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Influences on the Simon effect of prior practice
with spatially incompatible mappings:
Transfer within and between horizontal
and vertical dimensions
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California State University, Long Beach, California

The Simon effect refers to the fact that for tasks in which stimulus location is irrelevant and a nonspatial at-
tribute is relevant, responses are typically faster when stimulus and response locations correspond than when
they do not. Two experiments examined the influence of prior practice with an incompatible relevant spatial
mapping on the Simon effect as a function of the dimension (vertical or horizontal) along which the stimuli
and responses varied in practice and transfer sessions. With 72 practice trials, the Simon effect in the transfer
session was eliminated only when the spatial dimension was horizontal for both practice and transfer. With 600
practice trials, the Simon effect was eliminated for all combinations of practice and transfer dimensions, with
noncorresponding responses showing an advantage when the dimension was horizontal for both practice and
transfer. Within-dimension transfer effects for the horizontal dimension after a small amount of practice can be
attributed to reactivation of specific stimulus—response associations defined for the practice task. However, the
between-dimension transfer effects evident after a larger amount of practice cannot be explained in this manner
and suggest that the subjects acquired a general procedure of responding opposite to the stimulus location.

Stimulus—response compatibility (SRC) refers to the
fact that performance is better with certain mappings
of stimuli to responses than with others (Proctor & Vu,
2006). When left and right stimulus locations are mapped
to left and right keypresses, the mapping of a left stimulus
to a left response and a right stimulus to a right response
yields better performance than does the alternative map-
ping. Spatial compatibility effects also occur when stimu-
lus location is irrelevant and the relevant information is
conveyed by a nonspatial stimulus attribute (e.g., color
or shape), a phenomenon known as the Simon effect (Lu
& Proctor, 1995; Simon, 1990; Simon & Rudell, 1967).
Similar effects occur in two-choice tasks when the stimuli
and responses are arrayed vertically (Nicoletti & Umilta,
1985; Vu, Pellicano, & Proctor, 2005; Vu, Proctor, & Pick,
2000).

Accounts of SRC and Simon Effects

Accounts of spatial SRC effects, including SRC proper
and the Simon effect, have focused mainly on spatial cod-
ing, because compatibility effects depend on the relative
positions of the stimuli and the responses (e.g., Nicoletti,
Anzola, Luppino, Rizzolatti, & Umilta, 1982; Roswar-
ski & Proctor, 2000). All models include an intentional
translation process that influences the speed of response
selection for SRC proper (e.g., Duncan, 1977; Proctor &
Reeve, 1985, 1986). Duncan proposed that SRC effects

occur because S—R translation is accomplished by way of
an identity rule (respond at the location that is the same as
that of the stimulus) when the mapping is spatially compat-
ible but by a less efficient respond-opposite rule (respond
at the location that is opposite that of the stimulus) when
it is incompatible. Although all models of SRC effects in-
clude a translational component, most recent models at-
tribute SRC effects, in part, to a second process: direct (or
automatic) activation of the corresponding response (e.g.,
Hommel, 1997; Kornblum, Hasbroucq, & Osman, 1990).

According to two-process models of compatibility ef-
fects, the corresponding response is activated regardless
of whether stimulus location is relevant or irrelevant.
For SRC proper, this activation is often assumed to fa-
cilitate responding when the mapping is compatible but
to interfere when it is incompatible. For the Simon effect,
responding is faster when the response assigned to the rel-
evant stimulus attribute is the same as that activated by the
stimulus position but slower when it is not, due to con-
flict between activated and assigned response codes. The
Simon effect is typically attributed to automatic activation
alone, whereas differences in translation efficiencies of
the type mentioned above are presumed to contribute as
well to the effect of SRC proper (e.g., Kornblum et al.,
1990).

Although the roles of automatic activation and inten-
tional translation in SRC and Simon effects can be dis-
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cussed in terms of two different processes, these processes
can also be depicted in terms of short-term (or task-
defined) and long-term associations. Accounts of SRC
effects emphasizing strengths of S—R associations can be
traced back to Donders (1868/1969), who first demon-
strated such effects, and Fitts (1964), who formalized the
study of compatibility effects (see Proctor & Vu, 2002).
Both Donders and Fitts attributed the benefit for the
compatible mapping, at least in part, to responding with
natural tendencies established through habit or training
(i.e., long-term associations). The contributions of task-
defined and long-term associations have also been em-
phasized in more recent characterizations of compatibility
effects (e.g., Barber & O’Leary, 1997; Stoffer & Umilta,
1997; Zorzi & Umilta, 1995). In a choice reaction task, the
instructions define temporary associations between the
relevant stimulus values and the responses for the task, but
subjects come to the experiment with long-term associa-
tions between corresponding stimulus and response loca-
tions. In this view, direct activation of the corresponding
response via long-term associations is solely responsible
for producing the Simon effect, whereas SRC proper is a
function of both this activation and relative efficiencies of
the task-defined S—R associations.

Transfer of Task-Defined Spatial Associations to
the Simon Task

An implication of the typical depiction of SRC and
Simon effects is that the associations defined for the task
are maintained only as long as the task is in effect and
should cease to influence performance when they are no
longer relevant. Yet several recent studies have shown that
this is not the case. Proctor and Lu (1999) had subjects
perform a two-choice SRC-proper task using an incom-
patible spatial mapping for more than 900 trials, spread
over 3 days, and then transferred them to a Simon task
on the 4th day. The Simon effect reversed, showing better
performance when stimulus and response locations did
not correspond than when they did. Thus, although stimu-
lus location was no longer relevant in the transfer task,
the noncorresponding response continued to be activated
at stimulus onset, instead of the corresponding response.
Tagliabue, Zorzi, Umilta, and Bassignani (2000) showed
that as few as 72 trials of practice with a spatially incom-
patible mapping were sufficient to eliminate the Simon
effect when the Simon task was performed 5 min after
the practice session. Moreover, they found that when the
Simon task was performed after a week delay, the Simon
effect reversed to favor the noncorresponding response.
Tagliabue et al. (2000) attributed this reversal after a week
delay to consolidation of the task-defined associations.

Transfer designs allow not only demonstration of the
continued influence of the practiced S—R mapping, but
also evaluation of what is specifically learned during prac-
tice (e.g., Healy, Wohldmann, & Bourne, 2005; Pashler
& Baylis, 1991; Proctor & Dutta, 1995). One issue of
general interest is the specificity of learning. Tagliabue,
Zorzi, and Umilta (2002) evaluated whether the proce-
dures acquired from practice with the incompatible spatial
mapping are modality specific or more general. They had

subjects practice for 72 trials with an incompatible map-
ping of left and right tones to keypress responses, and after
delays of 5 min, 1 day, or 1 week, the subjects performed
a visual Simon task. The Simon effect was eliminated at
all delays, but it did not reverse at the 1-week delay, unlike
when the stimulus modality was visual in both practice
and transfer (Tagliabue et al., 2000). However, a between-
study comparison of the week-delayed Simon data showed
no significant difference in the visual Simon effect as a
function of whether the practice modality was visual or
auditory. This led Tagliabue et al. (2002) to conclude that
the elimination or reversal of the Simon effect is due to a
spatial remapping that is not modality specific.

Because the comparison made by Tagliabue et al. (2002)
between the effects of auditory and visual practice was be-
tween different studies and of low power, Vu, Proctor, and
Urcuioli (2003) conducted an experiment in which they
replicated the 1-week delay conditions from Tagliabue
et al.’s (2002; Tagliabue et al., 2000) studies within a
single experiment. The Simon effect obtained with visual
stimuli was reversed when the practice task was visual but
was eliminated only when the practice task was auditory,
indicating that the apparent difference between Tagliabue
et al.’s (2002; Tagliabue et al., 2000) studies is real and
that there are both modality-specific and more general
components to the transfer effect.

Specific S—R Associations Versus
Systematic S—R Relations

Tagliabue et al. (2002; Tagliabue et al., 2000) concluded
that the elimination (or reversal) of the visual Simon effect
after practice with an incompatible spatial mapping is due
to the spatial associations for the practice task’s remaining
active during the subsequent Simon task. Although their
findings and those of Vu et al. (2003) indicate that these
associations, or procedures, are, at least in part, more
general than the stimulus modality used for practice, the
associations may still be specific to the left-right spatial
codes generated in practice and transfer. S—R sets that
vary along different dimensions in practice and transfer
can be used to evaluate whether the learning of location
relations that occurs involves associations specific to the
spatial codes generated in practice or a general procedure
that transfers to locations on an orthogonal spatial dimen-
sion. Transfer should be restricted to the same dimension
if the transfer effect is due either to continued activation of
the links between individual stimulus locations and their
assigned responses (Tagliabue et al., 2002) or to retrieval
of episodes of making the noncorresponding response to
a stimulus with a given spatial code (e.g., Logan, 1988).
A finding of transfer across different practice and stimu-
lus dimensions would suggest that the source of the effect
is a respond-opposite procedure acquired during practice
(Duncan, 1977; Rosenbloom, 1986).

Two experiments were conducted to examine these pre-
dictions. In both experiments, subjects practiced with an
incompatible mapping of two visual stimulus locations
to two keypress responses and then were transferred to a
Simon task in which stimulus color was relevant and loca-
tion irrelevant. Orientation of the S—R sets during prac-
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tice was either horizontal or vertical, as was orientation
of the S—R sets during transfer. With this design, within-
dimension and cross-dimension transfer effects could be
examined for both horizontal and vertical Simon tasks.

In Experiment 1, the subjects practiced for 72 trials with
an incompatible spatial mapping and then performed the
Simon transfer task. If the transfer effect is due primarily
to specific S—R associations, the effect should be evident
only for conditions in which the spatial dimension in the
transfer session is the same as that in the practice session.
However, if the transfer effect is due to a more general
respond-opposite procedure, the effect likely would be ev-
ident between dimensions, as well as within. The transfer
test was conducted at a delay of 5 min or 1 week, to assess
whether the basis for the transfer effect shifts from one of
activation/retrieval of specific S—R links at a short delay to
one of rule-based procedures over the intervening week.

Experiment 2 was similar to Experiment 1, except
that only the 5-min delay was used and, more important,
subjects performed 600 trials of practice with the incom-
patible spatial mapping, instead of 72 trials. With more
practice, the likelihood increases that a general respond-
opposite procedure will develop (Rosenbloom, 1986),
causing transfer to occur between S—R dimensions, as
well as within.

EXPERIMENT 1

In Experiment 1, the influence of 72 trials of practice
with an incompatible mapping of horizontal or vertical
S—R locations on performance of a horizontal or vertical
Simon task performed after a 5-min or a 1-week delay
was examined. If the influence of the prior practice on
the visual Simon task is due to persisting activation of
the specific noncorresponding S—R associations learned
in practice or to the ease with which the noncorrespond-
ing response can be retrieved, transfer to the Simon task
should occur only when the dimension along which the
stimuli and responses vary is the same in both tasks. If
transfer effects across different practice and transfer di-
mensions are obtained, the effects are most likely due to
acquisition of a respond-opposite procedure that contin-
ues to be applied to the stimulus location in the Simon task
even though location is nominally irrelevant.

Method

Subjects. One hundred ninety-two students were recruited from
Purdue University’s introductory psychology courses to participate
for partial course credit. All the subjects reported having normal
or corrected-to-normal vision. Ninety-six practiced with an incom-
patible mapping of horizontal stimuli and responses, and 96 with
an incompatible mapping of vertical stimuli and responses. For the
group that practiced with an incompatible mapping of horizontally
arrayed S—R sets, 48 were transferred to a horizontal Simon task
after a 5-min delay (n = 24) or after a 1-week delay (n = 24), and
48 were transferred to a vertical Simon task after a 5-min delay (n =
24) or after a 1-week delay (n = 24). Similarly, for the group that
practiced with an incompatible mapping of vertically arrayed S—R
sets, 48 were transferred to a horizontal Simon task after a 5-min
delay (n = 24) or after a 1-week delay (n = 24), and 48 were trans-
ferred to a vertical Simon task after a 5-min delay (n = 24) or after
a l-week delay (n = 24).

Apparatus, Stimuli, and Procedure. The stimuli were presented
on personal computers, with 14-in. VGA color monitors. Micro Ex-
perimental Laboratory (MEL Version 2.01) was used to control the
experiment. The subjects sat directly in front of the monitor, at a
viewing distance of approximately 60 cm. The stimuli were white,
red, or green solid circles (MEL color codes 15, 4, and 2, respec-
tively) approximately 1.2 cm, or 1.1°, in diameter. The stimuli were
presented in left and right locations for the horizontal dimension and
top and bottom locations for the vertical dimension, approximately
7 cm (6.65°) from the center of the screen. Responses were made
on the numeric pad of the keyboard by using the “4” and “6” keys
(left and right keys) for the horizontal dimension and the “8” and
“2” keys (top and bottom keys, aligned vertically) for the vertical
dimension. The left index finger was used to press the first key in
each pair, and the right index finger the second key.

For the practice session, the circles were white. For the horizontal
practice task, the subjects were instructed to respond with a spatially
incompatible mapping of left stimulus to right response and right
stimulus to left response. For the vertical practice task, the subjects
were instructed to respond to the top stimulus by pressing the bottom
key and to the bottom stimulus by pressing the top key. The practice
session consisted of 72 trials.

Half of the subjects were transferred to the Simon task after a
5-min delay, and half after a 1-week delay. For the transfer session,
the subjects were told to respond to the color of the stimulus on each
trial and to ignore its location. For the subjects in each orientation
condition, the red stimulus was assigned to one response, and the
green stimulus to the other response, with the assignment counter-
balanced across subjects. All the subjects performed one block of
the Simon trials, which consisted of 144 trials. The entire session
lasted about 40 min.

For all the conditions, the order in which the stimuli appeared
was randomized. The subjects were instructed to respond as quickly
and accurately as possible. Reaction time (RT) was measured from
stimulus onset to the depression of a response key. The stimulus re-
mained present for 1,500 msec or until a response was made, and the
intertrial interval was 1 sec. The trial terminated if the subjects did
not respond within 1,500 msec. A 400-Hz error tone was presented
for 500 msec for incorrect responses or terminated responses.

Results

The data were analyzed separately for the practice and
the transfer sessions. The first 12 trials of each session
were considered warm-up and were not included in the
analyses.

Practice session. Two (practice dimension: horizontal
or vertical) X 2 (transfer dimension: horizontal or verti-
cal) X 2 (delay: 5 min or 1 week) ANOVAs were performed
on RT and percentage of error (PE; see Table 1 for means).
All the factors were between subjects. The main effect of
practice dimension was significant for RT [F(1,184) =
21.46, MS, = 5,272, p < .001] and PE [F(1,184) = 5.01,
MS, = 6.16, p = .026]. RTs were shorter and errors
tended to be fewer when the practice dimension was hori-
zontal (M = 384 msec and 2.24%) than when it was verti-
cal (M = 433 msec and 3.04%). The two-way interactions
of practice dimension and transfer dimension were not
significant for either measure (F's < 1), indicating that the
transfer dimension groups showed similar performance
in the practice session prior to transfer to the Simon task.
Moreover, there were no significant interactions of delay
with any other factors (Fs < 1).

Transfer session. Mean RTs and PEs for correspond-
ing and noncorresponding trials were obtained in each
condition in order to examine how the Simon effect is in-
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Table 1
Mean Reaction Times (RTs) and Percentages of Errors (PEs)
in the Practice Sessions in Experiments 1 and 2
(With Standard Deviations)

Performance
RT PE
Practice—Transfer Dimension M SD M SD
Experiment 1: 5-Min Delay
Vertical-vertical 422 88 3.21 2.5
Vertical-horizontal 441 93 3.70 3.7
Horizontal—vertical 391 70 2.30 2.4
Horizontal-horizontal 405 65 2.37 2.4
Experiment 1: 1-Week Delay
Vertical—vertical 435 72 2.65 2.3
Vertical-horizontal 433 75 2.59 2.5
Horizontal—vertical 366 53 1.88 1.2
Horizontal-horizontal 374 57 2.39 2.3
Experiment 2
Vertical-vertical 411 56 1.77 1.2
Vertical-horizontal 390 62 1.66 1.2
Horizontal—vertical 380 69 1.21 0.7
Horizontal-horizontal 364 48 1.46 1.2

fluenced by prior practice with an incompatible mapping.
Separate 2 (practice dimension: horizontal or vertical) X
2 (transfer dimension: horizontal or vertical) X 2 (cor-
respondence: corresponding or noncorresponding) X 2
(delay: 5 min or 1 week) ANOVAs were performed for RT
and PE (see Table 2). For both measures, the main effects
of correspondence were significant [Fs(1,184) = 70.69
and 19.22, MS,s = 370 and 4.89, respectively; ps <.001],
with the overall Simon effect being 17 msec and 1.01%.
For RT, correspondence interacted with transfer dimen-
sion [F(1,184) = 11.14, MS, = 370, p = .001], indicating
that the vertical Simon effect (MD = 23 msec) was larger
than the horizontal Simon effect (MD = 10 msec). For
both RT and PE, the main effect for delay was not signifi-
cant [Fs(1,184) < 2.02, ps > .16], and delay did not inter-
act with any other factors [Fs(1,184) < 1.85, ps > .18].
Most important, for both measures, the three-way inter-
action between correspondence, practice dimension, and

transfer dimension was significant [Fs(1,184) = 4.50 and
5.01, MS.s = 370 and 4.89, respectively; ps < .035]. To
evaluate the three-way interactions, separate ANOVAs were
performed for the horizontal and the vertical Simon tasks.
For the horizontal task, correspondence interacted signifi-
cantly with practice dimension for RT [F(1,94) = 7.13,
MS, = 373, p < .010] and almost so for PE [F(1,94) =
3.34, MS, = 6.07, p = .071]. The subjects who practiced
with an incompatible horizontal mapping showed no Simon
effect for RT or PE (£s < 1), consistent with the results of
previous studies, but those who practiced with an incom-
patible vertical mapping did show a Simon effect for both
measures [Fs(1,47) = 19.29, ps < .001]. For the vertical
Simon task, the interaction of correspondence and practice
dimension was not significant [FF << 1 for RT; F(1,94) =
1.70, MS, = 3.66, p = .20, for PE]. The vertical Simon ef-
fect was significant for both RT and PE [Fs(1,47) > 7.87,
ps < .007], regardless of whether prior practice was with
an incompatible horizontal or an incompatible vertical
mapping. No other effects were significant.

Discussion

The horizontal Simon effect was eliminated after the
subjects had practiced for 72 trials with an incompatible
mapping of horizontal locations, a finding that is in agree-
ment with the previous results of Tagliabue et al. (2000)
and Vu et al. (2003). However, this finding did not gener-
alize to the situation in which the S—R sets varied along
the vertical dimension in both the practice and the trans-
fer sessions. It is surprising that the vertical Simon effect
was not eliminated by prior practice with an incompatible
mapping along the same dimension, because the primary
difference between this situation and the within-dimension
transfer for the horizontal Simon task, for which the Simon
was eliminated, is one of orientation.

The lack of a transfer effect within the vertical dimen-
sion may be a consequence of the fact that the mecha-
nisms that cause the vertical Simon effect are not identical
to those that cause the horizontal Simon effect. The verti-
cal and horizontal Simon effects show different tempo-
ral properties (Proctor, Vu, & Nicoletti, 2003; Wiegand

Table 2

Mean Reaction Times (RTs) and Percentages of Errors (PEs) (With Standard
Deviations) and Simon Effects in Experiment 1 As a Function of Correspondence,
Practice—Transfer Dimension, and Delay

Correspondence
Corresponding Noncorresponding
Practice—Transfer RT PE RT PE Simon Effect
Dimension M SD M SD M SD M SD RT PE
5-Min Delay
Vertical—vertical 456 63 1.81 24 481 77  3.01 1.9 25 1.20
Vertical-horizontal 457 48 1.89 32 472 55 3.12 3.0 15 1.23
Horizontal—vertical 481 57 1.25 2.1 509 52 329 28 28 2.04
Horizontal-horizontal 466 56 1.52 1.5 470 56 224 29 4 0.72
1-Week Delay
Vertical—vertical 442 41 1.28 1.4 462 42 2.19 2.2 20 0.91
Vertical-horizontal 454 70 1.61 1.8 474 56 287 2.8 20 1.26
Horizontal—vertical 470 63 1.33 1.8 489 59 2.85 2.4 19 1.52
Horizontal-horizontal 454 54 291 25 456 50 2.09 25 2 —0.82
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& Wascher, 2005) and onsets of the lateralized readiness
potential (a psychophysiological indicator of response ac-
tivation; see Wiegand & Wascher, 2005). On the basis of
these findings, Wiegand and Wascher concluded that

there are two dissociable mechanisms involved in
generating the Simon effect: a visuomotor facilita-
tion of same sided responses, which leads to a tran-
sient Simon effect (only observed for horizontal S—R
relations) and a cognitive interference of codes lead-
ing to a sustained Simon effect. (p. 463)

Wiegand and Wascher noted that the left-right hand distinc-
tion is congruent with the left-right spatial distinction for
the horizontal Simon task, but not with the top—bottom spa-
tial distinction for the vertical Simon task. Consequently,
they proposed that the transient component of the horizon-
tal Simon effect “appears to be related to spatial anatomical
mapping and might be based on automatic activation of the
corresponding response (hand)” (p. 463). When stimulus
location is relevant, as in the practice session of the pres-
ent experiment, the development of noncorresponding S—R
associations may reduce the transient component for the
horizontal dimension in the Simon transfer session, leading
to the elimination of the horizontal Simon effect.

When the S—R dimensions in the practice and transfer
sessions were different, there was no transfer of the prior
incompatible mapping to the Simon task. Thus, for the
horizontal Simon task, transfer of the practice mapping
occurred only when the practice task also involved the
horizontal dimension. This pattern of results provides no
evidence for transfer of a respond-opposite procedure.
The absence of a cross-dimensional transfer effect from
practice with the horizontal dimension to the vertical
Simon task is less informative, because the vertical Simon
effect was evident even when practice involved the verti-
cal dimension. Thus, the within- and between-dimension
comparison for the vertical Simon task does not speak to
the issue of specificity of transfer.

With a 1-week delay between practice and transfer ses-
sions, the influence of the prior incompatible mapping did
not differ significantly from that obtained when the delay
was only 5 min. This finding is in agreement with those
of Vu et al. (2003) and their conclusion that consolidation
does not act to increase the effect of the practiced incom-
patible mapping over a 1-week delay. That the transfer
effect for the horizontal practice and horizontal transfer
condition persists over the 1-week delay, even though not
increasing, could be a result of the reinstatement of the
same motoric procedures in the transfer session as in the
practice session (e.g., Healy et al., 2005).

EXPERIMENT 2

As has been noted, Proctor and Lu (1999) showed that
the Simon effect was reversed to favor noncorrespond-
ing responses after subjects had performed 948 incom-
patibly mapped trials over 3 days and had transferred to
the Simon task on the 4th day. The reversed effect in their
study averaged —20 msec (—14 and —25 msec in their
Experiments 2 and 3, respectively), which was of an ab-

solute magnitude similar to the 21-msec positive Simon
effect that Proctor and Lu obtained after practicing with
a compatible location mapping. Thus, Proctor and Lu’s
findings suggest that the amount of transfer increases as
the number of trials on the practice task increases.

Therefore, in Experiment 2, the number of practice trials
was increased from 72 to 600. A larger transfer effect should
be evident after 600 practice trials, with one possible reason
being that the strength of the specific noncorresponding
S—R associations, relative to that of the long-term corre-
sponding associations, would be increased by the additional
practice on the spatial task. Another possible reason would
be that the extra practice would enable the subjects to rep-
resent response selection in the practice task as a respond-
opposite procedure, which would then be transferred to the
Simon task. Because Experiment 1 had shown no effect of
delay, only a 5-min delay was used in Experiment 2. Con-
trol conditions, in which no prior practice was performed,
were added in order to provide baselines for evaluating
whether the Simon effect was reduced significantly for the
dimension combinations that showed no reduction with the
lesser amount of practice in Experiment 1.

As in Experiment 1, both horizontal and vertical S—-R
sets were used to evaluate the specificity of transfer. If in-
creasing practice with the incompatible location mapping
influences only the horizontal Simon effect, and not the
vertical Simon effect, the transfer is specific to processes
involved in the horizontal task. If the increased practice
results in larger transfer effects for both the horizontal and
the vertical S—R sets when they are the same in the prac-
tice and transfer sessions, but not when they are different,
this would suggest that the lack of the transfer effect for
the vertical-practice—vertical-transfer condition in Ex-
periment 1 was due to the noncorresponding associations
being of insufficient strength. If the Simon effect is also
eliminated in the between-dimension transfer conditions,
the implication would be that the additional practice tri-
als allow development of the respond-opposite procedure,
which transfers to the Simon task.

Method

Ninety-six new undergraduates from the same subject pool as that
in the previous experiment participated; 32 were assigned to each
of three practice conditions: horizontal-incompatible mapping,
vertical-incompatible mapping, and control (no prior practice with an
incompatible mapping). Within each practice condition, 16 subjects
performed a horizontal Simon task, and 16 a vertical Simon task.
For the conditions in which the subjects practiced with an incompat-
ible mapping, the number of trials in the practice session was 600,
performed in two blocks of 300, with a 5-min break in between. Fol-
lowing the second practice block, the subjects performed the transfer
condition after a 5-min delay. Otherwise, the apparatus, stimuli, and
procedure were similar to those used in Experiment 1. The experi-
mental session lasted about 20 min for the control condition and 1 h
for the practice—transfer conditions. The control condition was ini-
tially conducted as a separate experiment and, consequently, was not
conducted at the same time as the other conditions.

Results

Practice session. Overall RT and PE data are reported
in Table 1 for the conditions in which the subjects received
prior practice with an incompatible mapping. For the data
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analyses, the practice session was divided into six blocks
of 100 trials (the first block consisted only of 88 trials,
since the first 12 trials were excluded as warm-up trials)
for the horizontal and vertical dimensions. The main ef-
fect of block was significant for RT and PE [F's(5,300) =
11.82 and 4.19, MS.s = 999 and 1.52, respectively; ps =
.001]. Overall, RT was longer in the first three blocks than
in the last three blocks (Ms = 399, 399, 398, 368, 376, and
379 msec for Blocks 1-6, respectively). For PE, the larg-
est reduction was between the first and the second blocks
(Ms = 2.12%, 1.45%, 1.63%, 1.29%, 1.37%, and 1.31%
for Blocks 1-6, respectively). The only other significant
effect was the block X practice dimension interaction for
RT [F(5,300) = 2.96, MS, = 998, p = .013], in which the
vertical dimension benefited more from practice than did
the horizontal dimension.

Transfer session. Mean correct RT and PE were
submitted to separate 3 (practice condition: horizontal—
incompatible, vertical-incompatible, or control) X 2
(transfer dimension: horizontal or vertical) X 2 (corre-
spondence: corresponding or noncorresponding) ANOVAs
(see Table 3).

For RT, the main effect of transfer dimension was
significant [F(1,90) = 4.85, MS, = 7,526, p = .030],
with RTs being shorter for the horizontal Simon task
(M = 450 msec) than for the vertical Simon task (M =
478 msec). The only other significant effect for RT
was a correspondence X practice condition interaction
[F(2,90) = 15.36, MS, = 369, p < .001]. To clarify the
interaction, separate ANOVAs were performed for each
practice condition. The Simon effect was significant in
the control condition [F(1,30) = 29.51, MS, = 315, p <
.002] and did not differ significantly for the horizontal
and the vertical dimensions [F(1,30) = 1.63, p > .20].
For the vertical-incompatible practice condition, no
overall Simon effect was evident (F < 1), and there was
no interaction with transfer dimension (# < 1). For the
horizontal-incompatible practice condition, an over-
all —13-msec Simon effect was evident [i.e., longer
RT for corresponding than for noncorresponding trials;

F(1,30) = 6.45, MS, = 428, p = .017] that did not inter-
act with transfer dimension (F < 1).

For the PE data, the main effect of practice condition
was significant [F(2,90) = 4.93, MS. = 10.53, p = .009],
with fewer errors committed in the control condition
(M = 2.13%) than in the horizontal-incompatible (M =
3.79%) and vertical-incompatible (M = 3.57%) practice
conditions. Similar to the RT data, the only other sig-
nificant effect for PE was a correspondence X practice
condition interaction [F(2,90) = 4.84, MS, = 5.95, ps =
.01]. Separate ANOVAs were performed for each prac-
tice condition to clarify this interaction. The Simon effect
was significant in the control condition [F(1,30) = 11.97,
MS, = 4.36, p < .002] and did not differ significantly for
the horizontal and the vertical dimensions (¥ < 1). For
the vertical-incompatible practice condition, no Simon
effect was evident (F < 1), and there was no interaction
with transfer dimension (# < 1). For the horizontal—
incompatible practice condition, no overall Simon effect
was evident (£ < 1), but correspondence interacted with
transfer dimension [F(1,30) = 5.44, MS, = 6.74, p =
.027]. Following horizontal practice, the vertical Simon
effect was a nonsignificant 0.9% [F(1,15) = 1.02, MS, =
6.34, p > .30], whereas the horizontal Simon effect was
—2.1% [F(1,15) = 5.08, MS, = 7.13, p = .04].

Influence of the number of practice trials. To evalu-
ate the effects of the additional practice received in the
present experiment, a comparison of the practice—transfer
conditions of the present experiment with the 5-min delay
practice—transfer conditions in Experiment 1 was made. A
2 (practice dimension: horizontal or vertical) X 2 (transfer
dimension: horizontal or vertical) X 2 (correspondence:
corresponding or noncorresponding trials) X 2 (experi-
ment: Experiment 1 or 2) ANOVA was conducted on RT
and PE. For both measures, the only significant interac-
tion involving experiment was that of correspondence and
experiment [Fs(1,152) = 28.52 and 9.57, MS.s = 395 and
6.53, respectively; ps < .002]. This interaction reflects the
fact that the Simon effect was smaller in Experiment 2
(—7 msec and —0.57%) than in Experiment 1 (18 msec

Table 3
Mean Reaction Times (RTs) and Percentages of Errors (PEs) (With Standard
Deviations) and Simon Effects for the Horizontal and Vertical
Simon Transfer Tasks in Experiment 2 As a Function of
Correspondence and Practice and Transfer Dimension

Correspondence
Corresponding Noncorresponding
Transfer RT PE RT PE Simon Effect
Dimension M SD M SD M SD M SD RT PE

Control (No Prior Practice With an Incompatible Mapping)

Vertical 460 66 057 08 49 68 285 2.6 30 2.28
Horizontal 442 53 190 1.7 46l 56 322 29 19 1.32
Practice With a Vertical Incompatible Mapping
Vertical 461 49 391 39 460 52 339 22 -1 —0.52
Horizontal 443 66 4.08 32 445 52 379 35 2 —0.28
Practice With a Horizontal Incompatible Mapping
Vertical 502 8 326 24 493 91 416 34 -9 0.90
Horizontal 464 53 449 42 447 43 237 1.8 —17 —2.12
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and 1.29%), showing a greater influence of the practice
mapping after 600 trials of practice than after 72 trials.
Otherwise, the patterns of results across the two experi-
ments were similar.

Discussion

For the practice session, overall RT and PE decreased
with practice, replicating previous studies (e.g., Dutta &
Proctor, 1992). Furthermore, the vertical dimension ben-
efited more from practice than did the horizontal dimen-
sion. For the horizontal-horizontal practice—transfer con-
dition, the increased practice was sufficient to reverse the
overall horizontal Simon effect in the transfer session. The
reverse Simon effect for RT in this experiment was sig-
nificantly different from the nonsignificant Simon effect
obtained after only 72 trials of practice in Experiment 1
[F(1,38) = 7.63, MS, = 261, p = .009]. This larger trans-
fer effect to the horizontal Simon task is in agreement
with the view that the noncorresponding S—R associations
learned in practice were strengthened.

Unlike in Experiment 1, though, the transfer effect for
the horizontal Simon task occurred between dimensions, as
well as within the same dimension. A between-dimension
transfer effect cannot be attributed to the strengthening
of specific S—R associations. Thus, the larger transfer ef-
fect in Experiment 2 is likely due to subjects’ acquiring
a respond-opposite procedure during the practice task,
which was then transferred to the Simon task. Although
the RT data showed no significant difference between the
magnitude of the transfer effect within and between di-
mensions, the error data showed that the transfer of non-
corresponding S—R associations to the horizontal Simon
task was larger when the practice dimension was also
horizontal. This finding suggests that for the horizontal—
horizontal condition, there may also be a benefit of spe-
cific S-R associations.

The vertical Simon effect was also eliminated after 600
trials of practice with an incompatible mapping. The fact
that the vertical Simon effect was not eliminated after 72
trials of practice in Experiment 1 indicates that the non-
corresponding S—R associations were more difficult to
acquire and/or apply with the vertical dimension. This dif-
ficulty may be related to differences in how the horizontal
and the vertical dimensions are processed (see Wiegand &
Wascher, 2005) or to the fact that the horizontal dimension
also benefits from the spatial coding provided by the left
and right hands (see Vu & Proctor, 2001). More important,
the finding of a between-dimension transfer effect for the
vertical Simon task implies that the subjects learned a
respond-opposite procedure during the practice task that
was the basis for the transfer. Although the strengthen-
ing of specific S—R associations may have been the cause
of the transfer effect for the vertical-practice—vertical-
transfer condition, the similar magnitudes of the within-
and between-dimension transfer effects suggests that
they are due to the same mechanism, that of the respond-
opposite procedure.

The between-experiment analysis showed that the over-
all Simon effect was countered more by 600 trials of prac-
tice with an incompatible spatial mapping than with 72

trials. The finding that experiment did not interact signifi-
cantly with practice dimension and transfer dimension,
alone or in combination, suggests that the influence of ad-
ditional practice is similar across all four practice—transfer
conditions. That the horizontal-horizontal practice—
transfer condition showed larger effects in the PE data and
a trend in that direction for the RT data suggests that for
the horizontal Simon task, the specific associations that
affect performance in that condition after 72 practice tri-
als may still be contributing, in addition to the rule-based
procedure after 600 practice trials. Although the amount
of practice is the most likely source of the different results
for Experiments 1 and 2, it should be noted that, as with
most studies of practice, the subjects who received more
practice also spent a longer total time on the task.

GENERAL DISCUSSION

The present study confirmed that when the amount of
practice with an incompatible mapping was small (e.g., 72
practice trials), the horizontal Simon effect was eliminated
when the practice task involved an incompatible mapping
of left-right locations mapped to keypresses. Furthermore,
the influence of the incompatible mapping on the Simon
transfer task was just as strong 1 week after the practice
session as it was after only 5 min. The finding that the
transfer effect is evident after a 1-week delay suggests that
for the horizontal dimension, the noncorresponding S—R
associations learned during the practice session are rein-
stated by the task context, even though stimulus location
is nominally irrelevant in the Simon transfer task. Healy
et al. (2005) also found evidence for procedural reinstate-
ment after a 1-week delay in a perceptual-motor task. In
their study, subjects learned to control a mouse that was
programmed to make left—right reversals (e.g., leftward
movement of the mouse resulted in rightward movement
of the cursor), top—bottom reversals, or both types of re-
versal. This learning benefited performance of the same
task a week later only when the mouse was programmed
the same as in practice. No transfer was evident when a
mouse programmed differently was used (e.g., learning
with a mouse that had both left—right and top—bottom
reversals did not improve performance when tested with
a mouse that produced only left-right reversals or only
top—bottom reversals).

Although, in Experiment 1, the horizontal Simon ef-
fect was eliminated after practice with 72 trials of a
horizontal-incompatible mapping, the vertical Simon
effect remained evident after the subjects performed 72
trials with an incompatible mapping of vertically arrayed
stimuli and responses. The lack of a generalization of the
within-dimension transfer effect to the vertical dimension
may be due to the horizontal and the vertical Simon effects
having different processing bases (Wiegand & Wascher,
2005). With the 72 trials of practice, there also was no
evidence of the prior incompatible mapping on one spatial
dimension transferring to the other dimension in the trans-
fer Simon task. The absence of between-dimension trans-
fer effects provides no evidence that a general respond-
opposite procedure was acquired.



1470 Vu

When the number of practice trials was increased from
72 to 600 in Experiment 2, large transfer effects were evi-
dent, both within and between spatial dimensions. Thus,
extended practice with an incompatible location mapping
can strengthen the task-defined, noncorresponding S—R
associations sufficiently for them to remain active and
override the benefits of the long-term, corresponding S—R
associations in the transfer session. Although the within-
dimension transfer effects may be a result of learning to
make a specific response to a specific stimulus location,
the between-dimension transfer effects can be attributed
only to rule-based procedures (see Rosenbloom, 1986).
Because the increase in size of the transfer effect after
600 practice trials, as compared with 72 practice trials,
was just as large for all four practice—transfer conditions,
within and between dimensions, it is likely that the entire
effect is due to acquisition of rule-based procedures. How-
ever, the finding that the horizontal-horizontal practice—
transfer condition still tends to yield larger transfer effects
than do the other conditions at the long delay suggests that
for that condition, there may be a specific component to
the transfer effect, in addition to the rule-based one.

Hedge and Marsh (1975) proposed that when response
keys are colored and the mapping of stimulus color to re-
sponse key color is incompatible (i.e., press the green key
if the stimulus is red and the red key if the stimulus is
green), a respond-opposite rule for color is also applied
to the location dimension. They based their proposal on
the Simon effect’s being reversed in this situation, for
which the relevant dimension was mapped incompatibly.
Whereas Hedge and Marsh proposed that a currently rel-
evant respond-opposite rule is unintentionally applied to
the spatial dimension, the present findings suggest that a
respond-opposite procedure that was previously relevant
for stimulus location continues to be applied when it is
no longer relevant. Both proposals imply that general re-
sponse selection rules can be formed. The contribution
of the present study is to show that once these rules are
proceduralized, they will be transferred automatically to
related tasks for which the rule is no longer appropriate.

Although the elimination of the Simon effect after prior
practice with an incompatible location mapping can be
discussed in terms of the strength and type of S—R asso-
ciations that are formed and transferred, another possible
reason why the Simon effect is eliminated in the trans-
fer session is that there is an increase in cognitive control
following performance with an incompatible mapping of
S—R locations (see, e.g., Botvinick, Braver, Barch, Carter,
& Cohen, 2001). Botvinick, Cohen, and Carter (2004)
reviewed evidence that the anterior cingulate cortex is in-
volved in conflict monitoring (it is activated on incongru-
ent trials in Stroop color-naming tasks [Stroop, 1935] and
Eriksen flanker tasks [Eriksen & Eriksen, 1974]) and that
its activation is associated with increased activity in brain
regions, such as the prefrontal cortex, that are associated
with cognitive control. Increased cognitive control follow-
ing practice with an incompatible mapping could lead to
the elimination of the Simon effect because attention is
focused more on the relevant color dimension, reducing
the influence of the irrelevant location dimension.

The increased-cognitive-control hypothesis can account
for the finding that the horizontal Simon effect is elimi-
nated after 72 trials are performed with an incompatible
mapping of left-right locations at the 5-min delay. How-
ever, as with the reactivation of specific S—R associations
hypothesis, it does not account for why the vertical Simon
effect was unaffected by previous performance with 72 tri-
als of an incompatible mapping of top—bottom locations.
There is a possibility, though, that the increased cogni-
tive control eliminates only the transient benefit found
for the horizontal Simon task (see Wiegand & Wascher,
2005). The hypothesis of increased cognitive control also
seems to be more plausible at the 5-min delay than at the
1-week delay, unless there is a reactivation of the con-
flicting associations when the subjects return to the lab
a week later. Moreover, the hypothesis cannot account
for why the horizontal Simon effect reversed when the
number of practice trials with an incompatible mapping
was increased in Experiment 2, without the addition of
the learning of a respond-opposite procedure that was ap-
plied in the transfer session. Thus, it seems that the role
of increased cognitive control occurs in addition to the
transfer of S—R associations discussed earlier. In future
studies, the role of increased cognitive control following
conflict detection should be directly compared with that
of the transfer of specific or rule-based S—R associations
in eliminating the Simon effect.

In summary, a limited amount of practice can produce
new task-defined spatial S—R associations that persist at a
sufficient strength to override the long-term associations
between corresponding locations when the S—R sets vary
along the horizontal dimension in the practice and transfer
sessions. With limited practice, the transfer effect is not
evident when the S—R sets vary along the vertical dimen-
sion in the practice and transfer sessions or when the di-
mension in the practice session is orthogonal to that in the
transfer session. With more practice on the spatial task,
subjects acquire a general response selection procedure—
respond opposite to the stimulus location—that transfers
across dimensions to a subsequent task for which stimulus
location is nominally irrelevant.
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