
The perceptual system processes a vast amount of vi-
sual information at any given time. We encounter objects, 
see other people, witness events, and, somehow, are able 
to make sense of it all. To achieve this, the incoming infor-
mation has to be put into manageable chunks, or catego-
ries. The process of segmenting the world into categories 
means that nonidentical stimuli can be treated as equiva-
lent, rather than each instance having to be treated as new 
and unique, a process that, according to Rosch (1978), is 
done for the purpose of cognitive economy. The case of 
color is a particularly good example of this. Although we 
can discriminate millions of colors, we divide the color 
spectrum into a small number of categories (~10), and a 
few basic color terms are sufficient to describe all pos-
sible colors (Thompson, 1995). Furthermore, there is 
evidence to suggest that colors (and many other percep-
tual categories) are not only labeled, but also perceived 
categorically.

Categorical Color Perception
Categorical perception (CP) is defined by better 

 discrimination across category boundaries than for equiv-
alently separated stimuli within the same category (Har-
nad, 1987). The earliest demonstrations of CP were in 
speech perception. Given a continuum of sounds varying 
from one phoneme to another in equal increments (e.g.,  
/ / to / /), sounds straddling a category boundary are 
more discriminable than sounds within a category (Liber-
man, Harris, Hoffman, & Griffith, 1957; Pisoni, 1973, 
1991). Subsequent research showed evidence for CP also 

in visual perception. The advantage of cross-category over 
within-category discrimination has been reported in the 
perception of many visual categories—for example, fa-
cial expressions (Calder, Young, Perrett, Etcoff, & Row-
land, 1996; Etcoff & Magee, 1992; Young et al., 1997), 
familiar faces (Beale & Keil, 1995), and familiar objects 
(Newell & Bülthoff, 2002). In color perception, CP has 
been reported across a range of tasks, including recogni-
tion memory (Uchikawa & Shinoda, 1996), same/different 
judgments (Bornstein & Korda, 1984; Boynton, Fargo, 
Olson, & Smallman, 1989; Özgen & Davies, 2002), and 
similarity judgments (Laws, Davies, & Andrews, 1995).

Although the generality and robustness of the category 
effects just described are generally accepted, there are 
competing accounts of the origin of the effects. Natural-
istic theories (e.g., Bornstein, 1987; Snowden, 1987) pro-
pose that CP is the result of inherent perceptual processes 
that produce discontinuities in perceptual representations. 
That is, the mapping of a uniform physical continuum 
onto its perceptual representation produces local discrimi-
nation maxima around which category boundaries form. 
According to naturalistic theories, CP is both inborn and 
perceptually mediated. Perceptual change theories (e.g., 
Harnad, Hanson, & Lubin, 1991) propose that learning 
to categorize stimuli (through practice or through learn-
ing to distinguish stimuli by name) results in a change to 
the stimulus representation. This could lead to perceptual 
change in the sensitivity around boundaries (e.g., Harnad 
et al., 1991) or to new perceptual structures (Schyns & 
Rodet, 1997). Perceptual change theories are similar to 
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in nature but not as specific as the actual physical color 
code. The code could be activated either top down through 
labeling or bottom up by the color (the category exem-
plar). This dual activation by the target and the target label 
could produce a more durable, or more precise, memory 
code than either alone, thus facilitating comparison with 
the test colors. As with comparison of category labels, 
deciding that two colors are different would be easier if 
they evoked different category codes than if they evoked 
the same category code, resulting in color CP. Now, how-
ever, just labeling the target may be sufficient to produce 
CP, particularly with long ISIs, because of the enhanced 
robustness of the memory code. In the experiments pre-
sented here, one of our approaches to exploring the nature 
of color CP was to test this priming account of CP, using 
Stroop-like stimuli in color discrimination tasks.

Our second approach was to test the effect of reducing 
the memory load by shortening the interval between target 
and test (ISI) from 5,000 msec, as in Roberson and David-
off (2000) and Pilling et al. (2003), to 1,000 msec. Since a 
visual code is considerably attenuated by 5 sec (e.g., Pill-
ing, 2001; Posner & Keele, 1967), reliance on language 
may be greater than with shorter ISIs. If language is one 
source of CP, reducing the ISI should reduce CP. However, 
providing the target label, as in a congruent Stroop stimu-
lus (e.g., GREEN paired with a green stimulus), should re-
inforce category code activation and facilitate discrimina-
tion for categorically different stimuli.

Stroop Interference
To test the role of language in CP, we investigated the 

effects of disrupting the generation of the linguistic code, 
using Stroop interference. In the classic Stroop color–
word task, subjects have to name the color of the “ink” 
in which an incompatible color name is printed. Stroop 
(1935), and many researchers since (see MacLeod, 1991, 
for a review) have shown that this incongruity of stimulus 
dimensions leads to a decrease in the accuracy and speed 
with which the color can be named. Many variations of the 
original task have been found to be equally susceptible to 
Stroop interference. However, the vast majority of stud-
ies have focused on the relevant stimulus dimension (the 
word—i.e., the name of the ink color) and have not been 
interested in the other stimulus dimension (the color—
i.e., the actual hue). It is likely that a color discrimination 
task with Stroop interference does not involve all the same 
mechanisms as the original Stroop task. Nevertheless, if 
color naming is involved in both tasks, both should be 
susceptible to Stroop interference.

Surprisingly little is know about how and whether Stroop 
interference affects or interacts with the visual representa-
tion of a color. Only a few studies have directly addressed 
these issues (Bradlyn & Rollins, 1980; Flowers, 1975; 
Flowers & Blair, 1976; Flowers & Dutch, 1976). Flowers 
and Blair, for example, conducted a series of experiments 
investigating the use of verbal and visual codes in color 
classification tasks with Stroop interference. The focus 
was on the hues of the to-be-remembered inks and the ef-
fect of varying the similarity of these hues. In a speeded 

naturalistic theories in assuming that CP effects are per-
ceptually mediated but differ in postulating that the effects 
are learned, rather than inherent. Direct language theo-
ries (Kay & Kempton, 1984; Roberson & Davidoff, 2000) 
propose that comparison of some form of linguistic rep-
resentation, such as a label, contributes to discrimination 
decisions. Since stimuli that straddle a category boundary 
have different labels but stimuli from the same category 
share a label, this additional source of information would 
confer an advantage on cross-category decisions.

Roberson and Davidoff (2000) tested this direct lan-
guage account using a delayed color discrimination task, 
in which a target color (e.g., blue1) was followed after 
an interstimulus interval (ISI) by two test stimuli, one of 
which was identical to the target and one of which (the 
foil) was different. The foil could be either from the same 
category as the target (e.g., blue2) or from an adjacent 
category (e.g., green1). Crucially, the perceptual distance 
between the target and the foil was the same in both con-
ditions. During the ISI, there was no interference, verbal 
interference (reading a list of words), or visual interfer-
ence (tracking a line on screen), and the task was to de-
cide which of the test stimuli was physically identical to 
the target. They found a significant CP effect in the no-
interference condition, and this survived visual, but not 
verbal, interference. This suggests that verbal interference 
disrupted the comparison of linguistic codes, eliminating 
this advantage to cross-category decisions, resulting in all 
the decisions’ having to rely on the comparison of visual 
codes. Comparison of linguistic codes does not have to 
be overt to produce a cross-category advantage. It could 
be implicit (Gilbert, Regier, Kay, & Ivry, 2006; Kay & 
Kempton, 1984), perhaps involving some prephonologi-
cal representation, such as the lemma (Caramazza, 1997). 
Our use of terms or phrases, such as labeling or the online 
use of language, is intended to include either explicit or 
implicit linguistic influences.

Consistent with the implicit influence of language, 
category effects also occur in simultaneous discrimina-
tion tasks in which there is no requirement to remember a 
target color across the ISI, as in a delayed discrimination 
task. For instance, using a visual search task, Gilbert et al. 
(2006) found shorter search times when target and distrac-
tors were from different categories than when they were 
from the same category, but only for targets presented in 
the right visual field (RVF). This RVF category effect was 
eliminated by a concurrent verbal interference task. They 
interpreted their results as showing that implicit online use 
of language influences target detection (see also Kay & 
Kempton, 1984; Winawer et al., 2007). Furthermore, Pill-
ing, Wiggett, Özgen, and Davies (2003) suggested that al-
though labeling may be involved in CP, its function could 
be to activate a category code that supports the decision 
process in delayed color discrimination tasks (Bornstein 
& Korda, 1984; Pilling et al., 2003). This idea is closely 
related to earlier work on priming by Rosch (1975) and 
Neumann and D’Agostino (1981). These studies sug-
gested that priming with a color word in color discrimina-
tion tasks results in a mental representation that is visual 



STROOP INTERFERENCE AND COLOR CP    233

7.4 (see Figure 1A). All horizontally adjacent stimuli in the matrix 
had a perceptual distance ( E) of nine units in CIE L*u*v*; the 
vertically adjacent stimuli differed by four units. Only the horizon-
tally adjacent pairs were used in the discrimination task, giving four 
cross-category pairs and eight within-category pairs. Forced choice 
naming of the stimuli (blue or green) by 20 subjects showed the 
following percentages for naming: 1.44B blue, 97%; 8.76BG blue, 
86%; 6.06BG green, 82%; 3.46BG green, 98% (see Pilling et al., 
2003); lightness did not affect naming. Each stimulus was 55  
55 mm, subtending 6.3º of visual arc at an approximate viewing 
distance of 500 mm. The target stimulus was presented in the center 
of the monitor, whereas the two test stimuli were presented to the left 
and right of the monitor center, separated by 1 cm.

The label BLUE or GREEN or XXXX in black uppercase lettering (font 
size of 16) was shown centered on the target color (Experiments 1A 
and 1B) or test colors (Experiments 2A and 2B). The color words or 
XXXX measured 15  5 mm (1.7º  0.6º). All the stimuli of Munsell 
hue 1.44B and 8.76BG were classified as congruent when combined 
with the label BLUE and as incongruent when combined with the label 
GREEN. All the stimuli of 6.06BG and 3.46BG hue were congruent 
when labeled GREEN and incongruent when labeled BLUE.

Procedure and Design
Discrimination was measured using a delayed two-alternative 

forced choice task. A target color was presented for a given time, 
followed by two test stimuli—the target plus a foil—after an unfilled 
interval. The task was to choose the color identical to the target. The 
test stimuli were either from the same category (within-category 
pairs) or from different categories (cross-category pairs). Stimulus 
pairs were chosen at random on each trial from the 12 horizontally 
adjacent pairs (Figure 1A), but all 12 pairs were shown with equal 
frequency in the three Stroop conditions. Each stimulus of the pair 
was shown as the target and the foil with equal frequency. At test pre-
sentation, the target was presented as the left or right stimulus with 
equal frequency. Responses were made by pressing the correspond-
ing mouse button (left or right), and the instructions emphasized 
accuracy. Reaction times from the onset of the test stimuli until the 
response were recorded. The subjects were instructed to ignore the 
superimposed words and attend to the color. The intertrial interval 
was 600 msec. Three blocks of 10 practice trials were completed 
before starting the experimental trials, and auditory feedback was 
given for incorrect responses on these trials.

Data Analysis
The data in all the experiments were analyzed as follows. The 

mean accuracy scores for within- and cross- category pairs in each 
Stroop condition were calculated. These were analyzed by a repeated 
measures two-way ANOVA with pair type (cross- category or within-
category) and Stroop condition (neutral, congruent, or incongru-
ent) as factors. Significant interactions were explored with post hoc 
analysis using protected t tests (two-tailed) and one-way ANOVAs 
on the size of the category effect (cross–within). We then repeated 
the analysis using median reaction times as a covariate (ANCOVAs). 
In all cases, the ANCOVAs showed the same pattern as the ANOVAs 
(see the Appendix), and we therefore will not report them in the 
Results sections.

EXPERIMENTS 1A AND 1B

The main goal in our first experiment was to investigate 
the effects of labeling the target on CP by combining the 
target with a conflicting name, a congruent name, or neu-
tral symbols. If CP requires target labeling, it should be 
weakened by the incongruent Stroop stimuli and, possibly, 
enhanced in the congruent condition. If congruent and in-
congruent Stroop interference do not selectively affect CP, 
it would suggest that language is not the origin of CP.

classification task, subjects had to sort six different colors 
into two groups of three colors. The colors that were to be 
grouped together were either adjacent in color space (e.g., 
red, orange, yellow vs. green, blue, purple) or nonadjacent 
(e.g., red, yellow, blue vs. orange, green, purple). The colors 
were presented either as XXXX patterns or as incongruent 
words (Stroop stimuli). Flowers and Blair found stronger 
Stroop interference when nonadjacent hues were grouped 
than when adjacent hues (e.g., red, orange, yellow) were 
grouped. They suggested that grouping nonadjacent hues 
requires access to verbal codes, whereas grouping adjacent 
hues is based on perceptual similarities (see also Flowers & 
Dutch, 1976). Perceptual decisions are not disrupted by ver-
bal response competition—hence, no Stroop interference. 
We used a similar logic for the experiments presented here. 
Whether CP is susceptible to Stroop interference should 
depend on the type of coding underlying the advantage 
of cross- category over within-category discrimination: if 
CP is truly perceptual, Stroop interference should have no 
effect; if CP is due to the online influence of language, it 
should be susceptible to Stroop interference.

The Present Experiments
To clarify the role of language in CP, we combined a 

delayed color discrimination task with Stroop interfer-
ence. If CP requires naming and if Stroop weakens name 
generation, introducing Stroop interference at the various 
stages should expose the role of  language in CP. In Exper-
iment 1A, we used the same task as that in Roberson and 
Davidoff (2000) and Pilling et al. (2003), but by includ-
ing congruent and incongruent Stroop interference with 
the target color, we explored the effects of inhibiting or 
facilitating target color naming. In Experiment 1B, the ISI 
and test stimuli presentation times were shortened, thus 
lowering memory loads. This should facilitate the use of 
visual codes and, if CP still occurred, would suggest that it 
had a perceptual component. In Experiments 2A and 2B, 
we explored the effects of inhibiting or facilitating nam-
ing of the test stimuli by introducing Stroop interference 
at the response stage. If CP is based solely on matching 
color labels, the two test stimuli, as well as the target, must 
be named correctly. If, however, target name generation 
facilitates CP by priming the category code, Stroop inter-
ference at test presentation should not affect CP.

GENERAL METHOD

Apparatus and Stimuli
The experiments were conducted on a 15-in. Sony Trinitron moni-

tor controlled by a PC with a Diamond stealth graphics card. The 
chromaticity of all the color stimuli was checked using a Minolta 
CS-100 colorimeter. A high-resolution timer DLL produced by 
 ExacTics was used to ensure accurate event timing. The subjects 
were screened for color vision problems, using the City University 
color vision test (Fletcher, 1980).

Although we used the perceptually uniform metric CIE L*u*v* 
to equate separations between adjacent pairs of stimuli, we also will 
give their equivalent Munsell notations for those more familiar with 
that system (see Hunt, 1987, for more on CIE L*u*v* and Munsell). 
Sixteen stimuli were used (eight blue and eight green) that com-
bined four hues and four levels of lightness, all at Munsell chroma 
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in six blocks of 36 trials. There were equal numbers of congruent, 
incongruent, and neutral trials in each block in random order.

In Experiment 1B, test stimuli presentation times and the length 
of the ISI were reduced, relative to Experiment 1A. The target (plus 
Stroop interference) was presented for 150 msec, followed by a 
1,000-msec ISI, after which the two test stimuli were presented for 
150 msec only.

Results
The mean accuracy scores are presented in Figure 2A 

for Experiment 1A and in Figure 2B for Experiment 1B. 

Method
Subjects. Twenty-eight subjects (6 of them male, 22 female; age 

range, 18–34 years) participated in Experiment 1A; a further 21 sub-
jects (7 of them male, 14 female; age range, 20–38 years) completed 
Experiment 1B. All were students at the University of Surrey and 
participated in exchange for course credits.

Procedure and Design. The trial sequence is shown in Figure 1B. 
At the start of each trial, a fixation cross was presented for 500 msec, 
followed 400 msec later by the target for 150 msec, followed by a 
5,000-msec unfilled ISI, after which the two test stimuli (the target 
and the foil) were presented for 1,000 msec or until a response was 
made (Experiment 1A). There were 216 trials in total, presented 
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600 msec

B. Trial sequence – Stroop at target (Exp. 1A)

1.44B 8.76BG 6.06BG 3.46BG
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A. Stimulus set (     Blue,      Green)

C. Trial sequence – Stroop at test (Exp. 2A)
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Target
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Blank
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Figure 1. (A) Matrix of stimuli used. The stimuli were equally spaced in CIE 
(1976) L*u*v*, varying on four hue and four value levels. There were four cross-
category and eight within-category pairs. (B) Sequence of events of an experi-
mental trial with Stroop interference at target presentation in Experiment 1A. 
In Experiment 1B, the interstimulus interval was reduced to 1,000 msec, and 
test stimuli presentation to 150 msec. (C) Sequence of events of an experimental 
trial used in Experiment 2A with Stroop at test presentation. In Experiment 2B, 
test stimuli presentation was increased to 300 msec.
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than in the congruent condition for cross-category compari-
sons [minimum t(25)  4.41, p  .001]. The significant 
interaction [F(2,54)  14.5, MSe  54.43, p  .001] re-
flected the variation in cross-category advantage across the 
three Stroop conditions. There was an advantage of cross-
category over within-category discrimination in the neutral 
[t(26)  2.23, p  .05] and the congruent [t(26)  6.02, 
p  .001] conditions, but not in the incongruent condition 
[t(26)  0.55, p  .05]. This finding was further supported 
by a one-way ANOVA on the difference between cross- and 
within-category conditions (category effect), which showed 
a highly significant effect of Stroop condition [F(2,54)  
14.5, MSe  108.8, p  .001]. The CP effect was signifi-
cantly enhanced in the congruent condition, as compared 
with the neutral condition [t(25)  3.09, p  .01].

In Experiment 1B, the ANOVA showed that accuracy 
was higher for the cross- than for the within-category pairs 
[F(1,20)  18.18, MSe  64.86, p  .001], and the interac-
tion was also significant [F(2,40)  12.12, MSe  61.97, 
p  .001]. There was no interference effect [F(2,40)  
2.32, MSe  41.98, p  .05]. There was an advantage of 
cross-category over within-category pairs in the neutral 
[t(19)  1.8, p  .05] and the congruent [t(19)  6.71, 
p  .01] conditions, but not in the incongruent condition 
[t(19)  0.55, p  .05]. The one-way ANOVA on the dif-
ference between cross- and within- category conditions 
(category effect) showed a highly significant effect of 
Stroop condition [F(2,40)  12.12, MSe  123.93, p  
.001]. As in Experiment 1A, the CP effect was signifi-
cantly enhanced in the congruent condition, as compared 
with the neutral condition [t(18)  3.14, p  .01]. A 
separate 2  3 ANOVA across experiments, with experi-
ment (1A or 1B) and Stroop condition (neutral, congruent, 
or incongruent) as factors, showed a significant effect of 
Stroop [F(2,94)  26.48, MSe  115.3, p  .001], but no 
effect of experiment and no Stroop  experiment interac-
tion (minimum p  .88).

Discussion
In Experiments 1A and 1B, a significant CP effect was 

found in the neutral conditions. Thus, despite the fact that 

Mean reaction times for all the experiments are presented in 
Table 1. In Experiment 1A, both main effects and the interac-
tion were highly significant. Accuracy was higher for cross-
category than for within-category pairs [F(1,27)  19.72, 
MSe  72.36, p  .001]. The significant interference effect 
[F(2,54)  7.81, MSe  46.50, p  .01] reflected lower 
mean accuracy in the neutral and the incongruent conditions 
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Figure 2. Mean discrimination accuracy (error bars show 1 
standard error) for cross-category and within-category pairs for 
each interference condition (neutral, congruent, and incongru-
ent) in Experiments 1A (A) and 1B (B).

Table 1 
Mean Reaction Times (in Milliseconds, With Standard Errors) in Neutral, Congruent, 

and Incongruent Stroop Conditions for Cross-Category and Within-Category 
Discriminations in Experiments 1A, 1B, 2A, and 2B

Stroop Interference

Neutral Congruent Incongruent

  Pair Type  M  SE  M  SE  M  SE 

Experiment 1A Cross category 871.10 33.50 849.10 28.20 874.50 32.20
Within category 921.50 33.90 924.90 33.50 904.00 25.70

Experiment 1B Cross category 764.98 29.20 756.19 23.80 764.67 26.30
Within category 760.91 22.90 767.69 24.10 780.14 27.20

Experiment 2A Cross category 738.88 23.50 743.13 25.80 737.15 25.10
Within category 741.91 23.80 751.75 25.50 748.05 21.90

Experiment 2B Cross category 768.18 25.93 728.23 25.40 762.26 24.80
Within category 779.11 24.62 767.80 22.16 758.12 23.89

Note—The variation in reaction times reflects the difference in presentation times across experi-
ments. In Experiment 1A, the test stimuli were presented for 1,000 msec; in Experiments 1B 
and 2A, for 150 msec; and in Experiment 2B, for 300 msec.
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Results
Figure 3A shows the mean across-subjects accuracy 

scores for cross- and within-category trials, for each 
Stroop condition in Experiment 2A. It appears that the 
cross- category scores were higher than the within- category 
scores for all the conditions. This was supported by the 
ANOVA showing a significant main effect of pair type 
[F(1,27)  18.64, MSe  163.72, p  .001]. Neither the 
effect of interference [F(2,54)  0.02, MSe  52.23, p  
.05] nor the pair type  interference interaction [F(2,54)  
0.07, MSe  57.8, p  .05] was significant. Post hoc tests 
showed that accuracy for cross-category pairs was sig-
nificantly greater than that for within-category pairs in 
all the conditions [minimum t(26)  1.88, p  .05]. The 
one-way ANOVA on the difference between cross- and 
within-category conditions (category effect) showed no 
significant effect of Stroop condition on the size of the CP 
effect [F(2,54)  0.7, MSe  115.58, p  .05].

Figure 3B shows the mean across-subjects accuracy 
scores for cross- and within-category trials for each Stroop 
condition in Experiment 2B. As with Experiment 2A, it ap-
pears that the cross-category scores were higher than the 
within-category scores for all the conditions. The ANOVA 
showed a significant main effect of pair type [F(1,23)  
29.72, MSe  71.92, p  .001]. There was also a signifi-

the perceptual distances between all the color pairs were 
held equal (in CIE E), color discrimination was sig-
nificantly better for cross-category pairs than for within-
category pairs. This effect increased in the congruent 
conditions but disappeared in the incongruent conditions. 
This result suggests that being able to generate the cor-
rect target name facilitates cross-category discrimination 
and supports the idea that the advantage of cross-category 
discrimination may be based on comparison of category 
labels or priming of the category code.

If tasks that invite, or require, verbal coding are suscep-
tible to Stroop interference, the results of Experiment 1B 
suggest that language is used even in the shortened ver-
sion of the task. As in Experiment 1A, though, this pat-
tern of results cannot distinguish between comparison of 
target or test labels and priming of the category code as 
influences on CP. To help distinguish between these two 
accounts, the next experiment used Stroop interference at 
test presentation.

EXPERIMENTS 2A AND 2B

It seems likely that no CP effect was found in the in-
congruent condition in Experiments 1A and 1B because 
Stroop interference at target presentation weakened target 
name generation. This still leaves open the question of 
whether correct test stimuli labeling is also necessary for 
CP. If CP depends on the comparison of verbal codes or 
the online use of language in some form, the test stimuli 
must also evoke the appropriate linguistic code. However, 
if the function of the target label is to activate the category 
code, this might be sufficient to yield CP without labeling 
of the test stimuli.

Stroop interference was introduced at response by la-
beling the target and the foil either congruently or incon-
gruently. CP could arise because the target (e.g., blue), as 
well as the test stimuli (e.g., one blue, the other green), are 
labeled, and the task is done by matching these labels in 
some form. If CP is based on such a comparison, congru-
ent Stroop interference at the response stage should fa-
cilitate CP, but incongruent interference should reduce CP. 
However, if the target is labeled, reinforcing the category 
code, labeling of the test stimuli may not be necessary for 
CP, and it should still occur despite the interference.

Method
Subjects. Twenty-eight subjects (13 of them male, 15 female; age 

range, 19–46 years) participated in Experiment 2A; a further 24 sub-
jects (6 of them male, 18 female; age range, 18–40 years) completed 
Experiment 2B. All were students at the University of Surrey and 
participated in exchange for course credits. None had participated 
in the previous experiments.

Procedure. The trial sequence is shown in Figure 1C. The trial 
sequence and stimulus presentation times were identical to those in 
Experiments 1A and 1B, except that Stroop interference was now 
presented concurrently with test stimuli. For incongruent trials, there 
were equal frequencies of both test stimuli being incongruent, the 
“correct” test stimuli (target) being incongruent, and the “incorrect” 
test stimuli (foil) being incongruent. The trials were split into six 
blocks of 40 trials, with interference type varying within a block. Test 
stimuli presentation time (plus Stroop interference) was increased in 
Experiment 2B (relative to Experiment 2A) to 300 msec.
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Figure 3. Mean discrimination accuracy (error bars show 1 
standard error) for cross-category and within-category pairs for 
each interference condition (neutral, congruent, and incongru-
ent) in Experiments 2A (A) and 2B (B).
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these types of tasks. However, the results (especially those 
of Experiments 2A and 2B) also suggest that the direct 
language account of color CP is incomplete.

In Experiments 1A and 1B, we introduced congru-
ent and incongruent Stroop interference with the to-be-
remembered color. The results suggest that preventing 
naming at encoding is enough to prevent CP. Although 
previous findings that verbal interference in the ISI elimi-
nated CP (Roberson & Davidoff, 2000) were interpreted 
as showing that verbal interference affected name reten-
tion, we suggest that it may, instead, have been due to in-
terference with encoding. Verbal interference eliminates 
CP only if the interference type is blocked and the type 
of interference on each trial is known in advance. If in-
terference type is randomized across trials, CP survives 
(Pilling et al., 2003). Knowing that verbal interference 
was to follow, the subjects may have decided there was no 
point in using a verbal strategy and did not name (encode) 
the target. With randomized interference, there is a two in 
three chance that naming the target will be followed by 
no interference or by visual interference, and they may 
have decided that, with these odds, it was worth naming 
the target.

Note that despite all of the above, it could still be the 
case that the advantage of cross-category over within-
category discrimination is based on a direct matching of 
labels. If this were the case, the stimuli at the response 
stage in a delayed discrimination task must also be named 
correctly, and CP should be susceptible to Stroop inter-
ference at test presentation. We tested this idea in Ex-
periments 2A and 2B. When Stroop interference was pre-
sented concurrently with test presentation, CP survived in 
all three conditions. This suggests that generation of the 
test stimuli label is not necessary for CP. The clear disso-
ciation between Stroop interference at target presentation 
and Stroop interference at test presentation is inconsistent 
with a matching-of-labels account of CP.

The second question addressed here was whether the use 
and efficiency of name codes depend on aspects of the task 
design. There is evidence to suggest that the visual color 
code declines after approximately 1,500 msec (Pilling, 
2001; see also Posner & Keele, 1967, on noncolor stim-
uli), and thus the reliance on verbal codes may be greater 
in tasks with long ISIs. This is consistent with some early 
work on Stroop effects. Flowers and colleagues (Flowers & 
Blair, 1976; Flowers & Dutch, 1976) have argued that tasks 
with low memory loads, which can be done on the basis 
of quick perceptual decisions, should not be susceptible 
to Stroop interference. Stimuli presentation times and the 
length of the ISI were reduced in Experiment 1B and subse-
quent experiments (relative to Experiment 1A), to test this. 
The pattern of results for discrimination accuracy found in 
Experiment 1B paralleled those in Experiment 1A, suggest-
ing that verbal codes facilitated CP even when the memory 
load was substantially reduced. However, CP was not af-
fected by Stroop interference in Experiments 2A and 2B 
(interference at response with a short ISI). This suggests 
that no access to the verbal codes of the test stimuli was 
required and is consistent with the perceptual or category 
code’s surviving the short ISI and leading to CP.

cant main effect of interference [F(2,46)  9.84, MSe  
47.18, p  .001]; however, the pair type  interference 
interaction [F(2,46)  1.65, MSe  46.69.8, p  .05] was 
not significant. Post hoc tests showed that accuracy for 
cross-category pairs was significantly greater than that 
for within-category pairs in all the conditions [minimum 
t(22)  1.88, p  .05]. Furthermore, there was no signifi-
cant effect of Stroop condition on the size of the CP effect 
[F(2,40)  1.65, MSe  93.37, p  .05] in the one-way 
ANOVA. The separate 2  3 ANOVA across experiments, 
with experiment (2A or 2B) and Stroop condition (neutral, 
congruent, or incongruent) as factors, showed no signifi-
cant main effects and no significant interaction (minimum 
p  .43).

Discussion
In Experiment 2A, cross-category discrimination was 

better than within-category discrimination in all the con-
ditions, consistent with the perceptual code’s surviving 
the short ISI and producing CP. Since there was no Stroop 
effect, this suggests that language is not involved in CP 
at the test stage. Experiment 2B was conducted to rule 
out the possibility that the test presentation times in Ex-
periment 2A (150 msec) were too short to induce Stroop 
interference. The results clearly show that CP survived all 
interference conditions with 300-msec test presentation 
times.

GENERAL DISCUSSION

The aim of the experiments reported here was to ex-
plore the nature of color CP in discrimination tasks. Our 
approach was twofold. First, we tested the matching-of-
 labels account of CP, using Stroop-like stimuli. Stroop 
interference was used because only tasks that require the 
use of or access to verbal labels should be susceptible to 
Stroop interference (Flowers & Dutch, 1976; MacLeod, 
1991). Our second approach was to test the effect of reduc-
ing the memory load by shortening the interval between 
target and test from 5,000 msec (as used in Roberson & 
Davidoff, 2000) to 1,000 msec. The visual code should 
be considerably weakened by 5 sec, and so reliance on 
labeling may be greater with long ISIs than with shorter 
ISIs. We found that the advantage of cross-category over 
within-category discrimination accuracy was susceptible 
to Stroop interference presented concurrently with the 
target. Reducing the memory load did not reduce the ef-
fect of Stroop interference. However, Stroop interference 
concurrently with test presentation did not affect CP. This 
was the case for matched (relative to Experiment 1B) 
stimuli presentation times (Experiment 2A), as well as for 
matched Stroop exposure (Experiment 2B). These results 
(especially those of Experiments 1A and 1B), along with 
those of previous reports (Pilling et al., 2003; Roberson 
& Davidoff, 2000; Winawer et al., 2007), provide strong 
support against the idea that cross-category discrimina-
tion advantages (CP) in delayed color discrimination tasks 
are purely perceptual. The results of the experiments pre-
sented here support the suggestion made by Pilling et al. 
that target name generation may be necessary for CP in 
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target color. Since we used only blue and green stimuli and 
the corresponding color labels (BLUE, GREEN), the incon-
gruent target label was always the correct foil label. If, for 
example, the target on an incongruent cross-category trial 
was blue with the word GREEN superimposed, the color 
label (GREEN) was correct for the foil presented alongside 
the target when a response had to be made. This may have 
supported a competing response—that is, to select the 
green (distractor) stimulus. Future studies could resolve 
this ambiguity by using other color labels (e.g., YELLOW, 
ORANGE) that do not match the actual colors of the target 
and foil stimuli. If our interpretation is correct, these kinds 
of color labels should lead to a reduction of CP in the 
same way as is shown here, since target name generation 
should be similarly affected. If, however, CP survived this 
manipulation, our model would have to be revised.

It is also important to acknowledge some potential prob-
lems that come with introducing Stroop interference to 
color discrimination tasks. Introducing Stroop interference 
at target presentation may have encouraged or even forced 
subjects to use a verbal strategy on the discrimination task. 
In other types of tasks and with other types of interfer-
ence, it is possible that a more perceptual encoding strategy 
could be used, and that true CP (based on purely percep-
tual codes) could occur in such circumstances (see, e.g., 
Goldstone, Lippa, & Shiffrin, 2001; Harnad et al., 1991). 
What our data show is that even when verbal color labels 
are used at encoding, the advantage of cross-category over 
within-category discrimination is unlikely to be due to a 
direct comparison of verbal labels. Rather, we argue that the 
dual activation by target and target label produces a more 
durable or more reliable memory code and that it is this 
category code that facilitates comparisons with test colors 
and, so, contributes to the advantage of cross-category over 
within-category color discrimination.
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APPENDIX 
ANCOVA Results: Accuracy With Median Reaction Times 

for All Experiments
Experiment 1A Category F(1,26)  9.32, MSe  74.55, p  .01

Interference F(2,53)  7.68, MSe  47.36, p  .001
Category  interference F(2,53)  14.09, MSe  55.11, p  .001

Experiment 1B Category F(1,19)  25.09, MSe  54.57, p  .001
Interference F(2,39)  1.99, MSe  42.86, p  .05
Category  interference F(2,39)  11.96, MSe  62.93, p  .001

Experiment 2A Category F(1,26)  20.31, MSe  160.50, p  .001
Interference F(2,53)  0.06, MSe  51.36, p  .05
Category  interference F(2,53)  0.06, MSe  58.81, p  .05

Experiment 2B Category F(1,22)  26.74, MSe  74.93, p  .001
Interference F(2,45)  8.84, MSe  46.48, p  .001

  Category  interference  F(2,45)  1.65, MSe  47.60, p  .05
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revision accepted for publication August 7, 2007.)
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