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Abstract Spatially corresponding stimulus-response pairings
usually produce shorter reaction times (RTs) than do non-
corresponding pairings, even when the spatial dimension of
the stimulus is irrelevant to the task. This BSimon effect^ for
visual stimuli and manual responses is often larger for the
stimulus location on the side to which the person’s dominant
hand is operating. The present study aimed at replicating and
examining the nature of this asymmetry. To determine wheth-
er the Simon effect asymmetry is a function of the hand dis-
tinction or of conceptual spatial codes, performance with left
and right manual key-presses was compared to that with vocal
responses Bleft^ and Bright.^ Whether the asymmetric Simon
effect pattern is restricted to spatial stimuli was tested by com-
paring effects obtained with left and right located squares to
those found with the centered words Left and Right. The
asymmetry was only replicated for the spatial stimulus-
manual response Simon task, for which a second experiment
showed similar results when the hands and response box were
not visible during task performance. The analysis revealed a
general dominant-hand RT advantage that similarly adds to
both corresponding and non-corresponding trials and is rather
independent from the Simon effect. This advantage yields an
apparent asymmetry when the data are analyzed as a function
of correspondence for each stimulus location because the cor-
responding and non-corresponding RTs that are compared
come from different hands.

Keywords Attention . Perception and action . Response
selection . Spatial compatibility . Stimulus-response
compatibility

Introduction

For two-choice reaction tasks in which a left or right response
is made to a stimulus presented randomly in a left or right
location, a compatible mapping of stimulus and response lo-
cations produces shorter reaction times (RTs) than does an
incompatible mapping. This RT difference is called a
stimulus-response (S-R) compatibility (SRC) effect (Fitts &
Deininger, 1954; for a review see Proctor & Vu, 2006). In
most theoretical accounts, the SRC effect is attributed at least
in part to activation of the spatially corresponding response
that occurs as a consequence of the similarity, or overlap, of
the stimulus and response dimensions (De Jong, Liang, &
Lauber, 1994; Kornblum, Hasbroucq, & Osman, 1990).

A similar yet smaller SRC effect occurs when stimulus loca-
tion is irrelevant to the task. This latter effect was first detected by
Simon and Small (1969), who had participants respond with a
left or right key-press to the pitch of a tone presented to the left or
right ear. Although only tone pitch was relevant, responses were
faster when the stimulus and response locations corresponded
than when they did not. This correspondence effect, named the
Simon effect (Hedge & Marsh, 1975; Simon, 1990), has been
studied extensively ever since, more often with visual than au-
ditory stimuli (e.g., Töbel, Hübner, & Stürmer, 2014).

Researchers often collapse across stimulus and response
locations in studies of the Simon effect, examining the differ-
ence in RT for non-corresponding and corresponding trials.
However, studies reported within the past 10 years have
questioned this practice, noting that the Simon effect is often
asymmetric across the left and right positions (Rubichi &
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Nicoletti, 2006; Spironelli, Tagliabue, & Umiltà, 2009;
Tagliabue et al., 2007). Those authors have also argued that
accounts of the Simon effect that ignore the asymmetry are
incomplete and have proposed that the asymmetry reflects
stronger coding of stimulus location in the visual hemifield
corresponding to the dominant hand, as a consequence of an
attentional bias. In the present study, we consider these issues
in the context of versions of Simon tasks that differ in spatial
versus verbal stimulus modes and spatial versus vocal re-
sponse modes.

The Simon effect

The Simon effect has some central characteristics (Lu &
Proctor, 1995). For one, it does not depend on absolute stim-
ulus and effector locations but on the relative positions of the
stimuli and responses, as shown by Wallace (1971). In his
study, participants performed a Simon task while holding their
hands crossed, with the right hand operating the left response
key and the left hand the right key. Similar to when the hands
are in uncrossed natural positions, responses were faster when
stimulus and response locations corresponded than when they
did not. The anatomical feature of the effector (right or left
hand) did not have an influence on the Simon effect. In agree-
ment, Umiltà and Nicoletti (1985) obtained similar-sized
Simon effects when left and right stimuli and left and right
response keys were both located to the left or to the right of
body midline. Many studies like those of Wallace and of
Umiltà and Nicoletti have also found evidence in Simon and
SRC tasks that spatial stimulus and response information is
coded independent of effector and body position (e.g.,
Nicoletti, Anzola, Luppino, Rizzolatti, & Umiltà, 1982).

Themost common explanation of the Simon effect is a dual-
route account (De Jong et al., 1994; Kornblum et al., 1990).
The response that corresponds to the stimulus location is acti-
vated via a direct, automatic response-activation route. The
second route is indirect and intentional, as it activates a re-
sponse to the stimulus based on the instructed task require-
ments. On a corresponding trial both routes activate the same
response, but on a non-corresponding trial different responses
are activated, resulting in competing response tendencies.
Consistent with the view that the Simon effect reflects automat-
ic activation of the corresponding response, it typically de-
creases across the RT distribution (e.g., De Jong et al., 1994).

Other explanations place emphasis on the nature of the
spatial codes that underlie the Simon effect. According to
the referential coding account offered by Hommel (1993b),
the spatial stimulus codes are formed in relation to reference
frames in the task environment. Alternatively, Nicoletti and
Umiltà's (1994) attention shift account attributes the spatial
stimulus codes that are produced to shifts of attentional focus
from one location (presumably fixation) to another (the

position of the relevant stimulus). Further, the theory of event
coding (Hommel, Müsseler, Aschersleben, & Prinz, 2001)
assumes that actions are coded in terms of their perceivable
effects. The response-key mapping of a Simon task, which
requires distinguishing left- and right-located key-presses,
therefore entails that location is not really irrelevant (see also
Ansorge & Wühr, 2004; Yamaguchi & Proctor, 2012).

Regardless of the exact explanation of the Simon effect, it
has turned out to be a very useful tool to study the processing
of irrelevant spatial information in a straightforward and iso-
lated way. It allows for controlling and manipulating the rela-
tions between stimulus and response features, enabling the
amount of cognitive conflict to be measured (Hommel,
2011). Hence, the Simon effect has become an essential in-
strument for investigating perceptual, attentional, and action
planning processes, as well as cognitive control mechanisms.

The Simon effect asymmetry

Based on a review of several articles in which Simon effect
data were reported as a function of stimulus and response
locations, Rubichi and Nicoletti noted that the Simon effect
often was larger for the right visual stimulus than for the left
one (e.g., Nicoletti, Umiltà, & Mapelli, 1992; Proctor &
Wang, 1997; Valle-Inclán, Sohn, & Redondo, 2008;
Wallace, 1971). Rubichi and Nicoletti (2006) supposed that
the likely reason for this Simon effect asymmetry was that
most participants were right-handed. They cited a study of
Rabbitt (1978) showing that responses of the dominant right
hand were faster for tasks containing a choice between hands,
which he interpreted as due to an attentional bias. Based on
Rabbitt’s interpretation, and Nicoletti and Umiltà's (1994) at-
tention shift account of the Simon effect, Rubichi and
Nicoletti (2006) proposed that Bspatial attention shifts are bi-
ased toward the part of the space where the dominant effector
is operating^ (p. 1067), producing stronger spatial codes for
the stimulus to that side.

To test this claim that a dominant-hand centered attentional
bias produces the Simon effect asymmetry, Rubichi and
Nicoletti (2006) aimed to replicate the RT pattern in a visual
Simon task with three groups of participants: left-handed,
right-handed, and ambidextrous. Red and green squares were
presented in random order to the left or right of a central
fixation cross on a display screen, to which participants
responded with a left or right key-press. The task was per-
formed with uncrossed hands in Experiment 1, with corre-
spondence (the difference between non-corresponding and
corresponding responses) for each stimulus location analyzed.
The resulting Simon effect interacted with stimulus location
and handedness, as indicated by a significant interaction of
stimulus location × correspondence × handedness. As expect-
ed, for right-handed participants the Simon effect was larger

438 Atten Percept Psychophys (2016) 78:437–451



for stimuli presented in the right location than for those pre-
sented in the left location. Left-handed participants showed an
opposite pattern, and ambidextrous participants showed no
asymmetry. For Experiment 2, in which participants
responded with the hands crossed, the results showed reversed
asymmetries: the left-handed group evidenced a larger Simon
effect for stimuli in the right location, whereas the right-
handed group showed a larger Simon effect for stimuli in the
left location. Consequently, Rubichi and Nicoletti concluded
that the asymmetry is influenced by the location of the dom-
inant hand and not by the hands’ natural sides of operation
(left of body midline for the left hand and right of midline for
the right hand).

For Rubichi and Nicoletti’s (2006) Experiment 1, post-hoc
t-tests of the stimulus location × correspondence × handedness
interaction revealed a significant difference between the two
stimulus locations for the corresponding trials only. The au-
thors interpreted this result as evidence against an unspecific
motoric or cognitive preparation advantage for the dominant
hand, because such an advantage should also affect the non-
corresponding trials. For Experiment 2, analysis of the RT
distribution for corresponding trials revealed that the
dominant-hand advantage increased as RT increased, which
Rubichi and Nicoletti interpreted against an execution advan-
tage for the dominant hand (which should be most evident for
fast responses) and consistent with an attention shift that re-
quires time to occur. They concluded, BThere is evidence… of
an attentional bias centered on the dominant hand^ (p. 1067),
and this bias is due to Ba larger cortical representation of the
dominant hand^ (p. 1068).

Tagliabue et al. (2007) reported similar experiments on the
Simon effect asymmetry. They also found that for right-
handed participants the Simon effect was larger for the right
stimulus location than for the left one, whereas for left-handed
participants the opposite relation held. Tagliabue et al. made
stronger claims than Rubichi and Nicoletti, concluding that
their study Bprovides a strong argument against collapsing
data from the two sides to measure the Simon effect^ (p. 50)
and Bcollapsing left and right RTs into the single factor of
‘correspondence’ should be avoided^ (p. 60). These state-
ments imply that conclusions based on the overall Simon ef-
fect without considering the asymmetry may need to be re-
evaluated.

Although Tagliabue et al. (2007) interpreted their results as
agreeing with an attention shift account and against a
referential coding account, they also noted that the existing
theories to explain the Simon effect were lacking an
explanation for the asymmetry. In a later study, Spironelli
et al. (2009) developed a connectionist model for right-
handed participants to explain the asymmetry. Based on neural
evidence that indicates that the visuo-spatial attention system
is asymmetric in right-handers, Spironelli et al. modeled two
layers to mimic the right superior parietal lobule being

activated by left- and right-lateralized stimuli, and the left
superior parietal lobule only by right-lateralized stimuli. This
additional attention mechanism allowed the model to generate
the asymmetric Simon effect pattern reported by Rubichi and
Nicoletti (2006), and Tagliabue et al.

Present study

Before requiring researchers to report the Simon effect sepa-
rately for the individual stimulus (or response) locations and
going further in developing models of the Simon effect asym-
metry, research needs to determine whether handedness con-
tributes directly or indirectly to the Simon effect, as well as
whether the contribution is restricted to task variations in
which handedness would presumably play a role. Apart from
testing participants of different handedness, the assumption of
handedness as responsible for the Simon effect asymmetry
can be tested by comparing performance with manual left
and right key-press responses with the spoken responses Bleft^
and Bright^ (e.g., Wühr, 2006). If handedness is restricted to
manual responses, as the term implies, and an attention bias
toward the side of the dominant hand is the source of the
Simon effect asymmetry, then the asymmetry should not occur
for the vocal responses. Likewise, the Simon effect with spa-
tial stimuli can be compared to that with the centrally present-
ed words Left and Right, for which the location information is
conceptual. If handedness involves a bias of visual attention to
the right side, no asymmetry should be evident with the cen-
tered stimuli of the location-word version of the Simon task.

The manipulations of the two stimulus modes and two
response modes yield four Simon task conditions, which we
tested in Experiment 1: (a) spatial stimuli and manual re-
sponses (spatial-manual condition); (b) word stimuli and man-
ual responses (verbal-manual condition); (c) spatial stimuli
and spoken responses (spatial-vocal condition); and (d) word
stimuli and spoken responses (verbal-vocal condition).
Several outcomes in terms of the Simon effect asymmetry
are possible for these conditions. First, a replication of the
asymmetric Simon effect as a function of stimulus location
and correspondence should be obtained with manual re-
sponses to spatial stimuli. Second, if this asymmetry is evident
with spoken responses to spatial stimuli, then physical stimu-
lus location is likely to be the main source of the asymmetry.
Third, if the asymmetry is found with manual responses to
word stimuli, the implication would be that handedness of
the participants produces the asymmetries, but independent
of a need to direct attention to the left or right hemifield.
Fourth, regardless of which of the prior result patterns is
found, the condition with verbal stimuli and vocal responses
(which does not include any physical spatial task feature)
should not produce the asymmetric Simon effect. The pres-
ence of an asymmetry in that condition would imply that it is
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more conceptual than perceptual-motor in nature. In contrast,
if an asymmetric Simon effect is evident only in the replication
condition, this result would suggest that the phenomenon is
based on an interplay of spatial-motoric associations.

In Experiment 1 the interaction pattern indicative of the
Simon effect asymmetry was evident only in the spatial-
manual condition, with just the right-handed participants
showing a significant asymmetry. Therefore, in Experiment
2 we tested only right-handed participants to determine wheth-
er vision of the hands and response apparatus was necessary to
obtain the asymmetry. In both experiments we also explored
whether the asymmetry is truly an inseparable part of the
Simon effect, as claimed by Rubichi and Nicoletti (2006),
Tagliabue et al. (2007), and Spironelli et al. (2009) in postu-
lating that a dominant-hand centered bias influences the atten-
tion shifts between fixation and stimulus. There is room for
doubt in this regard as the asymmetry was mainly found for
corresponding trials between stimulus locations in Rubichi
and Nicoletti’s (2006) Experiment 1, though not in their
Experiment 2. Further, one could also think of a different
outcome. Namely, the anatomical factor handedness can pro-
duce a bias towards one side that should increase or attenuate
the Simon effect as a whole (Hommel, 1993a), instead of
distorting it in the corresponding conditions only.

Before describing the experiments, we emphasize the fol-
lowing general points about our methods of data analysis. We
analyze the results with the factors of stimulus location and
response location rather than stimulus location and
correspondence, as Rubichi and Nicoletti (2006) did. The
two analyses yield the same F ratios, just rearranged in terms
of their assignment to effects (see Table 1), but Tagliabue et al.
(2007) noted that the stimulus and response locations version
leads to a more straightforward interpretation of the data than
does the stimulus location × correspondence version. The rea-
son is that the latter version confounds the hand distinction
with the Simon effect: For the stimulus on the side of the
dominant hand, corresponding trials with the dominant hand
are compared to non-corresponding trials with the non-

dominant hand, whereas for the stimulus on the opposite side,
corresponding trials with the non-dominant hand are com-
pared to non-corresponding trials with the dominant hand.

This relation implies that the interaction of stimulus loca-
tion × correspondence represents only a response location
main effect, as Tagliabue et al. (2007) show. Hence, in
Rubichi and Nicoletti’s (2006) analysis an RT advantage of
the dominant hand (the factor of response location within each
handedness group) is represented by the interaction of stimu-
lus location × correspondence × handedness. Consequently,
the terms Bdominant-hand advantage^ and BRubichi and
Nicoletti’s Simon effect asymmetry^ can be used interchange-
ably because they refer to the same effect. Throughout our
study, which uses the ANOVA design with the factors stimu-
lus location, response location, and handedness, the Simon
effect asymmetries reported by Rubichi and Nicoletti can be
seen in the interaction of response location × handedness. To
clarify the relation between the Simon effect and this
dominant-hand advantage, the time courses of these two ef-
fects will be examined across the RT distribution, as Rubichi
and Nicoletti did in their Experiment 2.

Experiment 1

Method

Participants Twenty-four left-handed (16 female) and 24
right-handed (15 female) undergraduate students, enrolled in
Introductory Psychology classes at Purdue University, took
part for course credits. They were invited based on their re-
sponses to a handedness question on a preliminary question-
naire, although they were not aware of the reason why they
were invited. The Edinburgh handedness questionnaire
(Oldfield, 1971) was filled out at the start of the experiment.
The handedness questionnaire categorizes participants with
values from −100 to −40 with a mean score of −82.19 (SD =
19.03), and from 40 to 100 with a mean score of 91.51 (SD =
14.43) as left- and right-handed, respectively. A comparison
of absolute values for the two groups showed a tendency to-
ward stronger dominance for the right-handed participants,
t(47) = 1.89, p = 0.065. The mean age of the left-handed
participants was 18.38 years (SD = 0.58), and that of the
right-handed participants was 18.50 years (SD = 0.78).

Apparatus and stimuli The experiment was conducted on a
DELL Optiplex 745 personal computer with a DELL 19-in.
LCD color monitor, and controlled by E-Prime Software
(Version 2.0). The monitor was viewed at a distance of ap-
proximately 55 cm. The experiment consisted of two parts,
one with manual responses (left and right key-presses) and
one with vocal responses (spoken words Bleft^ and Bright^).
Within these parts there was one block of spatial stimuli and a

Table 1 Comparison of two different analysis of variance (ANOVA)
designs for evaluating the Simon effect asymmetry, employing the factors
of stimulus location (StL), response location (ReL), correspondence (C),
and handedness (H)

Tagliabue-ANOVA Rubichi-ANOVA

1 StL StL

2 ReL StL × C

3 StL × H StL × H

4 ReL × H StL × C × H

5 StL × ReL C

6 StL × ReL × H C × H

Note: The terms on each row yield the same F ratios
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block of location-word stimuli. The spatial stimuli were red
and green rectangles of 1.15° × 0.94° visual angle, presented
4.50° visual angle to the left or right of a centered fixation
cross (0.83°). The location-word stimuli were the words Left
and Right (3.33° × 0.94° and 4.17° × 0.94° visual angle) with
the first letter capitalized and printed in red or green, presented
centrally 2.40° above the fixation cross. All stimuli were
displayed on a white background. Manual responses were
made on the leftmost and rightmost keys out of five keys on
a Serial Response Box (Psychology Software Tools, Inc.,
Pittsburgh, PA, USA) with the left and right index fingers,
respectively. In contrast, in the vocal response part of the ex-
periment, the spoken responses were detected by an ATR20
cardioid microphone (Audio-Technica) plugged into the voice
key of the Response Box, followed by an identifying key
press made by the experimenter (this is a common practice
of recording auditory responses, e.g., Wühr, 2006). The map-
ping of colors to response sides/words and the sequence of the
manual and verbal parts of the experiment were
counterbalanced between participants. The same applies to
the sequence of spatial and location-word blocks. Yet, the
latter order stayed the same within a participant for the manual
and the verbal parts of the experiment.

Each quarter of the experiment contained 12 practice trials,
followed by 120 experimental trials with stimulus colors and
locations randomly intermixed. There were 60 trials in which
the stimulus information (spatial or verbal) and response loca-
tion (manual or vocal) corresponded, and another 60 trials for
which they did not correspond. Each trial started with a 1,000-
ms presentation of the fixation cross, followed by a 100-ms
warning tone (400 Hz). After that, the stimulus appeared and
stayed on the screen until a response was registered. For the
vocal response conditions, the experimenter entered the re-
sponse identity on a separate keyboard by pressing the corre-
sponding left or right arrow key. For the manual response
conditions, the experimenter similarly pressed a left or right
arrow key, but the participant’s key-press was used to identify
their response. Following the experimenter’s action, a 500-ms
feedback screen appeared that showed just the fixation cross
for correct responses or the word BError^ at 2.40° below the
fixation cross for incorrect responses.

Procedure After giving their informed consent, participants
filled out the Edinburgh handedness inventory (Oldfield,
1971) and then were instructed about the Simon task. They
were told to respond as fast and accurately as possible to the
color of each stimulus by pressing the assigned response key
or saying the assigned response (Bleft^ or Bright^). Half of the
participants were to press the left key (or say Bleft^) for red
stimuli, and the right key (or say Bright^) for green stimuli,
whereas the other half had the opposite assignment. The as-
signment was fixed for each participant throughout the whole
experiment.

Results

Following Rubichi and Nicoletti (2006), only trials with RTs
in the range of 100–900 ms were included in the analysis. The
overall error rate within these 96.1 % of the trials was 2.9 %,
and the RT of the correct trials was 489 ms. As noted, we
report the data analysis using the ANOVA design of
Tagliabue et al. (2007), which contains the factors stimulus
location, response location, and handedness, as well as stim-
ulus mode and response mode. Handedness was the only
between-subject factor. All significant effects are reported.

Reaction time The mean RT data are shown in Fig. 1.
The ANOVA showed a main effect of response location,
F(1, 46) = 8.50, p = .005, η2 = .16, indicating a shorter
RT for the right response (M = 489 ms) than the left
response (M = 495 ms). There was also a main effect of
responsemode, F(1, 46) = 187.68, p < .001, η2 = .80, with RTs
longer for the vocal mode than for the manual mode (ΔM =
115 ms). Response mode interacted with stimulus mode, F(1,
46) = 7.97, p = .007, η2 = .15, signifying that the difference
was larger with spatial stimuli (ΔM = 126 ms) than with
location-word stimuli (ΔM = 103 ms). The main effect of
stimulus location was not significant, but location interacted
with handedness, F(1, 46) = 8.16, p = .006, η2 = .15: Right-
handed participants showed a small advantage (5 ms) for the
right stimulus location, whereas left-handed participants
showed a slight opposite tendency (−2 ms).

The stimulus location × response location interaction
was also significant, F(1, 46) = 97.62, p < .001, η2 = .68,
signifying a 20-ms Simon effect. These two factors entered
into an interaction with stimulus mode, F(1, 46) = 13.00,
p < .001, η2 = .22, as well as a 4-way interaction of those
variables with response mode, F(1, 46) = 11.81, p < .001,
η2 = .20, but not a 5-way interaction with handedness, F < 1.0.
This 4-way interaction paired with no 5-way interaction
means that the Simon effect varied across the conditions cre-
ated by the pairings of stimulus modes and response modes,
and, importantly, that these differences were not influenced by
handedness (see Fig. 1).

The interaction term that would be indicative of the asym-
metry reported by Rubichi and Nicoletti (2006) is the 4-way
interaction of stimulus mode × response mode × response
location × handedness. This interaction was also not signifi-
cant, F(1, 46) = 2.72, p = .106, η2 = .06, but because the
asymmetry was expected to be replicated in the spatial-
manual condition and possibly not in the other three condi-
tions, we conducted a similar ANOVA with the four condi-
tions as a single factor partitioned into two orthogonal con-
trasts. The contrast comparing the spatial-manual condition to
the other three conditions showed a significant interaction of
condition, response location, and handedness, F(1, 46) = 6.10,
p = .017, η2 = .11, whereas the contrast comparing the other
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three conditions did not, F < 1.0. To clarify further whether
this result pattern indicates that the Simon effect asymmetry
was replicated in the spatial-manual condition but not evident
in each of the other conditions, we conducted separate
ANOVAs for the four conditions (see Table 2 for ANOVAs).

Spatial-manual condition For the spatial-manual condition,
there was a main effect of response location, due to RT being
11 ms shorter with the right response than the left response.
More importantly, the Simon effect asymmetry reported by
Rubichi and Nicoletti (2006) was found, which is indicated
by the critical interaction of response location × handedness:
right-handed participants reacted faster with the dominant
hand than with the non-dominant left hand (ΔM = 23
ms, p < .001), whereas left-handed participants showed no
dominant-hand advantage (ΔM = 0.5 ms, p = .934). Note that

although this interaction is that of stimulus location, corre-
spondence, and handedness in the analysis reported by
Rubichi and Nicoletti (see Table 1), it does not involve the
Simon effect, but only a difference in RTs for the two re-
sponses (one with the left hand and one with the right hand).

Planned orthogonal comparisons like those reported by
Tagliabue et al. (2007) showed a difference in Simon effect
for the left and right stimuli only for right-handed participants
(see also Fig. 1a): the Simon effect for right stimuli was large
(ΔM = 42 ms, p < .001), but the Simon effect for left stimuli
was not present (ΔM = -5 ms, p = .323). In contrast, the left-
handed participants revealed similar Simon effects for both
left and right stimuli (ΔM = 13 ms, ΔM = 12 ms, ps = .055
and .065, respectively), rather than the complete reversal ob-
tained by Rubichi and Nicoletti. The lack of reversal may be
due to handedness being less pronounced for the left-handed
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Fig. 1 Mean reaction time (RT) and percent error (PE) values and
Cousineau-Morey confidence intervals (controlling for between-
subjects variability; Morey, 2008), as functions of stimulus location (left
stimulus vs. right stimulus), response location (left response vs. right

response), and handedness (left-handedness vs. right-handedness) for
the (a) spatial-manual condition, (b) verbal-manual condition, (c)
spatial-vocal condition, and (d) verbal-vocal condition
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participants in our study. We also point out the absence of a 3-
way interaction of stimulus location and response location
with handedness, F < 1.0, in the main analysis of the spatial-
manual condition. This absence means that the size of the
overall spatial-manual Simon effect was not influenced by
handedness and the asymmetry as a function of stimulus lo-
cation within the Simon effect of the right-handed group.

Again following Rubichi and Nicoletti (2006), correspond-
ing and non-corresponding trials to left and right stimuli were
also compared separately within each handedness group.
Deviating from the findings of Rubichi and Nicoletti's
Experiment 1 (but not their Experiment 2, in which the
hands were crossed), which showed a significant difference
between stimulus locations only for corresponding trials, post-
hoc Bonferroni-corrected t-tests revealed differences between
both corresponding (ΔM = 23 ms) and non-corresponding
trials (ΔM = 24 ms) for right-handed participants, ts(23) =
3.60 and 3.83, ps < .001. For left-handed participants, neither
corresponding nor non-corresponding trials differed between
stimulus locations, ts (23) = 1.44, and .36, ps > .160.

Verbal-manual, spatial-vocal, and verbal-vocal conditions
The verbal-manual condition showed an interaction of
stimulus location × handedness (see Fig. 1b). However, nei-
ther it nor the other two conditions showed the crucial re-
sponse location × handedness interaction indicative of
Simon effect asymmetries of the type found for the spatial-
manual condition in our study (see Fig. 1) and that of Rubichi
and Nicoletti (2006).

Percent error The mean percent error (PE) data are plotted in
Fig. 1a–d. A main effect of stimulus mode was found,
F(1, 46) = 5.46, p = .024, η2 = .11, and stimulus mode
interacted with response mode, F(1, 46) = 6.68, p = .013,
η2 = .13. Pairwise comparisons showed that 1.0% fewer errors
were made in the spatial-vocal condition than in the three
other conditions, ps < .044, whereas there was no difference
in the PEs of the other three conditions.

The ANOVA also revealed a significant stimulus location ×
response location interaction (i.e., Simon effect), F(1, 46) =
43.49, p < .001, η2 = .49, with a difference in PE between non-
corresponding and corresponding trials of 2.2 %. Stimulus
mode interacted with stimulus location and response location,
F(1, 46) = 35.84, p < .001, η2 = .44. Only in the conditions
using verbal stimuli was a significant PE Simon effect found.
In the post-hoc pairwise comparisons, the manual re-
sponses to verbal and spatial stimuli produced similar
PEs (p = .738), whereas for vocal responses the verbal
stimuli produced 1.3 %more errors than did the spatial stimuli
(p < .001), confirming the trends in the RT data.

Follow-up ANOVAs, conducted for each condition to com-
plement those reported for the RT data, showed the following
(see Table 2): For the spatial-manual condition, there were no
significant effects, although the main effect of response loca-
tion was numerically present, F(1, 46) = 3.68, p = .061,
η2 = .07. Planned comparisons showed a slight tendency for
a Simon effect for the left stimulus location, t(47) = 1.80,
p = .078, but the critical response location × handedness in-
teraction was not significant. Similar ANOVAs revealed sig-
nificant correspondence effects in the verbal-manual (3.6 %)

Table 2 Experiment 1: Reaction time (RT) and percent error (PE) ANOVA results of the four stimulus-response conditions, with the factors of
stimulus location (StL), response location (ReL), and handedness (H)

Spatial-manual Verbal-manual Spatial-vocal Verbal-vocal

F p F p F p F p

RT

StL 2.58 0.115 2.22 0.143 2.13 0.151 0.53 0.470

ReL 13.12 0.001** 0.61 0.438 1.51 0.225 2.42 0.126

StL × H 1.51 0.230 5.55 0.023* 0.76 0.387 2.24 0.142

ReL × H 13.98 0.001** 0.28 0.867 0.13 0.716 0.01 0.937

StL × ReL 17.73 0.001** 20.60 0.001** 25.15 0.001** 99.14 0.001**

StL× ReL × H 0.28 0.600 0.00 0.992 0.60 0.442 0.63 0.432

PE

StL 0.02 0.902 0.07 0.795 0.00 0.968 0.30 0.589

ReL 3.68 0.061 2.77 0.103 1.07 0.306 1.93 0.171

StL × H 0.01 0.945 1.06 0.308 0.64 0.427 0.48 0.493

ReL × H 1.26 0.268 1.38 0.246 1.79 0.188 0.03 0.869

StL × ReL 0.14 0.708 19.26 0.001** 2.30 0.136 52.72 0.001**

StL× ReL × H 0.08 0.784 0.18 0.678 0.48 0.494 0.07 0.800

Note: ** p < .001; * p < .05
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and verbal-vocal (4.6 %) conditions, but not in the spatial-
vocal condition, and no Simon effect asymmetries.

The PE data for the verbal-manual condition showed a
pattern of interaction of stimulus location × handedness that
was opposite that of the RT data, which could indicate a
speed-accuracy trade-off. In agreement with this possibility,
when calculating the ANOVAwith an inverse efficiency score
ðIES ¼ RT

1�PE ; Townsend & Ashby, 1978) as the dependent
variable, the interaction disappeared, F(1, 46) = 1.27,
p = .289, η2 = .02, leaving only the strong main effect of
correspondence.

Distribution analysisAn RT distribution analysis is typically
performed by doing the following for each participant (De
Jong et al., 1994): correct RTs for corresponding and non-
corresponding trials are rank ordered separately and divided
into several bins, in the present case five (as in Rubichi &
Nicoletti (2006)’s Experiment 2). The Simon effect is cal-
culated for each bin by subtracting the bin mean for
corresponding trials from that for non-corresponding tri-
als. The individual distribution functions are averaged to
produce a group function, a process known as
Vincentizing (Ratcliff, 1979).

The Simon effect for physical stimulus and response loca-
tions usually shows a decreasing RT function (e.g., De Jong
et al., 1994; see Proctor, Miles, & Baroni, 2011, for a review).
These functions are typically presumed to reflect rapid activa-
tion and dissipation of the corresponding response. A distri-
bution profile for the dominant-hand advantage can be calcu-
lated similarly by creating quintiles for each participant based
on dominant and non-dominant hand responses (Rubichi &
Nicoletti, 2006). Then, the bin mean of the dominant hand
response is subtracted from the bin mean of the non-
dominant hand response. PE within each bin can be analyzed
in a similar manner, yielding a PE Simon effect function
across the RT distribution (Ridderinkhof, 2002; Töbel et al.,
2014; Xiong & Proctor; 2015).

For the spatial-manual condition, ANOVAs were per-
formed on the RT and PE data. Two separate ANOVAs were
calculated for the Simon effect and the dominant-hand advan-
tage, respectively, each containing the factors bin and hand-
edness. This makes about 12 observations per bin cell for each
participant, minus erroneous trials in RTs. In contrast to
Rubichi and Nicoletti (2006), both corresponding and non-
corresponding trials were considered in the analysis, as we
found differences between stimulus locations also in non-
corresponding trials. The RT data showed significant main
effects of bin and Simon effect, as well as the critical interac-
tion of both variables, F(1.8, 84.5) = 21.05, p < .001, η2 = .31.
This interaction reflects a decreasing Simon effect function
(see Fig. 2a), for which the Simon effect was present in the
first to fourth bins (ps < .05) but non-significant in the fifth bin

(p = .270). The 3-way interaction with handedness was not
significant (F < 1.0). The PE ANOVA for the spatial-manual
condition also showed a bin main effect and interaction of bin
with the Simon effect, F(4, 184) = 4.99, p = .001, η2 = .10,
with the Simon effect being mainly in the first bin, as other
studies have found (e.g., Töbel et al., 2014). Again there was
no interaction of the Simon effect with handedness (F < 1.0).
The plotted RT data for the dominant-hand advantage in the
spatial-manual condition showed a tendency to increase (see
Fig. 2a), but the ANOVA of that advantage did not show the
increase to be significant after Greenhouse-Geisser correction
(F < 1.0), and did not interact with handedness, F(1.5, 69.8) =
2.35, p = .116). No terms were significant in the PE ANOVA
either.

Similar ANOVAs were performed for the three other
experimental conditions (see Fig. 2c–d). The distribution
of the RT Simon effect showed an increasing pattern in
the verbal-manual condition, F(1.5, 67.6) = 26.94, p < .001,
η2 = .37, and the verbal-vocal condition, F(1.8, 80.8) = 24.04,
p < .001, η2 = .34), but no significant change in the PE Simon
effect across bins. The spatial-vocal condition differed in this
regard, showing no difference in the RT Simon effect across
bins, but an interaction of bin, Simon effect, and handedness
in PE, F(3.4, 154.2) = 3.27, p = .019, η2 = .07): the only
significant Simon effect in PE was in the fifth bin of the
right-handed participants (p = .002), for which the effect was
3.7 %. Besides the bin main effect in RT of the verbal-vocal
condition, no effect was significant in RT or PE.

Discussion

The results of the spatial-manual condition replicated the main
patterns reported by Rubichi and Nicoletti (2006) and
Tagliabue et al. (2007): A dominant-hand advantage of the
right-handed participants produced a larger Simon effect for
stimuli at the right location than for stimuli at the left location,
and this relation was not evident for left-handed participants.
This lack of reversal in left-handed participants was likely due
to hand dominance not being as strong for the left-handers as
for the right-handers, and that our using a less strict criterion
(±40–100) for categorizing participants’ handedness than
Rubichi and Nicoletti used (± 80–100). An analysis of only
those left-handed participants with a handedness score of −80
to 100 (N=16) showed the expected reversal of the asymme-
try: The Simon effect was significant for responses to left
stimuli (ΔM = 17 ms, p = .011) but not right stimuli (ΔM = 6
ms, p = .491). The Simon effect decreased across the RT
distribution for both right- and left-handed persons, similar
to Rubichi and Nicoletti’s Experiment 2 and most visual
Simon effect studies (Proctor et al., 2011). The dominant-
hand advantage for right-handed participants increased signif-
icantly in Rubichi and Nicoletti’s Experiment 2 and numeri-
cally in our Experiment 1. The slightly larger Simon effect and
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dominant-hand advantage in their Experiment 2 was probably
due to the fact that participants performed with their hands
crossed.

Although the verbal-manual, spatial-vocal, and
verbal-vocal conditions all yielded Simon effects, none
of the conditions showed evidence of an asymmetry, for
either right- or left-handed participants, based on wheth-
er the stimulus was left or right. This result implies that
it is the unique combination of spatial stimuli and man-
ual responses, both of which vary in left and right phys-
ical locations, that produces the Simon effect asymmetry
reported by Rubichi and Nicoletti (2006). Assuming that
preparation of the left and right hands induces a bias to
attend to stimuli on the dominant-hand side, this out-
come is in agreement with the attention-shift hypothesis
favored by Rubichi and Nicoletti, Tagliabue et al.
(2007), and Spironelli et al. (2009): Only the spatial-
manual condition has the combination of hand domi-
nance and difference in sides to which attention can
be shifted. The problem with that account, though, is
that our result pattern implies that the dominant-hand
advantage is a main effect that speeds responding over-
all, rather than a direct contributor to the Simon effect.

Experiment 2

The unique property of Experiment 1’s spatial-manual condi-
tion, which showed the dominant-hand advantage, is that it
allows spatial matching of visual stimulus and response loca-
tions. Thus, in Experiment 2, in which we tested only right-
handed participants, we eliminated visibility of the response
locations (and responding hands) for one group by having
them perform the spatial-manual task with their hands and
response keys occluded by a wooden box. Another group
performed with their hands in view, as a complete replication
of the spatial-manual condition from Experiment 1. In addi-
tion to providing a baseline, this replication group allowed us
to make sure that the result pattern of Experiment 1, which
suggested that handedness had only a main effect, was not a
consequence of intermixing the spatial-manual task with the
other three task conditions.

If the Simon effect asymmetry for left and right stimulus
locations requires visibility of the responses, there should be
no asymmetry when the response hands are occluded, and the
results should look similar to those of the spatial-verbal con-
dition in Experiment 1. If this asymmetry is equally evident
when the hands are visible and when they are not, and

left-handed SE right-handed SE left-handed DHA right-handed DHA
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Fig. 2 Experiment 1: Reaction time (RT) distribution of the Simon effect (SE; continuous lines) and the dominant-hand advantage (DHA; dashed lines)
for the spatial-manual condition. Grey lines indicate left-handed participants, whereas black lines indicate right-handed participants
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response location exerts only a main effect, then the results
would speak against a visual matching strategy of response
locations to stimulus locations. Such a result would suggest
that the Simon effect asymmetry in stimulus locations could
be a kind of general motoric preparation of the dominant hand
response that is triggered by spatial stimuli.

Method

Participants Forty-eight new right-handed undergraduate
students from the same subject pool as in Experiment 1 were
invited to participate based on their handedness. There were
24 participants (15 males) in the group that was able to see
their hands, whereas another 24 (eight males) had their hands
occluded during the experiment. The participants’ mean age
was 19.5 years (SD = 1.29) in the first group and 19.6 years
(SD = 1.18) in the second group. The Edinburgh handedness
questionnaire (Oldfield, 1971) revealed a mean score of 79.51
(SD = 19.99) for the visible hands group and 84.37 (SD =
16.77) for the occluded hands group. The groups did not differ
significantly regarding the strength of their right-handedness
(p = .376).

Apparatus, stimuli, and procedure The apparatus and stim-
uli were the same as in the spatial-manual condition of
Experiment 1, with the exception of a large wooden box (56
cm wide × 46 cm deep × 20.5 cm high), painted black,
enclosed on all but the front side, into which participants in
the occluded hands group placed their hands while performing
the task. Hence, the experiment contained 12 practice trials,
followed by 120 experimental trials with stimulus colors and
locations randomly intermixed. Participants filled out the
Edinburgh handedness inventory (Oldfield, 1971) and were
told to respond as fast and accurately as possible to the color
of each stimulus, as in Experiment 1. The response-key-to-
stimulus-color mapping was counterbalanced between partic-
ipants. Half of the participants performed the task with the
response box (and their hands) being under the wooden box,
which was placed on the desk and below the display screen.
They were first allowed to lower their head to see their hands
and the response box, which was placed inside the wooden
box, and then after putting their fingers on the two outer keys
of the response box they were told not to look at their hands
while performing the task. The other half of participants could
see their hands and the response box, as in Experiment 1. The
experimenter stayed in the room, as in Experiment 1, but did
not enter responses.

Results

ANOVAs were performed with stimulus location (left stimu-
lus vs. right stimulus) and response location (left location vs.
right location) as within-subject variables, and hand visibility

(visible vs. occluded) as a between-subjects variable (see
Fig. 3).

Reaction timesAmain effect of response location was found,
F(1, 46) =10.06, p = .003, η2 = .18, which indicates faster
responses of the dominant right hand than of the left hand
(ΔM = 10 ms). Stimulus location and response location
interacted, F(1, 46) = 21.74, p < .001 η2 = .32, producing a
Simon effect (see Fig. 3). Orthogonal contrasts showed that
for the left stimulus, the Simon effect was only marginally
significant (ΔM = 11 ms, p = .064), whereas for the right
stimulus the Simon effect was more clearly evident (M =
29 ms, p < .001). This time, the non-corresponding trials
differed significantly between stimulus locations (ΔM =
8 ms, p = .001), but the corresponding trials did not
(ΔM = 13 ms, p = .093).

No other interaction was significant. Most importantly, the
data show that seeing their hands made no difference between
the hand visibility groups, F < 1.0 (see Fig. 3).

Percent errors For PEs (see Fig. 3), the ANOVA showed
only a significant stimulus location × response location inter-
action, F(1, 52) = 9.78, p = .003, η2 = .04. Similar to the RT
data, the Simon effect for the left stimulus side (ΔM =
1.0 %, p = .051) was smaller than that for the right-
and dominant-hand stimulus side (ΔM = 1.4 %, p = .018).
Neither corresponding nor non-corresponding trials differed
in their error rates between stimulus sides (ΔM = 0.3 %,
p = .520; ΔM = 0.02 %, p = .978). The group factor of hand
visibility did not interact with the Simon effect, F(1,46) = 0.2,
p = .627, η2 = .01.

Distribution analyses A distribution analysis was performed
as in Experiment 1 (see Fig. 4). ANOVAs of the RT data, with
factors of Simon effect, or dominant-hand advantage, bin, and
the between-subjects factor of hand visibility. They showed
the expectedmain effect of bin and the Simon effect. The latter
decreased significantly across bins, F(1.7, 76.1) = 6.91,
p = .003, η2 = .13, but this decreasing pattern did not interact
with hand visibility (F = 1.28, p = .280). In PE, a main effect
of bin was evident, as was the Simon effect, which decreased
significantly across bins, F(2.7, 122.3) = 10.43, p < .001,
η2 = .19. Hand visibility had no influence here, too (F < 1.0,
p = .432). The dominant-hand advantage was only present in
the RT distribution, F(1, 46) = 9.64, p = .003, η2 = .17, and it
did not vary between bins (F = 1.35, p = .263), nor was it
influenced by hand visibility (F < 1.0, p = .406).

Discussion

The results with the hands visible replicated those obtained for
the spatial-manual condition in Experiment 1’s right-handed
group: There was a main effect of response location, and this
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factor interacted with stimulus location, indicating the Simon
effect. As a consequence of the advantage for the dominant
right hand, the Simon effect was larger for the right stimulus
location than for the left stimulus location. This relation was
evident regardless of whether the hands were visible or oc-
cluded, indicating that sight of the hands is not necessary for a
dominant-hand advantage to occur. This outcome speaks in
favor of a spatial matching rather than of a visual matching of
stimuli and responses, and such a motoric preparation of the
dominant hand seems to be stronger when spatial stimuli are
present.

Wallace (1971, 1972) conducted conditions similar to these
across three experiments in which right-handed participants
pressed left and right keys to indicate whether a stimulus
was a circle or a square. We focus only on conditions for
which the hands were uncrossed, as in the present study. In
his 1971 experiment, six participants performed with full vi-
sion of their hands and showed a Simon effect asymmetry: 35-
ms effect for left stimulus and 73-ms effect for right stimulus.
Six different participants in Experiment 1 of his 1972 study
showed similar effects of 25 and 73 ms for left and right
stimuli. In another condition of that experiment, six

participants performed wearing a halter that prevented
seeing the hands. These participants showed no asymmetry,
with the Simon effects being 55 ms and 48 ms for the left and
right stimuli, respectively. Experiment 2 differed from the
halter condition of Experiment 1 in that the participants had
their hands placed passively on the keys by the experimenter.
The four participants who performed with uncrossed hands
again showed no Simon effect asymmetry, with the left
stimulus Simon effect being 68 ms and the right stimulus
one being 65 ms.

So, collapsing across experiments, Wallace's (1971, 1972)
results with 12 participants who could see their hands and ten
who could not, differ from our results: The asymmetry was
evident only for the participants whose hands were visible.
Disregarding the small number of participants from
Wallace’s experiments, there are several differences between
his experiments and ours that could be the source of the ap-
parently discrepant results: Stimulus discrimination was of
shapes instead of colors, stimuli in vertical top and bottom
locations were intermixed with the stimuli in left and right
positions, and the monitor placement was higher. Yet, there
is no reason why these variables should interact with visibility
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of the hands. The most likely reason is that the participants
were never able to see their response keys or hands from the
time they entered the darkened experiment room in Wallace’s
experiment, whereas in ours the participants were able to see
the response box and hands prior to positioning themselves to
start the practice trials. Hence, the preliminary visibility of the
hands and keys may be sufficient for participants to form a
spatial representation for the left and right responses.

General discussion

Our experiments aimed at examining the earlier findings of
asymmetric Simon effects for left and right stimuli in the
visual Simon task more closely. Rubichi and Nicoletti
(2006) and Tagliabue et al. (2007) showed that the Simon
effect is larger and significant for the stimulus on the dominant
hand side, compared to that for the stimulus on the subordinate
hand side. The authors explained this asymmetry by a bias in
attention shifting towards the side where the dominant hand is
currently operating. They also noted that current models
explaining the Simon effect lack a mechanism to explain the
asymmetry on the stimulus-location level.

The present study’s aim therefore was to conduct some
additional conditions that enabled us to narrow down the
range of situations under which this asymmetry can be found
and to determine whether the biased attention-shift explana-
tion holds up.We evaluated the assumption that handedness in
the form of an RT advantage of the dominant hand is respon-
sible for the spatial-manual Simon effect asymmetry by hav-
ing participants make vocal, location-word responses.We also
used verbal location-word stimuli to assess whether the asym-
metry only occurs when participants have to shift attention to a
left or right stimulus location, as for exogenous spatial
locations.

In Experiment 1, four different S-R mode conditions were
tested: (a) spatial-manual, (b) verbal-manual, (c) spatial-vocal,
and (d) verbal-vocal. The results of the spatial-manual condi-
tion for the most part replicated those of Rubichi and Nicoletti
(2006), with an exception being that the left-hand dominant
group did not show a significant reversal of the stimulus
location-based Simon effect asymmetry shown by the right-
handed group. As noted, this lack of reversal was probably
due to a less strict criterion for categorizing participants’ hand-
edness than Rubichi and Nicoletti used, as the strongest left-
handers showed the reversal.

Furthermore, following the data analyses of Tagliabue et al.
(2007), the results show that the asymmetry in the Simon
effect, when it is analyzed with respect to correspondencewith
stimulus locations (as in Rubichi & Nicoletti, 2006), is repre-
sented by a significant interaction of handedness and response
location when it is analyzed with respect to response and stim-
ulus locations. Hence, indicative of the asymmetry, a large

dominant-hand advantage in right-handed participants was
found.

There was a minor deviation of the present findings from
previous ones: The difference between the corresponding tri-
als for the two stimulus locations was not larger than the
difference between the non-corresponding trials, as it looked
like in some of the prior studies (e.g., Rubichi & Nicoletti’s,
2006, Experiment 1 but not their Experiment 2; Valle-Inclán’s,
1996, Experiment 1). The reason seems to be the absence of a
stimulus location bias in our data, whereas in the studies find-
ing a difference in corresponding trials, a bias of stimulus
location towards the dominant hand side was found. Such a
slight tendency for a stimulus location bias when looking at
the main effect might produce a significant Simon effect
asymmetry in the orthogonal comparisons of the Simon effect
interaction components (although we have to be cautious
interpreting main effects when an interaction is present, too).
With both a stimulus and a response location main effect,
which are both biased towards the dominant hand, a corre-
sponding dominant-hand response is the fastest response of
a right-handed participant, because stimulus and response lo-
cation bias are both in favor of this condition. For a corre-
sponding response to a left stimulus, the response location
and stimulus location bias both prolong the RT. For non-
corresponding trials, in contrast, stimulus and response loca-
tion bias counter each other. This means that the two factors
increase the difference between corresponding trials but de-
crease the difference between non-corresponding trials. When
reviewing several studies on the Simon effect that plot their
data in a similar way and find similar Simon effect
asymmetries, the most consistent finding is a dominant-hand
advantage (see e.g., Proctor & Wang, 1997; Rubichi &
Nicoletti, 2006; Schroeder-Heister, Heister, & Ehrenstein,
1988; Simon, Sly, & Vilapakkam, 1981; Spironelli et al.,
2009; Tagliabue et al., 2007; Valle-Inclán, 1996). The stimu-
lus location bias varies in its direction a lot between studies
and is only present in some of the reviewed ones (e.g., Rubichi
& Nicoletti, 2006; Spironelli et al., 2009; Tagliabue et al.,
2007; Wallace, 1972). Again, it was not evident in either of
our experiments. Despite that, the critical result of unequally
sized Simon effects with respect to stimulus locations was
obtained, which is why we focus on the dominant-hand ad-
vantage here, as it should be the main cause of the asymmetry
in our data.

As response location (and therefore the dominant-hand ad-
vantage) is a part of the Simon effect interaction, there was a
need to examine whether response location interacts with the
Simon effect or just has additive effects on the latter.
Therefore, RT distribution functions were calculated on the
data. The Simon effect function, obtained in the spatial-
manual condition, showed a decreasing trend, which is typi-
cally attributed to dissipation of the physical stimulus loca-
tion’s automatic response activation (see e.g., De Jong et al.,
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1994; Töbel et al., 2014). A dominant-hand advantage that is a
part of the actual Simon effect in the spatial-manual condition
should show the decreasing trend, too. However, the opposite
was found in the present data, as well as in those of Rubichi
and Nicoletti (2006). More precisely, in the present data a
constant dominant-hand RT advantage was found, and in the
study of Rubichi and Nicoletti even an increasing pattern −
although the latter must be regarded cautiously, because an
increase in the fifth Boutlier^ could be an artifact. In both their
and our experiments a dominant-hand RT advantage was al-
ready present in the first RT bin (although only numerically
with 11 ms in Rubichi and Nicoletti, 2006), which means that
some general pre-activation of the dominant hand must have
been present that persisted also in longer RTs. One could infer
from these data that the Simon effect asymmetry is not Breal,^
in the sense of reflecting an influence on the mechanism re-
sponsible for the Simon effect, as they appear at different
stages in the response process.

This latter interpretation is consistent with the literature on
the Simon effect, as compared to the idea of Rubichi and
Nicoletti (2006). A lot of studies on the Simon effect showed
that correspondence relations usually are determined by exte-
rior spatial relations and that anatomical factors play a negli-
gible role. Experiments like that of Wallace (1971), in which
participants responded with their hands crossed, did not show
a reversal of the Simon effect: the Simon effect still followed
stimulus and response key locations and not the location of the
anatomical hand. Therefore, Rubichi and Nicoletti’s idea of an
attentional bias centered on the dominant hand that diminishes
the correspondence effect on the non-dominant hand’s stimu-
lus side seems to go against such earlier findings. With the
present results in mind, which indicate additive effects of a
dominant-hand RT advantage, the latter interpretation seems
even more questionable to us.

Still, the origin of the dominant hand advantage is unclear.
Namely, apart from the right-handed participants in the
spatial-manual condition, no other experimental condition
showed the asymmetry in Experiment 1. The absence of
asymmetry in the verbal-vocal condition was expected be-
cause neither handedness nor an attention shift to a stimulus
location is a factor. More importantly, there was no location-
word Simon effect asymmetry in the verbal-manual condition,
which suggests that it is neither a semantic code nor name
code generated by the stimulus, nor the intention of giving a
left or right manual response, that produces the asymmetry in
the spatial-manual condition. Moreover, it indicates that the
RT advantage of the dominant hand is not a simple motor
effect − although there is empirical evidence for physiological
factors like lower motor thresholds for dominant-hand re-
sponses (see, e.g., Adam, De Luca, & Erim, 1998). The ab-
sence of an asymmetry in vocalization onsets of the spatial-
vocal condition provides evidence that participants were not
coding responses with respect to their hands or physical

locations when responding with the spoken words Bleft^ and
Bright.^ It is possible that a motoric speech measure, such as
the mouth opening being wider on the right than left side
(Hausmann et al., 1998; Wolf & Goodale, 1987), would show
indication of a Simon effect asymmetry, but this is unlikely
since it would require a complex interaction between the vocal
responses Bleft^ and Bright^ and the left and right stimuli.
Therefore, again, we think that the underlying RT advantage
of the dominant hand in the spatial-manual task cannot be
produced by a general attentional bias that favors one spatial
stimulus location over the other. The interplay of factors pro-
ducing the dominant-hand advantage seems to be more com-
plex than proposed by Rubichi and Nicoletti (2006).

As our results show, the dominant-hand advantage, and
thereby asymmetric Simon effects for left and right stimulus
locations, seems to depend on the physical spatial task envi-
ronment. Hence, spatial-motor response preparation could be
at the origin of the effect. Namely, the exogenous nature of
physical spatial stimuli and spatial response locations could be
critical for the asymmetries. Exogenous attention attraction is
said to happen automatically and is triggered by the saliency
of the physical characteristics of a stimulus. The latter can be
an abrupt lateral onset of the stimulus (see, e.g., Janczyk,
Pfister, Wallmeier, & Kunde, 2014; Jonides, 1981), as in the
present experiment, in contrast to endogenous stimuli that
need semantic processing to trigger a response. Our data sug-
gest that the dominant-hand advantage is produced by some
kind of spatial-motoric response preparation. Such general
preparation for a dominant-hand response might only be pres-
ent when the task requires motor-interaction with a spatial
environment, which was the case in the spatial-manual condi-
tion only. Moreover, the preparation must be very basic and
does not influence the response-selection stage. If it influ-
enced response selection, the dominant-hand advantage
would also be present in error rates, like in the Simon effect,
but this was not the case.

Still, these arguments cannot rule out the possibility entire-
ly that an attentional dominant-hand centered bias, like that
proposed by Rubichi and Nicoletti (2006), is responsible for
the effect. One could infer from Rubichi and Nicoletti’s ex-
periment with crossed hand positions that the dominant hand
needs to be actively involved in the task to produce the asym-
metry through an attention bias. Nevertheless, a more eco-
nomical explanation for the absence of a dominant-hand ad-
vantage in the spatial-vocal condition might be provided by
the referential coding account (Hommel, 1993b), which as-
sumes that spatial relations in a task are defined by task-
specific frames of reference. As stimuli and responses use
similar left-right spatial frames of reference in the spatial-
manual condition, interference on this level is quite plausible,
whereas for spatial stimuli and verbal responses the reference
frames differ, and therefore physical spatial sides will not be a
factor.
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This explanation in terms of different reference frames im-
plies that the visibility of the response locations may be a
critical factor for selecting those frames and therefore also
for producing a dominant-hand advantage. These thoughts
led us to conduct Experiment 2, in which two groups of
right-handed participants were compared in the spatial-
manual condition. One group was allowed to see their hands
and the response box during the task and the other was not
able to do so. The results did not show a difference between
the two groups. Still, to our understanding the explanation of
the dominant-hand advantage as dependent on task-specific
frames of reference does not necessarily have to be discarded:
We cannot answer the question, whether initially being able to
see the response box and placement of one’s hands on it is
essential. Results of Wallace (1972) seem to show no Simon
effect asymmetry when the experimental room was darkened
to eliminate visual cues from the time a participant entered the
room. This issue would be an interesting one to examine in
future experiments.

Despite the difficulties in finding a further falsifiable hy-
pothesis about the origin of the dominant-hand advantage, and
by that the Simon effect asymmetries, the present study re-
vealed some details that have considerable practical implica-
tions for future research on the Simon effect. The recommen-
dation to avoid calculating overall Simon effects rather than
analyzing the data by response location does not need to be
heeded. Namely, the data show that overall Simon effects
should not be affected by an underlying dominant-hand ad-
vantage that yields the asymmetries within the Simon effect
interaction: The interaction of the overall Simon effect and
handedness was not significant, although in the spatial-
manual task, the right-handed participants but not the left-
handed ones showed the asymmetries.

The reason why Rubichi and Nicoletti (2006) reached a
different conclusion was that both their left- and right-
handed participants did show an asymmetric Simon effect
pattern when the effect was calculated based on correspon-
dence with stimulus location. Therefore, they assumed that
both handedness groups had equal sized although opposite
asymmetries. In the overall Simon effect the opposite pattern
is collapsed and, therefore, no difference in the overall Simon
effect could be found anymore. Yet, the present findings indi-
cate that when counterbalancing stimulus and response sides,
asymmetric features that are independent from the correspon-
dence connections in the Simon effect are averaged out.

This analysis means that the Simon effect is quite robust
and will emerge independent from biases like the participant’s
handedness. In contrast to Tagliabue et al. (2007), we do not
recommend to avoid calculating an overall Simon
(correspondence) effect when analyzing Simon tasks.
Instead, we advise sticking to the practice of evaluating over-
all Simon effects instead of calculating correspondence effects
separately for each stimulus location or each response

location, because the latter confound stimulus-identification
or response factors with response selection, thus producing
results that are prone to interpretation errors.
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