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You Can't Stroop a Lexical Decision: Is Semantic Processing
Fundamentally Facilitative?
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It is well documented that related prime words facilitate target processing in lexical decision (e.g., doctor
facilitates nurse), but interfere with target processing in the Stroop task (e.g., the word blue slows the time
to name the colour red). Five experiments explored several potential explanations for these differences.
In Experiments 1 and 2, all stimuli were novel (as in a typical lexical decision design). Participants were
faster both to make lexical decisions and to read colour words aloud that were primed by incongruent
associates (e.g., banana) relative to a neutral prime (e.g., knot). Experiments 3 and 4 used a small set of
repeatedly presented stimuli (as in a typical Stroop design). Incongruent colour words facilitated lexical
decisions to target colour words, but interfered with identification (reading aloud). Experiment 5 further
showed that interference is still observed in identification when the distractor set size is large but the
target/response set size is small. These findings suggest that semantic connections are solely facilitative
and that response competition only occurs when there is a small set of repeated responses and
identification (rather than lexical decision) is required. The more general problem of research fragmen-
tation is briefly discussed.
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As with any discipline, research fragmentation can be a problem
in cognitive psychology. Various fields tend to splinter over time
and can often become so isolated from one another that we
frequently fail to address obvious questions arising from similar
manipulations producing different results across tasks. We inves-
tigate one such question here. Specifically, why does the presence
of a distracting colour word (e.g., black) slow identification of a
different print colour (e.g., blue) in the Stroop task, but speed
judgments of the same colour target (e.g., blue) in the lexical
decision task? This is not a trivial issue and these types of cross-
paradigm comparisons are important (relatedly, see Besner.
Davelaar, Alcott, & Parry, 1984). In both literatures (lexical deci-
sion and Stroop), researchers are looking to answer the same
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higher order questions about semantics (e.g., how it is organised,
how one concept activates or affects another, etc.), yet they seem
to differ in their answer to one of the most basic questions about
the impact of semanticaUy related information on performance
(i.e., does it facilitate or interfere?). The work reported here
provides some tentative answers to this question.

The Stroop Task

In the Stroop task (Stroop, 1935), participants are presented with
a colour word that is displayed in a colour (e.g., blue printed in red;
Wuered) ä'"^ ^ ^ asked to ignore the word and identify the colour
that it is printed in (typically by naming the colour or pressing an
assigned key). In the typical configuration, there is a small set of
distracting words and target colours that appear repeatedly
throughout the course of the experiment. For instance, a typical
experiment would present the words blue, green, red, and yellow
repeatedly in each of the colours blue, green, red, and yellow for
several hundred trials. The standard finding is that participants are
slower on incongruent trials (where the word and colour mismatch;
e.g., blue^^ than on congruent trials (where the word and colour
match; e.g., red,^^ or neutral trials (e.g., move^^; Dalrymple-
Alford & Budayr, 1966; Logan & Zbrodoff, 1979; Schmidt &
Besner, 2008; Sichel & Chandler, 1969; see MacLeod, 1991, for a
review). This effect has also been observed with colour-associated
words (e.g., sky, which is related in meaning to blue). Participants
respond slower to incongruent colour associate trials (e.g., sky^
than to neutral or congruent colour associate trials (e.g., sky^,^^¿
Klein, 1964; Majeres, 1974; Manwell, Roberts, & Besner, 2004;
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Posner & Snyder, 1975; Risko, Schmidt, & Besner, 2006; Schmidt
& Cheesman, 2005; Stirling, 1979).

These interference effects have also been observed in word-
word versions of the Stroop task, where both the distractor (the
prime) and target are words (e.g., the prime word blue followed by
the target word green, bl^e-green). Participants are slower to
respond to the target colour words when they are primed with an
incongruent colour word or colour associate (e.g., blue-green or
sky-red) relative to a neutral word (e.g., move-green) or a congru-
ent word (e.g., green-green or blood-red; M. O. Glaser & Glaser,
1982; W. R. Glaser & Glaser, 1989).

Note that the difference in performance between incongruent
and neutral trials is typically taken as evidence that different
colours compete with each other, including in semantics (e.g., Luo,
1999, argues for a semantic competition account of the Stroop).
For instance, activation of the blue concept leads to inhibition of
the other colours. However, an interpretation in terms of semantic
facilitation is also possible. If the target and incongruent distract-
ing colours facilitate each other at the semantic level, then this
means that two possible responses corresponding to these colours
will be highly activated during the response selection stage (i.e.,
where conflict does occur). This conflict will take some extra time
to resolve. Thus, somewhat paradoxically, the fact that red and
blue semantically facilitate each other actually leads to an overall
performance cost.

The Lexical Decision Task

Participants in a lexical decision task are asked to quickly and
accurately determine whether a letter string spells a word that they
know (e.g., nurse) or one that they do not know (a nonword such
as narse). In a typical lexical decision experiment, every word is
presented only once. A well-replicated finding in the lexical deci-
sion literature, referred to as the semantic priming effect, is the
observation that participants are faster to make lexical decisions to
words that are preceded by a semantically related prime word (e.g.,
doctor-nurse) than by a semantically unrelated word (e.g., table-
nurse; see reviews by McNamara, 2005; Neely, 1991). There are
various procedures for obtaining a semantic priming effect, but it
is commonly done by presenting a prime word (e.g., table) fol-
lowed by a target word (e.g., chair), similar to a word-word Stroop
task.

The semantic priming effect is normally demonstrated with
direct associates—that is, prime words that have been shown to
have strong forward associations with the target word, such as
doctor-nurse or table-chair. However, indirect (or mediated) as-
sociates also produce a semantic priming effect (e.g., lion-stripes,
where lion is related to tiger, which is related to stripes; Angwin
et al., 2004; McNamara & Altarriba, 1988) as do backward-related
prime-target pairs (i.e., where the target has a strong association to
the prime, but not vice versa; Koriat, 1981; Thomas, Neely, &
O'Connor, 2012). Semantic priming is also observed in reading
aloud (e.g., Lupker, 1984).

Note that the semantic relationship between a related prime and
target is generally assumed to be facilitative. For instance, tiger
facilitates stripes. This is, of course, intuitive and explains the
benefit to performance for related relative to unrelated primes in
lexical decision. We already pointed out that interference effects in
the Stroop can be explained in terms of facilitation rather than

interference. It is not clear that the same can be said for lexical
decision. If a related prime (e.g., tiger) inhibits semantically re-
lated target concepts (e.g., stripes), then lexical decisions would be
impaired relative to the unrelated prime condition in which the
prime does not inhibit the target. Inhibition of semantically related
concepts simply cannot produce facilitation.

Critical Observations

In the Stroop paradigm, "incongruent" colour word distractors
are strong direct associates for the "competing" colours (e.g., blue
has a strong semantic relationship with red) and "incongruent"
colour associates are strong indirect associates (e.g., sky is related
to blue, which is related to red). However, in the Stroop task,
incongruent colour words (e.g., blue^¿) and incongruent colour
associates isky^¿) interfere with performance relative to a neutral
control. In contrast, in the lexical decision task, both direct and
indirect associates facilitate performance. What accounts for this
difference? Why is it the case that semantically related words aid
performance in one context (lexical decision) but impair it in
another (Stroop)? The goal of the present work was to systemat-
ically investigate these two paradigms to detennine the critical
differences between them so as to understand this difference
(facilitation vs. interference).

Experiment 1

One explanation for the different outcomes in Stroop and lexical
decision paradigms is that there is some unidentified but inherent
difference between the related word pairs typically used in lexical
decision (e.g., doctor-nurse) and the colour-word pairs typically
used in the Stroop paradigm. However, Stroop-like effects have
been observed with a variety of semantic categories, such as
animal names and numbers (e.g., Schmidt & Cheesman, 2012),
and category associates have been shown to produce the same
facilitative effect in lexical decision as other types of associates
(e.g., Chiarello & Richards, 1992). Furthermore, colour pairs have
actually been used as stimuli in lexical decision experiments (e.g.,
red-green in Borowsky & Besner, 1991; black-white and gold-
silver in Borowsky & Besner, 1993), although these few items
were not analysed separately. Thus, we expected that the incon-
gment colour words and incongruent colour associates typically
used in the Stroop paradigm would facilitate lexical decisions. In
contrast, note that in an inhibition-based model of semantics,
semantic competition between incongruent distracters and colour
targets will lead to less activation being passed on to the response
stage. Thus, an inhibition account can only produce an interference
effect.

Given the difficulty of generating enough unique colour word
pairs to make for a powerful experiment, we opted to use incon-
gment colour associate primes and colour word targets (e.g.,
sky-red) for Experiment 1. This should not be regarded as a
limitation. Like incongruent colour words, incongruent colour
associates produce interference relative to a neutral control, and
this is even true of colour associates that are related to colours that
are not potential responses (Risko et al., 2006). Furthermore,
colour associates seem to primarily affect the semantic stage of
processing (which we were most interested in for the current
work), whereas colour words additionally affect the response stage
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(Schmidt & Cheesman, 2005). Using associates also served to
increase the number of observations per cell. Note that we did,
however, use colour word pairs in Experiment 3, in which we see
the same pattem of results as observed in Experiment 1.

Method

Participants. Thirty-seven undergraduates from the Univer-
sity of Saskatchewan completed Experiment 1 in exchange for
course credit.

Apparatus. Stimuli were presented on a standard computer
monitor and responses were made on a QWERTY keyboard.
Stimulus presentation and response timing were controlled by
E-Prime (Psychology Software Tools, 2002).

Materials and design. In the practice block, there were 200
prime-target pairs consisting of 75 semantically related pairs (e.g.,
bitter-sweet), 25 re-paired semantically unrelated pairs (e.g., nest-
Pluto), and 100 nonword trials (e.g., under-keek). The relatedness
proportion for word trials was therefore 75% in the practice block
(intended to promote attentiveness to associations between primes
and targets). All participants received the same practice pairs.

Following the practice block, there were 80 test trials, which
included 10 incongruent colour associate primed colour words
(e.g., banana-green) and 10 neutrally primed colour words (e.g.,
knot-pink). In addition, there were 10 filler semantically related
pairs and 10 filler semantically unrelated pairs (such that the word
trials were not all colour words) and 40 nonword trials. The
"relatedness" proportion was therefore 50% in the experimental
trial block.

Two versions of the trial block were counterbalanced across
participants. Nonword trials were the same in both versions. The
10 colour words that were primed with an incongruent associate in
one version were primed with a neutral word in the other version,
and vice versa. Similarly, for the filler items, half of the targets
were primed in one version and the other half were primed in the
other. Colour associate primes were selected from the University
of South Florida free association norms (Nelson, McEvoy, &
Schreiber, 1998) based on high association strength with colours.
All other stimuli were taken from the word lists in Borowsky and
Besner (1993). All items were presented in lowercase, bold, 18-
point Courier New font. The colour word targets, colour associate
primes, and neutral primes are presented in the Appendix.

Procedure. Participants sat approximately 60 cm from the
screen. Stimuli were presented centrally on a black screen. Each
trial began with a white fixation cross. After participants initiated
the trial by pressing the spacebar, the prime word was presented
for 150 ms, followed by a blank screen for 100 ms, followed by the
target word for 2,000 ms or until a response was made. Participants
pressed the m key for words and the c key for nonwords. Correct
responses were followed by 500 ms of blank screen before the next
fixation. Incorrect responses or missed responses were followed by
the messages "Incorrect" or "No Response," respectively, in red
for 1,000 ms before the next fixation. Trials in both the practice
and test blocks were randomly ordered for each participant. The
two blocks were separated by a break.

Results

Trials in which participants failed to respond were discarded
from the analyses (less than 1% of the data). For reaction times

(RTs), only correct responses for the colour word target trials were
analysed. Likely due to the very small number of observations per
cell, violations of normality (the Shapiro-Wilk test) were observed
for both RTs and errors. Nonparametric Wilcoxon signed-ranks
tests (z) are reported instead. All tests were two-tailed.

RTs. The planned comparison confirmed that participants
were faster to make lexical decisions to colour words (e.g., red)
preceded by incongruent colour associates (e.g., banana, 504 ms)
than those preceded by neutral words (e.g., knov, 526 ms), z(36) =
1.969, p = .049.

Errors. The pattem of means was consistent with the RTs, but
the percentage of errors to colour words preceded by incongruent
colour associates (6.8%) and neutral words (8.6%) did not differ
significantiy, z(36) = 0.741, p = .459.

Discussion

The results of Experiment 1 demonstrate that there is nothing
special about the colour stimuli normally used in Stroop experi-
ments. Incongruent colour associates did not interfere with lexical
decisions to colour words relative to colour-utu'elated primes.
Instead, as predicted, they facilitated performance. The dissocia-
tion between the interference effect observed in the Stroop para-
digm and the facilitation effect observed in lexical decision there-
fore had nothing to do with colour or with witbin-category
competition. Thus, an inhibition account of semantic processing
seems unlikely, as semantic competition between incongruent
primes and colour targets should slow evidence accrual for the
correct response relative to the neutral condition.

Experiment 2

Experiment 2 explored another task difference that could be
responsible for the dissociation across tasks: the nature of the
response. In lexical decision, all that is required of participants is
to decide whether the target is a word or nonword. As a result,
participants may be making this decision in part by simply mea-
suring whether anything is being activated at the lexical or seman-
tic level (e.g., Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001;
Grainger & Jacobs, 1996). With this strategy, it does not matter
whether multiple concepts are activated because only a word (or a
letter string that sounds identical to a word, such as froot) can
strongly activate semantic representations (by definition, non-
words that neither spell nor sound identical to a word do not have
semantic representations). In other words, if both blue and red are
highly activated at the semantic level, they need not compete with
each other. It does not matter which word is the target, only that
any word is activated. Indeed, the two words will actually facilitate
each other given their semantic relation. In the Stroop task, how-
ever, participants must decide on the exact identity of the target.
Thus, if both blue and red are highly activated, participants will
have to resolve which of the two is the target, a process that will
take extra time (interference). The semantic relationship between a
prime and a target will actually exacerbate this response conflict;
for instance, when presented with blue-red, blue will activate red
and vice versa, making it harder to determine which of the two is
the correct response. Consistent with this idea, Klopfer (1996)
found that colour words interfered with closely related colours
more than less closely related colours (e.g., blue interfered more
with purple than red) in the context of a Stroop experiment.
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Experiment 2 therefore addressed whether the critical difference
between Stroop and lexical decision is the nature of the response
that is required in the two tasks. To test this. Experiment 2 was
identical to Experiment 1, except that nonwords were removed and
participants read aloud the target word (i.e., an identification task)
rather than making a lexical decision. It is well established that
associative priming is observed when reading aloud (e.g.,
doctor facilitates nurse; Besner & Smith, 1992; Lupker, 1984;
Seidenberg, Waters, Sanders, & Langer, 1984). Although this sort
of associative priming has not been attempted with colour words,
it seems likely that incongruent colour associates will serve to
prime reading aloud just like regular associates. If facilitation for
incongruent colour associates is observed, then neither the type of
stimuli nor the nature of the response is the critical difference
between Stroop and lexical decision. However, Experiment 2 is
quite similar to a standcird word-word Stroop experiment, so the
possibility that colour associates might interfere with incongruent
colours cannot be discounted. Note that, like the previous exper-
iment, if semantic concepts inhibit each other, then evidence for
the correct response will be slowed for incongruent relative to
neutral primes. In other words, interference is the only possible
result in an inhibition-based model of semantics. Facilitation be-
tween related concepts, however, could produce facilitation.

Method

Participants. Forty-six undergraduates from the University of
Waterloo completed Experiment 2 in exchange for course credit.

Apparatus. The apparatus for Experiment 2 was identical in
all respects to that for Experiment 1.

Materials and design. The materials and design of Experi-
ment 2 were identical in all respects to those of Experiment 1 with
the exception that there were no nonword trials in Experiment 2.

Procedure. The procedure for Experiment 2 was identical in
all respects to that for Experiment 1 with the following exceptions:
Responses were made verbally by participants into a microphone.
Following each response, the target word was redisplayed in a
smaller 10-point font, which was used by the experimenter (who
was sitting next to the participant) to code whether the response
made by the participant was correct, incorrect, or a scratch trial
(i.e., the participant failed to respond during the 2,000-ms presen-
tation or a microphone error). Following this, correct responses
were followed by 250 ms of blank screen. Incorrect responses and
scratch trials were followed by the messages "Incorrect" and 'Too
Slow/Mic Error," respectively, in red for 1,000 ms.

Results

Microphone errors and trials in which participants failed to
respond were deleted from the analyses (approximately 5% of the
data). For RTs, only correct responses for the colour word target
trials were analysed. As with the previous experiment, all tests
were two-tailed. No violations of normality were found in this
experiment.

RTs. A planned comparison revealed that participants were
faster to identify colour words preceded by incongruent colour
associates (e.g., banana-green; 536 ms) than those preceded by
neutral words (e.g., knot-pink; 549 ms), i(45) = 2.124, SE^^ff =
6.0, p = .039.

Errors. There were less the 1% errors in both cells of Exper-
iment 2. Not surprisingly then, there were no significant effects of
priming (i < 1).

Discussion

The results of Experiment 2 demonstrate that the use of an
identification type response did not lead to an interference effect.
Incongruent prime stimuli (e.g., banana) still facilitated identifi-
cation of colour words (e.g., green) in a lexical decision-like
design in which all words were presented only once in the course
ofthe experiment. Thus, like the previous experiment, these results
argue against an inhibition-based account of semantic processing,
in which competition between colours should have slowed re-
sponse activation for incongruent relative to neutral trials. A
facilitation-based account, however, can explain this effect as an
incongruent prime serves to semantically facilitate the correct
colour concept.

Experiment 3

Yet another explanation for the difference between Stroop and
lexical decision effects is that there is something special about the
use of repeated stimuli. As noted in the introduction, in the typical
Stroop task, a small set of stimuli is repeated multiple times
throughout the experiment (e.g., four colour words are presented in
four colours 20 times each). This is unlike the typical lexical
decision experiment (and both Experiments 1 and 2), in which
every word appears only once for each participant. Thus, in the
Stroop-type design, participants may be leaming the finite set of
possible stimuli and responses via repeated exposure and creating
a "response set" strategy. On this account, interference is a by-
product of this strategy. Competition between potential responses
may only be possible within this response set. If this claim is true,
then Stroop-like interference might be observed in a lexical deci-
sion task when a small set of stimuli is repeated often.

On the other hand, although the repetition of a small set of
stimuli may play an important role in producing interference, an
identification response might still be required. It does not really
matter whether multiple potential concepts are activated during
lexical decision because semantic activation of any concept indi-
cates that a word has been presented. Thus, there should be no
competition. In identification, however, a specific target has to be
selected (e.g., either blue or rerf)- It could be that interference only
occurs when there is a small set of targets and an identification
response is required. Perhaps when all words are novel, the primes
will simply never get activated enough to compete. When words
are repeated continuously, however, their resting activation is high
and they can therefore get through to the response system and
compete with the target (especially if the target is related in
meaning to the prime, causing the prime word to become even
more activated). In addition, participants might be lowering their
threshold for selecting one of the response set targets, making it
even more likely that the prime will get through to the response
system along with the target. The goal of Experiment 3 was
therefore to assess whether repeating incongruent primes from a
small stimulus set interfere with or facilitate lexical decisions. As
with the previous experiments, an inhibition-based account of
semantic processing does not predict facilitation, as the competi-
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tion between the incongruent prime and colour target will slow
identification of the target. In contrast, a facilitation account again
predicts facilitative effects.

Method

Participants. Ninety-two undergraduates from the University
of Waterloo completed Experiment 3 in exchange for course
credit. None had participated in Experiments 1 or 2.

Apparatus. The apparatus for Experiment 3 was identical in
all respects to that for Experiment 1.

Materials and design. In this experiment, there were four
colour prime words (blue, green, red, yellow), four unrelated prime
words (move, slide, win, hidden), four colour target words (blue,
green, red, yellow), and four nonword targets (bleen, grue, rellow,
yed). In each of three blocks, each of the eight primes was
presented once with each target in random order, for a total of 192
trials (64 trials/block). Unrelated prime words were matched for
length with the colour primes. Nonword targets were rearrange-
ments of the colour names (e.g., bleen takes the first letters from
blue and the last letters from green). This was done such that
participants could not identify the colour words based on individ-
ual letters (e.g., if blue was the only target that started with the
letter b). All words were presented in lowercase, bold, 18-point
Courier New font. This design created incongruent prime trials
(blue-red), neutral prime trials (move-red), and congruent prime
trials (red-red).

Procedure. The procedure for Experiment 3 was identical to
that for Experiment 1 with the following exceptions: Participants
pressed they key for words and the/key for nonwords. The prime
word was presented for 200 ms (rather than 150 ms), followed by
a blank screen for 50 ms (rather than 100 ms).

Results

Trials in which participants failed to respond were not included
in analyses (less than 1% of the data) and only correct responses
were used in the RT analyses. For each participant in each cell of
the design, RTs greater than 2.5 standard deviations from the mean
were excluded (less than 3% of the data; note that a similar
procedure was not used in the previous experiments because there
were so few observations per cell). Statistical tests were again
two-tailed. No violations of normality were found in this experi-
ment.

RTs. Planned comparisons revealed that participants were
faster to identify colour words preceded by congruent colour
words (573 ms) than those preceded by incongruent colour words
(599 ms), i(91) = 4.533, SE^^e = 6.0, p < .001, and those
preceded by neutral words (607 ms), i(91) = 4.837, SEa.,ff = 6.0,
p < .001. More critically, participants were faster in the incon-
gruent condition relative to the neutral condition, i(91) = 2.318,
5£diff = 3.0, p = .023.

Errors. Consistent with the RTs, planned comparisons re-
vealed that participants made significantly fewer errors in the
congruent condition (3.2%) than in the incongruent condition
(4.9%), t(9l) = 2.313, 5£diff = 0.8, p = .023, and marginally
fewer errors than in the neutral condition (4.4%), i(91) = 1.881,
SEaiff = 0.6, p = .063. There was no difference in errors between
the incongment and neutral conditions, i(91) = 1.011, SE^iff =
0.5, p = .315.

Discussion

The results of Experiment 3 demonstrate that repetition of a
small set of stimuli is not sufficient to produce interference.
Incongruent primes still facilitate performance in lexical decision
relative to neutral primes even when the task design is identical to
a word-word Stroop task save for the type of response participants
have to make. Yet again, an inhibition-based account of semantic
processing cannot explain this finding. Competition between in-
congruent stimuli could only serve to slow responding. A facili-
tation account, however, can explain such priming.

Experiment 4

So far, all three of our experiments have observed facilitative
effects of incongruent stimuli on responding. We propose that
interference only occurs when there is a small, finite set of target
stimuli and an identification response is required. Experiment 4
was run to meet those conditions. Although very similar word-
word tasks have produced interference in the context of identifi-
cation responses (M. O. Glaser & Glaser, 1982; W. R. Glaser &
Glaser, 1989), we wanted to ensure that there was nothing peculiar
about our particular methodology that was producing facilitation.
An inhibition account of semantic processing will, of course, again
predict interference effects. A facilitation account also predicts
interference effects. The semantic facilitation between incongment
primes and target colours will lead to there being two highly
activated responses at the response stage, thus resulting in in-
creased response competition.

Method

Participants. Twenty undergraduates from Ghent University
completed Experiment 4 in exchange for course credit.

Apparatus. The apparatus for Experiment 4 was identical in
all respects to that for Experiment 1, except that an AZERTY
keyboard was used.

Materials and design. The materials and design for Experi-
ment 4 were identical in all respects to those for Experiment 3 with
the following exceptions: There were no nonword trials. Stimulus
target words were in Dutch (blauw [blue], groen [green], rood
[red], geel [yellow]), and four new neutral Dutch words were used
(nieuw [new], maken [to make], lang [long], zijn [to be]).

Procedure. The procedure for Experiment 4 was identical in
all respects to that for Experiment 1 with the following exceptions:
Responses were made by pressing the D, F, J, and K keys,
respectively, for blue, green, red, and yellow. The prime and
following blank screen durations were the same as Experiment 3.

Results

Trials in which participants failed to respond were not included
in analyses (less than 1% of the data) and only correct responses
were used in the response latency analyses. Statistical tests were
again two-tailed. No violations of normality were found in this
experiment.

RTs. Planned comparisons revealed that participants were
faster to identify colour words preceded by congment colour
words (663 ms) than those preceded by incongment colour words
(779 ms), i(19) = 6.845, SE^iff = 17.0, p < .001, and those
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preceded by neutral words (712 ms), i(19) = 3.993, SE¿iff = 12.0,
p < .001. More critically, participants were slower in the incon-
gruent condition relative to the neutral condition, i(19) = 6.457,
SEa;f{= m.O,p< .001.

Errors. Planned comparisons revealed that participants made
marginally fewer errors in the congment condition (8.0%) than in
the incongruent condition (10.9%), i(19) = 2.015, SE^^ff = 1.4,
p = .058. There was no difference between the congruent and
neutral conditions (7.6%), i(19) = 0.316, SE^-^ff = 1.4, p = .756.
Critically, participants made significantly more errors in the in-
congruent relative to neutral condition, i(19) = 2.428, SE¿;ff = 1.4,
p = .025, consistent with the RTs.

Discussion

The results of Experiment 4 demonstrate that incongruent colour
words interfere with colour identification in a word-word Stroop
task. This experiment helps to relieve concems that there may have
been something unusual about our particular procedure that pro-
duced the facilitation effects reported in the first three experiments.
Instead, the results lend further credence to our suggestion that
interference only occurs when there is a small set of repeated
stimuli and the task requires target identification. If the task is
lexical decision (Experiments 1 and 3) or the set size is large
(Experiments 1 and 2), then facilitation occurs. This constellation
of results is only interpretable by a facilitation-based account of
semantic processing. An inhibition account of semantic-level pro-
cessing predicts interference.

Experiment 5

Experiment 4 demonstrated that an interference effect is ob-
served in identification when a small stimulus and response set are
used. An interesting question that Experiment 4 did not answer,
however, is whether it is the size of the target stimulus and
(corresponding) response set that is most crucial or whether the set
size of the distracting stimulus set is most important. To answer
this question. Experiment 5 used a small set of repeating target
stimuli and a large set of distracting stimuli. On the one hand, one
might argue based on a semantic facilitation account that distrac-
tors from a large stimulus set may not be primed enough to
interfere but will cause semantic facilitation. Thus, incongruent
stimuli might nevertheless produce a facilitation effect relative to
controls despite the small response set. We think it more likely,
however, that response interference is the result of a small re-
sponse set. That is, incongruent stimuli will semantically facilitate
both the target and its (highly primed) competitors, leading to
greater conflict at the response stage of processing. If so, then
interference will be observed for incongruent distractors.

Method

Participants. Twenty-two undergraduates from Ghent Uni-
versity completed Experiment 5 in exchange for €4.

Apparatus. The apparatus for Experiment 5 was identical in
all respects to that for Experiment 4.

Materials and design. In this experiment, there were four
Dutch colour word targets (groen [green], blauw [blue], bruin
[brown], paars [purple]). Four neutral primes were used in the

practice trials (snel [fast], kijken [look], cadeau [gift], schrijver
[writer]). Each neutral prime was randomly presented twice with
each colour word target, for a total of 32 practice trials. Following
practice, the same four colour word targets were presented with
incongruent colour word primes or neutral primes. There were a
total of 28 incongruent primes and 28 word fi-equency and letter
length matched neutral primes (see Appendix for the stimuli).
Seven of each prime type were assigned to each colour. There were
four blocks of trials. In each block, two colour word targets were
presented four times with an incongruent prime and three times
with a neutral prime, and the other two colour word targets were
presented three times with incongruent and four times with neutral.
This is because the target was presented either with the incongm-
ent prime or the word frequency/letter length matched neutral
prime. In Blocks 1 and 4, the same primes were used. In Blocks 2
and 3, the remaining primes were used. Blocks were randomized
and consisted of 28 trials each, for a total of 112. All words were
presented in lowercase, bold, 18-point Courier New font.

Procedure. The procedure for Experiment 5 was identical in
all respects to that for Experiment 4 with the following exceptions:
Responses were made by pressing the D, F, J, and K keys, respec-
tively, for green, blue, brown, and purple. The prime and following
blank screen durations were the same as in Experiment 4.

Results

Trials in which participants failed to respond were not included
in analyses (less than 1% of the data) and only correct responses
were used in the RT analyses. Statistical tests were again two-
tailed. No violations of normality were found in this experiment.

RTs. A planned comparison revealed that participants were
slower in the incongruent condition (679 ms) relative to the neutral
condition (650 ms), /(20) = 3.992, SE^ift = 7.0, p < .001.

Errors. Although consistent in direction with the RTs, there
was no significant difference between incongruent (6.2%) and
neutral trials (5.7%), i(20) = 0.731, SEa¡(( = 0.7, p = .473.

Discussion

Similar to Experiment 4, Experiment 5 revealed a significant
impairment of performance on incongruent relative to neutral
trials. That is, participants were significantly slower to identify an
incongruently primed colour word than a neutrally primed one.
This result shows that even with a large set of distractors, a small
response set will lead to interference when an identification re-
sponse is required. This result is explainable in terms of either
semantic-level facilitation or semantic-level inhibition.

General Discussion

In the series of experiments presented here, we set out to resolve
a conundrum: Why does the word black slow identification of blue
print in the Stroop task, but speed a lexicality judgment ofthe word
blue in the lexical decision task? Experiments 1 and 2 demon-
strated that there is nothing special about the category of colour
because incongruent colour associates facilitated lexical decisions
and reading aloud of colour words. Of course, we used colour
words rather than colour per se, but this is not a critical difference
given that colour-word Stroop interference effects generalise to
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the word-word version of the Stroop task (e.g.. Experiment 4;
M. O. Glaser & Glaser, 1982; W. R. Glaser & Glaser, 1989), along
with a host of similar paradigms (e.g., picture-word Stroop,
global-local Stroop, etc.). Experiments 2 and 3 demonstrated,
respectively, that neither the identification response type nor the
use of repeated words alone can explain why interference is
observed in the Stroop task, given that both of these manipulations
still resulted in response time facilitation for incongment primes
relative to neutral primes. Interference occurred only in Experi-
ments 4 and 5, in which both a small response set and an identi-
fication response were used.

The facilitative effects of incongment associates and colour
words observed in the first three experiments are not consistent
with a semantic inhibition account. In lexical decision, for in-
stance, a colour word target, a neutral prime, and an incongment
colour word all promote a word response. Therefore, the only
difference between an incongment and neutral prime according to
an inhibition-based model is that an incongment prime will inhibit
activation of the target colour, and vice versa. As a result of this
semantic competition, lexical decision will be impaired. That is,
the colour target and colour distractor pass on evidence to the
response stage at a slower rate because of the semantic competition
between the two. A neutral word, in contrast, will not lead to such
confiict (or certainly not to the same degree). We therefore do not

see how an inhibition account of semantic processing can produce
a facilitative effect of incongment relative to neutral stimuli. The
same is tme for the finding of facilitation in identification with a
large set size (Experiment 3). Semantic inhibition should only slow
identification of the target, not speed it.

Our results suggest, instead, that the connections between con-
cepts in semantic memory are facilitative in nature, not inhibitory.
Concepts activate other related concepts via spreading activation
(Collins & Loftus, 1975; McNamara, 2005; Neely, 1977; Neely &
Kahan, 2001; Quillian, 1967). In other words, colour words and
associates facilitate semantic processing of incongment colours. It
might be the case that interference only occurs later at the response
selection stage. As shown in Figure 1, this will not lead to confiict
in lexical decision because two colour words, even if incongment,
are both words and both therefore indicate the same word re-
sponse. In identification, however, incongment words indicate
different responses (e.g., a red vs. blue response), which results in
competition.

It is also possible, however, that no interference exists at all. It
could altematively be the case that a response is selected only
when it exceeds the activation of all other competitors by a certain
degree (Luce's choice mle; Luce, 1959; see also, Ratcliff, 1978).
The distractor and target colour words facilitate each other and
work toward the same word response in lexical decision, thus

a) Lexical Decision

RED-BLUE

b) Identification

RED-BLUE

red response

Figure 1. Stimulus processing with facilitative semantic connections only in (a) lexical decision and (b)
identification. Response codes can compete only if identification of the specific target is necessary.
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producing facilitation relative to neutral. In contrast, incongruent
stimuli activate two competing responses in Stroop, thus leading to
a lengthening of time to decide between the two options. For
instance, although red might facilitate blue semanticaUy, the de-
cision between the two takes longer given that both potential
responses become highly active because of earlier semantic facil-
itation. With a larger set size (e.g.. Experiment 2), the distractor
(e.g., red) might not be active enough to affect the decision
criterion for the correct (e.g., blue) response very much, but it
might be active enough to facilitate blue semanticaUy. Thus, the
semantic facilitation outweighs the cost of having two activated
potential responses.

There are other potential explanations for effects of set size. For
instance, in the tectonic theory of Melara and Algom (2003),
Stroop response decisions are based on the evidence for each of the
potential responses. Evidence for a given response is divided by
evidence for other responses (much like Luce's choice rule),
meaning that it will take longer to select the correct response the
more active the competitors are. First, facilitation between incon-
gruent semantic concepts would lead to more such competition,
thus providing a good explanation for a difference between incon-
gruent and neutral stimuli. Second, such a decision mechanism
might be usable only by the cognitive system when there is a finite
set of potential responses to consider. When every single trial
involves a new distractor and new target (e.g.. Experiments 1 and
2), then the cognitive system may not apply such a decision
mechanism as a result of the fact that it learns that the response for
all of the past trials cannot be the response for the current trial. As
a result, decisions in large response set experiments may simply be
based on a "horse race" to the finish. In other words, incongruent
trials might still provide two strongly activated potential responses
(i.e., due to semantic facilitation earlier on), but this will not lead
to response competition (i.e., because evidence for the colour
response is not being divided by evidence for the word response).
More generally, the cognitive mechanisms that lead to response
competition (whatever they are) might engage only when a small
set of highly primed responses is being repeatedly used.

Our suggestion that all semantic connections are facilitative is
certainly not typical, as many models rely on inhibitory connec-
tions. For instance, in the interactive activation framework, con-
nections within a given level are competitive (McClelland &
Rumelhart, 1981), including semantics (e.g., McClelland, 1987).
As well, formal models of the Stroop effect typically rely on
inhibitory connections (e.g., Botvinick, Braver, Barch, Carter, &
Cohen, 2001; Zhang, Zhang, & Komblum, 1999). As a slight
variant, some accounts suggest that a top-down inhibitory mech-
anism dampens activation of concepts that are closely related to
the target (e.g., Dagenbach & Carr, 1994). Although atypical, not
only is a solution based on facilitation more efficient computation-
ally (only related concepts need to be connected, whereas in an
inhibition-based model, every single semantic concept needs to be
connected to every other semantic concept, which would require
approximately 200 million connections in a vocabulary of 20,000
words), but it also seems more reasonable (and biologically plau-
sible) to assume that related concepts should be connected in a
facilitative manner and that unrelated concepts should not be
connected at all.

Note that it is not being argued that other models of Stroop
performance have everything wrong. We still assume that conflict

occurs during response selection and a wide array of Stroop
models can help explain this response conflict. Rather, our goal
here is merely to suggest a modification to extant theories of
Stroop performance. Specifically, we suggest that during semantic
processing (which is not even modelled in many accounts) there
should be facilitative links between related concepts. Direct asso-
ciates, such as the various colours, should have facilitative con-
nections. Similarly, indirect associates, such as colour associates,
should have facilitative connections to their related colours (which
are then connected to the other colours). These connections help
exacerbate later response conflict and can be included in any of the
major models of Stroop performance. In other words, we point out
that interference effects do not necessarily imply purely inhibitory
mechanisms.

On a less theoretical level, the present experiments provide useful
information about the task differences that aUow for facilitation in
some contexts and interference in other contexts. SpecificaUy, we
identified response type (e.g., lexical decision vs. identification) and
response set size (i.e., large vs. smaU) as two key factors. Semantic
relationships, even if "incongruent," seem to facilitate performance in
all cases when lexical decision is required. This is likely due to the
fact that incongruent stimuli do not indicate a conflict response (i.e.,
because they are also words). In identification, however, conflict is
sometimes possible, likely due to the fact that response conflict can
occur when the target and distractor suggest different responses. This
finding helps resolve the opposite results obtained for semanticaUy
related distractors in lexical decision and Stroop. Set size also seems
to be important. Interference seems to occur only when a smaU set of
repeated responses is required. This latter finding helps to resolve the
difference in direction between semantic priming and Stroop effects
in reading-aloud experiments. The final experiment in the present
paper further shows that it appears to be the response set size that is
truly critical, rather than the distractor set size. Further research
investigating such structural differences between various cognitive
paradigms is certainly welcome. Our view is that such comparisons
can be highly informative for the development of deeper theoretical
issues, as we have tried to argue with our contrasting predictions of
semantic facilitation versus inhibition accounts.

In conclusion, the present experiments present preliminary evi-
dence for a spreading activation (or semantic overiap in semantic
feature space) model of semantics with facilitative connections only.
Stroop-like response competition, according to this account, occurs
only when multiple competing responses are generated. This situation
arises, according to our analysis, only when responses are highly
primed via repeated presentation and, in addition, participants are
required to identify the exact target stimulus (e.g., rather than just
indicate that it is a word). On a more general level, we aimed to
highlight some of the important structural differences between Stroop
and lexical decision experiments that may be useful to consider when
developing theoretical accounts of such effects. The present work may
serve to inspire further cross-paradigm research so as to better inte-
grate our often-fragmented discipline.

Résumé

II a été largement démontré que les mots amorces apparentés
facilitent le traitement de la cible dans la décision lexicale (par ex.,
médecin facilite infirmière), mais qu'ils nuisent au traitement de la
cible dans la tâche de Stroop (par ex., le mot bleu ralentit le temps
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requis pour la désignation de la couleur rouge). Cinq expériences
ont été réalisées pour explorer les explications possibles de ces
différences. Dans les Expériences 1 et 2, tous les stimuli étaient
nouveaux (comme dans une tâche de décision lexicale typique).
Les participants ont mis moins de temps à prendre à la fois des
décisions lexicales et à lire les noms de couleur à haute voix qui
étaient précédés d'amorces incongmes (par ex., bananes) compara-
tivement à des amorces neutres (par ex., nœud). On a présenté à
répétition, dans le cadre des Expériences 3 et 4, une petite série de
stimuli (comme c'est typiquement le cas dans un test de Stroop).
Les mots de couleur incongms ont facilité les décisions lexicales
concemant les mots de couleur cibles, mais ont nui à leur recon-
naissance (la lecture à haute voix). L'Expérience 5 a permis de
confirmer l'interférence dans le processus de reconnaissance lor-
sque la taille de la série de distracteurs est grande, mais que la série
de cibles-/réponses est petite. Ces résultats suggèrent que les
relations sémantiques sont uniquement facilitantes et que
l'interférence dans la réponse survient seulement en présence
d'une série restreinte de réponses répétées et lorsqu'est requise la
reconnaissance (plutôt qu'une décision lexicale). Est ensuite dis-
cuté brièvement le problème plus général de la fragmentation de la
recherche.

Mots-clés : Stroop, décision lexicale, facilitation, inhibition, tâches
différentes.

References

Angwin, A. J., Chenery, H. J., Copland, D. A., Amott, W. L., Murdoch,
B. E., & Silbum, P. A. (2004). Dopamine and semantic activation: An
investigation of masked direct and indirect priming. Joumal of the
International Neuropsychological Society, 10, 15-25. doi:10.1017/
S1355617704101033

Besner, D., Davelaar, E., Alcott, D., & Parry, P. (1984). Wholistic reading
of alphabetic priming: Evidence from the FDM and the FBI. In L.
Henderson (Ed.), Orthographies and reading: Perspectives from cogni-
tive psychology, neuropsychology, and linguistics (pp. 121-135). Hills-
dale, NJ: Erlbaum.

Besner, D., & Smith, M. C. (1992). Models of visual word recognition:
When obscuring the stimulus yields a clearer view. Joumal of Experi-
mental Psychology: Leaming, Memory, and Cognition, 18, 468-482.
doi: 10.1037/0278-7393.18.3.468

Borowsky, R., & Besner, D. (1991). Visual word recognition across
orthographies: On the interaction between context and degradation.
Joumal of Experimental Psychology: Leaming, Memory, and Cogni-
tion, 17, 272-276. doi:10.1037/0278-7393.17.2.272

Borowsky, R., & Besner, D. (1993). Visual word recognition: A multistage
activation model. Joumal of Experimental Psychology: Leaming, Mem-
ory, and Cognition, 19, 813-840. doi:10.1037/0278-7393.19.4.813

Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen, J. D.
(2001). Conflict monitoring and cognitive control. Psychological Re-
view, 108, 624-652. doi: 10.1037/0033-295X. 108.3.624

Chiarello, C , & Richards, L. (1992). Another look at categorical priming
in the cerebral hemispheres. Neuropsychologia, 30, 381-392. doi:
10.1016/0028-3932(92)90111 -X

Collins, A. M., & Loftus, E. F. (1975). A spreading activation theory of
semantic processing. Psychological Review, 82, 407-428. doi:10.1037/
0033-295X.82.6.407

Coltheart, M., Rastle, K., Perry, C , Langdon, R., & Ziegler, J. (2001).
DRC: A dual route cascaded model of visual word recognition and
reading aloud. Psychological Review, 108, 204-256. doi:10.1037/0033-
295X. 108.1.204

Dagenbach, D., & Carr, T. H. (1994). Inhibitory processes in perceptual
recognition: Evidence for a center-surround attentional mechanism. In
D. Dagenbach & T. H. Carr (Eds.), Inhibitory processes in attention,
memory, and language (pp. 327-357). San Diego, CA: Academic Press.

Dalrymple-Alford, E. C , & Budayr, B. (1966). Examination of some
aspects of the Stroop Color-Word Test. Perceptual and Motor Skills, 23,
1211-1214. doi:10.2466/pms.l966.23.3fl211

Glaser, M. O., & Glaser, W. R. (1982). Time course analysis of the Stroop
phenomenon. Joumal of Experimental Psychology: Human Perception
and Performance, 8, 875-894. doi:10.1037/0096-1523.8.6.875

Glaser, W. R., & Glaser., M. O. (1989). Context effects in Stroop-like
picture and word processing. Joumal of Experimental Psychology: Gen-
eral, ¡18, 13-42. doi:10.1037/0096-3445.118.1.13

Grainger, J., & Jacobs, A. M. (1996). Orthographic processing in visual
word recognition: A multiple read-out model. Psychological Review,
103, 518-565. doi:10.1037/0033-295X.103.3.518

Klein, G. S. (1964). Semantic power as measured through the interference
of words with color-naming. American Joumal of Psychology, 77,
576-588. doi: 10.2307/1420768

Klopfer, D. S. (1996). Stroop interference and color-word similarity.
Psychological Science, 7, 150-157. doi:10.1111/j.1467-9280.1996
.tbOO348.x

Koriat, A. (1981). Semantic facilitation in lexical decision as a function of
prime-target association. Memory & Cognition, 9, 587-598. doi:
10.3758/BF03202353

Logan, G. D., & Zbrodoff, N. J. (1979). When it helps to be misled:
Facilitative effects of increasing the frequency of conflicting stimuli in
a Stroop-like task. Memory & Cognition, 7, 166-174. doi:10.3758/
BF03197535

Luce, R. D. (1959). Individual choice behavior: A theoretical analysis.
New York, NY: Wiley.

Luo, C. R. (1999). Semantic competition as the basis of Stroop interfer-
ence: Evidence from color-word matching tasks. Psychological Science,
10, 35-40. doi:10.1111/1467-9280.00103

Lupker, S. J. (1984). Semantic priming without association: A second look.
Joumal of Verbal Leaming and Verbal Behavior, 23, 709-733. doi:
10.1016/S0022-5371 (84)90434-1

MacLeod, C. M. (1991). Half a century of research on the Stroop effect: An
integrative review. Psychological Bulletin, 109, 163-203. doi:10.1037/
0033-2909.109.2.163

Majeres, R. L. (1974). The combined effects of stimulus and response
conditions on the delay in identifying the print color of words. Joumal
of Experimental Psychology, 102, 868-874. doi:10.1037/h0036333

Manwell, L. A., Roberts, M. A., & Besner, D. (2004). Single letter coloring
and spatial cuing eliminates a semantic contribution to the Stroop effect.
Psychonomic Bulletin & Review, 11, 458-462. doi: 10.3758/
BF03196595

McClelland, J. L. (1987). The case for interactionism in language process-
ing. Attention and Performance, 12, 3—36.

McClelland, J. L., & Rumelhart, D. E. (1981). An interaction activation
model of context effects in letter perception: Part 1. An account of basic
findings. Psychological Review, 88, 375-407. doi:10.1037/0033-295X
.88.5.375

McNamara, T. P. (2005). Semantic priming: Perspectives from memory
and word recognition. New York, NY: Psychology Press, doi: 10.4324/
9780203338001

McNamara, T. P., & Altarriba, J. (1988). Depth of spreading activation
revisited: Semantic mediated priming occurs in lexical decisions. Jour-
nal of Memory and Language, 27, 545-559. doi:10.1016/0749-
596X(88)90025-3

Melara, R. D., & Algom, D. (2003). Driven by information: A tectonic
theory of Stroop effects. Psychological Review, 110, 422-471.

Neely, J. H. (1977). Semantic priming and retrieval from lexical memory:
Roles of inhibitionless spreading activation and limited capacity atten-



YOU CAN'T STROOP A LEXICAL DECISION 139

tion. Journal of Experimental Psychology: General, 106, 226-254.
doi: 10.1037/0096-3445.106.3.226

Neely, J. H. (1991). Semantic priming effects in visual word recognition:
A selective review of current findings and theories. In D. Besner &
G. W. Humphreys (Eds.), Basic processes in reading: Visual word
recognition (pp. 264-336). Hillsdale, NI: Erlbaum.

Neely, I. H., & Kahan, T. A. (2001). Is semantic activation automatic? A
critical réévaluation. In H. L. Roediger, ni, J. S. Naime, I. Neath, &
A. M. Surprenant (Eds.), The nature of remembering: Essays in honor of
Robert G. Crowder Science conference series (pp. 69-93). Washington,
DC: American Psychological Association.

Nelson, D. L., McEvoy, C. L., & Schreiber, T. A. (1998). The University
of South Florida word association, rhyme, and word fragment norms.
Retrieved form http://www.usf.edu/FreeAssociation/

Posner, M. I., & Snyder, C. R. R. (1975). Attention and cognitive control.
In R. L. Solso (Ed.), Information processing and cognition: The Loyola
Symposium (pp. 55-85). Hillsdale, NI: Erlbaum.

Psychology Software Tools. (2002). E-Prime [Computer softviiare]. Avail-
able from http://www.pst-net.com/

Quillian, M. R. (1967). Word concepts: A theory and simulation of some
basic semantic capabilities. Behavioral Science, 12, 410-430. doi:
10.1002/bs.3830120511

Ratcliff, R. (1978). A theory of memory retrieval. Psychological Review,
85, 59-108. doi:10.1037/0033-295X.85.2.59

Risko, E. F., Schmidt, I. R., & Besner, D. (2006). Filling a gap in the
semantic gradient: Color associates and response set effects in the Stroop
task. Psychonomic Bulletin & Review, 13, 310-315. doi:10.3758/
BF03193849

Schmidt, I. R., & Besner, D. (2008). The Stroop effect: Why proportion
congruent has nothing to do with congruency and everything to do with

contingency. Joumal of Experimental Psychology: Leaming, Memory,
and Cognition, 34, 514-523. doi:10.1037/0278-7393.34.3.514

Schmidt, I. R., & Cheesman, I. (2005). Dissociating stimulus-stimulus and
response-response effects in the Stroop task. Canadian Joumal of
Experimental Psychology, 59, 132-138. doi:10.1037/h0087468

Schmidt, I. R., & Cheesman, I. (2012). The Erlksen fianker task: Semantic
facilitation, semantic interference, and response competition. Manu-
script submitted for publication.

Seidenberg, M. S., Waters, G. S., Sanders, M., & Langer, P. (1984). Pre-
and postlexical loci of contextual effects on word recognition. Memory
& Cognition, 12, 315-328. doi:10.3758/BF03198291

Sichel, J. L., & Chandler, K. A. (1969). The color-word interference
test: The effects of varied color-word combinations upon verbal
response latency. Joumal of Psychology: Interdisciplinary and Applied,
72, 219-231.

Stirling, N. (1979). Stroop interference: An input and an output phenom-
enon. Quarterly Joumal of Experimental Psychology, 31, 121-132.
doi:10.1080/14640747908400712

Stroop, I. R. (1935). Studies of interference in serial verbal reactions.
Journal of Experimental Psychology, 18, 643-662. doi: 10.1037/
h0054651

Thomas, M. A., Neely, I. H., & O'Connor, P. (2012). When word identi-
fication gets tough, retrospective semantic processing comes to the
rescue. Joumal of Memory and Language, 66, 623-643. doi:10.1016/j
.jml.2012.02.002

Zhang, H., Zhang, I., & Kornblum, S. (1999). A parallel distributed
processing model of stimulus-stimulus and stimulus-response compat-
ibility. Cognitive Psychology, 38, 386-432. doi:10.1006/cogp.l998
.0703

Appendix

Stimulus Lists

Stimuli for Experiments 1 and 2

Colour word targets, black, brown, gold, green, lime, pearl,

purple, ruby, tan, white, ivory, silver, violet, yellow, blue, cinna-

mon, grey, orange, pink, red

Colour associate primes, coal, brunette, jewelry, plants,

lemon, necklace, grape, sapphire, sun, pale, tusk, tarnish, roses,

baruxna, sky, spice, matter, juice, panther, beet

Neutral primes, wood, camel, Thursday, rake. Mercury, vi-

sion. Mars, moccasins, knot, oak

Stimuli for Experiment 5

Incongruent colour word primes, cyan, oker, magenta,

scharlaken, zwart, zilver, beige, lila, roze, sepia, rood, oranje,

mauve, amber, bordeaux, wit, fuchsia, violet, geel, turkoois, grijs,

indigo, smaragden, purper, framboos, sienna, kaki, vermiljoen

(English: cyan, ocher, magenta, scarlet, black, silver, beige, lilac,

pink, sepia, red, orange, mauve, amber, burgundy, white, fuchsia,

violet, yellow, turquoise, gray, indigo, emerald, purple, raspberry,

sienna, khaki, vermilion)

Neutral word primes, vleug, rune, uitvoer, afwikkelen, adres,

Schild, adieu, piep, merk, sprot, roep, zinken, rabat, genot, stoor-

nis, lid, zijspan, janken, wijk, inlijven, naald, saluut, toepassen,

tutten, doctrine, modaal, amok, affiniteit (English: nap, mne, ex-

port, unwinding, address, shield, farewell, beep, brand, sprat, call,

sinking, rebate, enjoyment, disorder, member, sidecar, whining,

district, recmiting, needle, salute, apply, dressed up, doctrine,

modal, amok, affinity)
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