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Further evidence for the role of
mode-independent short-term associations
in spatial Simon effects
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We examined the conditions under which short-term associations between stimuli and responses
can produce spatial Simon effects. On location-relevant trials, participants gave neutral responses (i.e.,
they uttered the nonsense syllable “bee” or “b0oo”) on the basis of whether the presented word had the
meaning of “left” or “right.” On location-irrelevant trials, they gave the same responses on the basis of
the color of left and right squares. Performance on the location-irrelevant trials was affected by the
match between the irrelevant location information and the location to which the correct response was
assigned on the location-relevant trials. Experiment 1 showed that this extrinsic Simon effect was
found only when the words on the location-relevant trials came from two different languages. In Ex-
periment 2, we found an extrinsic Simon effect even when participants only received instructions about
how to respond on location-relevant trials but no such trials were actually presented. Our findings sug-
gest that task demands determine whether short-term associations are mode specific or mode inde-
pendent and confirm that such associations can be set up as the result of instructions only.

In a typical spatial Simon study, participants are asked
to press a left or right key on the basis of the color of a stim-
ulus that is presented on the left or right side of a screen.
Results consistently show that performance in such a task
is better when the irrelevant location of the stimulus corre-
sponds to the location of the correct response (e.g., press
left in response to a stimulus on the left) than when the
irrelevant location of the stimulus and that of the correct
response differ (e.g., press left in response to a stimulus on
the right). Similar results can be obtained when the
irrelevant-location information is conveyed through modes
other than physical location—for instance, when partici-
pants give spatial responses on the basis of the colors of
arrows pointing to the left or right (symbolic mode) or
the colors of words such as LEFT and RIGHT (verbal mode;
see Simon, 1990, and Lu & Proctor, 1995, for reviews).!
Spatial Simon effects are often attributed to the existence
of long-term associations between nodes that represent
the location conveyed by the stimulus on the one hand
and the location of responses on the other (see, e.g., De
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Jong, Liang, & Lauber, 1994; Kornblum, Hasbroucq, &
Osman, 1990; Zorzi & Umilta, 1995; see Hommel, 1997,
for a related proposal). Because activation can spread au-
tomatically along these associations, presenting a left
(right) stimulus will result in the activation of a left
(right) response, even when the location of the stimulus
is irrelevant to the task.

Recent evidence, however, strongly suggests that short-
term associations also have an important impact on Simon
effects. Whereas long-term associations are determined ge-
netically or have resulted from overlearning during a life-
time, short-term associations are set up quickly as the re-
sult of instructions regarding the current task (see, e.g.,
Barber & O’Leary, 1997; McClelland, McNaughton, &
O’Reilly, 1995; Tagliabue, Zorzi, Umilta, & Bassignani,
2000). The impact of these short-term associations on
Simon effects is demonstrated by studies showing that
Simon effects observed on location-irrelevant trials can
be modulated by, and even based entirely upon, associa-
tions that were created as the result of task instructions.
First, Simon effects can be eliminated or even reversed
by the addition of location-relevant trials on which par-
ticipants are asked to press a left key for right stimuli and
a right key for left stimuli (incompatible mapping). This
modulation occurs both when the location-relevant trials
are presented before the (location-irrelevant) Simon tri-
als (see, e.g., Tagliabue, Zorzi, & Umilta, 2002; Taglia-
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bue et al., 2000) and when the location-relevant and the
Simon trials are intermixed (see, e.g., Proctor & Lu,
1999; Proctor, Marble, & Vu, 2000; see Proctor & Vu,
2002, for a review). Second, De Houwer (2004) asked
participants to utter the nonsense syllable “cale” or “cole”
on the basis of the direction of arrows (i.e., left or right),
the meaning of words (i.e., LEFT or RIGHT), and the color
of squares presented left or right of the screen center.
Thus, the words and arrows were the location-relevant
stimuli and the squares were the location-irrelevant stim-
uli. Responses to squares were faster when the correct re-
sponse was associated with the same location as the ir-
relevant location of the square than when the response
was associated with a different location than the location
of the square. For instance, when participants were asked
to say “cale” in response to the word LEFT, a left arrow,
and a green square, responses to the green square were
faster when it was located on the left side of the screen
than when it was located on the right side. This demon-
strates that Simon effects can be found even with non-
spatial responses that have been associated with left or
right stimuli as the result of task instructions. Because
the stimuli and responses are related extrinsically (i.e.,
because of task instructions during the experiment)
rather than intrinsically (i.e., because of experiences be-
fore the onset of the experiment), we will refer to this
kind of effects as extrinsic Simon effects (see also De
Houwer, 2003a, 2003c).

At a theoretical level, these results imply that short-
term associations can be set up between stimulus and re-
sponse representations and that activation can spread au-
tomatically along these associations. It is, however, not
yet clear whether short-term associations are specific to
the mode (e.g., verbal, symbolic, or physical location) in
which location information is conveyed on the location-
relevant trials. On the one hand, Proctor et al. (2000)
found a modulation of Simon effects when the stimuli on
the location-relevant and -irrelevant trials were of the
same mode but not when the stimuli were of different
modes. For instance, in one of the conditions, partici-
pants were asked to press the left key in response to a
white arrow pointing to the right and the right key in
response to a white arrow pointing to the left (symbolic
location-relevant trials). In a second condition, partici-
pants pressed the left key in response to the word RIGHT
and the right key in response to the word LEFT (verbal
location-relevant trials). In both conditions, they re-
sponded also on the basis of the colors of arrows that
pointed to the left or the right (symbolic location-irrelevant
trials). A reversed Simon effect (i.e., poorer performance
when the irrelevant direction of the colored arrow corre-
sponded to the position of the correct response) was
found when arrows were presented on both the location-
relevant and the location-irrelevant trials. However, a
standard Simon effect (i.e., better performance when the
position of the colored arrow and that of the response
matched) of normal magnitude was found when words
were presented on the location-relevant trials and arrows
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on the location-irrelevant trials. Proctor et al. thus con-
cluded that short-term associations are specific to the
mode of the stimuli that are presented on the location-
relevant trials. On the other hand, in the study of De
Houwer (2004), verbal stimuli (words) and symbolic
stimuli (arrows) were presented on location-relevant tri-
als, whereas location was conveyed by physical position
on location-irrelevant trials (squares presented on the left
or right). The fact that a Simon effect was found on the
location-irrelevant trials suggests that an association was
formed between the responses and mode-independent
(e.g., semantic) representations of stimulus location.

De Houwer (2004) argued that the difference between
his results and those of Proctor et al. (2000) might be re-
lated to the nature of the stimuli on the location-relevant
trials. Whereas Proctor et al. presented only two stimuli
on the location-relevant trials (e.g., only the words LEFT
and RIGHT), De Houwer (2004) used four stimuli (i.e., the
words LEFT and RIGHT, and left and right arrows). When
there are four rather than two location-relevant stimuli, it
could be more efficient to create two mode-independent
short-term associations that involve the abstract repre-
sentations of “left” and “right” rather than four separate
short-term associations involving the perceptual repre-
sentation of each stimulus.

However, it is also possible that the findings of De
Houwer (2004) were due to the operation of mode-
specific rather than mode-independent short-term asso-
ciations. In his study, location information was conveyed
by physical position on the location-irrelevant trials and
by both verbal and symbolic information on the location-
relevant trials. Proctor et al. (2000) pointed out that sym-
bolic (i.e., direction of arrows) and physical (i.e., a
square presented on the left or right) instantiations of lo-
cation are both visuospatial in nature. As a result, infor-
mation about physical location (e.g., presentation of a
left or right square) could result in a partial activation of
mode-specific short-term associations that involve sym-
bolic representations. Therefore, the effect that De Houwer
(2004) observed might not have been based on mode-
independent short-term associations after all. If this argu-
ment is correct, one would predict that the effect would dis-
appear when only words are used on the location-relevant
trials.

We therefore further examined the role and nature of
short-term associations in Simon tasks. Experiment 1
was a replication of De Houwer (2004) except for the fact
that only verbal stimuli were presented on the location-
relevant trials. This allowed us to exclude the alternative
explanation of the results of De Houwer (2004) in terms of
partial activation of mode-specific short-term associations.
We also tested the hypothesis that mode-independent
short-term associations are more likely to operate when
each location is instantiated by more than one stimulus. In
the Dutch-only condition, only the Dutch words for
“left” and “right” were presented; mode-specific associ-
ations can be formed between the perceptual representa-
tion of these words on the one hand and the representa-



tions of the responses on the other. In the Dutch—French
condition, both the Dutch (LINKS, RECHTS) and the French
(GAUCHE, DROITE) words for “left” and “right” were pre-
sented. In this case, it would be more efficient for our
bilingual Dutch—French-speaking participants to create
mode-independent associations between the abstract, se-
mantic representations of “left” and “right” on the one
hand and the representations of response on the other. We
thus predicted that an extrinsic Simon effect would be
found only in the condition in which Dutch and French
words were presented on the location-relevant trials.

In a second experiment, we tried to obtain stronger ev-
idence for the claim that it is indeed short-term rather
than long-term associations that form the basis of ex-
trinsic Simon effects. As we pointed out earlier, it is gen-
erally assumed that long-term associations develop
slowly as a result of practice, whereas short-term asso-
ciations are set up quickly as a result of task instructions
(see, e.g., Barber & O’Leary, 1997; McClelland et al.,
1995; Tagliabue et al., 2000). Importantly, all studies
that provided evidence for the role of short-term associ-
ations included location-relevant trials on which partic-
ipants could practice the stimulus—response associa-
tions. One could argue that new long-term associations
were formed as the result of practice on location-relevant
trials and that these long-term associations were respon-
sible for the observed effects. De Houwer (2004) pointed
out that such an account is unlikely, because he found an
extrinsic Simon effect also during a practice block that
consisted exclusively of location-irrelevant trials and
that was presented after an initial practice block of only
20 location-relevant trials. However, one could still argue
that 20 location-relevant practice trials are sufficient to
establish long-term stimulus—response associations. To
rule out such potential arguments, we replicated the ex-
periment of De Houwer (2004) but now only instructed
participants on how to respond on location-relevant trials
without actually presenting such trials. If an extrinsic
Simon effect is found under these conditions, it would
provide even stronger evidence for the fact that short-
term associations can produce spatial Simon effects.

EXPERIMENT 1

Method

Participants. Twenty-nine first-year psychology students at
Ghent University took part in this experiment in exchange for
course credit. They were native Dutch speakers who were born in
Belgium (a trilingual Dutch—French—German-speaking country)
and had been taught French from primary school onward, starting
on average at the age of 10 years. Fifteen participants were ran-
domly assigned to the Dutch-only condition. The other 14 partici-
pants were assigned to the Dutch—French condition.

Stimuli and Apparatus. The blue and green squares that were
presented on the location-irrelevant trials were 9 X 9 mm. They ap-
peared 1.5 cm to the left or to the right of the screen center. On the
location-relevant trials, the Dutch and French words for “left”
(LINKS, GAUCHE) and “right” (RECHTS, DROITE) were presented at
screen center in white uppercase letters 7 mm high and 6 mm wide.
All stimuli were presented on a black background. A voice key that
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was connected to the game port of a computer registered the verbal
responses. Presentation of the stimuli and registration of the re-
sponses were controlled by an adaptation of the Turbo Pascal 5.0
program that had been used by De Houwer (2004). The program was
implemented on an IBM-compatible 486 PC with a 14-in. screen.

Procedure. The participants were tested individually in a dimly lit
room and were seated approximately 50 cm from the computer
screen. Instructions that appeared on the screen informed the par-
ticipants that words and colored squares would be presented one by
one. Their task was to utter the nonsense syllable “bee” or “boo” de-
pending on the meaning of the word or the color of the square. The
15 participants who were assigned to the Dutch-only condition were
told that the words would be the Dutch words LINKS (left) and RECHTS
(right). The other participants were assigned to the Dutch—French
condition and were told that the Dutch and French words LINKS and
GAUCHE (left), and RECHTS and DROITE (right), would be presented
one by one on the screen. Approximately half of the participants in
each condition were instructed to say “bee” to words meaning “left”
and “boo” to words meaning “right.” The reverse was true for the
other participants. Orthogonally to these manipulations, approxi-
mately half of the participants were instructed to say “bee” in re-
sponse to blue squares and “boo” in response to green squares,
whereas the color—response assignments were reversed for the other
participants. Finally, the participants were informed that incorrect
responses would be indicated by a short beep and were told that the
experiment would consist of three series of practice trials and four
series of test trials. We chose to present error feedback in order to
prevent the participants from forgetting or switching the arbitrary
stimulus-response assignments.

All the participants first completed a practice block of 20 trials
on which only words were presented. In the Dutch-only condition,
each Dutch word appeared on 10 trials. In the Dutch—French con-
dition, each of the four words was presented on five trials. During
the second practice block of 20 trials, the blue and green squares
were each presented 5 times on the left side of the screen and 5
times on the right side. A third practice block also consisted of 20
trials. These trials were the first of a series of 24 trials during which
each Dutch word was presented 6 times (Dutch-only condition) or
each Dutch word and each French word was presented 3 times
(Dutch—French condition), and each colored square was presented
3 times on the left and 3 times on the right. The final four trials of
this series were used as warm-up trials (see below). Next, two
blocks of 60 experimental trials were presented. In each block, the
two Dutch words each appeared 10 times (Dutch-only condition),
or the four words each appeared 5 times (Dutch—French condition),
whereas the green and blue squares were each presented 10 times
on the left side and 10 times on the right side. The trials within each
practice block and each experimental block were presented in a
semirandom order that was determined separately for each block
and each participant. The following restrictions applied: (1) The
stimulus could not be the same on more than two consecutive trials
and (2) the correct response could not be the same on four or more
consecutive trials. The participants could take a break for as long as
they wished after reading the instructions, after each practice block,
and after each series of 30 experimental trials. During this break,
which rarely lasted longer than 30 sec, instructions appeared on the
screen that informed the participants about whether the next series
of trials would be practice or test and about the nature of the stim-
uli that would appear during that series (i.e., words only, squares
only, or all stimuli). A warm-up trial immediately preceded each of
the four series of 30 experimental trials.

Each of the practice, warm-up, and experimental trials started
with the presentation of a fixation cross for 500 msec, immediately
followed by a stimulus that stayed on the screen until the voice key
registered a response or 3,000 msec had elapsed. The experimenter
then coded the participant’s response or entered a separate code if
the voice key did not accurately register the verbal response. If the
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response was incorrect, a 200-Hz tone was presented for 250 msec.
The next trial started 1,500 msec after the experimenter entered the
code or after the end of the feedback tone.

Results

Experimental trials. We first analyzed reaction times
(RTs) and percentage of errors on the location-irrelevant
experimental trials. Trials on which RTs were shorter
than 200 msec or longer than 2,000 msec (0.26% of all
trials) and trials on which the voice key did not accu-
rately register the response (1.85% of all trials) were ex-
cluded from the analyses. We also ignored RTs on trials
in which an incorrect response was given (3.78% of the
remaining trials). The data of 1 participant were ex-
cluded because she gave an incorrect response on 18% of
all location-irrelevant trials, which was more than three
standard deviations higher than the mean percentage of
errors of the total group. Means were submitted to analy-
ses of variance (ANOVAs) with stimulus location (square
on the left or on the right) and associated response loca-
tion (correct response was also assigned to words with
the meaning “left” or to words with the meaning “right”)
as within-subjects variables and condition (Dutch-only
or Dutch—French) as a between-subjects variable. The
data of the two conditions were then analyzed separately
using stimulus location X associated response location
ANOVAs.

The overall ANOVA of the RT data revealed a signif-
icant three-way interaction [F(1,26) = 4.64, p = .04].
The follow-up ANOVAs showed that the crucial inter-
action between stimulus location and associated re-
sponse location was significant in the Dutch—French
condition [F(1,13) = 7.11, p = .02] but not in the Dutch-
only condition (¥ < 1). Table 1 shows that RTs were
shorter when the correct response was associated with
the location at which the square was presented, but only
in the Dutch—French condition. The ANOVAs did not re-
veal any other effects (all F's < 1) except for a margin-
ally significant interaction between stimulus location
and associated response location in the overall ANOVA
[F(1,26) = 2.97, p = .10].

Table 1
Mean Reaction Time (RT, in Milliseconds) and Percentage
of Errors on Location-Irrelevant Trials of the Experimental
Phase in Experiment 1 as a Function of Stimulus Location,
Associated Response Location, and Condition

Associated Response Location
Left Right
Stimulus RT % Error RT % Error
Location M SD M SD M SD M SD

Dutch-Only Condition

Left 631 115 216 259 626 113 254 3.35
Right 621 115 250 3.80 621 115 291 3.87
Dutch—French Condition
Left 628 131 2.64 500 646 145 252 3.81
Right 652 143 727 697 624 147 3.65 4.64
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The same analyses were conducted on the error data.
In the overall analysis, neither the interaction between
stimulus location and associated response location
[F(1,26) = 2.07, p = .16] nor the three-way interaction
[F(1,26) = 2.16, p = .15] was significant. Separate
analyses showed, however, that the crucial stimulus lo-
cation X associated response location interaction was
significant in the Dutch—French condition [F(1,13) =
5.97, p = .03] but not in the Dutch-only condition
(F <'1). Table 1 shows that the pattern of results paral-
leled that of the RT data. The ANOVAs did not reveal
any other effects (all F's < 2.38) except for a main effect
of stimulus location in the overall ANOVA [F(1,26) =
5.93, p = .02] and in the analysis of the Dutch—French
condition [F(1,13) = 7.23, p = .02], and a marginally
significant interaction of stimulus location and condition
in the overall ANOVA [F(1,26) = 3.61, p = .07].

Practice trials. In accordance with De Houwer
(2004), we also analyzed the data from the second prac-
tice phase, which consisted of only 20 location-irrelevant
trials. We again excluded trials on which the RT was
shorter than 200 msec or longer than 2,000 msec (0.70%
of all trials), the voice key failed to accurately register
the response (2.60% of all trials), or an incorrect re-
sponse was given (6.93% of the remaining trials). These
data were analyzed in the same way as the data of the
location-irrelevant experimental trials.

Confirming the findings of De Houwer (2004), the over-
all ANOVA on the RT data revealed a significant inter-
action between stimulus location and associated response
location [F(1,27) = 5.52, p = .03]. RTs on location-
irrelevant trials were shorter when the irrelevant location
of the stimulus was the same as the location that was as-
sociated with the response (see Table 2). This effect, how-
ever, was not modulated by condition (F < 1). Separate
analyses showed that the interaction between stimulus lo-
cation and associated response location was significant
when only Dutch words were presented [F(1,14) = 8.22,
p = .01] but not when both Dutch and French words were
presented [F(1,13) = 1.35, p = .27]. The analyses did not
reveal any other effects (all F's < 2.38) except for a mar-
ginally significant interaction between stimulus location
and condition in the overall analysis [F(1,27) = 3.72,
p = .07].

The overall analysis of the percentage of errors on the
location-irrelevant practice trials did not reveal an inter-
action between stimulus location and associated re-
sponse location (F' < 1) but did show a marginally sig-
nificant three-way interaction [F(1,27) = 2.89, p = .10].
Separate analyses showed that the interaction between
stimulus location and associated response location was
significant neither in the Dutch-only condition [F(1,14) =
2.50, p = .14] nor in the Dutch—French condition (F < 1).
An inspection of Table 2 shows, however, that the effect
tended to be in the expected direction in the Dutch—French
condition (i.e., fewer errors when stimulus location and
associated response location matched) and in the oppo-
site direction in the Dutch-only condition (i.e., fewer er-



Table 2
Mean Reaction Time (RT, in Milliseconds) and Percentage of
Errors on Location-Irrelevant Trials of the Practice Phase in
Experiment 1 as a Function of Stimulus Location, Associated
Response Location, and Condition

Associated Response Location
Left Right
Stimulus RT % Error RT % Error
Location M SD M SD M SD M SD

Dutch-Only Condition

Left 583 128 857 1292 666 182 571 9.38
Right 594 131  0.00 0.00 578 82 429 8.52
Dutch—French Condition
Left 575 111 10.00 13.01 677 190 12.86 18.58
Right 669 197 7.14 995 676 210 429 8.52

rors when stimulus location and associated response lo-
cation differed). This suggests that the significant Simon
effect in the RT data of the Dutch-only condition could
have been due partially to a speed—accuracy tradeoff.
The analyses of the error data did not reveal any other ef-
fects (all F's < 1) except for a main effect of stimulus lo-
cation that emerged in the overall analyses [F(1,27) =
11.65, p = .002], the analysis of the Dutch-only condi-
tion [F(1,14) = 7.88, p = .01], and the analysis of the
Dutch—French condition [F(1,13) = 4.43, p = .05]. In
all three cases, more errors were made in response to
squares on the left than in response to squares on the
right (see Table 2). Note, however, that the overall analy-
sis and the analysis in the Dutch-only condition were
compromised because no errors were made in the Dutch-
only condition when the square was on the right and the
response was associated with left.

Discussion

Like De Houwer (2004), we found a clear extrinsic
Simon effect in the RT data of the experimental trials.
This replication is important not only because it attests to
the reliability of the results of De Houwer (2004), but also
because it provides stronger evidence for the existence of
mode-independent short-term associations than the orig-
inal data did. Because physical and symbolic representa-
tions of location are both visuospatial in nature, it is pos-
sible that squares on the left or right of the screen partially
activate mode-specific short-term associations that are
set up for responding to left and right arrows. Because De
Houwer (2004) presented arrows on location-relevant tri-
als, such a partial activation of mode-specific short-term
associations could have produced the Simon effect that
he observed. In the present experiment, however, only
words were presented on location-relevant trials. There-
fore, only mode-independent short-term associations
could have produced the observed Simon effect.

Moreover, the data strongly suggest that such mode-
independent associations are set up only when each lo-
cation is represented by more than one stimulus on the
location-relevant trials. In the Dutch-only condition,
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only the Dutch words for “left” and “right” were pre-
sented on the location-relevant trials, whereas in the
Dutch—French condition each location was represented
by both the Dutch word and the French word for that lo-
cation. Results showed that the extrinsic Simon effect on
the experimental trials was larger and significant only in
the Dutch—French condition. This finding clarifies why
De Houwer (2004) found evidence for mode-independent
short-term associations. As was the case in our experi-
ment, De Houwer (2004) used two location-relevant
stimuli for each location. Furthermore, the present re-
sults also suggest that people are very flexible in setting
up short-term associations. When each location is in-
stantiated by two location-relevant stimuli, it is more ef-
ficient to respond on the basis of the semantic charac-
teristics of the location-relevant stimuli. As a result,
mode-independent associations can be set up that in-
volve the abstract representations of “left” and “right.”
These associations can therefore also be activated by the
spatial properties of other stimuli even though these spa-
tial properties are irrelevant and are conveyed in a dif-
ferent mode. When each location is instantiated by only
one location-relevant stimulus, there is no need for se-
mantic processing of the location-relevant stimuli.
Rather, it suffices to have associations that involve low-
level perceptual representations (e.g., representations at
the level of letters when the correct response can be se-
lected on the basis of the first letter of the word). Such
associations are therefore mode-specific and cannot be
activated by stimuli that convey spatial information in
another mode.

During the practice trials, a significant extrinsic
Simon effect was found in RT data of the Dutch-only
condition. This suggests that mode-independent short-
term associations can operate even when there is only one
location-relevant stimulus for each location. One should
note, however, that the observed effect seemed to be at
least partially due to a speed—accuracy tradeoff. More-
over, it was clearly short-lived, given that no extrinsic
Simon effect was found during the subsequent experi-
mental trials in the Dutch-only condition. Assuming that
the effect was genuine, one could argue that it was due to
the fact that, during the instructions, all the participants
were asked to pay attention to the (abstract) meaning of
the words. At some later point in time, however, the par-
ticipants might have realized that they could also respond
on the basis of the perceptual features of the two location-
relevant words. As a result, mode-specific short-term as-
sociations that involved low-level perceptual representa-
tions could have become active. Although speculative,
this account is also in line with the idea that people are
very flexible in setting up short-term associations.

EXPERIMENT 2

The aim of our second experiment was to provide an
even more rigorous test of the hypothesis that Simon ef-
fects can be based on short-term rather than long-term
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associations. In all previous studies on the influence of
short-term associations on RT performance, participants
were not only instructed on how to respond to location-
relevant stimuli but also actually responded to such stim-
uli. One could argue that such a practice is sufficient to
create long-term associations that could produce or mod-
ulate Simon effects. In an attempt to counter such argu-
ments, we ran an experiment in which participants only
received instruction about how to respond to location-
relevant stimuli.

Method

Participants. Forty first-year psychology students at Ghent Uni-
versity took part in exchange for course credit. One of them had
participated in Experiment 1.

Stimuli, Apparatus, and Procedure. This experiment was iden-
tical to Experiment 1 except on the following points. First, only
location-irrelevant stimuli were presented. Second, at the start of the
experiment, the participants read written instructions that informed
them that the Dutch words LINKS (left) and RECHTS (right), a left and
aright arrow, and blue and green squares would appear on the screen.
They were then given instructions on how to respond to the location-
relevant (words and arrows) and location-irrelevant (squares) stimuli.
Afterward, the participants were told that the responses to the words
and arrows would be especially important. Because only very few
words and arrows would be presented, it was important not to forget
how to respond to these stimuli. Rather, they should always keep in
mind what they should do if a word or arrow appeared so that they
could react rapidly to those stimuli. Finally, the participants were
asked to take some time to memorize the stimulus—response rules.
They were told that previous research had indicated that this would
help them perform the task.

A third difference with Experiment 1 was that 8 location-irrelevant
warm-up trials were presented immediately after the instructions.
On these practice trials, each colored square was presented two
times on the left and two times on the right in the same way as in
Experiment 1. These 8 practice trials were followed immediately
by 40 experimental location-irrelevant trials on which each colored
square was presented 10 times on the left side and 10 times on the
right side of the screen (see Experiment 1).

Results and Discussion

We calculated the mean RT and percentage of errors
on the 40 experimental location-irrelevant trials. As in
Experiment 1, trials on which the RT was shorter than
200 msec or longer than 2,000 msec were excluded from
the analyses (0.38% of all trials), as were trials on which
the voice key did not accurately register the response
(3.38% of all trials). We also ignored RTs on trials on
which an incorrect response was given (2.99% of the re-
maining trials). Means were analyzed using ANOVAs
with stimulus location (square on the left or on the right)
and associated response location (correct responses were
also assigned to the word LINKS and a left arrow and to
the word RECHTS and a right arrow) as within-subjects
variables. All relevant means can be found in Table 3.

The ANOVA of the RT data revealed a significant
interaction between stimulus location and associated re-
sponse location [F(1,39) = 6.66, p = .01]. Table 3 shows
that responses were faster when the location of the stim-
ulus and the associated location of the response matched
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Table 3
Mean Reaction Time (RT, in Milliseconds) and Percentage of
Errors on Location-Irrelevant Trials of the Experimental Phase
in Experiment 2 as a Function of Stimulus Location and
Associated Response Location

Associated Response Location

Left Right
Stimulus RT % Error RT % Error
Location M SD M SD M SD M SD
Left 535 115 383 685 574 134 279 5.10
Right 560 118 2.81 5.14 558 120 244 470

than when they differed. The main effect of stimulus lo-
cation was not significant (' < 1), but the main effect of
response was [F(1,39) = 4.22, p = .05], showing that re-
sponses that were associated with “left” were emitted
more quickly than responses associated with “right.” The
ANOVA of the error data did not reveal any effects (all
Fs <1).

We again found a significant extrinsic Simon effect,
even though no location-relevant trials were presented.
This provides strong evidence for the claim that Simon ef-
fects can be based on short-term associations—that is, as-
sociations that are set up as the result of task instructions.

GENERAL DISCUSSION

Even though the spatial Simon effect has been studied
for many years, the impact of short-term associations on
this effect was recognized only recently (see, e.g., Proc-
tor et al., 2000; Tagliabue et al., 2000). We used the ex-
trinsic Simon task to examine whether such short-term
associations are mode specific or mode independent and
tried to obtain stronger evidence for the claim that it is
indeed short-term associations that underlie extrinsic
Simon effects.

In Experiment 1, the participants said “bee” or “boo”
on the basis of whether a word referred to “left” or to
“right” (location-relevant trials) and whether a left or a
right square was colored green or blue (location-irrelevant
trials). Responses were faster when the irrelevant loca-
tion of the square matched the location that was associ-
ated with the correct response (e.g., saying “bee” to a
square on the left when “bee” was also the correct response
for words with the meaning “left”). Such an extrinsic
Simon effect emerged when the Dutch and French words
for “left” and “right” were presented on the location-
relevant trials, but it was not found when only the Dutch
words were used. This result suggests that De Houwer
(2004) found evidence for mode-independent short-term
associations because he used two stimuli (i.e., a word
and an arrow) for each location on the location-relevant
trials. Moreover, the design used by De Houwer (2004)
did not exclude the possibility that the effects were due
to mode-specific associations, whereas we used an im-
proved design that eliminates this possibility.



Our data thus provide strong evidence for the claim that
short-term associations can be mode independent and
clarify the conditions under which mode-independent as-
sociations are established. We did, however, look only at
situations in which there were no long-term associations
between the responses and spatial location. In experi-
ments such as those of Proctor et al. (2000), location-
relevant stimuli were mapped on incompatible responses
(e.g., press left for right stimuli or press right for left
stimuli). In our study, on the other hand, responses (i.e.,
“bee” or “boo”) were unrelated to spatial position. One
could argue that the presence of conflicting long-term
associations encourages the formation of short-term
associations that involve mode-specific levels of repre-
sentation. If this is the case, one would never expect a
mode-independent modulation of Simon effects by an
incompatible location-relevant task, even when there is
more than one location-relevant stimulus for each loca-
tion. It thus remains to be seen whether evidence for
mode-independent associations can be found when there
are conflicting long-term associations.

The results of Experiment 2 provide strong evidence for
the claim that Simon effects can be based on short-term
associations only. In Experiment 2, the participants were
only instructed on how to respond to location-relevant tri-
als but were not actually given trials on which the loca-
tion of the stimulus was relevant. Because the participants
could therefore never practice the new location-response
mappings, it is reasonable to argue that new long-term
associations could not have formed. This strongly sug-
gests that the observed extrinsic Simon effect was due to
the operation of short-term associations that were
formed on the basis of instructions only.

Our data have clear theoretical implications. They
demonstrate more clearly than ever before that models
of the Simon effect (and other stimulus-response com-
patibility effects; see De Houwer, 2003b) should allow
for an automatic influence of short-term associations on
performance. Until now, the few models that do allow for
such an influence assume either that these associations
are mode specific (e.g., Cohen, Dunbar, & McClelland,
1990) or that they are mode independent (e.g., Zhang &
Kornblum, 1998). Our results suggest that the cognitive
system is much more flexible than that. Short-term as-
sociations can involve either mode-specific or mode-
independent representations. Whether associations are
mode specific or mode independent seems to depend on
the task demands. When it is more efficient for partici-
pants to focus on the abstract meaning of stimuli (as
is the case when each relevant location is instantiated
by several stimuli), short-term associations are mode
independent. When it is more efficient to focus on low-
level perceptual features (as is the case when there is just
one stimulus for each relevant location), short-term as-
sociations appear to be mode specific. Therefore, mod-
els need to be adjusted in such a way that they acknowl-
edge the flexible nature of short-term associations.
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NOTE

1. We thus distinguish between mode and sensory modality. Mode
refers to the form in which information is conveyed (e.g., verbal, phys-
ical, or symbolic), whereas modality refers to the sensory channel
through which the information is received (e.g., visual or auditory). The
fact that mode and modality need to be distinguished is evidenced by the
fact that, within each modality, information can be conveyed in differ-
ent modes and vice versa. For instance, presenting squares on the left or
right side of a screen conveys visual information about spatial location
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in a physical mode, whereas visually presenting the words LEFT and
RIGHT conveys visual information about spatial location in a verbal
mode. Note that Tagliabue, Zorzi, and Umilta (2002) found that the ef-
fect of short-term associations can be independent of sensory modality.
They did not, however, examine the impact of mode.

(Manuscript received June 16, 2003;
revision accepted for publication August 23, 2004.)
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