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Associative priming in color naming:
Interference and facilitation

JENNIFER S. BURT
University ojQueensland, Brisbane, Queensland, Australia

In Experiment 1, color-naming interference for target stimuli following associated primes was
greater in a group makinga lexical decision to the prime than in a group reading the prime silently.High
frequency targets were responded to more quickly than low-frequency targets, In Experiment 2, with
subjects naming the prime, there was evidence of associative interference when the prime and the tar
get were grouped temporally but not when the intertrial interval was comparable with the prime-target
interval. Associative primes presented at a short (120-msec)prime-target stimulus onset asynchrony
facilitated color naming in Experiment 3. Taken together, the results suggest that the effect of faster
processing of the base word in a color-naming task is facilitatory and that color-namingpriming inter
ference arises when associative prime processing increases conflict between word and color responses
by enhancing phonological or articulatory activation of the base word.

The Stroop color-naming interference effect (see the
review by C. M. MacLeod, 1991; Stroop, 1935) demon
strates a failure of selective attention, in that subjects
asked to name the color ofa word's print are unable to ig
nore the incongruent information provided, for example,
by the word blue in red lettering. The tendency ofskilled
readers to read the word (hereafter termed the base word),
even when asked to ignore it, was exploited in a noncolor
word version ofthe Stroop test by Warren (1972, 1974),
who used color-naming latencies as indices ofthe effects
of variables on visual word recognition. Because word
reading is not required for color naming, effects on color
naming latencies in the noncolor word Stroop are assumed
to be uncontaminated by strategies directed toward iden
tification of the base word (cf. Tanenhaus, Flanigan, &
Seidenberg, 1980). This is a significant advantage of the
noncolor word Stroop task as a tool for investigating lex
ical access in visual word recognition, in light of the ev
idence for the effects of various task-specific strategies
that may qualify the interpretation ofdata from lexical de
cision (e.g., Balota & Chumbley, 1984) and naming tasks
(Andrews, 1989). However, there are several findings that
cast doubt on the traditional interpretation ofcolor-naming
latencies in the noncolor word Stroop task. The purpose of
the present work was to clarify the interpretation of this
task in relation to associative priming.

The results of Experiment 2 were presented at the Twenty-second Ex
perimental Psychology Conference at Brisbane, QLD, Australia, 1995.
The research was supported by a University of Queensland Special Pro
jects Grant. Part of the data for Experiment 2 were collected by Susan
Ryan for a psychology undergraduate. project. I thank Bob Lorch for
guidance beyond expectations, Veronica Dark and an anonymous re
viewer for helpful feedback on earlier versions of the paper, and Karin
Humphreys for data collection. Correspondence concerning this article
should be addressed to 1. S. Burt, School of Psychology, University of
Queensland, QLD 4072, Australia (e-mail: j.burt@psy.uq.edu.au).

In the studies by Warren (1972, 1974), the base word
was the target in an associative priming arrangement. An
associatively related or unrelated prime word was pre
sented auditorily or visually (in white letters) prior to the
target. It was demonstrated that an associatively related
prime (e.g., king) increased the color-naming interference
for the target (queen) above that observed with an unrelated
prime (rose). The fact that priming was evident as facil
itation in lexical decision and naming but as interference
in color naming was explained by Warren in terms ofcom
petition between the activated word pronunciation and
the color name. Specifically, within a framework provided
by Morton's (1969) logogen model, Warren supposed that
the relative rate ofactivation of the logogens for the base
word and its color determined the relative speed ofprepa
ration ofthe color name and the base-word pronunciation.
Further, the articulation programs for each vocal response
must pass through a response buffer whose capacity is lim
ited to one program at a time. The associative prime was
thought to increase the probability that the word response
would become available in the response buffer before the
color response, with a consequent delay in color naming
while the response buffer was cleared. Thus, an essential
component of Warren's account is the relative speed of
color and word processes, as in the horse race model of
color-naming interference in the standard, color word
Stroop task (see C. M. MacLeod, 1991).

Color-naming interference by associative primes in the
noncolor word Stroop task has been replicated (Henik,
Friedrich, & Kellogg, 1983; Parkin, 1979) and, in addition,
has been established in priming ofcategory exemplars by
category names (Warren, 1972),contextual priming in sen
tences (Merrill, Sperber, & McCauley, 1981; Whitney,
McKay, Kellas, & Emerson, 1985), and priming of one
meaning of polysemous words (Conrad, 1974; Oden &
Spira, 1983). Furthermore, in a list-reading paradigm,
where subjects were instructed to ignore the printed words,
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Klein (1964) observed that color naming was faster for tri
als involving one of four very rare words (sol, belot, eft,
abjure) than for those involving one offour common words
(put, heart, take,friend). These findings are consistent
with the proposal that retardation ofcolor naming is a con
sequence of faster processing of the base word.

However, there are a number of results from the non
color word Stroop task that challenge the traditional
account by Warren (1972, 1974) of color-naming inter
ference. For example, Burt (1994) observed a small fa
cilitatory effect of word frequency in the noncolor word
Stroop task, with high-frequency words having faster re
sponses than low-frequency words. The rare words were
less rare than those employed by Klein (1964), and words
were not repeated. Possibly, Klein's subjects ignored his
very low-frequency words, thus showing interference for
high- relative to low-frequency words. Inthe same paper,
Burt found facilitation ofcolor naming when primes were
identical to targets (but see McClain, 1983). Facilitation
of color naming also has been reported in sentence
priming studies in which subjects covertly generated the
target word upon sentence presentation (Dosher & Cor
bett, 1982; Whitney, 1986). In the literature on process
ing biases in anxiety disorders and phobias, facilitation of
color naming has been observed, a result that contrasts
with the typical result of retardation of color naming to
threat words (Mathews & C. MacLeod, 1985; Mogg,
Mathews, & Weinman, 1989; Watts, McKenna, Sharrock,
& Trezise, 1986). For example, students under high-state
anxiety because of impending examinations named the
colors of (unmasked) examination-related threat words
more quickly than they named the colors ofcontrol words
(c. MacLeod & Rutherford, 1992).

The above findings imply that facilitation of target
word processing sometimes can facilitate, rather than in
terfere with, color naming.' It is proposed here that the
mixed pattern of interference and facilitation observed in
the noncolor word Stroop task can be illuminated by a
closer examination ofthe attentional demands ofthe task.
Additional concerns about the utility ofWarren's version
of a horse race account are raised by recent work chal
lenging the viability of such models as accounts of inter
ference in the standard color word Stroop (see the review
by C. M. MacLeod, 1991). On the present approach, the
attentional demands ofthe color-naming task are viewed
in terms of recent models (e.g., Meyer & Kieras, 1997)
in which limitations on dual-task performance can be un
derstood as reflecting general processing capacity limi
tations and structural bottlenecks.

A general processing capacity limitation arises during
encoding of the base word and the color name. Evidence
that encoding ofa visually presented word demands pro
cessing resources comes from studies employing dual-task
paradigms (Becker, 1979; Herdman, 1992). In the stan
dard procedure for the Stroop test with color names or
noncolor words, the base word is printed in colored letter
ing; as a consequence, the color name and the base word
cannot readily be separated spatially. Therefore, the at-

tentional demands ofbase-word reading may be assumed
to underlie the small interference in color naming that is
observed when the lettering color of a noncolor word is
named, as compared with a baseline condition in which
subjects name the color ofa string ofXs or asterisks (e.g.,
Klein, 1964; Warren, 1972).

A structural source of color-naming interference may
arise when the color name and the base word both become
available for output, as was suggested by Warren (1972).
The magnitude of interference arising at the stage of re
sponse preparation and output is likely to be smaller in
the noncolor word task than in the standard, color word
Stroop task. In the latter task, the activation of two con
ceptually similar responses (color names) provides a
source of response conflict that is not present in the non
color word task. Also, in the color word task, the naming
of colors on preceding trials may provide opportunities
for activating the competing response (Neill, 1978). The
present proposal about structural interference at output
in the noncolor word task differs from Warren's (1972) in
that the extent of structural interference associated with
activation of two vocal responses is not determined pri
marily by the relative rate of activation of the responses
for the base word and the color name. Rather, it is the level
ofactivation of the base-word response that is the major
determinant of interference.

The degree to which the base word becomes available
as a competing response may depend on the level of its
phonological activation during preparation of the color
naming response. There is evidence that the degree of
activation or utilization of a word's phonological repre
sentation during word recognition tasks may be influenced
by task factors (Davelaar, Coltheart, Besner, & Jonasson,
1978; Jared, McRae, & Seidenberg, 1990; Parkin, 1983;
VanVoorhis & Dark, 1995). Plausibly, for unprimed
words during the noncolor word Stroop task, subjects
read the base word, but there is only weak activation
from the word's phonological representation to the vocal
output level of the processing system, and the very small
amount ofcolor-naming interference observed with non
color ba~~ words reflects the processing demands of
word recognition. When stimulus presentation and word
processing instructions increase the salience of lexical,
semantic, or phonological properties ofthe base word, and
a vocal color-naming response is required, the phono
logical activation of the base word is likely to be increased,
with a consequent increase in the probability ofa response
bottleneck.

In the associative priming paradigm in the noncolor
word Stroop task, it is proposed that there is an increase
in the competition for output between related target
words and the color name, as the outcome ofa shift ofat
tention from the primary color-naming task to meaning
based processing of the stimuli of the secondary, word
reading task. This diversion of attention to processing
related targets (and primes) is assumed to be driven by
characteristics of the stimulus materials and by the tem
poral parameters of stimulus presentation. Specifically,
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it is proposed that the salience of the relatedness ofprimes
and targets promotes target- or prime-processing that has
to do with the prime-target association. This processing
may occur if conditions such as response requirements
make it difficult for subjects to ignore the relatedness of
primes and targets. Otherwise, because diversion of at
tentional resources to processing the base word may im
pede the primary task of color naming, subjects are ex
pected to ignore the nature ofthe primes and targets as far
as possible.

Experiments I and 2 assessed whether color-naming
interference from associative primes in the noncolor word
Stroop task depends on two conditions that are expected
to induce subjects to focus on the prime-target relation.
These conditions are a prime response that requires read
ing of the prime and meaning-based processing of the
prime and a salient prime-target relationship.

In the absence offactors distracting subjects from the
primary task ofcolor naming, facilitating word recogni
tion normally can be expected to facilitate color naming
in the noncolor word task. The reason is that the magni
tude or the duration of the concurrent processing load as
sociated with the word-reading and color-naming task is
reduced. As was noted above, there is evidence for a la
tency advantage for high-frequency words and words
preceded by visually presented identity primes in color
naming (Burt, 1994). The advantage in processing time
ofhigh- over low-frequency words is ubiquitous and fun
damental to theories of word recognition (e.g., Forster,
1976; Morton, 1969). Therefore, word frequency provided
a useful marker variable in Experiment 1 for the effects
of speeded word reading on color naming. Experiment 3
pursued the possibility that, under appropriate conditions,
associative primes may facilitate color naming by virtue
of facilitating base-word recognition.

EXPERIMENTl

Previous research on associative priming in color
naming has shown the importance ofthe prime response
requirement in producing associative interference. The
requirement that the prime be recalled after color naming
has yielded interference by associative primes (Burt, 1994;
Warren, 1972), as has an overt pleasantness or animate/
inanimate judgment about the prime (Parkin, 1979) and
naming of the prime (Henik et aI., 1983), whereas silent
reading of the prime (Burt, 1994) and overt responses
based on counting the prime's syllables (Parkin, 1979) and
searching for a letter in it (Henik et aI., 1983) have not
produced interference. From these findings, it is inferred
that color-naming interference by associative primes is
likely only if subjects recognize the prime and make a re
sponse involving the processing of lexical properties or
meaning of the prime.

Experiment I was designed to provide support for the
above inference in groups either reading the prime silently
or reading the prime and making a lexically based judg
ment about it. The prime task for the latter group was lex-

ical decision, which has an advantage over the prime re
call task used by Warren (1974) and Burt (1994) in that
the prime response is made before target presentation and,
thus, the prime task is less likely to exert a direct disrup
tive effect on processing of the target and color.

The prime-target association was made salient by
means of a stimulus list having a large proportion of
strongly related prime-target pairs. Under these condi
tions, it is expected that subjects making a lexical decision
to the prime will be unable to ignore the prime-target as
sociation. As a consequence, they may engage in process
ing of the target or the prime that results in activation of
the target, which leads to competition for output between
the target word and the color name. It is possible that the
prime word also participates in competition for output.
Subjects only reading the prime may be more able to ig
nore semantic relationships among the words.

A second purpose of the first experiment was to pro
vide an assessment oftarget frequency effects in the non
color word Stroop task. Given that the target frequency
effect is manifest as a direct relation between color-naming
latencies and inferred word-reading speed (shorter laten
cies for high- than for low-frequency words), whereas the
typical associative priming effect involves an inverse re
lation between color-naming latencies and inferred
target-reading speed (longer latencies for primed than for
unprimed words), it was of interest to discover whether
these contrasting effects on latencies could be demon
strated within a single experiment.

Method
Subjects. Sixty-five introductory psychology students, all native

speakers of English without marked defects in color vision, were
assigned at random to the condition requiring lexical decisions to
the prime (LD, n = 32) or the condition requiring silent reading of
the prime (read, n = 33). Data from one read subject were discarded
because of excess microphone failures. The subjects received
course credit for their participation.

Materials and Design. Forty-six pairs of associates of moder
ate to high strength were taken from the norms ofNelson, McEvoy,
and Schreiber (1992) and a further pair was taken from each of
Palermo and Jenkins (1964) and Thomson, Meredith, and Brown
ing (1976), to make a total of 48 pairs. Twenty-four pairs had re
sponse terms (targets) of high frequency (mean, 445; range,
118-2,724; Kucera & Francis, 1967), and the remaining 24 pairs
had targets of/ow frequency (mean, 7; range, 0-15; Kucera & Fran
cis, 1967). The targets in the high- and low-frequency sets were 3
to 6 letters long and were matched on length distribution (mean,
4.46; median, 4 letters). The normative associative strength of
prime-target pairs in the high and low sets was also matched (mean
strength of50% and 51% for high- and low-frequency sets, respec
tively; range, 29%-88%, defined as the percentage of subjects giv
ing the target as their first associative response to the prime).

An additional set of48 single words, matched on length to the as
sociative targets, was selected as targets for nonword primes. They
had a mean frequency in the Kucera and Francis (1967) corpus of
40 (range, 10-98). For the nonword primes, 48 orthographically
legal nonsense strings were devised to match the length of the as
sociative primes (mean of4.85 letters).

For the purposes of counterbalancing, the high- and low
frequency pairs were divided into two subsets of 12 pairs that were
approximately matched on mean target length. For the first coun-
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Table 1
Experiment 1: Mean Color-Naming Latencies (in Milliseconds)
and Error Percentages for the Two Prime Processing Groups as
a Function of Target Frequency and Prime-Target Relatedness

Target frequency

High Low

Relatedness RT PE RT PE

Read Group
Related 542 0.78 556 0.78
Unrelated 545 1.30 552 0.78

LD Group
Related 588 1.30 620 1.56
Unrelated 572 1.56 589 1.82

terbalanced list, the first subset of each frequency was presented
intact, and the remaining two subsets had primes and targets ran
domly repaired to make unrelated pairs. For the second list, the con
verse allocation of subsets to related and unrelated conditions was
made. The two subgroups receiving each ofthese lists representing
the assignment ofitems to prime type were treated as levels ofa coun
terbalancing factor in the latency analyses. The two lists were com
bined with the nonword prime pairs, and four versions of each list
were prepared by rotating the targets through the four colors, so that
over the final eight sets, each target appeared once in each color in a
related and an unrelated pair. Within each set, each color-condition
combination was equally represented. The pairs in each set were ran
domly sequenced, with the constraint that a color did not occur on
more than three consecutive trials. Four subjects in each group were
tested on each set.

Procedure. The subjects wore a boom microphone and were
tested individually on a BBC microcomputer with an Amust color
monitor and a button box. The microphone was connected via a
voice-operated relay to a microswitch on the computer. On each
trial, the prime was displayed in white, double-height, uppercase
letters in the center of the screen for 700 msec (read condition) or
until a buttonpress was made (LD condition). The screen remained
blank for 500 msec before the target was presented in double
height, lowercase letters in the center of the screen, in red, blue,
green, or purple (BBC magenta). After the subject's vocal response
to the target, the experimenter pressed a key to indicate whether the
response was correct, incorrect, or correct but the microphone had
failed. The keypress cleared the screen and initiated an intertrial in
terval of3,500 msec.

The subjects were informed about the four colors used for target
words and were asked to name the color of the lettering as quickly
as possible, without making too many (more than I in 20) errors.
They were told that a white uppercase letter string would appear
shortly before each colored word and that they should read the
white letter string silently (read condition) or press the right or the
left button on the response box to indicate whether the letter string
was a word or a nonword (LD condition). The subjects in the LD
group were asked to rest the index finger of their right and left
hands on the right and left buttons and to make their lexical deci
sion responses as quickly and accurately as possible. The preferred
hand was used for word responses. A practice block of20 unrelated
primes and targets preceded the test session.

Results
The subjects in Group LD made word and nonword

decisions to the primes in a mean of 599 and 726 msec,
respectively, with the error rate for words being 2.9% and
for nonwords 8.6%. The exclusion of trials with an incor
rect lexical decision to the prime did not affect statistical
inferences and produced variation in the mean latencies

for each condition of less than 2 msec. The analyses re
ported below are those for which color-naming latencies
for trials with an error in the lexical decision to the prime
were retained.

The mean color-naming latencies for the high- and
low-frequency targets in the related and unrelated prime
conditions are shown, with the mean error percentages,
in Table I. The data for the filler words paired with non
word primes were not analyzed. In this and subsequent
experiments, analyses of variance (ANOVAs) were con
ducted on the data of interest by both subjects (F1) and
items (F2 ) , with an alpha value of .05.

A prime-processing group X target frequency (high
vs. low) X prime type (related vs. unrelated) ANOVA of
color-naming error percentages revealed no significant ef
fects ofgroup, frequency, prime type, or their interaction
[for groups, F1(1,62) = 1.55, MSe = 11.2, F2(1,46) = 1.88,
MSe = 1.7,p > .05; all other Fls andF2s < I].

Prior to analysis ofmean color-naming latencies, trials
with microphone failures, errors, and, within prime type
condition, latencies of more than three standard deviations
above or below a subject's correct mean latency were re
moved. In the LD data, microphone failures and extreme
latencies accounted for 1.4% and 2.2% of trials, respec
tively,with the corresponding rates for the read data being
1.2% and 1.9% oftrials, respectively. A prime-processing
group X counterbalance set (one vs. two) X target fre
quency (high vs. low) X prime type (related vs. unrelated)
ANOVA of the mean latencies confirmed that latencies
were longer in the LD than in the read group [F1(I ,60) =

7.73, MSe = 15,613; F2(1,44) = 78.72, MSe = 1,144]. The
main effect oftarget frequency was significant, with faster
responses to high frequency [F1(1,60) = 12.86, MSe =

1,480; F2(1,44) = 7.13, MSe = 2,181]. The interaction of
group and prime type also was significant [F1(1,60) = 7.34,
MSe = 1,183; F2(1,44) = 4.23, MSe = 1,461]. A simple
main effects analysis confirmed that there was priming in
terference within Group LD [F1(1,30) = 10.89; F2(1,44) =
4.48] but not within the read group (F. and F2 < I). No
other effect was reliable or nearly so, in both subjects and
items analyses.

Discussion
The lexical decision group showed color-naming in

terference for related targets, replicating the initial find
ings in the noncolor word Stroop task (Warren, 1972,
1974). This group was slower than the read group (by
32 msec on unrelated trials), presumably reflecting the
effect of the prime task on preparation for responding to
the target. Of most interest was the significant prime
processing group X prime type interaction, reflecting
priming interference in color naming in the LD but not
the read group. This finding, together with previous ex
aminations of prime processing in the noncolor word
Stroop task (Burt, 1994; Henik et aI., 1983; Parkin, 1979),
supports the prediction that color-naming interference
by associative primes depends on the nature of the prime
task. Minimally, ifrelated primes are to interfere, subjects
must read the prime and engage in further processing on
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the basis ofrecognition ofthe prime word. Because all pre
vious studies demonstrating associative interference in
color naming have had the additional requirement of an
overt response to the prime, in some or all cases this factor
may be crucial to interference. For example, an instruc
tion to name the prime compels subjects to engage in ad
ditional processing beyond prime recognition. For pleas
antness judgments, lexical decision, and prime recall, an
overt response requirement ensures that subjects comply
with prime-processing instructions. Finally, the prime
response may exert an additional effect on prime and tar
get processing through its own processing demands.

The failure ofthe subjects in the read group to show any
priming effect mirrors previous findings for silent read
ing of the prime in the noncolor word Stroop task (Burt,
1994). In contrast, it is well established that, at prime
target stimulus onset asynchronies (SOAs) similar to that
of Experiment 1, priming facilitation occurs in lexical
decision (den Heyer, 1985; L.c. Smith, Briand, Klein, &
den Heyer, 1987) and naming tasks (Keefe & Neely,
1990; Lorch, Balota, & Stamm, 1986) when the prime
response is silent reading. Thus, this finding for the read
group points to an important difference between the non
color word Stroop task and other word recognition tasks.
In the color-naming task, the prime is not relevant to, and
may disrupt, the color-naming response. Therefore, it is
likely that subjects comply with instructions to read the
prime by restricting their prime processing to word
recognition, without any additional meaning-based or
lexical-level processing.

Overall, target frequency had a significant effect on
response latencies. As in previous work (Burt, 1994), the
frequency effect was manifest as faster color naming for
high- than for low-frequency targets. The occurrence of
a frequency facilitation and a priming interference effect
within the study supports the present view that the two
effects differ in their mechanisms. Nevertheless, there are
alternative explanations of associative priming interfer
ence in color naming that are not ruled out by the present
results. For example, it has been suggested that deeper
processing activates a greater number of semantic fea
tures of the prime than does shallow processing (M. C.
Smith, Theodor, & Franklin, 1983), so that the results for
the read group may reflect weaker associative priming.
Also, it is arguable that (contrary to their reports) the
subjects in the read group were not reading primes at all.

Experiment 2 was designed to present converging ev
idence in support ofthe present account of color-naming
interference from associative primes. Specifically, it as
sessed the role in interference of subjects' awareness of
the relatedness of primes and targets. No color-naming
interference was predicted when the salience of the
prime-target relation was low.

EXPERIMENT 2

In the prototypical study of semantic priming, the prime
precedes the target by 2 sec or less, and the response to

the target is followed by a delay ofseveral seconds or more.
The effect of this temporal arrangement of stimuli is to
group the prime and the target as a pair of items and to
enhance the relevance of the prime in responding to the
target. Priming effects have been observed in lexical de
cision when this grouping is destroyed by presenting the
prime and the target at equal intervals (Fischler, 1977;
McNamara & Altarriba, 1988). However, recent studies
by Shelton and Martin (1992) have provided evidence
that the priming observed under this single-presentation
arrangement does not depend on factors requiring sub
jects' awareness of the prime-target relationship.

In Experiment 2, associative priming was examined in
subjects who had either the temporally paired or the
single-presentation format. On the basis of the hypothesis
that priming interference in the noncolor word Stroop task
is the result of response conflict arising from an increased
priority given to the processing of related targets, it was
predicted that single-word presentation would abolish the
interference. Given that the magnitude ofpriming in nam
ing and lexical decision is known to vary with the prime
target SOA (e.g., Neely, 1991, pp. 275-277), confound
ing of SOA and presentation was avoided by holding
SOA constant over groups and varying the intertrial in
terval. The subjects were asked to name the prime word
aloud, a response requirement that supported color
naming interference in the study by Henik et al. (1983).

Method
Subjects. Sixty-seven introductory students, all native English

speakers, participated for course credit. The data of 3 subjects were
discarded, either because of excessive microphone failures (I sub
ject) or because of absent or inappropriate responses to primes or
targets (2 subjects). Data were provided by 32 subjects in each of
the paired and even presentation conditions.

Materials. Sixty-four associated prime-target pairs of moderate
to high association strength were taken from word association
norms (Palermo & Jenkins, 1964; Postman, 1970; Thomson et al.,
1976). The targets were 4 to 8 letters long (mean, 4.82) and had a
mean frequency of 169 (Kucera & Francis, 1967; range, 3-2,724;
median, 62). The primes were 3 to 7 letters long (mean, 5.0) and had
a mean frequency of 84. An additional 16 words from the Kucera
and Francis corpus served as targets for neutral prime trials (mean
length =4.82 letters, median frequency = 59). These words were not
included in the counterbalancing of prime type and, consequently,
could not be included in item analyses ofpriming effects. Their pur
pose was to provide information on the adequacy of the unrelated
prime condition as a baseline for the assessment ofpriming effects.

For the purposes of counterbalancing, the prime-target pairs
were divided into two equal subsets matched on mean target length.
In one counterbalanced set, the items in the first subset remained
paired, and the items in the second subset were randomly re-paired
to produce unrelated pairs. The second set had the converse alloca
tion of items to conditions. The targets in each set were combined
with the 16neutral trial targets, which had the prime NEXT, and were
rotated through the four colors, as was described previously, to pro
duce eight sets of 80 pairs each. The sequence of trials was ran
domized, except that a color did not appear more than three times
in succession, as was described previously. Four subjects per group
were allocated to each stimulus set.

Procedure. The apparatus was the same as that described in Ex
periment 1. Primes were presented in white uppercase letters, and
targets in colored lowercase letters.
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Table 2
Experiment 2: Mean Color-Naming Latencies (in Milliseconds)

and Error Percentages for the Two Presentation Groups as a
Function of Prime-Target Relatedness

The subjects were instructed to read the prime words aloud "in
their own time" (including the neutral prime NEXT) and, as was de
scribed in Experiment I, to name the color of the target words as
quickly and accurately as possible. In the paired condition, the tar
get was presented 3 sec after the onset of the prime, and the prime
presentation for the next trial began 5.5 sec after the onset ofthe tar
get. In the single condition, there was an interval of 3 sec from the
onset ofone word to the onset ofthe next. After the subjects named
the target color, the experimenter pressed a key to indicate whether
the response was correct, incorrect, or invalid, as was described for
Experiment I. The keypress cleared the word from the screen. If
the subject's response and the experimenter's keypress took longer
than the predetermined interword interval, the next word was pre
sented 100 msec after the experimenter's keypress. Prior to com
pleting the test block, the subjects practiced on 35 prime-target
pairs, 28 with unrelated and 7 with neutral primes.

Results
Prior to analysis, latencies for incorrect target responses,

trials with microphone failures, and, within related versus
unrelated plus neutral prime type, latencies in excess of
three standard deviations from a subject's correct mean
were excluded. There was a loss of0.6% (microphone fail
ures) and 3.9% (extreme latencies) of trials in the paired
group and of 0.2% (microphone failures) and 4.8% (ex
treme latencies) oftrials in the single-presentation group,
in addition to the trials lost to errors on targets. There were
12 trials in the data of the single-presentation group for
which the target was displayed for more than 3 sec after
the onset of the prime, mainly because of microphone
failure for the prime response. Most of the responses to
these delayed targets had latencies exceeding the sub
ject's average latency. Because exclusion ofthe trials that
survived preprocessing did not affect the analyses, these
trials were retained.

The mean color-naming latencies for target words in
the two presentation conditions are shown, with error per
centages, in Table 2. Mean latencies on neutral trials were
7 I5 msec (paired group) and 658 msec (single group). A
presentation group (paired vs. single) X prime type (re
lated vs. unrelated) ANOVA oferror percentages showed
that the effects ofprime type and the group x prime type
interaction were not significant (F1 and F2 < I), and the
tendency for the single group to have a higher error rate
was reliable only in the items analysis [FI (l ,62) = 2.6,
MSe = 15.5,p =.1 I; F2(l,63) = 4.9, MSe = 4.5].

A group X counterbalance set (one vs. two) X prime
type ANOVA ofmean latencies revealed a significant ef
fect of group, with slower responses in the paired group
[FI(l,60) = 9.29, MSe = 12,342; F2 (l ,62 ) = 177.91,
MSe = 1,253], and a main effect ofprime type, reflecting

Relatedness

Related
Unrelated

Paired Presentation Single Presentation

RT PE RT PE

732 2.6 661 4.0
706 2.5 658 3.4

interference from related primes [F1(l ,60) = 12.07, MSe =
539; F2 (l ,62) = 10.3I, MSe = 1,460]. The group X prime
type interaction was significant in the subjects analysis and
marginal in the items analysis [F1(l,60) = 7.05, MSe =

539; F2(l ,62) = 3.78, MSe = I,932,p = .06]. There was
no significant effect involving counterbalance set. Planned
comparisons of related and unrelated prime conditions
were conducted for each group separately, at p = .025
(Bonferroni adjustment; Hays, 1981). There was no reli
able interference in the single group (F1 and F2 < 1). The
interference effect of 26 msec in the paired group was
reliable [F1( I ,30) = 13.71; F2(l ,62) = 6.18]. A planned
comparison oflatencies on neutral (716 msec) and unre
lated trials within the paired group was not significant
[F j (1,30) = 1.3,p > 05; F2 < 1].

Discussion
The single-presentation condition, requiring as it does

that subjects alternate quickly and regularly between
word naming and color naming, resulted in a 48-msec la
tency advantage on unrelated trials for the single group,
relative to the paired group. This faster response time was
achieved at the cost of a slightly higher error rate, over
all conditions, in the single than in the paired group, a
difference that was not reliable in the subjects analysis.
Some errors in the data for this group involved naming the
target word instead of its color. Of the 2 I subjects in the
single-presentation condition who made errors, only 8
made more errors on related than on unrelated trials.
Consequently, there is no evidence ofa priming effect in
the error data for this group. Also, because latencies were
not markedly more variable in the single-presentation
than in the paired condition, the failure of the single
presentation group to show a priming effect cannot be at
tributed to undue noise in the data.

The results of Experiment 2 support the prediction
that priming interference depends on the salience of the
prime-target relationship. When the prime and target were
temporally paired, priming interference was observed;
when the temporal pairing of primes and targets was re
moved for the single-presentation condition, no priming
interference was observed. Therefore, the results of Ex
periments 1 and 2 are amenable to a single explanation:
When conditions promote awareness ofthe prime-target
association, subjects may engage in processing ofrelated
target words or primes that leads to conflict between color
name and word responses.

Experience at the single-presentation task and the sub
jects' reports indicated that the manipulation did decrease
the salience ofthe prime-target relationship. It is arguable
that this reduction in salience did not result from the
temporal distribution ofprimes and targets, but rather reo
sulted from the subjects' focusing on their response al
ternations. Because the subjects responded more quickly
in the single than in the paired condition, it is unlikely that
the regular response alternations in the single condition
were unduly demanding. In any case, this possibility is
compatible with the present view, in that drawing the



460 BURT

subjects' attention away from the prime-target association
is expected to eliminate priming interference.

EXPERIMENT 3

Experiments 1 and 2 were based on the premise that
priming interference arises when subjects direct their at
tention to the target or prime, with a consequent activation
ofresponses that compete at output with the color name.
Manipulations designed to reduce attention to the prime
and the prime-target relationship attenuated color-naming
interference.

In many cases, associative priming in word recogni
tion tasks does not appear to depend on subjects' aware
ness ofthe prime-target relation (see, e.g., Marcel, 1983).
In addition, priming may occur when it appears to be un
likely that subjects are engaging in strategies that may
facilitate responses to related targets-for example, the
generation ofexpectancies about the target or retrospec
tive processing of the prime and the target (Fischler,
1977; Shelton & Martin, 1992). Nonstrategic effects are
evident at short prime-target SOAs, whereas expectancy
and other prospective strategies require approximately
500 msec to be deployed (Neely, 1991). The temporal per
sistence of nonstrategic priming is not known, but it is
commonly assumed that, for unmasked primes, such ef
fects dissipate within approximately 2 sec (Neely, 1977).

In Experiments 1 and 2, the prime-target SOAs were
longer than is optimal for nonstrategic priming (approxi
mately 1,200 and 3,000 msec, respectively), and inatten
tion to the prime, strategic priming effects, and other
sources of variability in the color-naming task may have
masked any nonstrategic priming effects. A short SOA
with no prime response requirement is the optimal condition
for demonstrating purely nonstrategic priming effect in
color naming, given that there will be a weaker involve
ment of expectancy strategies. The minimal requirement
for priming, that subjects read the primes, is likely to be
met, because subjects are looking at the prime location in
anticipation of the imminent presentation of the target.

The question pursued in Experiment 3 is whether, in
conditions not promoting competition at output between
the target or the prime word and the color name, priming
will be evident as facilitation or interference in color nam
ing. The present view (see Burt, 1994) is that, in contrast
to Warren's (1972, 1974) horse race model, nonstrategic
facilitation oftarget word recognition in the noncolor word
Stroop task may speed color naming. Analogously, faster
processing of high- than of low-frequency targets (Ex
periment I) and for targets preceded by identical rather
than by unrelated primes (Burt, 1994) was manifested as
shorter color-naming latencies for the more quickly pro
cessed targets. A demonstration ofpriming facilitation in
color naming would provide more direct support for the
claim that interference observed in associative priming
reflects response conflict in color naming rather than a
facilitation of target word recognition. Thus, in Experi
ment 3, associative priming was examined with un-

masked primes at a short (120-msec) prime-target SOA,
and it was predicted that color naming would be faster after
related than after unrelated primes. Items were counter
balanced in two blocks, so that the development ofprim
ing effects during the session could be assessed.

Method
Subjects. Thirty-two introductory psychology students who

were native speakers of English participated for course credit.
Materials. Eighty associate pairs of moderate to high associate

strength were taken from association norms (Palermo & Jenkins,
1964; Postman, 1970; Thomson et aI., 1976). The associative tar
gets had mean and median frequencies of 146 and 64, respectively
(Kucera & Francis, 1967), and were 4 to 8 letters long (mean, 4.81).
An additional 16 single words, taken from the same sources and
comparable in frequency and length with the associative targets,
served as targets on neutral prime trials for which the prime was the
word NEXT.

The 80 related pairs were divided into four subsets of20 pairs ap
proximately matched on target length and frequency. The four sub
sets were combined into two blocks (A and B) of two subsets each,
with one subset in each block intact and the primes in the other sub
set randomly repaired to make unrelated trials. A second version of
each block was created by reversing the allocation ofsubsets'to con
ditions. Block A preceded Block B to make up two counterbalanced
lists of 80 pairs. Eight of the 16 baseline pairs were added to each
block, and the targets were cycled through the four colors, as was
described previously, to make eight sets counterbalanced for con
dition and target color. Trials were presented in a random sequence,
with no more than three successive occurrences ofa color and with
a set of4 practice pairs (2 related, 2 unrelated) placed at the beginning
ofthe first block. Three subjects were assigned to each stimulus set.

Procedure. The subjects were tested individually, as was
described previously. The prime word was presented in double
height, lowercase white letters for 50 msec, the screen was cleared,
and 70 msec later the target was presented in double-height, colored
lowercase letters. The subjects gave their color-naming responses,
and the experimenter scored them as was described in Experiments
1 and 2. After the target was removed from the screen, there was a
4-sec interval before the next trial. Sixteen unrelated trials were
given as practice before the two test blocks were run without inter
ruption.

Results
Errors were infrequent (range, 0.9%-1.5%) and did

not differ for unrelated and related trials (F, and F2 < 1).
Latency data were preprocessed, as was described previ
ously, with 1.4% of the trials being lost through micro
phone failures and 2.3% of the trials as extreme times.
The mean latency for the related trials was 557 msec; the
mean latency for the unrelated trials was 567 msec; and
the mean latency for the neutral trials was 574 msec.

A counterbalance set (one vs. two) X prime type (re
lated vs. unrelated) ANOVA of mean color-naming la
tencies showed a significant facilitation for related over
unrelated trials [F, (1,30) = 6.48, MSe = 208; F2 (1,78) =
4.70, MSe = 617]. A planned comparison for the unrelated
and neutral latencies was not significant (F, and F2 < 1).
Breakdown of the latency data into the counterbalanced
session halves showed no main or interactive effect ofses
sion half (F, and F2 < 1), with the mean unrelated minus
related latency being 7 and 12 msec over the first and sec
ond halves, respectively.
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Discussion
The predicted facilitation for priming by an associate

of each target was small but reliable in the analysis ofmean
latencies. The successful demonstration ofpriming facil
itation in color naming adds to a substantial literature on
facilitation in response accuracy or latency by semanti
cally related primes in word naming, lexical decision, and
perceptual identification. As such, it adds weight to the
common supposition that, at relatively short prime target
SOAs, target recognition may benefit nonstrategically
from prime word reading.

Because primes and targets were associated on 42%
ofthe trials, it is likely that the subjects became aware of
the prime-target relationship. The short prime-target
SOA precluded the generation ofexpectancies about the
target from the prime, but not retrospective processing of
the prime-target association. Retrospective processing
may not occur ifthere has been minimal associative pro
cessing of the prime prior to the presentation of the tar
get. Under these conditions, subjects may have little dif
ficulty ignoring the prime-target association while they
prepare the color-name response.

GENERAL DISCUSSION

Experiments 1 and 2 confirm previous studies of as
sociative priming in color naming, and taken together, the
studies are consistent with a body ofevidence indicating
that related primes retard target color naming only when
certain conditions are met-namely, the task requires sub
jects to make a lexically based response to the prime, and
the prime-target relationship is salient. No significant
interference has been observed when subjects silently read
the prime (Burt, 1994, Experiment 1) or conducted a let
ter search (Henik et al., 1983) or syllablejudgment (Parkin,
1979) on the prime. In all cases of interference by single
word primes (Henik et al., 1983; Parkin, 1979; Warren,
1972, 1974), the prime-target relationship was obvious,
in that primes and targets were paired and the proportion
of related pairs was at least 30%. Similarly, in studies
showing interference by sentence primes (Conrad, 1974;
Merrill et al., 1981; Oden & Spira, 1983; Whitney, 1986;
Whitney et al., 1985), the relatedness of sentence primes
and targets was salient.

In Experiment 2, the prime task was naming, which was
adequate to produce priming in a study by Henik et al.
(1983), but priming was observed only when the prime
target relationship was made salient by temporal pairing
of primes and targets. At the long prime-target SOAs used
in Experiments 1 and 2, it is assumed that the salience of
the prime-target association fosters the development of
expectancies about the target word that affect the manner
in which subjects process the target or the prime words.
In addition, it is possible that retrospective strategies are
deployed, such as recalling a related prime to engage in
further analysis of the prime-target relationship. These
strategies may not be detrimental to performance in lex
ical decision and naming tasks. However, in the color-

naming task, it is proposed that such strategies increase
competition for output between activated target or prime
words and color names.

The results ofExperiment 3 indicate that when factors
promoting attention to the target are minimized, any effect
of associative primes is manifested as a small facilitation
of color naming. This facilitation is taken here to be an
index of speeded word processing, and a similar infer
ence is drawn about the facilitation for high- over low
frequency words (Burt, 1994, Experiments 1and 4; Burt,
1999) and the facilitatory effects of visually presented
identity primes on color naming (Burt, 1994). The un
derlying assumption is that word reading and color pro
cessing are conducted in a parallel or cascaded fashion,
so that faster word reading results in faster color naming.
The basis for speeded color naming is considered further
in a later section.

Horse Race Models of
Facilitation and Interference

A horse race model of the priming and frequency ef
fects observed in the noncolor word Stroop task is not
viable, because such a model cannot incorporate both
priming interference and facilitation, or both priming in
terference and frequency facilitation effects. For example,
in Experiment 1, Group LD displayed a target frequency
effect, with shorter latencies for high-frequency targets,
and a priming interference effect, with longer latencies
for related targets. A potential account of frequency and
priming effects might start from the assumption that
priming causes the mean processing completion times for
high-frequency words to fall after the preparation of the
color-naming response (unrelated prime) and just before
this response preparation (related prime). Alternatively, it
might be assumed that the mean processing completion
times for low-frequency targets fall just before (related
prime) and after (unrelated prime) the preparation of the
color-naming response. In either case, priming effects
would be predicted to interact with target frequency in
such a way that priming was observed only at one level
of frequency. This prediction is not supported in Exper
iment 1 or in the previous study by Burt (1994).

An alternative possibility is thatfacilitatory effects of
primes and frequency effects may be explained in terms
ofthe relative speed ofthe color and word pathways, with
priming interference explained by a separate mechanism
(cf. Burt, 1994). This adaptation of the horse race model
allows a viable account ofthe present facilitation results,
although it is based on rejection of the original account
given by Warren (1972, 1974) ofpriming interference ef
fects. The present view is that rapid word processing is
conducive to rapid color naming only in those situations
in which the level ofactivation ofthe base word for output
is low.Thus, as will be discussed below, word-processing
speed plays a role in terms of the concurrent processing
load for the word and color dimensions, rather than in
terms of the timing of the availability of the word and
color-name responses.
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Basis ofthe Color-Naming Interference
Recent models of the standard color word Stroop task

may have some application to the interference observed
here and previously when subjects make lexically based
responses to related primes at longer prime-target SOAs
(Burt, 1994; Henik et aI., 1983; Parkin, 1979; Warren,
1972, 1974). One set ofmodels that account for phenom
ena reported in the color word Stroop task was devised by
Cohen and colleagues (Cohen, Dunbar, & McClelland,
1990; Cohen & Huston, 1994; Cohen, Schreiber, & Me
Clelland, 1992). Inthese models, there are two processing
pathways for the colors and the words, terminating in a
set ofcolor-name response units. The basis of interference
is differential activation in the color and word pathways,
rather than differences in processing speed. Inthe context
ofassociative priming with noncolor words, it is proposed
here that the allocation of resources to the processing of
the prime-target association on related trials increases the
activation in a pathway from lexical units for the prime or
the target to corresponding output units. This increased
activation results in competition for output between the
base word (or perhaps the prime) and the color name.

The present results provide no direct evidence concern
ing the nature of the base-word and color-name activa
tion that leads to competition for output. It is proposed
that meaning-based processing ofthe base word increases
its phonological activation, with activation flowing to its
articulatory program. In line with the proposal by Warren
(1972, 1974), the articulatory program for the base word
competes for output with the articulatory program for
the color name. According to this proposal, manipulations
that increase the activation of the target phonology will
produce color-naming interference. Consistent with this
expectation, visual identity primes may produce interfer
ence when a phonological (rhyme judgment) response is
made to the prime or when the prime is presented audi
torily and the prime task requires subjects to attend fully
to the prime (Burt, 1999).

A response conflict model of increases in color-naming
interference in the noncolor word Stroop task is favored
here because of its potential to provide a parsimonious
explanation of the above findings with phonological pro
cessing of primes, together with previously reviewed
findings of color-naming interference in conditions in
volving meaning activation ofthe base word and ofcolor
naming interference from threat-related base words
(Mathews &c. MacLeod, 1985; Mogg et aI., 1989; Watts
et aI., 1986). It has the additional virtue of broad com
patibility with current successful accounts of interference
in the standard color word task (c. M. MacLeod, 1991).
Future research may clarify whether the associative prim
ing interference effect is best understood in terms of re
sponse competition. An alternative possibility is that in
terference results from a reduction in the resources
available for preparation of the color-name response.

Color-Naming Facilitation
Faster responding to targets preceded by associative

or identity primes and faster responding to high- than to

low-frequency words are well-documented effects in word
recognition tasks. Included are lexical decision (see
Forster & Davis, 1984; Monsell, 1991; Neely, 1991), pro
nunciation (Andrews, 1989; Burt, 1994; de Groot, 1985;
Forster & Chambers, 1973), and perceptual identification
(Burt, Walker, Humphreys, & Tehan, 1993; Humphreys,
Besner, & Quinlan, 1988; Kirsner, Milech, & Standen,
1983) tasks. The magnitude of the effects varies widely
over tasks, with lexical decision typically exhibiting large
effects in latencies and showing effects of response bias
on the basis of prime-target relatedness or word famil
iarity (cf. Balota & Chumbley, 1984), perceptual identi
fication having large effects in accuracy, and pronuncia
tion having effects in latencies that are small, as compared
with lexical decision (see, e.g., Andrews, 1989; Neely,
1991). The present experiments, together with additional
work on identity priming and frequency effects (Burt,
1994, 1999), show that the color-naming task exhibits
similar but still smaller effects in latencies, as compared
with the pronunciation task. That the color-naming task
displays small effects is explicable in terms of the task re
quirements, with subjects being required to ignore word
stimuli and respond to color.

There is a compelling similarity among word recogni
tion tasks in relation to nonstrategic priming and fre
quency effects. All the tasks display the effects and, on
available evidence, respond rather similarly to manipu
lations of relevant variables. For example, nonstrategic
priming in lexical decision and naming varies in an or
derly way with prime-target SOA (see the review by Neely,
1991). Also, frequency effects in the latter tasks are lin
ear over logarithmic frequency, with larger effects at the
lower end of the frequency scale (cf. Seidenberg & Me
Clelland, 1989). The substantial body ofevidence on non
strategic priming effects and word frequency effects con
verges on the conclusion that, despite the modulation of
such effects by task-related factors, these are core phe
nomena that are revealing about the processes of word
recognition. This conclusion was well supported for word
frequency effects in a review by Monsell (1991). The pre
sent experiments add to the support for the conclusion,
in that they suggest that these facilitatory effects are im
plicated in word reading. The mechanisms underlying fre
quency and identity priming effects may not be prelexi
cal, in that they may not affect the retrieval of a word's
representation from lexical memory. For example, they
may affect hypothesized postaccess orthographic checks
(Norris, 1986). Nevertheless, the generality of the effects
over tasks supports their importance in word recognition,
if not necessarily on lexical access.

Within the Warren noncolor word Stroop task, facili
tatory effects on word recognition must be understood in
terms of how they modulate ongoing processes leading
to the color-naming response. It is assumed that, for the
university students who participated in the present exper
iments, word reading is a highly practiced skill. Further
more, as in the conventional Stroop task, subjects cannot
spatially separate attention to the color from attention to
the word and, consequently, are assumed to read the word
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during preparation of their color-naming response. Thus,
the small facilitation of color naming that is observable
when familiarity or a priming manipulation allows for
faster or easier processing of the base word may be under
stood in terms of the combined processing load for the
tasks of word reading and color naming.

To the extent that word reading consumes fewer re
sources or requires a statutory allocation ofresources for
a shorter period, more resources may be available for the
primary task ofcolor naming. Thus, a preliminary account
of the facilitation of color naming reported here is that
facilitation ofword processing yields an increase in avail
ability ofresources, which allows for faster color naming.
An implication of this view is that increases in the diffi
culty ofor time required for word recognition should in
crease color-naming latencies. For example, longer words
are predicted to have longer color-naming latencies than
short words. Conversely,manipulations that allow subjects
to ignore the base word or letter string may facilitate
color naming. Thus, Bakan and Alperson (1967) found a
decrease in color-naming latency with decreasing pro
nounceability of nonwords, and Gumenik and Glass
(1970) found that reducing the legibility of words (by
masking) attenuated color-naming interference.

Conclusion
The noncolor word Stroop task, like the standard Stroop

task, induces proficient readers to divide attention be
tween word reading and color naming. Manipulations in
semantic priming arrangements that facilitate word recog
nition, without the recruitment of attention toward the
target and prime words, typically facilitate color naming
in the noncolor word Stroop task. The basis ofthis facil
itation may be an increase in the availability ofprocessing
resources for color naming. Manipulations in semantic
priming that foster the diversion ofprocessing resources
to meaning relationships among words typically inter
fere with color naming. The basis of this interference
may be an increase in response competition produced by
an on-line increase in the activation accruing in the rep
resentation of the target or the prime.
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NOTE

I. In the present paper, effects of a prime word on color naming will
be referred to as priming effects, with specification of the direction (fa
cilitation or interference) where necessary for clarification.
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