
Perceptual events affect our actions. For example, per-
formance is better when a spatial stimulus is assigned to an
ipsilateral response as opposed to a contralateral response. 
This is known as the spatial stimulus–response compat-
ibility (SRC) effect (Kornblum, Hasbroucq, & Osman,
1990; Proctor & Vu, 2006; Umiltà & Nicoletti, 1990). 
The spatial relationship between a stimulus and a requisite
response affects performance even when stimulus loca-
tion is irrelevant to the task. Responses to a nonspatial
pproperty (e.g., color) of a target stimulus are faster and 
more accurate when the responding action (e.g., a button-
ppress) occurs on a side that corresponds to the location of 
a target presentation than when the response occurs on a
side opposite to the target’s location (the Simon effect) 
(Kornblum et al., 1990; Lu & Proctor, 1995; Simon, 1990; 
Simon & Small, 1969).

The Simon effect emerges not only when spatial infor-
mation is associated with a target stimulus, but also when it 
is associated with a visual or auditory accessory stimulus—y
namely, stimuli that occur with a target but that are irrele-
vant to the task (see, e.g., Moore, Lleras, Grosjean, & Mar-
rara, 2004; Proctor, Pick, Vu, & Anderson, 2005; Simon 
& Pouraghabagher, 1978; Treccani, Umiltà, & Tagliabue, 
2006). This is termed the accessory stimulus Simon effect,
or simply the accessory Simon effect. In a typical visual 
accessory Simon task, participants press a right or left key
to identify, respectively, different colors (or shapes, etc.) of 
a centrally presented target. Simultaneously with a target 
ppresentation, a task-irrelevant visual stimulus is presented 
to either the right or the left of the central target. In a typi-
cal auditory accessory Simon task, a task-irrelevant tone 
is presented to the right or left ear simultaneously with the 

presentation of a central target. In both of these accessory
Simon tasks, performance is better when a task-irrelevant 
stimulus occurs on the same side as a response than when
it occurs on the opposite side. The accessory Simon effect 
indicates that presentation of a stimulus automatically ac-
tivates the spatially congruent response, regardless of the
task relevancy of the stimulus.

 In previous studies that have shown effects of spatial
stimulus presentations, two constituent factors may have 

r been responsible for the observed phenomenon. One factor
concerns the mere existence of a visual or auditory object 
as a source of stimulation at that particular spatial location. 
The other is a transient change at that location. In the pres-
ent study, we dissociated these two factors by using the dis-
appearance of an accessory stimulus as a basis for change.
With the appearance of a stimulus, an object as a source
of persisting stimulation is on the same side as the side 

f where change occurs. However, with the disappearance of
a stimulus, on either the right or the left side, the remaining
object necessarily persists; therefore, it could function as a

 critical source of ongoing stimulation located on the side
dopposite to the side of a change. Our manipulation allowed 

us to differentiate the persistence of a stimulus at a given 
location from a change at that location and thereby to as-
certain which type of perceptual information automatically
activates a spatially compatible response. Not only does
the sudden appearance of a stimulus attract attention (e.g., 
Posner, 1980), but so does the disappearance of a stimulus
(e.g., Chastain & Cheal, 2001; Theeuwes, 1991). This sug-
gests the importance for our cognitive system of change 
information that accompanies both the appearance and dis-
appearance of stimuli in spatial processing.
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Simon effect but also by a memory-based Simon effect. 
That is, when participants respond on the basis of the non-
spatial feature of a memorized stimulus (which is no lon-
ger present), the remembered stimulus location affects re-
sponding (Hommel, 2002; Zhang & Johnson, 2004). Thus, 
retrieving the color of a stimulus can automatically activate
its spatial locus, thereby inducing a memory-based Simon
effect. In Wühr and Kunde, a stimulus turned out to be 
the target only after it had disappeared. As a consequence,
participants had to retrieve the color of the target stimu-
lus. Therefore, the results of Wühr and Kunde may not 
have resulted from the offset of visual information itself 
but instead may have resulted from an automatic retrieval/
activation of a spatial code related to the target stimulus,
which accompanies retrieval of a target’s color.

In the present study, we sought to determine informa-
tion that can automatically activate an ipsilateral response
in the Simon effect. We introduced a stimulus offset ma-
nipulation and compared results in this condition with re-
sults in a stimulus onset condition using stimuli involving 
both visual and auditory modalities. In the stimulus onset
condition, a transient change provided by stimulus appear-
ance and an object as a source of persisting stimulation
were on the same side. In the stimulus offset condition, a 
transient change provided by stimulus disappearance and 
the remaining object that persisted to function as a source 
of ongoing stimulation were on opposite sides. In order 
to eliminate the possibility of a memory-based effect and 
to isolate the effect of offset information, we used the ac-
cessory version of the Simon task. In an offset change 
condition, participants pressed the right or left key for the 
color of a visual target presented at the center of the dis-
play; the target was flanked by two accessory stimuli that
occurred simultaneously with presentation of the target’s
color. One of the two accessory stimuli, on either the right 
or the left of the target, disappeared, while the other acces-
sory stimulus remained on. Thus, in the present study, the 
task-relevant information signaling the correct response
(i.e., target color) was presented directly on the target dis-
play; in other words, target information could be obtained 
without reliance on memory (i.e., online) during selection 
and execution of the response. In addition, the accessory 
stimuli did not need to be retrieved because they were,
by definition, irrelevant; only the target stimulus carried 
task-relevant (color) information. This design enabled us
to selectively test the effect of pure offset information in 
the visual or auditory modality.

On the basis of findings with visual stimulus offset re-
ported in previous studies (Simon et al., 1971; Wühr &
Kunde, 2006), we predicted that the change information 
would be crucial in the Simon effect. To assess this, we 
defined a compatibility variable on the basis of the spatial
correspondence between the response and the side of an
accessory stimulus change (i.e., stimulus appearance in 
the onset condition and disappearance in the offset con-
dition). If, as we predict, perceptual change information
automatically activates the feature-sharing response, then 
the Simon effect would be comparable in size for the onset 
and offset conditions. If, on the other hand, the perceptual
information that induces the Simon effect is an ongoing

Simon, Craft, and Webster (1971) investigated the ef-ff
fect of stimulus offset on response selection using visual
(Experiment 1) and auditory (Experiment 2) SRC tasks.
In their Experiment 1, participants pressed one of two re-
sponse buttons with their right index fingers. At the be-
ginning of each trial, both response buttons were lighted,
but subsequently one button was extinguished. In one trial
block, participants had to press the button that turned off, 
whereas in another block they had to press the button that 
remained lit. Performance was better when participants 
pressed the button that turned off than when they pressed 
the button that remained lit. This finding suggests the im-
portance of change information in this task. In their Ex-
periment 2, one of two identical tones—initially presented 
to the right and left ears, respectively—was extinguished.
Participants pressed either the right or the left key with
their corresponding index fingers. In this case, and in con-
trast to the findings of Experiment 1, performance was 
better when participants pressed the response key oppo-
site to the side on which the tone was terminated.

In short, in the effect of perception on action, it ap-
pears that when stimulus location is relevant to a task, and 
hence participants must intentionally process the spatial
information of a stimulus, transient change information
is important for the visual modality, whereas the sus-
tained stimulation is important for the auditory modality. 
However, factors other than the modality itself might be 
responsible for this differential impact of visual versus
auditory stimulation in Simon et al. (1971). In Simon et al.
(1971), visual stimuli (lights) were presented directly on
the response buttons in Experiment 1: The visual stimu-
lus offset attracted attention, and participants had to reach
toward and press the target button. Therefore, their find-
ings may have reflected the advantage of a unitary target 
for visual attention and for goal-directed action (Deubel, 
Schneider, & Paprotta, 1998). However, this was not the 
case for their Experiment 2. In this experiment, identi-
cal auditory stimuli (tones) were presented to the right 
and left ears and participants pressed right or left keys 
that differed from the locus of the source for these sound 
stimuli. Moreover, as Simon et al. (1971) pointed out, the
abrupt change from a binaural tone to a monaural tone led 
to perception of a single tone’s onset in the ear where the 
remaining tone continued to sound rather than tone offset 
in the opposite ear, where a tone ceased to be audible.

Using the Simon effect, Wühr and Kunde (2006) inves-
tigated the effect of visual stimulus disappearance when 
the spatial location of a stimulus was task irrelevant. In 
each trial, four stimuli were simultaneously presented at
top right, bottom right, bottom left, and top left: one green
and one red on the right side, and one green and one red 
on the left side. On a given trial, one of these stimuli dis-
appeared while the others remained on (Experiment 3) or 
were masked (Experiment 4). Participants made a right or 
left response on the basis of the color of the stimulus that 
disappeared. In these experiments, an offset Simon effect 
was obtained in which performance was better when the 
response and the stimulus disappearance were on the same
side than when they were on opposite sides. However, this
result could be explained not only by the stimulus offset
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and two white squares (i.e., visual accessory stimuli) to the right and 
left of the fixation cross. The fixation cross then changed to green or 
red. Simultaneously with the color change of the fixation, one of the 
accessory stimuli (i.e., the right and left squares) disappeared, while 
the other remained on the screen. After 2,000 msec, all the remaining
stimuli disappeared and the screen went blank. Again, the intertrial 
interval was 1,000 msec.

The participants’ task was to press the right or left key as quickly 
and accurately as possible according to the color (green or red) of 
the central cross in both the onset and the offset conditions. Half the
participants in each condition pressed the right key with their right 
index fingers in response to the red stimulus and the left key with 
their left index fingers in response to the green stimulus. The color-
to-key mapping was reversed for the remaining half. Thus, the right
and left squares were task-irrelevant, accessory visual stimuli.

The compatibility manipulation was based on the spatial corre-
spondence between a response and the side on which an irrelevant 
accessory stimulus appeared (the onset condition) or disappeared 
(the offset condition). On half of the trials, the designated response
involved a response key on the same side as a change of an accessory
stimulus (the compatible condition); on the remaining trials, the re-
sponse and accessory stimulus change were scheduled for opposite 
sides (the incompatible condition).

A session consisted of three test blocks (80 trials per block), pre-
ceded by a practice block of 16 trials. Participants could take short 
rests between the blocks.

Results
Trials on which participants failed to respond or on 

which reaction times (RTs) were shorter than 200 msec 
or longer than 1,000 msec were excluded from the data
analyses (0.55% of all the trials). Mean RTs for correct
responses and the percentages of errors were submitted 
to separate two-factor ANOVAs with condition (onset, 
offset) as a between-participants factor and compatibility 
(compatible, incompatible) as a within-participants factor.
Results are shown in Figure 1.

RT. The main effect of compatibility was significant
[F(1,30)FF 55.00, p .001, 2

p  .647], indicating the
Simon effect. Overall, responses were faster for the com-
patible condition (M((  391 msec) than for the incompat-
ible condition (M((  413 msec). The two-way interaction 
between condition and compatibility was not significant
(F 1). The Simon effect was comparable in size be-
tween the onset condition (19 msec) and the offset condi-
tion (25 msec). Finally, the main effect of condition was
not significant ( p  .29).

Error rate. The main effect of compatibility was signif-ff
icant [F(1,30)FF  20.06, p .001, 2

p .401]. Responses
were more accurate for the compatible condition (1.2%) 
than for the incompatible condition (3.3%). Neither the
main effect of condition nor the interaction between con-
dition and compatibility was significant (FsFF 1). The 
Simon effect was 1.7% for the onset condition and 2.5% 
for the offset condition.

Experiment 1B: Condition 
As a Within-Participants Factor

To assess whether the null effect of the change variable
(onset vs. offset) was due to the fact that this condition re-
flected a between-participants manipulation, we replicated 
Experiment 1A with the change condition manipulated as
a within-participants and within-block variable.

(i.e., persisting) stimulation due to the continued presence
of a stimulus in a particular location, then the reversed 
Simon effect would be obtained for the offset condition, 
and it would be comparable in size to the Simon effect
for the onset condition. Finally, if both perceptual change 
and ongoing stimulation from a stimulus contribute to the
Simon effect, then the size of the Simon effect for the off-
set condition, regardless of whether it is positive or nega-
tive, would be smaller than the size of the Simon effect 
for the onset condition. We used visual accessory stimuli
in Experiment 1 and auditory accessory stimuli in Experi-
ment 2 to investigate possible differences between these
modalities in information processing.

EXPERIMRR ENT 1
Visual Accessory Stimulus

In Experiment 1, we used visual accessory stimuli that
were irrelevant to the task. Each trial in the offset condi-
tion began with the presentation of a central fixation cross, 
together with right and left accessory stimuli. Simultane-
ously with a color change of the fixation stimulus, either 
the right or the left accessory stimulus disappeared, while
the other accessory stimulus remained unchanged. Partici-
pants were told to press the right or left key, respectively, to 
indicate the relevant color change of the centrally located 
cross. We compared the results in this offset condition with
results from an onset condition in which a single accessory
stimulus appeared on the right or left of the fixation simul-
taneously with the color change of the fixation stimulus. 
The accessory stimulus change condition (onset, offset)
was a between-participants factor in Experiment 1A and a
within-participants factor in Experiment 1B.

Experiment 1A: Condition 
As a Between-Participants Factor

Method
Participants. Thirty-two graduate and undergraduate students

(14 females; 2 left-handed), 20–24 years of age (M((  21.3), partici-
pated in this experiment. All of them reported that they had normal
or corrected-to-normal vision.

Apparatus and Stimuli. Stimulus presentation and data acquisi-
tion were controlled by an AV tachistoscope system (Iwatsu ISEL 
IS-703). Stimuli were presented on a 22-in. display. The viewing
distance (ca. 57 cm) was maintained by a head- and chinrest. A re-
sponse was accomplished by a keypress to one of two (left, right)
response buttons separated by 7 cm and arranged approximately
21 cm in front of the participants.

The visual stimuli involved a central cross (5  5 mm) and two
9-mm squares to the right and left of the central cross. The fixation
cross and a given square were separated by 36 mm (center to center).
They were presented on a black background.

Task and Procedure. Participants were tested individually in a
darkened room. Participants were randomly assigned to either the
onset condition or the offset condition. For the onset condition, each
trial started with a 2,000-msec presentation of a white fixation cross 
at the center of the display. The fixation cross then changed color, to
either green or red. Simultaneously with the color change of the fix-
ation, a white square (i.e., an accessory visual stimulus) appeared to 
the right or left of the central cross. After 2,000 msec, all the stimuli
disappeared and the screen went blank. The intertrial interval was
1,000 msec. For the offset condition, each trial started with simul-
taneous presentation (2,000 msec) of a white central fixation cross
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400 msec) than for the incompatible condition (M
415 msec). The two-way interaction between condition 
and compatibility was not significant (F(( 1). The Simon 
effect was comparable in size between the onset condition 
(16 msec) and the offset condition (15 msec).

Error rate. The main effects and the interaction were 
not significant ( ps  .19). The Simon effect was 0.2% 
for the onset condition and 0.6% for the offset condition.

Discussion
The results of Experiment 1 are clear and consistent

with the results of previous studies using stimulus offset
(Simon et al., 1971; Wühr & Kunde, 2006): Performance 
was better when the response and a visual change of an 
accessory stimulus were on the same side than when they
were on opposite sides. This was true regardless of whether 
the change information involved the appearance or disap-
pearance of an accessory stimulus. Moreover, the magni-
tude of the Simon effect was comparable in size for the 
onset and offset conditions. Although this conclusion is 
based on the null interaction, we obtained the same results
regardless of whether the change condition (onset/offset) 
was a between-participants factor or varied within block as 
a within-participants factor. In this respect, the compara-
ble accessory Simon effect for onset and offset conditions 
based on the transient visual change can be considered 
reliable. These results suggest that, in the visual modal-
ity, transient change exclusively determines the perceptual 
information that automatically activates the corresponding
response, and that sustained stimulation from an ongoing 
stimulus does not contribute to this effect.

EXPERIMRR ENT 2
Auditory Accessory Stimulus

Experiment 2 was identical to Experiment 1, except 
for the use of auditory accessory stimuli instead of visual 
accessory stimuli. Participants responded to the color of 
the central visual target with a right or left keypress. The 
accessory stimuli were presented to the right and left ears 
through headphones. Simon et al. (1971) showed, using 
the SRC task, that when either a right or a left accessory
visual stimulus disappeared, the response associated with 
the corresponding side was faster than the response to 
the opposite side but that this was not the case for audi-
tory accessory stimuli. For auditory stimuli, they found 
that responding was faster to the side where an auditory 
stimulus persisted. However, in their study, the identical
tones were presented to the right and left ears. As a con-
sequence, their participants heard a fused single tone per-
ceptually originating from the center of their heads; when 
one of the tones disappeared, the resulting sound was per-
ceived to be the onset of a new tone presented to the ear 
receiving persisting stimulation. In the present study, we 
used a pure tone and white noise as accessory stimuli, to 
avoid such a perception. This facilitates the correspon-
dence between each sound and the presented ear.1 Again,
the accessory stimulus change condition (onset, offset)
was a between-participants factor in Experiment 2A and a
within-participants factor in Experiment 2B.

Method
Participants. Sixteen right-handed volunteers (7 females), 

21–30 years of age (M((  24.9), took part in this experiment. None 
had participated in Experiment 1A. All of the participants reported 
that they had normal or corrected-to-normal vision. Three partici-
pants were replaced because of a high percentage of excluded trials 
(more than 10%).

Apparatus, Stimuli, Task, and Procedure. These were iden-
tical to those in Experiment 1A, except for the following changes.
The condition (onset vs. offset) was a within-participants factor 
and varied randomly within each block. A session consisted of five
test blocks (80 trials per block), preceded by a practice block of 16 
trials.

Results
Using the same criteria as in Experiment 1A, 0.44% of 

the trials were excluded from the analyses. Mean RTs for 
correct responses and the percentages of errors were sub-
mitted to separate ANOVAs with condition (onset, offset)
and compatibility (compatible, incompatible) as within-
participants factors. The results are shown in Figure 1.

RT. The main effect of condition was significant
[F(1,15)FF  6.25, p  .05, 2

p .294]. Responses were 
faster for the offset condition (M 404 msec) than for 
the onset condition (M(( 411 msec). The main effect of 
compatibility was also significant [F(1,15)FF 28.11, p
.001, 2

p  .652], indicating the Simon effect. Overall,
responses were faster for the compatible condition (M((
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Figure 1. Mean reaction times (RTs, in milliseconds) in Experi-
ment 1A (upper panel) and 1B (lower panel) as a function of con-
dition and compatibility. Error bars represent standard errors
of the means.
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tion of a sound were on opposite sides than when they 
were on the same side. The main effect of condition was
also significant [F(1,38)FF 5.99, p  .05, 2

p .136].
Responses were slower for the onset condition (M
406 msec) than for the offset condition (M((  363 msec).
Although responses tended to be faster when the changed 
sound was noise (M(( 383 msec) than when it was a tone
(M  386 msec), the main effect of sound type missed 
significance [F(1,38)FF  3.77, p .060, 2

p .090]. Other 
interactions did not reach significance (F(( sFF 1).

Error rate. Although the main effect of compatibil-
ity was not significant (F 1), the two-way interaction 
between compatibility and condition was significant
[F(1,38)FF 9.70, p  .005, 2

p .203]. The Simon effect
was obtained for the onset condition (1.1%, p .005) but
not for the offset condition ( 0.6%, n.s.). The main effect
of condition was also significant [F(1,38)FF 5.22, p
.05, 2

p  .121]. Participants responded more accurately
for the onset condition (1.4%) than for the offset condition
(2.7%). The two-way interaction between sound type and 
compatibility was significant [F(1,38)FF 4.62, p .05,

2
p  .108], indicating a larger Simon effect for the tone

change (0.7%) than for the noise change ( 0.3%). The 
other main effect and interactions regarding sound type 
were not significant ( ps .087).

Experiment 2A: Condition 
As a Between-Participants Factor

Method
Participants. Forty volunteers (21 females; 6 left-handed),

20–33 years of age (M((  25.8), took part in this experiment. None
had participated in the previous experiments. All of the participants
reported that they had normal or corrected-to-normal vision and 
normal hearing. One participant was replaced because of a high per-
centage of excluded trials (more than 10%).

Apparatus, Stimuli, Task, and Procedure. These were iden-
tical to those in Experiment 1, except for the following changes. 
Instead of visual accessory stimuli of right and left squares, we pre-
sented auditory accessory stimuli through headphones (AKG K271
Studio). Two different sounds functioned as accessory stimuli: (1) a 
300-Hz pure tone and (2) white noise. The intensity of each stimulus 
was approximately 76 dB, and a linear amplitude ramp was applied 
for the first and the last 10 msec of the duration. The white noise 
was generated with a bandwidth of 0–44.1 kHz; application of the 
Butterworth filter attenuated signal strength above 1.25 kHz by 3 dB 
per octave.

On each of a series of trials, the sequence of visual stimulus
presentation was exactly the same for both the onset and the off-ff
set conditions: A trial began with a 2,000-msec presentation of a 
white central fixation cross. The central visual fixation then changed 
color to yield a target color of either green or red, which remained 
for 2,000 msec. After that, the display went blank, and the intertrial 
interval lasted 1,000 msec. As in Experiment 1, the task required 
pressing either the right or the left key, according to the color of the
central cross.

Accessory auditory stimuli were task irrelevant. For the onset 
condition, each trial started with the presentation of a central white 
fixation cross for 2,000 msec. Simultaneously with the presentation 
of a color change of the central cross (the target), either a pure tone 
or a white noise was monaurally presented to the right or the left
ear through headphones for 2,000 msec. The sound ceased simul-
taneously with the offset of the colored central cross. For the offset 
condition, each trial started with the presentation of a pure tone and 
a white noise for 2,000 msec, one to the right ear and the other to the
left ear (randomly determined), in addition to the presentation of the
central white fixation cross. Simultaneously with the color change 
of the central cross (target), one of the two sounds was terminated. 
The remaining sound lasted for another 2,000 msec and ceased si-
multaneously with the offset of the colored central cross.

Results
Using the same criteria as in Experiment 1A, 0.42% 

of the trials were excluded from the analyses. Mean RTs
for correct responses and the percentages of errors were 
submitted to separate ANOVAs with condition (onset, off-
set) as a between-participants factor and the type of the
change sound (tone, noise) and compatibility (compatible, 
incompatible) as within-participants factors. Results are
shown in Figure 2.

RT. The main effect of compatibility was significant 
[F(1,38)FF  35.31, p .001, 2

p  .482], indicating an
overall Simon effect of 9 msec (380 vs. 389 msec for 
compatible vs. incompatible, respectively). The two-way
interaction between compatibility and condition was sig-
nificant [F(1,38)FF 79.87, p .001, 2

p  .678]. The 
Simon effect was obtained for the sound onset condition 
(23 msec, p .001) but not for the sound offset condi-
tion. In fact, a small reverse Simon effect ( 5 msec, p
.05) was obtained for the offset condition; in other words, 
responses were faster when the response and the termina-
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Figure 2. Mean reaction times (RTs, in milliseconds) in Experi-
ment 2A (upper panel) and 2B (lower panel) as a function of con-
dition and compatibility. Error bars represent standard errors 
of the means.
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was obtained for the offset condition ( 1.0%, p  .05). 
The main effect of sound type was significant [F(1,19)FF
7.75, p .05, 2

p  .290]. Participants responded more
accurately for the tone change (1.9%) than for the noise 
change (2.6%). The other main effects and interactions
were not significant (F(( sFF 1).

Discussion
For the onset condition, we successfully replicated 

the auditory accessory Simon effect (e.g., Proctor et al.,
2005; Simon & Craft, 1970; Simon & Pouraghabagher,
1978): Responses on the side associated with the onset of 
a sound (tone or noise) were faster and more accurate than 
responses on the side opposite to the onset of a sound. In 
contrast, for the offset condition, responses on the side of 
the ongoing sound were slightly faster than responses on 
the side associated with a sound’s termination. Although 
numerically small, a reverse accessory Simon effect was 
obtained for both Experiments 2A and 2B. Therefore, we 
conclude that the reverse accessory Simon effect for the
sound offset condition is reliable. The findings with acces-
sory sound stimulus change suggest that sustained stimu-
lation from an ongoing auditory stimulus is important in 
the automatic activation of the spatially corresponding
response, but that transient change information also con-
tributes, in the auditory modality.

Overall, RTs were shorter (significantly so for both
Experiments 2A and 2B), whereas error rate tended to 
be higher (significant for Experiment 2A but not for Ex-
periment 2B) for the offset condition than for the onset 
condition, indicating a speed–accuracy trade-off between
the onset and offset conditions. Despite this trade-off, the
effect of a sound’s termination on the right and left re-
sponses was similar in RTs and in error rates. The reverse 
Simon effect was observed in both measures for the offset 
condition. (Although the reverse Simon effect was not sig-
nificant in error rates for Experiment 2A, the numerical
trend toward the reverse Simon effect was observed even 
in this condition.) The effects of changed sound type on 
performance were not consistent across experiments. Most
importantly, the sound type did not alter the basic pattern 
of a positive Simon effect for the onset condition and a
smaller negative Simon effect for the offset condition.

GENERAL DISCUSSION

The present study investigated a perceptual property 
that automatically facilitates a feature-sharing action in
visual and auditory modalities. Using disappearance of an 
accessory stimulus, we dissociated the effects of transient
changes from potential effects due to sustained input as-
sociated with the mere presence of a stimulus object, with
the aim of isolating causal sources of the Simon effect.

In Experiment 1, the results revealed effects of both 
types of transient change, onsets and offsets, associated 
with an accessory visual stimulus. Transient change influ-
enced accuracy and timing of responses to a visual target
despite sustained stimulation of the accessory stimulus. In 
Experiment 2, the results indicated that both the sustained 
input from an accessory auditory stimulus and a transient 

Experiment 2B: Condition
As a Within-Participants Factor

Method
Participants. Twenty volunteers (6 females; 1 left-handed), 

20–38 years of age (M(( 29.4), took part in this experiment. None
had participated in the previous experiments. All participants re-
ported normal or corrected-to-normal vision and normal hearing.
One participant was replaced because of a high percentage of the 
excluded trials (more than 10%).

Apparatus, Stimuli, Task, and Procedure. These were identi-
cal to those in Experiment 2A, except for the following changes.
The condition (onset vs. offset) was a within-participants factor 
and varied randomly within each block. A session consisted of five 
test blocks (80 trials per block), preceded by a practice block of 16 
trials.

Results
Using the same criteria as in Experiment 1A, 0.63% of 

the trials were excluded from the analyses. Mean RTs for 
correct responses and the percentages of errors were sub-
mitted to separate ANOVAs with condition (onset, offset),
type of the changed sound (tone, noise), and compatibility 
(compatible, incompatible) as within-participants factors.
Results are shown in Figure 2.

RT. The main effect of compatibility was significant 
[F(1,19)FF  14.45, p .005, 2

p  .432], indicating an
overall Simon effect of 8 msec. The two-way interac-
tion between compatibility and condition was significant
[F(1,19)FF  73.16, p .001, 2

p .794]. The Simon ef-
fect was obtained for the sound onset condition (22 msec, 
p .001), whereas a significant reverse Simon effect
( 7 msec, p  .05) was obtained for the offset condition;
in other words, responses were faster when the response 
and the termination of a sound were on opposite sides
than when they were on the same side. The main effect
of condition was significant [F(1,19)FF  37.37, p  .001,

2
p .663]. Responses were slower for the onset condi-

tion (M(( 415 msec) than for the offset condition (M((
392 msec). Concerning the type of the changed sound,
neither the main effect of sound type [F(1,19) 3.22, 
p .089, 2

p .145] nor the two-way interaction between 
compatibility and sound type (F 1) was significant. 
However, both the two-way interaction between condi-
tion and sound type [F(1,19)FF  5.32, p .05, 2

p  .219] 
and the three-way interaction between condition, compat-
ibility, and sound type [F(1,19)FF  4.93, p .05, 2

p
.206] were significant. Separate ANOVAs for each condi-
tion revealed that, in the onset condition, responses were
faster [F(1,19)FF 10.04, p  .01, 2

p  .346] and the size 
of the Simon effect tended to be larger [F(1,19)FF  3.67, 
p .071, 2

p .162] when noise was presented (M
410 msec; Simon effect  26 msec) than when a tone was
presented (M((  419 msec; Simon effect  18 msec). In 
contrast, in the offset condition, the type of the terminated 
sound did not alter the results ( ps  .15).

Error rate. Although the main effect of compatibility
was not significant [F(1,19)FF 3.05, p  .097, 2

p .138], 
the two-way interaction between compatibility and condi-
tion was significant [F(1,19)FF  25.75, p .001, 2

p
.575]. The Simon effect was obtained for the onset con-
dition (2.2%, p .001), whereas a reverse Simon effect 
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the assumption that the unimodal design of Experiment 1 
involves shared, modality-specific resources, whereas the 
cross-modal design of Experiment 2 does not.

In considering this approach, we note that the uni-
modal assumption implies that in the offset condition of 
Experiment 1, the visual target and the remaining visual 
accessory stimuli should compete for modality-specific 
(visual) resources (see Desimone & Duncan, 1995).
Building upon this, such competition would highlight
contrasts between target and accessory stimuli. In turn,
a contrast may allow the sustaining accessory stimulus to
serve as a potent reference object for spatial coding of the 
central target. According to the referential coding account 
of the Simon effect (Hommel, 1993), the target stimulus 
is coded with regard to reference object(s), such as fixa-
tion and/or other salient objects. Therefore, in principle,
any accessory stimulus that occurs together on the screen 
with the target should function as a reference object. Con-
sequently, this explanation implies that the central target
is coded relative to a visible accessory stimulus location. 
For example, when the accessory stimulus remained on
the screen on the right side of the central target, the target 
would be coded as left, relative to the accessory stimulus.
This coding would facilitate the left response, which is on 
the side of the accessory stimulus offset.

A different picture emerges in the offset condition of 
the cross-modal design of Experiment 2. In this case,
the visual target and the remaining auditory accessory 
stimuli should not compete with each other for attentional 
resources (Duncan, Martens, & Ward, 1997). Instead, 
the visual target and auditory accessory stimulus may be
cross-modally integrated to form a single perceptual event 
(see de Gelder & Bertelson, 2003). This unified percept 
could result in an assignment of spatial property that cor-
responds to the side of the sustained (accessory) auditory 
stimulus to the central visual target. In this case, the im-
bued spatial property could accelerate the response on the
side corresponding to the simultaneously ongoing sound.

This account of unimodal and cross-modal influences
on spatial coding may explain the differential influence 
of offsets as a function of modality, but it cannot address
performance in the visual onset condition. That is, the 
above account fails because it predicts faster responses
to targets when visual onsets of accessory stimuli happen 
on the opposite side from a response (i.e., incompatible
onsets in Experiment 1). This is because this approach as-
sumes that the visual accessory stimulus that has appeared 
will function as the reference object, relative to which the
target is spatially coded. Contrary to this prediction, the 
results showed faster responses for compatible onsets than
for incompatible onsets in Experiment 1.

Moreover, others have reported results suggesting that
the strong influence of ongoing auditory stimulation (vs. 
ongoing visual stimulation) is not restricted to cross-
modal situations. For instance, using the SRC task, Simon
et al. (1971) found that responses were faster when the
disappearance of the visual stimulus was compatible with 
the spatial location of a response, whereas the opposite
was true with auditory stimuli. Effects of a task-irrelevant
noise stimulus in the unimodal Simon effect also differ be-

change in auditory stimulation contribute to accuracy and 
RTs to a visual target and that the contribution of the for-
mer is more prominent than the latter. In other words, in 
the auditory modality, participants revealed a strong ten-
dency to be influenced by ongoing (sustained) stimulus
information rather than by stimulus change. These find-
ings suggest that the contribution of sustained stimulation 
is more prominent in this modality than in vision.

In both experiments, the results are based on events 
related to task-irrelevant accessory stimuli within visual/
auditory fields and cannot be attributed to a memory-based 
explanation (Hommel, 2002; Zhang & Johnson, 2004; see
the introduction). These results were robust and consistent
across experimental designs; similar outcomes emerged 
in designs in which each participant experienced only one 
kind of change—that is, the onset or offset condition, over 
trials—and in which participants experienced both onset
and offset conditions mixed within a trial block. Thus, we 
conclude that the results of the present study reflect a gen-
eral, automatic effect of perception on action that does not
depend on participants’ specific intentions or strategies to
perform the task.

One purpose of the present study was to test whether 
visual disappearance induces automatic activation of a 
response on the corresponding side, even when the task 
engenders no potential demand for memory retrieval of a
stimulus that has disappeared. Experiment 1 successfully
replicated the Simon effect induced by visual stimulus 
offset (Wühr & Kunde, 2006) while excluding the poten-
tial confounding factor of a memory-based Simon effect
(Hommel, 2002; Zhang & Johnson, 2004). The Simon ef-
fect observed in Experiment 1 was comparable in size for 
both the accessory stimulus onset and offset conditions. 
Such findings confirm that transient change information
elicits response activation on the corresponding side in 
visual information processing.

Another purpose of the present research was to test 
whether the effect of stimulus disappearance on response
selection is comparable across presentation modalities 
of an accessory stimulus. Using visual stimuli in Experi-
ment 1 and auditory stimuli in Experiment 2, we found 
that effects due to disappearance varied with modality. 
Although auditory accessory stimuli yielded results com-
parable to those found with visual accessory stimuli for 
the onset condition, in the offset condition, auditory off-
sets produced slightly faster responses on the opposite
side, which is contrary to visual offsets, produce faster re-
sponses on the corresponding side. Hereafter, we discuss
explanations for these modality differences.

Aside from the modality difference itself, a potentially
relevant design difference accompanied the modality 
manipulation in this study. In both Experiments 1 and 2,
the target was a visual stimulus; but the design of Experi-
ment 1 was unimodal, in that both relevant (target) and 
irrelevant (accessory) stimuli were visual, whereas the de-
sign of Experiment 2 was cross-modal, in that targets were
visual and accessory stimuli were auditory. This raises the
possibility that the explanation of differences in the two ex-
periments involves constraints related to unimodal versus
cross-modal designs. One explanatory approach builds on 
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is less likely to elicit a strong, automatic shift of attention 
to the accessory stimulus offset location than is a syn-
chronized auditory onset. Lacking an attention shift to the 
side of the offset, an auditory offset should also exert less 
influence than do auditory onsets on response selection.
This account explains the differential contributions of on-
sets and offsets in the Simon effect due to modality.

In the visual modality, transient change determined re-
sponse activation without contribution of sustained stim-
ulation. In the auditory modality, sustained stimulation
determined the response activation, with a relatively small
contribution of transient change. This modality difference
may reflect the differential nature of spatial coding in the 
two modalities. The importance of transient change in vi-
sion indicates that visual presentations promote spatial
coding of events in the environment, independently of 
ongoing stimulation input to the perceptual organ. On the 
other hand, auditory spatial information processing may 
rely more on physical stimulation input to the perceptual
organ—that is, the left/right ear. The importance of physi-
cally related coding in auditory information processing 
was also indicated in the response action coding when 
hands were crossed. The coding of response action on the
basis of the spatial location in the environment (i.e., left/
right coding on the basis of the response-key location) 
determined the left/right response representation to the
visual stimuli, whereas the effector coding of the response 
action (i.e., the left/right coding on the basis of the effector 
identity of the responding hand) also contributed to the 
left/right response representation to the auditory stimuli 
(Roswarski & Proctor, 2003; Wascher, Schatz, Kuder, & 
Verleger, 2001). The spatial coding difference between 
visual and auditory modalities would determine the con-
tribution of transient change and sustained input in per-
ceptual and cognitive information processing in each mo-
dality. These differences may be responsible for observed 
differences in automatic response activation, as well as the 
differential role of spatial attention in the two modalities.

Finally, another line of evidence also suggests the dif-
ference between the Simon effects with spatial coding 
based on the environmental space and on the stimulation 
to the perceptual organ. Valle-Inclán, Hackley, and de
Labra (2003) reported a small Simon effect on the basis of 
the stimulation of the visual perceptual organ—that is, the
left/right eye. Distinct mechanisms underlying the stan-
dard Simon effect and this monocular Simon effect were 
recently reported by Schankin, Valle-Inclán, and Hackley 
(2010). The contribution of the effect of correspondence
between responses and the perceiver’s stimulated percep-
tual organ would be large in the auditory Simon effect.
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tween visual and auditory modalities. With a visual Simon
task, a visual noise stimulus in the location opposite to 
the target location did not reduce the Simon effect, and in
some cases, the Simon effect increased by this manipula-
tion (e.g., Proctor & Lu, 1994). Simon, Craft, and Small
(1970) investigated the effect of an auditory noise stimu-
lus presented to the ear opposite the ear receiving a target
tone. Participants pressed a right or left key in response to
the frequency of a target tone presented to either the right
or the left ear. When the target tone was accompanied by 
a noise presented to the opposite ear, unlike in the visual 
case, the Simon effect was reduced, eliminated, or even 
reversed as a function of the noise intensity at the opposite
ear. When the target tone was accompanied by a noise in
the same ear, the Simon effect was enhanced. Thus, with 
respect to the effect of perception on action, the auditory
modality appears to elicit an automatic response to input
information, based on the source of auditory stimulation, 
even in the unimodal situation. Cross-modality does not
seem to be sufficient to fully explain the modality differ-
ences in the present study.

An alternative explanation of the present findings fo-
cuses on the role of attention with stimuli of different mo-
dalities. The close relationship between spatial attention
and the Simon effect has been discussed in literature (e.g.,
Lleras, Moore, & Mordkoff, 2004; Nicoletti & Umiltà,
1989; Notebaert, Soetens, & Melis, 2001; Rubichi, Nico-
letti, Iani, & Umiltà, 1997; Stoffer, 1991; Treccani et al.,
2006). Stimulus appearance—that is, onsets—can capture 
attention, and the sudden appearance of an object plays a
prominent role in the Simon effect. Eyes (see, e.g., Driver 
et al., 1999; Friesen & Kingstone, 1998), arrows (see, e.g., 
Eimer, 1997; Hommel, Pratt, Colzato, & Godijn, 2001),
spatial words (see, e.g., Hommel et al., 2001), and num-
bers (see, e.g., Fischer, Castel, Dodd, & Pratt, 2003) are
known to cause an automatic shift of attention. They also
cause automatic activation of horizontally arranged re-
sponses, inducing effects similar to the Simon effect (e.g.,
Ansorge, 2003; Baldo, Shimamura, & Prinzmetal, 1998;
Dehaene, Bossini, & Giraux, 1993; Eimer, 1995; Lu &
Proctor, 2001; Masaki, Takasawa, & Yamazaki, 2000; Ric-
ciardelli, Bonfiglioli, Iani, Rubichi, & Nicoletti, 2007;
Zorzi, Mapelli, Rusconi, & Umiltà, 2003). Visual offset 
is also known to attract attention (e.g., Chastain & Cheal, 
2001; Theeuwes, 1991). Experiment 1 of the present study
revealed that a visual offset automatically activates a spa-
tially congruent response. Thus, the present study supplies 
further support for the notion of a close relationship be-
tween spatial attention and the Simon effect. In terms of 
this attention shift account, a transient change of a visual
accessory stimulus attracts attention to its spatial loca-
tion, thereby automatically activating a spatially congru-
ent response.

Applying the attention shift hypothesis to auditory ac-
cessory stimuli rests on the assumption that information
extracted from these stimuli, and/or cognitive weighting 
of this information, is less potent for auditory offsets than
for auditory onsets (see Phillips, Hall, & Boehnke, 2002).
Therefore, termination of an auditory stimulus in syn-
chrony with the onset of a visual target in Experiment 2
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