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Processing irrelevant location information:
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Left or right keypresses to a relevant stimulus dimension are faster when the stimulus location, al
though irrelevant, corresponds with that of the response than when it does not. This phenomenon,
called the Simon effect, persisted across 1,800trials of practice, although its magnitude was reduced,
Practice with the relevant stimulus dimension presented at a centered location had little influence on
the magnitude of the Simon effect when irrelevant location was varied subsequently, and practice with
location irrelevant prior to performing with location relevant slowed responses, After practice re
sponding to stimulus location with an incompatible spatial mapping, the Simon effect was reversed
(i.e, responses were slower when stimulus location corresponded with response location) when lo
cation was made irrelevant. When the response keys were labeled according to the relevant stimulus
dimension (the Hedge and Marsh [1975] task variation), this reversal from practice with a spatially in
compatible mapping was found for both the congruent and the incongruent relevant stimulus-response
mappings, Thus, task-defmed associations between stimulus location and response location affect per
formance when location is changed from relevant to irrelevant, apparently through producing auto
matic activation of the previously associated response,

The way in which the processing ofinformation changes
with practice is of central interest in the study of human
performance (see Proctor & Dutta, 1995, for a review),
This issue has been investigated in a variety of tasks, in
cluding but not limited to visual search and memory search
(e.g. Shiffrin & Schneider, 1977), lexical decision (e.g,
Logan, 1990), problem solving (e.g., Carlson, Khoo,
Yaure, & Schneider, 1990), and sequence learning (e.g.,
Cohen, Ivry, & Keele, 1990). In different tasks, practice has
been shown to promote (l) perceptual unitization of
features and forms (see, e.g., Pellegrino, Doane, Fischer,
& Alderton, 1991), (2) strengthening of stimulus-to
interpretation associations (e.g., associations of stimuli
to word and nonword categories in lexical decision tasks;
Logan, 1990), (3) development oftime-sharing skill (see,
e.g. Gopher, Brickner, & Navon, 1982), (4) incidental
learning of sequential structure (see, e.g., Cohen et al.,
1990), and (5) speedup ofcomponent problem-solving pro
cesses (see, e.g. Carlson et al., 1990), among other things,
In general, the benefits ofpractice have been found to be
relatively specific to the items practiced and the conditions
under which they were practiced (see, e.g., Healy &
Bourne, 1995; Logan, 1990) but not to the physical re
sponses that were made (see, e.g., Cohen et al., 1990;
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Logan, 1990; Shiffrin & Schneider, 1977), Although there
are many characterizations of the changes that occur with
practice and how and why they occur, most accounts
describe a shift from an effortfu1, attentiona1 mode of
performance to one that is automatic and relatively effort
less (e.g. Fitts & Posner, 1967; Logan, 1988; Shiffrin &
Schneider, 1977).

One category of tasks in which practice effects and is
sues ofautomaticity and attention have been examined is
choice-reaction tasks in which subjects respond as quickly
as possible to a stimulus with an assigned keypress re
sponse. In such tasks, responses become faster and more
accurate as subjects become practiced. In fact, according
to Rabbitt (1989), the amount ofpractice is the single most
important variable affecting the speed and accuracy of
choice reactions. Given that practice exerts a strong effect
on choice reactions, the question of what processes are
affected arises.

Most information-processing models ofhuman perfor
mance distinguish between a minimum ofthree processes:
stimulus identification (or stimulus encoding), response
selection (or stimulus-response [S-R] translation), and
response preparation and execution (or motor program
ming). In many choice-reaction tasks, the primary influ
ence of practice is on the intermediate stage, that of re
sponse selection or S-R translation (see, e.g., Teichner &
Krebs, 1974; Welford. 1976). Teichner and Krebs analyzed
results from 59 choice-reaction studies that used simple
visual stimuli presented in central vision without any dis
tractor items present. They concluded that "the most im-
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portant effect of practice is on the stimulus-response
translation stage" (p. 95).

More recently, Pashler and Baylis (1991) reached a
similar conclusion from five experiments they con
ducted in which subjects practiced making keypress re
sponses to symbolic stimuli with the index, middle, and
ring fingers of the right hand. In their Experiment 1, two
letters were assigned to one finger, two digits to another,
and two nonalphanumeric characters to a third finger. Re
action times (RTs) decreased by approximately 150 msec
from the first to the last of 15 blocks of 50 trials each.
After the 15thblock, two additional stimuli from each cat
egory were assigned to the respective responses, and 5 ad
ditional trial blocks were conducted. In Pashler and Bay
lis's words, "The new items in the trained categories
enjoyed virtually the entire benefit obtained by the old
(previously trained) items in these categories" (p. 25),
suggesting that the benefit of practice was not on en
coding of the specific stimuli. Pashler and Baylis's Ex
periment 5 showed little decrement in performance when,
in addition to introducing new items from the categories
after the 15 trial blocks, the hand used to make the key
presses was changed from right to left (or vice versa).
The results showed essentially perfect transfer from one
hand to the other, consistent with the above-mentioned
fact that the benefits of practice generalize across phys
ical responses. This transfer implies that the learning
that occurred during practice did not involve the gener
ation of specific motor responses. In summarizing the
implications of these and their other experiments, Pash
ler and Baylis concluded, "Together, these results indi
cate that practice in speeded choice tasks affects pri
marily the response selection stage, rather than perceptual
processing or motor responses" (p. 20).

Stimulus-Response Compatibility
and the Simon Effect

Another major determinant ofperformance in choice
reaction tasks, which is also presumed to exert its influence
on response selection processes, is S-R compatibility.
Element-level S-R compatibility effects are differences
in RT and accuracy for different mappings of the stimuli
to responses (see Hommel & Prinz, 1997, and Proctor &
Reeve, 1990, for reviews). For two-choice tasks, in which
left and right stimulus locations are mapped to left and
right keypresses, RTs are typically 60-80 msec faster if
the left stimulus is assigned to the left response and the
right stimulus to the right response than if the mapping is
reversed (see, e.g., Dutta & Proctor, 1992; Wang & Proc
tor, 1996).

Most accounts of spatial compatibility effects attrib
ute them to response selection processes that activate spa
tial response codes (e.g., Umilta & Nicoletti, 1990). Spa
tial coding is implicated by such findings as that the
compatibility effect still occurs when the arms are crossed,
so that the left key is pressed with the right hand and the
right key with the left hand (see, e.g., Brebner, Shephard,
& Cairney, 1972; Proctor & Dutta, 1993), and when the

two response locations or two stimulus locations are lo
cated in the same hemispace (see, e.g., Nicoletti, Anzola,
Luppino, Rizzolatti, & Umilta, 1982; Proctor, VanZandt,
Lu, & Weeks, 1993).There seems to be unanimous agree
ment that at least part ofthe spatial compatibility effects
can be attributed to an explicit S-R translation based on
the task-defined mapping provided by the instructions
(see Figure 1, top route). Translation of the stimulus into
its assigned response is presumed to occur faster when
an identity rule (i.e., respond at the corresponding re
sponse location), rather than an opposite rule or a search
of a list of S-R relations, can be used (see, e.g., Rosen
bloom & Newell, 1987). Several recent accounts also
propose a second contributor to S-R compatibility effects
(see Figure 1, bottom route)-automatic activation of the
spatial response code corresponding to that ofthe spatial
stimulus code (see, e.g., Barber & O'Leary, 1997; Korn
blum, Hasbroucq, & Osman, 1990; Ridderinkhof, 1997).
This activation is presumed to be beneficial when it is
correct (i.e., for a compatible mapping) and harmful when
it is incorrect (i.e., for an incompatible mapping).

Stimulus location also affects performance when lo
cation is defined as being irrelevant to the task. For ex
ample, if a right response is to be made to a red stimulus
and a left response to a green stimulus, the RT to the red
stimulus is faster when the stimulus occurs on the right
side, and the RT to the green stimulus is faster when it
occurs on the left side. This effect of irrelevant location
is called the Simon effect when the relevant stimulus di
mension does not involve spatial information, as in the
above example, and is sometimes called the spatial Stroop
effect when the relevant stimulus dimension also involves
spatial information (e.g., the words left and right; see Lu
& Proctor, 1995, and Simon, 1990, for reviews). Although
a few authors have suggested that the Simon effect has its
locus in stimulus identification processes (Hasbroucq &
Guiard, 1991; Stoffels, van der Molen, & Keuss, 1989),
the preponderance of evidence points to the conclusion
that the effect is a variant ofS-R compatibility that is due
primarily to response selection processes (see, e.g.,
De long, Liang, & Lauber, 1994; Hommel, 1995; Proc
tor & Wang, 1997; Umilta & Nicoletti, 1990).

As with S-R compatibility proper, the Simon effect is
thought to reflect spatial coding. In this case, the irrele
vant stimulus location code is presumed to produce acti
vation of the corresponding response location code
through long-term associative pathways (i.e., by auto
matic activation, the bottom route in Figure 1). This ac
tivation competes with that produced by the relevant
stimulus information through short-term, task-defined
pathways (i.e., by explicit S-R translation, the top route
in Figure 1) when the two sources of information are in
conflict and cooperates when they are in agreement (Bar
ber & O'Leary, 1997; Zorzi & Umilta, 1995). The acti
vation produced by the irrelevant stimulus location code
tends to decrease across time, resulting in a smaller Simon
effect when the response to the relevant stimulus dimen
sion is slowed (De long et aI., 1994; Hommel, 1993b; Lu
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RESPONSE SELECTION

Explicit S-R Translation

Examples:

Location Relevant, Compatible(ldentityRule):
Ifleftstimulus,respondleft;

- Ifrightstimulus, respondright f----

Location Relevant, Incompatible (OppositeRule):
\V/ \ Ifleftstimulus,respondright;

<, Ifrightstimulus,respondleft <,
/' Letter Relevant-If H, respondleft; If S, respondright ,/

Color Relevant: If red, respond left; If greenrespondright

\ /
Automatic Activation / 1\

Example:

- Leftstimulusactivatesleftresponse; f----

Rightstimulusactivatesrightresponse

Figure 1. Generic dual-route response selection model. In all choice-reaction tasks, selection based on the task
instructions is presumed to occur via an explicit stimulus-response (8-R) translation route. Additionally, when
the alternative responses are left and right keypresses, as in the present study, a stimulus presented in a left or a
right location is presumed to activate the corresponding response code via an automatic activation route. It is
widely accepted that automatic activation of the corresponding response occurs when stimulus location is defined
as irrelevant and is the basis of the Simon effect. There is less agreement regarding the contribution of the auto
matic activation route when stimulus location is defined as relevant.

& Proctor, 1994; Roswarski & Proctor, 1996). Many as
pects of the results obtained for tasks in which irrelevant
information affects performance, including the Simon
effect and the Stroop effect, can be accommodated by the
view that the irrelevant information produces transient
activation ofthe corresponding response code. The mag
nitude of the effect of this irrelevant information is a
function of the strength of its activation relative to that
produced by the relevant information and of the degree
to which the two sources of activation overlap in time
(see, e.g., Lu, 1997).

Hedge and Marsh (1975) introduced an interesting
variant of the Simon task in which the response keys are
labeled according to the relevant stimulus dimension,
and the task instructions are given entirely in terms of
this dimension. For example, with red and green stimuli
presented to the left or right, the left and right keys are
labeled red and green. The instructions can be to respond
with either a congruent color mapping (i.e., with the red
key to a red stimulus and the green key to a green stim
ulus) or an incongruent color mapping (i.e., with the
green key to a red stimulus and the red key to a green
stimulus). Although the congruent mapping yields a
standard Simon effect, the incongruent mapping yields a

reversed Simon effect in which the responses are slower
and less accurate when the stimulus location corre
sponds with that of the response. Moreover, whereas the
Simon effect in both the original Simon task and the con
gruent version of the Hedge and Marsh task decreases in
magnitude as responding is delayed, the reversed Simon
effect increases in magnitude (De long et a\., 1994; Lu
& Proctor, 1994). There is more dispute about the cause
of the reversed Simon effect than about the cause of the
basic Simon effect, but the most widely accepted view
seems to be that oflogical recoding (De long et a\., 1994;
Hedge & Marsh, 1975; Lu & Proctor, 1994). According
to this view, the opposite rule (i.e., respond with the key
of opposite value to that of the stimulus), which is ap
propriate for the incompatibly mapped, relevant color di
mension, is inappropriately applied to the irrelevant lo
cation dimension when translating the relevant stimulus
dimension into a spatial response code.

Influence of Practice on S-R Compatibility
and Simon Effects

Given that the effects of spatial compatibility (for ei
ther relevant or irrelevant location information) and prac
tice in choice-reaction tasks both seem to be based pri-
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marily in response selection processes, a natural question
is how the compatibility effects change as a function of
practice. For spatial S-R compatibility proper, there are
numerous demonstrations that the effects are robust with
respect to practice (see, e.g., Fitts & Seeger, 1953). For
the two-choice task, Dutta and Proctor (1992) had sub
jects practice for eight sessions of280 trials each with ei
ther a compatible or an incompatible mapping. The mag
nitude ofthe compatibility effect decreased from 72 msec
in the first session to an asymptotic value of42 msec for
the last four sessions. Even the provision ofRT feedback
after each block of 20 trials and the implementation of
response deadlines did not enable the advantage for the
spatially compatible mapping to be eliminated with prac
tice (Dutta & Proctor, 1993). The persistence of spatial
compatibility effects implies that response selection con
tinues to be mediated by spatial response codes, rather
than being based on direct associations between stimu
lus locations and their assigned physical responses, even
after extensive practice.

We are aware of only two studies that have examined
the Simon effect as a function of practice. Simon, Craft,
and Webster (1973) had persons press a left or a right key
in response to a high- or low-pitched tone presented in
the left or the right ear. A total of 216 trials was per
formed on each of 5 days. The magnitude of the Simon
effect decreased from approximately 60 msec in the 1st
session to 35 msec in the 5th session, but the effect was
not eliminated. Hommel (described in Prinz, Aschers
leben, Hommel, & Vogt, 1995) tested a single subject for
30 sessions of 210 trials each, using a similar method.
The Simon effect was present for this subject in all ses
sions, averaging more than 50 msec in the first 3 sessions
and approximately 20 msec in the last 20 sessions. Thus,
the data on the Simon effect are in agreement with those
on S-R compatibility proper in showing that the effect
decreases with practice but persists at a reduced magni
tude. In other words, the irrelevant stimulus location in
formation continues to affect performance after substan
tial practice, although to a reduced extent.

Use of Transfer Designs
Transfer designs have a long history of use for evalu

ating the nature ofthe changes in information processing
that occur as a function of practice with a task (Proctor
& Dutta, 1995). Typically, subjects are transferred after
practice to one or more conditions that share some fea
tures of the practice conditions but differ in other re
spects. As is illustrated by the Pashler and Baylis (1991)
study described early in the introduction, the nature of
the learning that has occurred can be specified by com
paring the situations for which transfer is evident with
those for which it is not. In the two-choice spatial com
patibility task, Proctor and Dutta (1993) had subjects
practice for three sessions of 300 trials each, using a
crossed or uncrossed hand placement with a spatially com
patible or incompatible mapping. When transferred to a
new placement/mapping condition in a fourth session,

positive transfer was found when the spatial mapping
(compatible or incompatible) remained the same but not
when it was changed. Proctor and Dutta (1993) also found
a significant cost of switching every 40 trials between
crossed and uncrossed hand placements ifthe spatial map
ping was changed so that each finger always responded
to the same stimulus, but not if the spatial mapping re
mained constant. Thus, the transfer studies with two-choice
tasks suggest that practice strengthens the task-defined
associations between stimulus locations and response lo
cations, rather than those between stimulus locations and
fingers. Note that this conclusion is in agreement with Lo
gan's (1990) conclusion that practice at a lexical deci
sion task strengthens associations between stimuli and
their assigned categories (word, nonword), rather than
between stimuli and their assigned physical responses.

Transfer designs would seem to be useful tools for in
vestigating the manner in which irrelevant stimulus lo
cation information influences performance, as in the
Simon task, and how the processing of this location in
formation changes with practice. For one, practice with
the relevant stimulus information in the absence of the
irrelevant location information, followed by transfer to
the Simon task, can be used to assess the extent to which
practice effects in the Simon task require the varying of
location. For another, practice with the Simon task, fol
lowed by transfer to conditions in which stimulus loca
tion is relevant, and vice versa, can illuminate the rela
tion between unintentional and intentional activation of
response location codes in response to stimulus location.
To our knowledge, transfer designs have not been used in
this manner to examine the Simon effect. However, they
have been used with some success to investigate the pro
cessing of irrelevant information in the closely related
Stroop color-naming task and its variants.

Two studies that are pertinent to our present concerns
are those of Reisberg, Baron, and Kemler (1980) and
Clawson, King, Healy, and Ericsson (1995). Reisberg
et al. examined practice and transfer effects for a task in
which subjects had to name, as quickly and accurately as
possible, the number of symbols (one, two, three, or
four) in each row on a page. For the Stroop-type pages,
half of the rows were composed of instances ofone digit
(e.g., 2) and half ofanother digit (e.g., 4). The Stroop ef
fect (i.e., slower and less accurate naming for these lists
than for ones composed from nonalphanumeric symbols)
decreased but did not disappear across three practice
blocks of 10 pages each. This benefit of practice trans
ferred to pages composed from words ofthe same mean
ing (two and four), but not to ones composed from simi
lar sounding words (to andfor) or different digits (l and 3).
The transfer results suggest that subjects learned to in
hibit the cognitive codes corresponding to the meanings of
the specific irrelevant digits with which they practiced.

Clawson et al. (1995) obtained comparable results for
the Stroop color-naming task (i.e., naming the colors of
incongruous color words). Practice at the Stroop task,
but not practice at naming color patches, reduced the
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Stroop effect magnitude from pretest to posttest. This
outcome suggests that the benefit ofpractice at the Stroop
task is on suppression of the irrelevant color-word infor
mation. The practice benefit was not specific to the word
form used during practice (lowercase letters) because the
decrease in RT from pretest to posttest was equally evi
dent for Stroop stimuli in which each letter was upper
case or was flanked by asterisks. However, the improve
ment from practice at the Stroop color-naming task was
better for stimuli composed from the trained color set
than for stimuli composed from a different set of colors.
Thus, both the Reisberg et al. (1980) and the Clawson
et al. studies imply that the reduction of effects of irrelevant
information with practice occurs through suppression of
the cognitive codes activated by that information.

Purpose
The purpose of the present study was to investigate

changes in the effect of irrelevant location information
on performance in the Simon task as a function of prac
tice at that task and of prior performance of tasks with
different properties. The two previous studies that have
examined practice effects in the Simon task-those of
Simon et al. (1973) and Hommel (in Prinz et aI., 1995)
used auditory stimuli. In the present study, we used visual
stimuli, consistent with most recent investigations ofthe
Simon effect (see Lu & Proctor, 1995). The Simon effect
obtained with visual stimuli is typically considerably
smaller than that obtained with auditory stimuli, often
being in the range of 25 msec or less (see, e.g., De long
et aI., 1994; Proctor & Lu, 1994). Because the magni
tude ofthe auditory Simon effect is more than twice that
ofthe visual Simon effect, factors may contribute, at least
in part, to the former that do not contribute to the latter.
Consequently, evidence needs to be obtained regarding
whether the visual Simon effect decreases with practice
but persists at a reduced magnitude, as does the auditory
Simon effect.

Experiment 1 served this purpose, both examining the
influence of practice on the visual Simon effect and eval
uating whether practice with the relevant stimulus di
mension alone is sufficient to produce a reduction in the
Simon effect. In Experiment 2, some subjects practiced
the Simon task and then were tested with relevant stimulus
location information, using either a spatially compatible
or a spatially incompatible S-R mapping. The intent was
to evaluate whether the suppression of irrelevant loca
tion information would have persisting effects when lo
cation subsequently became relevant. Other subjects in
Experiment 2 performed the spatial choice task with a
compatible or incompatible mapping prior to the Simon
task, with the goal of determining whether the task
defined spatial mapping would alter the effect of stimulus
location when it was subsequently made irrelevant to the
task. Transfer from an incompatible spatial mapping to the
Simon task was also examined in Experiment 3, with the
major difference from Experiment 2 being that conditions
were included for which the stimulus set used in the trans-

fer session was different from the one used during prac
tice. This allowed determination of whether the transfer
effects from relevant location mapping are linked to the
specific stimuli used in practice. Finally, in Experiment 4,
we examined whether the transfer effects from prior prac
tice with an incompatible spatial mapping add to or inter
act with the reversal of the Simon effect that occurs with
the incongruent mapping of relevant S-R dimensions in
the Hedge and Marsh (1975) task.

EXPERIMENT 1

In Experiment 1, one group of subjects performed the
Simon task for over 1,800 trials spread over three ses
sions of practice. The relevant stimulus dimension was
letter identity (S or H), and stimulus location (left or right)
was irrelevant to the response. A second group of sub
jects received the same amount of practice with the let
ters Sand H as stimuli, but in a constant, centered loca
tion. We shall call this task the centered task. For the
centered task, the explicit S-R translation route illus
trated in Figure I contributes to performance, as in the
Simon task, but the automatic activation route does not.
In a fourth session, the tasks performed by the two groups
were switched.

Experiment I provides information pertinent to sev
eral issues. First, practice with the Simon task enables
determination of whether the Simon effect for visual
stimuli reduces in magnitude but does not disappear, as
is the case for auditory stimuli. Such a reduction would
indicate a lessened effect of the irrelevant location in
formation on performance. Second, practice with the
centered task allows an amount of experience with the
task-defined mappings of the relevant stimulus identities
and their assigned responses that is comparable with prac
tice with the Simon task, but not in the context of the ir
relevant location information. The magnitude ofthe Simon
effect in the subsequent transfer session should be re
duced if practice with the relevant S-R mappings is the
critical factor, but not if location must also vary for the
practice to be effective. Third, the performance of sub
jects who are switched from the Simon task to the centered
task in the transfer session can be compared with that of
subjects who practiced the centered task. If the irrelevant
location variable does not affect learning of the relevant
S-R mappings, the transfer subjects' performance should
be similar to the performance in Session 3 ofthe subjects
who practiced the centered task.

Method
Subjects. Sixty students enrolled in introductory psychology

classes at Purdue University participated to fulfill a course require
ment. Each subject was tested in four sessions. Thirty received the
Simon task in the first three sessions and the centered task in Ses
sion 4, and 30 received the centered task in the first three sessions
and the Simon task in the fourth session.

Apparatus, Stimuli, and Procedure. The stimuli were pre
sented on the display screen of an IBM-compatible personal com
puter. Responses were made by pressing either the z or the / key on
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Practice Sessions Transfer Session

Simon ---tCentered
Corresponding 459 .02 462 .01 462 .01
Noncorresponding 481 .03 476 .02 476 .02
Centered 436 .02

Centered ---t Simon
Corresponding 463 .02
Noncorresponding 484 .04
Centered 438 .03 429 .02 427 .02

Table 1
Mean Reaction Time in Milliseconds and Error Proportion (EP)

in Experiment 1 as a Function of Spatial Correspondence,
Session, and Task Order (Simon ~ Centered

or Centered~ Simon)

corresponded with the response location (M = 461 msec)
than when it did not (M = 478 msec). There was no main
effect ofsession [F(2,58) < 1.0,MSe = 1,710], but session
interacted with spatial correspondence [F(2,58) = 5.55,
MSe = 53, P < .0 I]. The difference between correspond
ing and noncorresponding S-R locations was 22, 14,and
14 msec in Sessions 1,2, and 3, respectively. The error
data tended to show a main effect of session [F(2,58) =
3.01, MSe = 0.00865,p = .057] and did show a significant
main effect of correspondence [F( 1,29) = 26.4, MSe =
0.00716, P < .001]. The proportion of errors was larger
in Session 1 (EP = .025) than in Sessions 2 (EP = .015)
and 3 (EP = .015) and less when stimulus and response
locations corresponded (EP =.013) than when they did
not (EP = .023). The session X correspondence inter
action for errors was not significant (F < 1.0).

For the subjects who practiced the centered task, the
only independent variable of interest was session. Al
though both RT and EP tended to decrease across ses
sions (see Table 1), session did not have a significant effect
for either measure [Fs(2,58) = 1.75 and 1.77, MSes = 623
and 0.00009,ps < .20, respectively]. However, omission
of 1 subject whose responses averaged 87 msec slower in
Sessions 2 and 3 than in Session 1, without corresponding
increases in accuracy, doubled the F ratio for the RT mea
sure [F(2,56) = 3.50, MSe = 516,p = .044; Ms = 436,
422, and 423 msec for Sessions 1-3]. It seems reasonable
to conclude, on the basis of these analyses, that perfor
mance of the centered task improved with practice, al
though the practice effect was not particularly strong.

Transfer. The performance ofthe subjects in Session 4
who switched to the Simon task from the centered task
was more like that in Session 1 than like that in Session 3
for the subjects who practiced the Simon task. Responses
were both faster (21 msec) and more accurate (.02) when
stimulus location and response location corresponded
than when they did not [Fs(l,29) = 68.9 and 18.4,MSes =
97.8 and 0.00022,ps < .001, respectively]. Moreover,com
parisons with Session I of the group who practiced the
Simon task for three sessions showed neither main effects
of session nor interactions with correspondence for RTs
or errors (Fs < 1.0). In contrast, comparisons with Ses
sion 3 (Simon effect of 14 msec) indicated that the cor
respondence effect for RTs was larger for the subjects
who transferred to the Simon task in Session 4 [Simon ef
fect of 21 msec; F(l,58) = 4.14, MSe = 91.1, p < .05].

For the subjects who switched from the Simon task to
the centered task, mean RT in the transfer session was
similar to that in Session 1for the subjects who practiced
with the centered task. However, comparisons showed no
statistically significant difference in RT between the trans
fer session and either Session 1 or Session 3 (Fs < 1.0).
Moreover, EP tended to be smaller for the centered task
in the transfer session than in Session 1 [F(l,58) = 3.11,
MSe = 0.0004,p = .083], but not in Session 3 (F < 1.0).
The EP and RT data together, although far from un-

4

M EP

1 2 3
--- --- ---

Correspondence M EP M EP M EP

the bottom row of the keyboard with the left or the right index fin
ger, respectively. The experiment was conducted using the Micro
Experimental Laboratory (MEL, Version 1.0) software system
(Schneider, 1988) to control all timing and displays.

The stimuli were the uppercase letters Sand H. Each letter was
approximately 0.5 cm in height and 0.35 em in width and, at a view
ing distance of approximately 55 em, subtended a visual angle of
0.52° X 0.37°. For the centered task, the stimulus was presented in
the center of the screen. For the Simon task, the stimulus was pre
sented in a left or right location for which the center-to-center sep
aration was 2.5 em, or 2.6°.

Each of the four sessions began with a block of8 practice trials.
This was followed by two blocks of 4 practice and 304 test trials
each. The subject initiated the block by pressing the spacebar with
her or his thumbs, and the first stimulus was immediately presented.
The stimulus remained on the screen until a response was made,
and, I sec later, the next stimulus was presented. If the response was
incorrect, a low-pitched tone of 500 Hz sounded as feedback for
500 msec prior to the I-sec intertrial interval.

There were three sessions of practice with the stimulus being ei
ther centered or presented in the left or the right location. In the fourth
session, the subjects were transferred to the opposing condition (i.e.,
Simon or centered). Assignment of the letters Sand H to the left and
right responses was counterbalanced across subjects, with the same
assignment being used by a given subject for all four sessions.

Results
Trials for which the RT was less than 200 msec or more

than 2,000 msec «1% of the responses) were excluded
from the analyses in this experiment and in the others.
The mean RT and error proportion (EP) as a function of
group, session, and spatial correspondence are shown in
Table I.

Practice. For the subjects who practiced the Simon
task, the RT data showed a main effect of spatial cor
respondence [F(l,29) = 97.2,MSe = 132,p<.001].Re
sponses were 17 msec faster when the stimulus location

Note-The Simon~ Centered group received the Simon task in Ses
sions 1-3 and the centered task in Session 4; the Centered ---t Simon
group received the centered task in Sessions 1-3 and the Simon task in
Session 4. The apparently identical mean RTs and EPs for Sessions 2
and 3 of the Simon ---tCentered group are not identical if extended one
place further.
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equivocal, suggest that practice at responding to letter
identity with location varying may yield a small benefit
in performance when the letters subsequently are dis
played at a constant, centered location.

Discussion
A Simon effect of22 msec was evident in the first ses

sion for subjects who practiced the Simon task. This ef
fect decreased significantly in magnitude to 14 msec in
Sessions 2 and 3. Thus, the visual Simon effect was re
duced but not eliminated with practice, as occurs for the
auditory Simon effect (Hommel, in Prinz et aI., 1995;
Simon et aI., 1973).

For the subjects who practiced the centered task, the
Simon effect in the transfer session was 21 msec, a value
that was similar to the first session for the subjects who
practiced the Simon task. Thus, practice with the non
spatial relevant stimulus dimension alone was not suffi
cient to produce a reduction in the Simon effect similar
to that which occurred when the Simon task itself was
practiced. This outcome suggests that reduction of the
Simon effect with practice is not due to strengthening the
task-defined associations between the relevant letters
and their assigned responses (or, in other words, to affect
ing the explicit S-R translation), ifit is assumed that the
same amount of practice with the letters in a constant,
centered location would produce equivalent strengthen
ing. It is conceivable that less strengthening of the rele
vant S-R association occurs when location does not vary
than when it does, possibly because the task demands that
less effort be devoted to it. However, the trends in over
all RT and EP across sessions suggest that performance
improved at least as much when the stimulus location was
constant as when it varied, suggesting that any strength
ening of the relevant S-R association from practice was
at least as large in the former case as in the latter. We think
it more likely that the reduction of the Simon effect with
practice reflects improved suppression of the irrelevant
location information (or, in other words, of the automatic
activation route), because the presence of this information
is what differentiates the location-varying conditions of the
Simon task from the location-constant conditions of the
control task.

This interpretation is in agreement with the results ob
tained by Clawson (1994), using the Stroop color-naming
task. In her study, one group ofsubjects received 400 tri
als at naming color stimuli. On a posttest involving nam
ing of the same color stimuli, RTswere faster for this group
than for a group who did not have the training. However,
another part of the posttest showed that the training with
the color stimuli did not reduce naming RTs for Stroop
stimuli, nor did it have any impact on the magnitude of
the Stroop effect. Clawson concluded that it is therefore
likely that the reduction in the Stroop effect that occurs
when the Stroop task itself is practiced involves de
creased activation ofthe irrelevant information in response
selection processes. Our Experiment 2 will provide con
verging evidence to support the hypothesis that im-

proved suppression ofthe irrelevant location information
is the basis for the reduction of the Simon effect.

EXPERIMENT 2

Ifthe reduction ofthe Simon effect with practice is due
to improved suppression of the irrelevant stimulus loca
tion information, responding should be impaired when
stimulus location is subsequently made relevant. To eval
uate this implication, two groups of subjects in Experi
ment 2 practiced for three sessions with the Simon task
and then performed a fourth session in which stimulus
location was the relevant dimension. In this fourth session,
one of the groups performed with a spatially compatible
S-R mapping, and the other with a spatially incompatible
mapping. If suppression of location information persists,
responding should be slower and less accurate overall in
the transfer session than it is for subjects who perform the
spatial compatibility task without prior practice at the
Simon task. Also of interest is whether the mapping effect
is reduced in magnitude.

Twoadditional groups of subjects practiced with loca
tion relevant for the first three sessions, one group with
a compatible S-R mapping and the other with an incom
patible mapping. These subjects were transferred to the
Simon task in the fourth session. This transfer condition
allows examination ofwhether practice with the location
dimension as relevant has an impact on performance when
location subsequently is defined as irrelevant. Most ex
planations ofthe Simon effect attribute the effect to auto
matic activation of the corresponding response location
(the bottom route of Figure 1) that is produced via long
term, or permanent, associative pathways (see, e.g., Bar
ber & O'Leary, 1997; De long et al., 1994; Zorzi &
Umilta, 1995). Umilta and Zorzi (1997) note that these
long-term associations could be either truly permanent,
in the sense that they are hard-wired genetically, or rela
tively permanent, having been learned from the many in
stances of associations between spatially corresponding
stimulus and response locations that occur in every per
son's life.' In the former case, practice with location rel
evant could not possibly alter the long-term associations;
in the latter case, three sessions of practice are insignif
icant in comparison with the lifelong experience with spa
tially corresponding relations and, therefore, also should
have little or no impact on the long-term associations.

Consequently, if only the long-term, permanent asso
ciations contribute to the Simon effect, an effect similar
in magnitude to that obtained without prior practice
should be found after practice with either the spatially
compatible or the spatially incompatible mapping, and
the Simon effects in these two conditions should not dif
fer in magnitude. However, if the task-defined associa
tions of stimulus locations to responses continue to con
tribute when stimulus location is no longer relevant to
the task, the magnitude of the Simon effect in the transfer
session should vary as a function of the prior mapping.
Specifically, practice with an incompatible spatial map-
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Practice Sessions Transfer Session

Results
The mean RT and EP data are shown in Table 2.

Table 2
Mean Reaction Time in Milliseconds and Error Proportion (EP)

in Experiment 2 as a Function of Correspondence,
Session, and Task Order

Practice. The subjects who participated in the Simon
task for practice were partitioned according to whether
they subsequently received the compatible or the incom
patible spatial mapping in Session 4. The RT data showed
main effects of session [F(2,60) = 3.30, MSe = 14,276,
P < .05] and spatial correspondence [F(I,30) = 86.66,
MSe = 544, P < .001]. Mean RTs were 515, 488, and
499 msec for Sessions 1,2, and 3, respectively, and 493
and 509 msec for corresponding and noncorresponding
trials, respectively. The session X correspondence inter
action was of borderline significance [F(2,60) = 3.03,
MSe = 171, P = .056]. The Simon effect tended to de
crease across sessions as in Experiment 1, being 19 msec
in Session 1,15 msec in Session 2, and 13 msec in Ses
sion 3. No terms involving group were significant for the
RT analysis.

The EP data for the subjects who practiced the Simon
task showed a significant main effect ofspatial correspon
dence [F(I,30) = 34.7, MSe = 0.00041,p < .001] and a
significant session X correspondence interaction [F(2,60)
= 3.37,MSe = 0.00031,p<.05]. The error rate was less
when stimulus and response locations corresponded than
when they did not, and this difference was larger in the
first session than in Sessions 2 and 3. One term involving
group, the group X correspondence interaction, was sig
nificant [F(l,30) = 7.47, MSe = 0.00031,p = .01]. For
unknown reasons, the group that was subsequently trans
ferred to the compatible spatial mapping showed a larger
Simon effect on error rate than did the group that was sub
sequently transferred to the incompatible spatial mapping.

For the groups who practiced the spatial compatibility
task, there was a main effect ofmapping [F(I,30) = 7.68,
MSe = 45,252,p < .01] and a session X mapping inter
action [F(2,60) = 4.31, MSe = 4,671, p < .02]. Overall,
responses were 60 msec faster with the spatially com
patible mapping than with the incompatible mapping. This
effect decreased across sessions, being 89 msec in Ses
sion 1, 47 msec in Session 2, and 41 msec in Session 3, as
is customarily found (e.g., Dutta & Proctor, 1992). The
error data showed only a nonsignificant tendency toward
less accurate responding overall with the incompatible
mapping than with the compatible mapping [F(l,30) =
3.03, MSe = 0.00613,p < .10].

Transfer. The subjects who transferred from the Simon
task to the spatial compatibility task in Session 4 showed
significant mapping effects for both RTs [F(l,30) =
9.06,MSe = 19,984,p<.01] and errors [F(l,30) = 6.58,
MSe = 0.00152,p<.02]. The mapping effect forRTs was
75 msec. Compared with Session 1 ofthe group who prac
ticed with the spatial compatibility task, the responses
were slower and less accurate in the transfer session
[Fs(l,60) = 4.00 and 8.66, MSes = 19,428 and 0.00147,
p = .05 andp < .005, respectively]. Although the mapping
effects tended to be smaller in the transfer session (75 msec
and .01) than in Session 1 (89 msec and .02), there was
no interaction with mapping for either dependent measure
(Fs < 1). Thus, having to suppress responses to stimulus
location when it was irrelevant to the task impaired per
formance overall when location was subsequently defined

.02

.05

4

M EP

481
502

I 2 3
--- --- ---

Correspondence M EP M EP M EP

Simon -> Spatial Compatible

Corresponding 505 .01 483 .01 483 .01 375 .02
Noncorresponding 524 .02 497 .01 498 .02

Simon -> Spatial Incompatible

Corresponding 507 .01 479 .02 501 .02
Noncorresponding 525 .03 494 .03 513 .03 450 .03

Spatial Compatible -> Simon

333 .00 338 .00 345 .01

ping should lead to a reversed Simon effect (faster re
sponses when stimulus and response locations do not cor
respond than when they do), because the practice should
strengthen the task-defined association between each
stimulus location and the spatially noncorresponding re
sponse. Practice with a compatible spatial mapping should
yield a Simon effect at least as large as that obtained nor
mally. That is, such practice will reinforce the preexist
ing association of a stimulus location with the spatially
corresponding response, but the influence of this prac
tice may be minimal because the compatible relation is
highly overlearned.

Method
Subjects. Sixty-four students from the same introductory psy

chology pool as that in Experiment I participated, 16 in each offour
conditions.

Apparatus, Stimuli, and Procedure. Stimuli were the letters
Hand S presented in left and right locations, as in the Simon task
of Experiment I. The subjects practiced for three sessions with let
ter identity relevant and stimulus location irrelevant (the Simon
task) or stimulus location relevant and letter identity irrelevant (the
spatial compatibility task). For the spatial compatibility task, halfof
the subjects used a compatible S-R mapping, whereas halfused an
incompatible S-R mapping. In the fourth session, all the subjects
were transferred to the task that they had not performed in the first
three sessions. Halfof the subjects who were transferred to the spa
tial compatibility task performed with a compatible mapping, and
half with an incompatible mapping. The number of trials in each
session was the same as that in Experiment I, as was the counter
balancing of the assignment of letter identity to response location
for the Simon task.

Corresponding
Noncorresponding

Spatial Incompatible -> Simon

Corresponding 53 I .03
Noncorresponding 422 .02 385 .02 386 .02 517 .0I

Note-The Simon -> Spatial Compatible and Simon -> Spatial In
compatible groups received the Simon task in Sessions I~3 and the spa
tial compatibility task (with compatible or incompatible mapping) in
Session 4. The Spatial Compatible -> Simon and Spatial Incompati
ble -> Simon groups received the spatial compatibility task (with com
patible or incompatible mapping) in Sessions 1~3 and the Simon task
in Session 4.
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as relevant, but without significantly altering the magni
tude of the mapping effect.

It is conceivable that performance in the spatial com
patibility task would be affected by the previous map
ping of letter identity to response. That is, for a given
subject, each letter was associated with one of the two
responses in the practice sessions. Therefore, there could
be a tendency to make the response assigned to the par
ticular letter that occurred on a trial when location is de
fined as relevant and letter identity as irrelevant in the
transfer session. Unfortunately, no record was kept for the
spatial compatibility task of whether the stimulus on a trial
was an S or an H. Consequently, the conditions in which
the subjects practiced with the Simon task and switched
to the spatial compatibility task were repeated with new
subjects from the same subject pool. Twenty-four subjects
were tested, with 12 using each mapping for the spatial
compatibility task. In the transfer session, whether the
letter occurred in the location corresponding to the re
sponse to which it had been assigned in practice had no
influence on the pattern of S-R compatibility. RTs were
virtually identical overall when the stimulus location was
consistent with the previous assignment (M = 381 msec)
and when it was not (M = 384 msec), and the compati
bility effects were of similar magnitudes as well (M =
65 msec in both cases). The only significant effect in the
analyses for both RTs and errors was the main effect of
consistency for errors [F(I,22) = 4.63, MSe = 0.00021,
P < .05]. The EP was slightly higher (M = .01) when the
response to which the stimulus had been assigned during
practice was inconsistent with the stimulus location than
when it was consistent.

The major finding for the subjects who transferred
from the spatial compatibility task to the Simon task was a
group X correspondence interaction for both RTs [F(1,30)
= 40.21, MSe = 481, P < .001] and errors [F(1,30) =
14.82, MSe = 0.05584, P < .001]. Separate analyses
showed that, whereas the group who practiced with the
spatially compatible mapping had a normal Simon effect
of 21 msec for RTs [F(1,15) = 40.04, MSe = 360, P <
.001] and .03 for EPs [F(I,15) = 7.86, MSe = 0.00278,
P < .02], the group who practiced with the spatially incom
patible mapping showed a reversed Simon effect of
14 msec for RTs [F(1,15) = 9.77, MSe = 603, P < .01]
and oL02 for EPs [F(1,15) = 8.05, MSe = 0.00095,p <
.02]. Thus, practicing with the incompatible spatial map
ping reversed the Simon effect when spatial location was
no longer relevant. In that case, responding was faster in
the Simon task when stimulus location did not correspond
with response location than when it did.

An obvious question of interest is whether the re
versed Simon effect for the group who practiced with the
incompatible spatial mapping was evident throughout
the entire transfer session or whether there was a return
to a typical Simon effect. Consequently, the transfer data
for this group were partitioned into four blocks of 152
trials each. The magnitude of the reversed Simon effect
tended to decrease across blocks for both the RT and the

EP data (Ms = 22, 16, 7, and 10 msec and .02, .02, .02,
and .01 for Blocks 1-4, respectively). However, neither
the RTs nor the EPs showed a significant block X corre
spondence interaction [Fs(3,45) = 1.75 and 0.60, MSes =
212 and 0.00025, ps >.17], and the mean data never re
verted to a positive Simon effect. Thus, the reversed
Simon effect that occurs after practice with a spatially
incompatible mapping is relatively persistent.

Discussion
The practice effects in Sessions 1-3 of Experiment 2

replicated those obtained for the Simon effect in Exper
iment 1 and for spatial S-R compatibility proper in ear
lier studies. Both the Simon effect and the S-R mapping
effect decreased in magnitude but persisted across three
sessions ofpractice encompassing more than 1,800 trials.

Prior practice with the Simon task, for which stimulus
location is irrelevant, had little influence on the S-R map
ping effect for the spatial compatibility task. Responses
were slower and less accurate with the spatially incom
patible mapping than with the spatially compatible map
ping, and the magnitude of this mapping effect in the
transfer session was not significantly less than that in
Session I for the subjects who practiced the spatial com
patibility task. This outcome suggests that response se
lection for the spatial compatibility task in the transfer
session was based on spatial coding that operated much
as normal.

Although the magnitude of the S-R mapping effect
was not affected significantly by the prior practice with
the Simon task, responding was slower and less accurate
overall in the transfer session than it was when the spa
tial compatibility task was performed initially. This re
sult provides stronger evidence than did Experiment 1 that
the reduction in the Simon effect with practice involves
suppressing the irrelevant location information. Even
when stimulus location subsequently was made relevant,
it was difficult to base the response on that stimulus di
mension. Again, similar results have been obtained for
the Stroop color-naming task. The subjects in Stroop's
(1935/1992) Experiment 3 who practiced the Stroop color
naming task for eight sessions were considerably slower
in a posttest in which the color word was to be read and
the ink color ignored than they had been in a pretest of
this task .

The subjects who practiced the spatial compatibility
task with a compatible mapping showed a Simon effect
of typical initial magnitude in the transfer session. In
contrast, the subjects who practiced with an incompati
ble mapping showed a reversed Simon effect of an only
slightly smaller magnitude. Because the transfer session
included 600 trials, the inclination to respond at the spa
tially noncorresponding location must be relatively ro
bust to be evident in the mean data. This robustness was
confirmed by an analysis showing that, although the re
versed Simon effect tended to decrease in magnitude
across the transfer session, it did not revert to an advan
tage for the spatially corresponding location. These results
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Practice Sessions Transfer Session

EXPERIMENT 3

Table 3
Mean Reaction Time in Milliseconds and Error Proportions (EP)
in Experiment 3 as a Function of Relevant Stimulus Dimension

(Colors, Letters), Correspondence, and Session

clearly indicate that the task-defined associations between
stimulus and response locations continue to affect per
formance for some time after the task requirements have
changed.

Results
The mean RT and EP data are shown in Table 3.
Practice with incompatible spatial mapping. RTs

showed only a main effect of session [F(2,60) = 13.08,
MSe = 600, p < .001]. Mean RTs were 408, 384, and
378 msec in Sessions 1,2, and 3, respectively. Neither
stimulus type (F < 1.0)nor the interaction ofstimulus type
with session [F(2,60) = 1.75, MSe = 35,994, P = .18]
was significant. For EPs, the main effect of session was
significant[F(2,60) = 20.60, MSe = 0.00004,p < .001],
as was the session X stimulus set interaction [F(2,60) =
5.74, MSe = 0.00004,p < .01]. Error rate decreased across
sessions, with this decrease occurring primarily for the
letter stimulus set.

Transfer. For the fourth session, a reliable reversed
Simon effect was obtained for both RTs [M = 27 msec;
F(l,30) = 26.25,MSe = 13,602,p<.001]andEPs[M=
.02; F(l,30) = 15.66, MSe = 0.01026,p < .001]. Neither
the main effect of stimulus set used in practice nor the
interaction of this factor with spatial correspondence
was significant for either RTs or errors (Fs < 1.0). For
the subjects who practiced with colors, RT was 513 msec
when stimulus location corresponded with response lo
cation and 483 msec when it did not; for the subjects who
practiced with letters, the RTs were 512 and 487 msec,
respectively. When partitioned into two 152 trial blocks,
the reversed Simon effects for both RTs and EPs were
found to persist across the two blocks, although the effect
for RTs tended to decrease slightly [Ms = 30 and 24 msec
and .02 and .02, for Blocks I and 2, respectively; Fs( 1,30)
= 3.83 and 1.05, MSes = 230 and 0.00030,ps = .06 and
.31, respectively].

2, or the colors red and green. The color stimuli were fiUed circles
(MEL code C7) that were of either a red (MEL color code +4) or a
green (MEL color code +2) color. When viewed from a distance of
approximately 55 em, the visual angle subtended by each color
stimulus was O.74°. In the fourth session, aUthe subjects performed
the Simon task with Sand H as stimuli. Each practice session and
the test session consisted of only a single block of 4 practice trials
and 304 test trials, making the amount of practice prior to transfer
half of what it was in Experiments I and 2.

Discussion
The results of Experiment 3 are relatively unambigu

ous. The task-defined associations of stimulus locations
with response locations that are strengthened when per
forming with an incompatible spatial mapping during
practice are independent of the symbolic content of the
stimuli. Whether the stimulus dimension is the same in
practice as at test or different, when stimulus location is
subsequently made irrelevant, it is the spatially incompat
ible response that appears to be automatically activated,
rather than the compatible response. Experiment 3 also
demonstrates that it is not necessary to have 1,800 trials
of practice (as in Experiment 2) to obtain the reversed
Simon effect, as the effect was found with halfthat amount
of practice.

.03

.01

4

M EP

512

487

Letters -t Letters

I 2 3
--- --- ---

Correspondence M EP M EP M EP

Method
Subjects. Thirty-two students from the same introductory psy

chology pool as that for the previous experiments participated in
four sessions.

Apparatus, Stimuli, and Procedure. The apparatus was the
same as that in previous experiments. The subjects practiced the
spatial compatibility task for three sessions with an incompatible
mapping, using either the letters Sand H, as in Experiments I and

In Experiment 2, the Simon effect was reversed by prior
practice at responding to location as the relevant stimu
lus dimension. In that experiment, the stimuli used in
practice (the letters S and H) were the same as those used
in the final session. The issue of how tightly location in
formation is bound to identity information has been the
subject ofresearch in several areas ofvisual information
processing (e.g., Johnston & Pashler, 1990; Park & Kan
wisher, 1994). In the present context, this issue is whether
the task-defined associations of spatially incompatible
stimulus and response locations that are strengthened
through practice when stimulus location is relevant are
specific to the stimuli that are used in practice or are in
dependent ofthem. In Experiment 3, this specificity issue
was evaluated by having subjects practice responding to
location using an incompatible mapping either with the
letter stimuli or with color stimuli (red or green circles).
In the final session, all the subjects were tested with the
letter stimuli. Iflocation becomes associated with the as
signed response independent ofthe relevant stimulus di
mension, the reverse Simon effect should be equally ev
ident for both groups of subjects in the last session.

Corresponding
Noncorresponding 408 .03 390 .02 390 .01

Colors -t Letters
Corresponding 513 .03
Noncorresponding 407 .01 378 .01 366 .01 483 .01

Note-Both groups performed the spatial compatibility task with an
incompatible spatial mapping in Sessions 1-3 and the Simon task in
Session4. For the Letters -t Letters group, the stimuli were the letters
Sand H in all four sessions. For the Colors -t Letters group, the stim
uli were the colored circles red and green in Sessions 1-3 and the let
ters Sand H in Session 4.
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Table 4
Mean Reaction Time in Milliseconds and Error Proportion (EP)

in Session 4 of Experiment 4 as a Function of Spatial
Correspondence and Mapping (Congruent, Incongruent)

for the Relevant Letter Identity Dimension

Results
Practice with incompatible spatial mapping. Both

RTs and errors showedmain effects ofsession [Fs(2,62) =
8.73 and 7.27, MSes = 1,684 and 0.00126, ps < .002, re
spectively]. RTs decreased across sessions (Ms = 403,
395, and 374 msec for Sessions 1-3, respectively), as did
EPs (Ms = .025, .021, and .016 for Sessions 1-3).

Method
Subjects. Thirty-two subjects, 16 in each of two groups, from

the same pool as that in the previous experiments participated.
Apparatus, Stimuli, and Procedure. The apparatus was the

same as that in the previous experiments, and the session lengths
were the same as those in Experiment 3. The subjects practiced for
three sessions with the color circle stimuli used in that experiment
but were responding to stimulus location with a spatially incom
patible mapping. In the fourth session, they were transferred to the
Hedge and Marsh (1975) task, using Sand H as stimuli. Tags with
the letters Sand H were placed below the display screen, immedi
ately above their respective response keys, to identify the keys. For
half of the subjects in each group, the left key was labeled S and the
right key H, and for the other half these labels were reversed. The
letter mapping in the transfer session was either congruent (respond
with the key labeled S if the stimulus is S and the key labeled H if
the stimulus is H) or incongruent (respond with the key labeled H
if the stimulus is S and the key labeled S if the stimulus is H).

First, practice could affect the spatial code to which the
logical recoding rule is applied. That is, instead of the
rule being applied to the code corresponding to stimulus
location, it could be applied to the noncorresponding spa
tial code. Ifso, a reversed Simon effect would be obtained
for the congruent mapping condition in the Hedge and
Marsh (1975) task, much as in the basic Simon task, but
a positive Simon effect would be obtained for the incon
gruent mapping condition (i.e., the noncorresponding
spatial code would be reversed to be the corresponding
spatial code). The second possibility is that the automatic
activation component, although independent of the cur
rent task goal, is not permanent but is a function of the
task-defined association that was established previously.
In this case, the prior practice with an incongruent spatial
mapping should add a reversal component to both ver
sions ofthe Hedge and Marsh task, resulting in a reversed
Simon effect for the congruent mapping, again as in the
standard Simon task, but an even larger reversed effect
for the incongruent mapping. The distinguishing result,
thus, is whether the incongruent mapping shows a stan
dard Simon effect or a larger reversed Simon effect in
comparison with the congruent mapping.

EP
.06
.03

M

559
519

EP
.01
.02

Letter Mapping

Congruent Incongruent

M

521
504

Spatial
Correspondence

Corresponding
Noncorresponding

The reversal of the Simon effect obtained after prac
tice at responding to location with an incompatible map
ping is reminiscent of the Hedge and Marsh (1975) re
versal. As was described in the introduction, Hedge and
Marsh had subjects perform a Simon task using colored
stimuli but with the response keys labeled according to
color. This allowed them to use an incongruent mapping
for the relevant color dimension (i.e., press the "green"
key to the red stimulus, and vice versa). With the incon
gruent color mapping, a reversed Simon effect was ob
tained. Responding was faster when the stimulus occurred
in the location that did not correspond to the response.

Although the reversal phenomenon that was obtained
following transfer from an incompatible spatial mapping
in Experiments 2 and 3 is superficially similar to that ob
tained with an incompatible color mapping in the Hedge
and Marsh (1975) task, there is an important difference
between the two situations. In the transfer situation, the
irrelevant location dimension was previously relevant,
and the spatial mapping defined for the previous task
continues to affect performance after location is no longer
relevant. In the Hedge and Marsh situation, location was
not defined as relevant previously, so the reversal cannot
be attributed to a prior spatial mapping intruding into
performance.

De long et al. (1994) proposed that there are two com
ponents to the Hedge and Marsh (1975) reversal. The re
versal itself is due to a logical recoding transformation of
the type proposed originally by Hedge and Marsh-that
is, a goal-dependent transformation of stimulus location
that is unintended. In other words, the explicit S-R trans
lation rule respond with opposite value that is appropriate
for the relevant color dimension when the mapping is in
congruent gets applied inappropriately to the irrelevant
stimulus location dimension. The effect of this component
is independent of the point in time after stimulus onset at
which the recoding occurs. The other component is auto
matic activation of the spatially corresponding response,
independent ofthe task goal. This activation, which coun
ters the reversal produced by the first component when the
relevant S-R mapping is incongruent, occurs quickly but
then decays. The combination of these two components
accounts for why the magnitude ofthe reversed Simon ef
fect increases, rather than decreases, with time.

In Experiment 4, the relation between the reversal of
the Simon effect that occurs after practice responding to
stimulus location with an incompatible mapping and the
reversal that occurs in the Hedge and Marsh (1975) task
was examined. After three sessions of practice with a
spatially incompatible mapping, the subjects switched to
the Hedge and Marsh task, half using a congruent S-R
mapping and half an incongruent mapping for the rele
vant stimulus dimension. Within the context of De long
et al.s (1994) framework, there are at least two different
ways in which prior practice with a spatially incompati
ble mapping could affect performance in the Hedge and
Marsh task.

EXPERIMENT 4
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Transfer. The mean RT and EP data for the transfer
session are shown in Table 4. The main effect of spatial
correspondence was significant for both RTs and errors
[Fs(I,30) = 26.96 and 20.88, MSes = 877 and 0.00098,
ps < .001, respectively]. These effects reflect a reversed
Simon effect for which the responses were faster and more
accurate when the stimulus location did not correspond
with that of the response than when it did. However, spa
tial correspondence interacted with letter mapping for
both RTs and errors [Fs(1,30) = 4.70 and 8.61,ps = .038
and .006]. The reversed Simon effect was larger for the
subjects responding with the incongruent letter mapping
(38 msec and .05), which typically produces a reversed
Simon effect, than for those responding with the congru
ent letter mapping (15 msec and .0I), which typically pro
duces a normal Simon effect. Thus, the reversal attribut
able to the mapping rule was added to that attributable to
practice.

When the data were partitioned into two 152-trial
blocks, a three-way interaction of block X correspondence
X mapping was significant for the RTs [F(1,30) = 8.41,
MSe = 218, P = .007] but not for the EPs (F < 1.0). For
the subjects who practiced with the incongruent mapping,
the reversed Simon effect decreased from 49 to 29 msec
across blocks [F(1,15) = 8.36,MSe = 204,p = .011].For
the subjects who practiced with the congruent spatial map
ping, the reversed effect showed a nonsignificant tendency
to increase from 11 to 21 msec across blocks [F(1,15) =
1.59, MSe = 232, p = .226]. For this latter group, the
difference for errors tended to decrease from Block 1 to
Block 2 [F(1,15) = 3.65, MSe = 0.00011, P = .075],
suggesting that the tendency for RT disparity to increase
reflects only a change in speed -accuracy criterion.

Discussion
The Hedge and Marsh (1975) task differs from the

standard Simon task in that the relevant stimulus dimen
sion, in this case letter identity, can be mapped to the re
sponses in a congruent or an incongruent manner. The
congruent mapping of the relevant dimension typically
yields a standard Simon effect. Unsurprisingly, then, the
results obtained with the congruent mapping of the rele
vant dimension after three sessions ofpractice with a spa
tially incompatible mapping were similar to those found
for the Simon task in Experiments 2 and 3: A reversed Si
mon effect of 15 msec was obtained in the transfer session
for the congruent version of the Hedge and Marsh task.

More important is what happens in the incongruent
version of the Hedge and Marsh (1975) task, which nor
mally produces a reversed Simon effect. The magnitude
of the reversed Simon effect was substantially larger for
the incongruent version of the Hedge and Marsh task
than for the congruent version. This outcome is consistent
with the view that practice with a spatially incompatible
mapping results in automatic activation of the opposite
response location when stimulus location subsequently
becomes irrelevant. This activation adds to the component
attributable to unintentional application ofthe task-defined

recoding transformation to the spatial stimulus code, re
sulting in a large reversed Simon effect when the Hedge
and Marsh task is performed with an incongruent map
ping. Thus, as with the previous experiments, the results
of Experiment 4 imply that a response assigned to a stim
ulus location in a prior task continues to receive activa
tion when a stimulus occurs in that location, even though
stimulus location is no longer relevant.

GENERAL DISCUSSION

Performance of most tasks typically improves with
practice, and practice can benefit many aspects of infor
mation processing. In tasks that require choice reactions
to stimuli displayed in isolation, the benefits of practice
are usually attributed primarily to response selection
processes (see, e.g., Teichner & Krebs, 1974). When re
sponding to stimulus location, practice has been shown
to reduce but not eliminate the magnitude of spatial com
patibility effects (see, e.g., Dutta & Proctor, 1992). Be
cause response selection is more difficult initially for in
compatible spatial S-R mappings than for compatible
ones, the former mappings benefit relatively more than
do the latter from improvements in response selection ef
ficiency from practice.

Reduction and Persistence of the
Simon Effect With Practice

Stimulus location also affects response selection when
location is defined as irrelevant, as in the Simon task in
which the stimulus can occur in a left or a right location
but the correct response is signaled by a symbolic stim
ulus property such as letter identity. Responses are faster
and more accurate when the stimulus occurs in the loca
tion that corresponds with its assigned response than
when it occurs in the noncorresponding location. Hom
mel (cited in Prinz et al., 1995) and Simon et al. (1973)
showed an effect ofpractice for the Simon effect that was
similar to that found in studies of S-R compatibility
proper. The Simon effect was reduced but not eliminated
by practice at the task.

The studies of Hommel (cited in Prinz et al., 1995)
and Simon et al. (1973), however, used auditory stimuli,
which typically yield a Simon effect (i.e., a spatial cor
respondence effect) of approximately twice the magni
tude of that obtained in the more common task version
that uses visual stimuli (see, e.g., Urnilta & Nicoletti,
1990). Experiments 1 and 2 of the present study demon
strate that, despite the initially smaller size of the Simon
effect for visual stimuli, the influence of practice shows
a pattern similar to that for the Simon effect with audi
tory stimuli. The Simon effect produced in Experiments
I and 2 when responding to the identity of visually pre
sented letters in left or right locations decreased from its
initial value but persisted at a reduced magnitude for at
least 1,800 trials.

This persisting influence of irrelevant location infor
mation as subjects become practiced at a task is not only
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in agreement with the studies of the auditory Simon task
but also with studies using visual stimuli that have ex
amined other types of irrelevant information. For exam
ple, when a target letter is flanked in irrelevant locations
by instances ofa letter from the same set, responses typ
icaIly are faster when the flanker and target identities
correspond in terms of the response that each indicates
than when they do not (see, e.g., Eriksen & Eriksen,
1974). This effect, known as the Eriksen flanker effect,
has been shown to persist with little change in magni
tude across four sessions of approximately 300 trials
each (Proctor & Fober, 1988). Also, the Stroop effect for
color naming, in which naming of the ink color ofa form
is slowed when the form speIls an irrelevant color word,
has been shown to decrease with practice but not to dis
appear (see, e.g., Clawson et aI., 1995; Stroop, 1935/1992),
as has a version of the Stroop effect in which reading lo
cation words (left, right, up, down) was slowed when
they were printed inside irrelevant arrows that pointed in
conflicting directions (Shor, Hatch, Hudson, Landrigan,
& Shaffer, 1972). Thus, a general principle of human in
formation processing is that effects of irrelevant infor
mation may be reduced with practice at a task but are not
typicaIly eliminated.

Basis for the Reduction of the Simon Effect
The reduction in magnitude ofthe Simon effect that oc

curs as a function ofpractice apparently requires that lo
cation vary in an irrelevant manner. When the letter stim
uli were presented in a constant, centered location for the
three practice sessions in Experiment I, performance of
the Simon task in the fourth session was similar to that
in the first session for the subjects who practiced the
Simon task in the first three sessions. This outcome sug
gests that strengthening ofthe task-defined relevant S-R
associations alone is not sufficient to reduce the effect of
irrelevant location. An account in terms of strengthen
ing the relevant S-R associations could be retained, if it
is assumed that less strengthening of these associations
occurred when location was constant than when it was
varied. However, the trends in the overaIl mean RTs across
sessions suggest that the improvement in performance
was at least as great when location was constant as when
it varied, thus arguing against the possibility that the rel
evant S-R associations were strengthened less when stim
ulus location was constant. More likely, the reduction of
the Simon effect that occurs with practice involves learn
ing to ignore or suppress the irrelevant location infor
mation to some extent.

In Experiment 2, results were obtained that were con
sistent with this interpretation of the results of Experi
ment 1. The subjects who practiced the Simon task (in
which letter identity was the relevant stimulus dimen
sion) for three sessions showed slower and less accurate
responses when location was defined as relevant in the
fourth session than did the subjects who began the exper
iment with location as relevant. Having practiced attend
ing to letter identity and ignoring stimulus location appar-

ently made it difficult subsequently to attend to stimulus
location. However, the magnitude of the spatial mapping
effect was not influenced significantly by this practice.
Thus, although access to the relevant stimulus location
information was impaired by prior practice with a task in
which location was irrelevant, the coding ofthis informa
tion in response selection was relatively unaffected.

An additional finding for the subjects who transferred
to the spatial compatibility task from the Simon task in
Experiment 2 was that the RTs to stimulus location were
not influenced by the relation between letter identities
and responses that had been practiced during the Simon
task. The prior letter-response mapping was not com
pletely insignificant, however,because incorrect responses
were fewer when the irrelevant letter identity indicated
the same response as that specified by the relevant stim
ulus location dimension. It is likely that the relatively
minor impact on performance ofchanging the previously
relevant letter-identity dimension to irrelevant is a con
sequence of the relation between alphanumeric stimuli
and response location being relatively indirect (see, e.g.,
Lu, 1997).

Influence of Prior Spatial Mapping
on the Simon Effect

When stimulus location is relevant during practice, its
impact when it is subsequently irrelevant in the transfer
session is much more pervasive. In both Experiment 2
and Experiment 3, practice with an incompatible spatial
mapping led to a reversed Simon effect when stimulus
location was subsequently defined as irrelevant. That is,
in the transfer session, responses were slower when the
stimulus location corresponded with that ofthe response
than when it did not. This outcome occurred regardless
ofwhether or not the stimuli were the same in practice as
in transfer, indicating that the acquired task-defined as
sociations of S-R locations are independent of the spe
cific stimuli used to designate the locations.

Experiment 4 demonstrated that the tendency to make
the noncorresponding response that arises from prior
practice with a spatiaIly incompatible mapping adds to
the reversal of the Simon effect that occurs when an in
congruent mapping of letter identity to the identities of
labeled response keys is used in the Hedge and Marsh
(1975) task variation. This outcome is consistent with
the implication ofExperiments 2 and 3 that, after practice
with an incompatible spatial mapping, a stimulus auto
maticaIly activates the response at the noncorresponding
location. This activation (by way of the bottom route of
Figure 1) appears to be distinct from the tendency to re
spond at the opposite location that is produced by mis
application of the logical recoding reversal rule to the
irrelevant stimulus location attribute (by way of the top
route of Figure I).

Most accounts of the Simon effect attribute the effect
to automatic activation, via long-term associations, of
the response location that corresponds spatiaIly to the
stimulus location (see, e.g., Barber & O'Leary, 1997; De
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long et aI., 1994; Lu, 1997; Zorzi & Umilta, 1995).
These associations have been described as unconditional
(De long et aI., 1994), permanent (Barber & O'Leary,
1997), and as being either hard-wired or learnedfrom a
lifetime sexperience (Umilta & Zorzi, 1997). The implica
tion of such descriptions-that the associations are es
sentially unmodifiable-is incorrect. As is illustrated by
the reversal of the Simon effect after practice with an in
compatible spatial mapping, the response that is acti
vated automatically when stimulus location is irrelevant
to the task is highly dependent on temporary associations
between stimulus and response locations that were de
fined specifically for performance of a prior task. Put an
other way, although the distinction between task-defined
associations and long-term associations seems valid, the
influence of task-defined associations on performance
extends well beyond the period during which they can be
presumed to be held in an active state because of the in
structions that are in effect. This finding seems to be par
ticularly congenial to theories of automatization that char
acterize it in terms of the retrievalof stored memories (e.g.,
Logan, 1988; Schneider, 1985). Because the recent mem
ories would be of the spatial mapping that was practiced
before being switched to the Simon task, this mapping,
rather than preexperimental dispositions, should deter
mine which response is activated automatically in response
to the stimulus location.

Pliability of the Simon Effect
The major point illustrated by the present study is that

the influence of irrelevant location on performance is
highly dependent on the immediately preceding experi
ence. When that experience involves practice ofthe same
task, the Simon effect produced by the irrelevant infor
mation is reduced in magnitude. When the experience
involves responding to stimulus location with a spatially
incompatible mapping, the Simon effect obtained when
location is made irrelevant to the task reverses its sign. In
stead of responses being faster when stimulus and response
locations correspond, responses are faster when the loca
tions do not correspond. Perhaps even more surprising,
this reversal persists over at least 600 trials, so it is rela
tively robust with respect to practice at the Simon task.

The pliability of the Simon effect demonstrated here
adds to demonstrations of its reversal with an incongru
ent mapping ofthe relevant stimulus dimension to the re
sponses (Hedge & Marsh, 1975) and with instructions to
turn on a light at the location opposite the key that is to
be pressed (Hommel, 1993a). However, the reversals in
the prior studies have been a consequence of the task
goals conveyed by the instructions given the subject. What
is unique about the present case is that the reversal occurs
with the standard instructions for the Simon task and is
a function of prior mappings intruding on performance.
The specific response that is activated automatically by
an irrelevant stimulus location attribute is not relatively in
variant, as is often implied (e.g., Barber & O'Leary, 1997;
Umilta & Zorzi, 1997), but varies as a function of map
pings that were in effect for a preceding task. In sum, the

effect of irrelevant location information on performance
is a function not only of the goals for the task that is cur
rently being performed but also of the ways in which this
information was responded to when it was relevant in the
immediate past.
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NOTE

I. At first glance, one might think that the reversed Simon effect
found in the Hedge and Marsh (1975) task when the relevant S-R map
ping is incompatible rules out an account of the Simon effect in terms
of permanent associations between the corresponding stimulus and re
sponse locations. However, the reversal is usually attributed to misap
plication of the opposite translation rule to the irrelevant stimulus loca
tion dimension (i.e., to the explicit S-R translation route of Figure 1).
As is discussed in the introduction to Experiment 4, this rule-based ac
tivation of the opposite-location response may overshadow activation
ofthe corresponding response location that occurs as well, by way of the
automatic activation route illustrated in Figure 1 (see, e.g., De Jong
et al., 1994).
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