size for both
visually familiar and unfamiliar words. At this juncture
it is unclear how these strength of association accounts
should be modified so as to produce an increase in the
size of the Stroop effect for a visually unfamiliar word.
This issue can therefore be seen as one ripe for theoretical
development.

However, an increase in the size of the Stroop effect
for visually unfamiliar words is consistent with accounts
of the Stroop effect in which word recognition is assumed
to be obligatory and the speed of lexical processing is an
important factor (Coltheart et al., 1999). These accounts
predict that anything that slows lexical processing will
cause an increase in the size of the Stroop effect. Case
alternation slows naming and lexical decision. Thus, it
follows that slowing processing time even more (by also
presenting each letter in a different font) should lead to an
increase in the size of the Stroop effect, and this is exactly
the pattern observed in Experiment 1.

EXPERIMENTS 2A AND 2B

Stroop experiments are typically designed so that half
of the trials are congruent and the other half are incon-
gruent (i.e., a 50:50 congruency ratio) and they tend to
use between four and six colors. Here, words carry in-
formation about color by virtue of a correlation between
the word and color dimensions. For example, in Experi-
ment 1, four different colors were used, so that the word
red was three times more likely to appear in the color red
(and similarly for all other colors; see Table 2A) than in
any of the other three colors in order to preserve a 50:50
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Table 2
Number of Presentations of Each Stimulus per Participant in
Each of the Visually Familiar and Unfamiliar Conditions in
Experiments 1, 2A, and 2B

Word Dimension

Color Dimension Red Green Blue Yellow
Experiment 1

Red 12 4 4 4

Green 4 12 4 4

Blue 4 4 12 4

Yellow 4 4 4 12
Experiment 2A

Red 4 4 4 4

Green 4 4 4 4

Blue 4 4 4 4

Yellow 4 4 4 4
Experiment 2B

Red 6 6 - -

Green 6 6 - -

Blue - - 6 6

Yellow - - 6 6

Note—In Experiment 1, the congruency ratio was 50:50, and the word
dimension was predictive of the color dimension. In Experiment 2A, the
congruency ratio was 25:75, and the word dimension was not predic-
tive of the color dimension. In Experiment 2B, the congruency ratio
was 50:50, and the word dimension for an individual participant was
not predictive of the color dimension (this represents one of the nine
counterbalances).

congruency ratio. In short, word processing performance
is better on congruent trials than on incongruent trials.

One way of removing this correlation is to pair each
color with each word equally often, as in Table 2B. The
consequence is that the ratio of congruent to incongruent
trials is now 25:75. This is a potential problem, because it
confounds congruency ratio with the correlation between
word and color dimensions. One way of working around
this problem is to control which incongruent items a given
participant in the experiment sees, and to counterbalance
these across participants. Table 2C provides an example
in which there is no correlation between the word and the
color, and the congruency ratio is 50:50.

It may also be that the correlation between word and
color is more salient when the color carrier word appears
in a novel format. If so, then one question is whether the
effect observed in Experiment 1 is dependent on this cor-
relation. Rendering a color carrier word visually unfa-
miliar may serve to increase the recruitment of process-
ing in the service of looking for useful information (i.e.,
help the participant to “predict” the color [which need not
be a conscious process]). A consequence of this may be
that it is hard for the participant to disengage from such
processing. The question addressed by Experiment 2 thus
concerns whether the increase in the size of the Stroop
effect observed in Experiment 1 will persist when the cor-
relation between the color and the word is absent.

As discussed prior to Experiment 1, the strength of as-
sociation theories (Cohen et al., 1990; Logan, 1988; Mac-
Leod, 2000) are unable to accommodate an increase in
the size of the Stroop effect in their current form. None-
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theless, if the interaction between format and congru-
ency observed in Experiment 1 is eliminated, then these
theories can accommodate this result if they assume that
the representation of the color carrier word in memory is
functionally abstract because participants did not attend
to some of the visual details of the color carrier word. On
the other hand, Coltheart et al. (1999) assumed obligatory
processing of the color carrier word. This account seems
to predict that the effect observed in Experiment 1 should
persist in Experiment 2, because there is currently no way
to avoid the increased delay before deactivation starts.

The issue in Experiments 2A and 2B is simply whether
the format of the color carrier word continues to modulate
the size of the Stroop effect when the correlation between
color and word is absent.

Method

Participants

Sixty-nine and 63 undergraduates from the University of Water-
loo served as participants in Experiments 2A and 2B, respectively.
Participants were tested individually and paid C$4.00 each for their
participation.

Stimuli and Procedure

The stimuli and procedure were identical to those used in Ex-
periment 1. The only change was the way in which the correlation
between the color and word dimensions was removed. In Experi-
ment 2A, this was accomplished by changing the ratio of congruent
to incongruent trials from 50:50 to 25:75. For example, the word red
was equally likely to be presented in red, blue, yellow, or green.

In Experiment 2B, the correlation was removed by counterbal-
ancing which color—word pairings a particular participant would
see. The restrictions were that participants (1) saw all of the con-
gruent color—word pairings, and (2) saw four incongruent pairings
(so that the congruency ratio was 50:50) such that each word was
presented once and each color was represented once. There are nine
possible sets of four incongruent pairings that satisfy these restric-
tions. Hence, a counterbalance consisted of nine participants.

Results

An outlier analysis of the same form as in Experiment 1
was applied to the RT data; this resulted in the elimination
0f 2.4% and 3.1% of the RT data in Experiments 2A and
2B, respectively. The remaining RT data and associated
percentage errors for each of these experiments are dis-
played in the top and bottom portions of Table 3.

Experiment 2A

RT analysis. A two-way ANOVA was carried out on
the RT data. Congruent trials were 66 msec faster than
incongruent trials [F(1,68) = 49.2, MS, = 6,060, p <
.001]. The 10-msec main effect of format was not signifi-
cant (F < 1.8). Critically, the interaction between format
and congruency was not significant (' < 1) even though
this experiment had .98 power to detect the 49-msec dif-
ference observed in Experiment 1.2

Error analysis. A two-way ANOVA was carried out
on the error data. There were 2.5% fewer errors on con-
gruent trials than on incongruent trials [F(1,68) = 14.2,
MS, = 30.8, p < .001]. Neither the main effect of format
nor the interaction between format and congruency was
significant (Fs < 1).

Experiment 2B

RT analysis. A two-way ANOVA was carried out on
the RT data. Congruent trials were 81 msec faster than in-
congruent trials [£(1,62) = 71.0, MS, = 5,840, p < .001].
The main effect of format was significant; visually unfa-
miliar stimuli were processed 13 msec more slowly than
visually familiar stimuli [F(1,62) = 4.6, MS, = 5,840,
p < .05]. More critically, the interaction between format
and congruency was not significant (' < 1) even though
this experiment had .97 power to detect the 49 msec dif-
ference observed in Experiment 1.2

Error analysis. A two-way ANOVA was carried out
on the error data. There were 1.8% fewer errors on con-
gruent trials than on incongruent trials [F(1,62) = 13.4,
MS, = 12.1, p < .001]. Neither the main effect of format
nor the interaction between format and congruency was
significant (Fs < 1).

Discussion

Experiments 2A and 2B were identical to Experiment 1
except that the correlation between the word and color
was removed, either by changing the congruency ratio
to 25:75 congruent:incongruent or by counterbalancing
incongruent trials between participants (and maintaining
the 50:50 congruency ratio for each participant). The new
result is that an unfamiliar format had no impact on the
size of the Stroop effect in comparison to the size of the
Stroop effect in a visually familiar format.?

Table 3
Mean Reaction Time (RT, in Milliseconds) and Percentage Errors
According to Conditions in Experiments 2A and 2B

RT % Error
Familiar ~ Unfamiliar ~ Familiar ~ Unfamiliar
Conditon M SE M SE M SE M SE
Experiment 2A  Incongruent 756 16 770 17 53 0.6 57 07
Congruent 694 17 701 17 29 05 3.0 0.6
Difference 62 11 69 11 24 07 27 09
Experiment 2B Incongruent 785 20 798 21 3.8 0.5 4.1 0.5
Congruent 704 16 717 17 24 04 22 03
Difference 81 10 81 13 14 05 19 05




STROOP EFFECT: VISUAL FORMAT EFFECTS

GENERAL DISCUSSION

The present experiments investigated the impact on the
magnitude of the Stroop effect of rendering the color car-
rier word visually unfamiliar. Experiment 1 showed that
when there was a correlation between the color and word
dimensions, the size of the Stroop effect was 49 msec
larger for the visually unfamiliar color carrier words than
for the visually familiar ones. In Experiments 2A and 2B,
the correlation between the color and word dimensions
was removed, either by changing the congruency ratio
to 25:75 congruent:incongruent or by displaying only a
subset of all possible incongruent color—word pairings.
Even though these experiments had high power to detect
(1) the increase in the size of the Stroop effect for visually
unfamiliar words observed in Experiment 1 and (2) com-
parable size Stroop effects observed for lowercase words
(79 msec in Experiment 1; 62 msec in Experiment 2A;
and 81 msec in Experiment 2B), Experiments 2A and 2B
yielded no difference in the size of the Stroop effect as a
function of the color carrier word’s visual familiarity.

The results of Experiment 1 appear problematic for the
strength of association and instance accounts discussed
earlier (Cohen et al., 1990; Logan, 1988; MacLeod, 2000).
The reason for this is that these theories predict either a
decrease in the size of the Stroop effect (if the representa-
tion of the color carrier word in memory contains infor-
mation about case and font) or no change in the size of
the Stroop effect (if the representation of the color car-
rier word in memory is abstract and as such contains no
information about case and font). These theories could
explain the results from Experiments 2A and 2B, if they
assumed that the representation of the color carrier word
in memory is functionally abstract, in that font and case
were not attended to and therefore played no role in the
retrieval process from long-term memory.

Coltheart et al.’s (1999) deactivation account is consis-
tent with the results from Experiment 1 because it pre-
dicts that anything that slows lexical processing should
cause an increase in the size of the Stroop effect. Whether
this account can accommodate the results from Experi-
ments 2A and 2B depends on how the visual qualities of
the color carrier word are conceptualized as being stored
and retrieved from long-term memory under the condi-
tions of these experiments.

In summary, none of the four extant accounts can ex-
plain all of the results from these three experiments. We
favor the view that identifying words and colors utilizes
common attentional resources, particularly when both
dimensions are in the response set. In keeping with the
orienting reflex described by Pavlov (1927), we also as-
sume that a visually unfamiliar word attracts more of such
resources (by virtue of its novelty) than does a familiar
word. The saliency of the unfamiliar word makes it more
likely that participants will pick up on the contingency
between word and color when the congruency ratio is
50:50, thus yielding a larger Stroop effect for visually un-
familiar words. However, when the congruency ratio is
25:75, participants pick up, during the practice trials, on
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the fact that the word and color are not correlated. The re-
sult is that they now process the word in the same way for
both familiar and unfamiliar conditions, and therefore the
interaction between format and congruency disappears.
Nonetheless, the novel words still attract attention, and a
main effect of format is still expected. This small effect
(<10 msec) was marginal in Experiment 2A and signifi-
cant in Experiment 2B.

Whatever theoretical view prevails, the present experi-
ments provide the first demonstration that (1) visual format
of'the color carrier word can modulate the size of the Stroop
effect, and (2) this effect appears bound up with the cor-
relation between word and color dimensions. The present
experiments and their results thus serve as a useful reminder
that issues surrounding the interaction between selective at-
tention, the representation of the stimulus, and its retrieval
from long-term memory cannot be easily sidestepped.
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NOTES

1. An experiment similar to Experiment 1 compared the size of the
Stroop effect for uppercase versus lowercase color carrier words. Since
no difference in the effect was found between these conditions, lower-
case was arbitrarily chosen as the baseline.

2. Power calculations were computed using J. Cohen’s (1988) method
for within-subjects designs.

3. It is important to note that removing the correlation between color
and word does not eliminate the Stroop effect as implied by Dishon-
Berkovits and Algom (2000).
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