
In choice reaction time (RT) tasks, the spatial relation 
between stimulus and response affects overt behavior 
even when space is not relevant for the task. In the so-
called Simon task (Simon & Rudell, 1967; see Hommel 
& Prinz, 1997, and Lu & Proctor, 1995, for reviews), for 
example, participants typically make choice responses to 
a nonspatial stimulus attribute (e.g., form or color) with 
keys arranged on the left and right. Stimulus locations 
have the same (spatial) arrangement as response locations, 
lying horizontally, for example. Accuracy is better and 
RTs shorter when the irrelevant stimulus location corre-
sponds to the response location (corresponding condition) 
than when it does not (noncorresponding condition). Ac-
counts of the Simon effect often invoke dual-route mod-
els, in which it is assumed that the onset of the impera-
tive stimulus could activate both a direct and an indirect 
route, which in turn activate a response in independent 
and parallel fashions (see, e.g., De Jong, Liang, & Lauber, 
1994; Kornblum, Hasbroucq, & Osman, 1990). The fast 
direct route processes the task-irrelevant spatial stimulus 
dimension, so that the response that corresponds to stimu-
lus location could be automatically primed irrespective of 
task instructions. Through the slower, indirect route, in 
contrast, the task-relevant nonspatial stimulus feature ac-
tivates the response indicated by the instructions. The cor-

responding trials lead to more efficient performance be-
cause both routes activate the same response. Performance 
on noncorresponding trials, in contrast, is slower and less 
accurate because competing responses are activated at the 
response selection stage, thus generating a conflict that 
must be resolved before response execution.

Psychophysiological evidence supporting the dual-route 
notion comes from event-related brain potential studies. 
Following the presentation of a lateral target stimulus, a 
component is evident over the motor cortex, indicating the 
activation of a response that corresponds to stimulus loca-
tion. This component, called lateralized readiness poten-
tial, is recognized as an index of motor preparation. With 
regard to the Simon task, two activation components as-
sociated with the selection of responses have been consis-
tently found (see, e.g., De Jong et al., 1994; Eimer, 1995; 
Valle-Inclán, 1996). An initial component is thought to 
reflect the location-based priming of the corresponding 
response, whereas a later component would reflect the 
rule-based activation of the response specified by the task 
instructions. The neural mechanisms underlying the early 
response-priming process have also been confirmed by 
means of electromyographic measures (Hasbroucq, Pos-
samaï, Bonnet, & Vidal, 1999) and by transcranial mag-
netic stimulation and motor-evoked potentials (Stürmer, 
Siggelkow, Dengler, & Leuthold, 2000).

In the present study, we were interested in exploring the 
relationship between spatial coding and handedness in a 
Simon-like task. Useful insights on this topic can be de-
rived by the seminal study of Simon and Rudell (1967) in 
which the Simon effect was accidentally discovered. The 
authors designed an auditory Simon task because they 
were originally interested in the phenomenon of hemi-
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spheric dominance for speech. Right- and left-handers 
were enrolled, and the authors expected to find an inter-
action between ear stimulated and handedness. Instead, 
they found an interaction between stimulus and response 
locations (i.e., the Simon effect). Interestingly, however, 
the interaction between handedness and response posi-
tion was also significant, indicating that right-handers 
had a larger Simon effect in the right hemifield whereas 
left-handers had a larger Simon effect in the left hemi-
field. This interaction was not systematically explored in 
subsequent studies, probably because the Simon effect is 
considered a phenomenon arising from abstract spatial 
codes of stimuli and responses.1 Indeed, according to the 
coding hypothesis put forward by Wallace (1971), the 
Simon effect does not depend on the absolute locations 
of stimuli or responses. The author found that the Simon 
effect was of the same magnitude when the left/right key-
press responses to the stimuli were executed either with 
uncrossed effectors (left hand on left key and right hand 
on right key) or with crossed effectors (left hand on right 
key and right hand on left key). Interestingly, in this and a 
subsequent study (Wallace, 1972), Wallace enrolled only 
right-handers. From the data reported, the magnitude of 
the Simon effect was larger for the right than for the left 
visual hemifield in the uncrossed-hand condition, and it 
was larger for the left than for the right visual hemifield in 
the crossed-hand condition. As we mentioned above, how-
ever, these studies were conducted to support the coding 
hypothesis of the Simon effect. Later, Umiltà and Nicoletti 
(1985) demonstrated that the spatial codes underlying the 
Simon effect can be based on relative locations. A normal 
Simon effect was obtained when both stimulus locations 
and both response locations were to the left or to the right 
of the body midline. In addition, there is evidence that 
multiple spatial codes can be formed for a given stimulus 
on the basis of static attributes of the display with different 
frames of reference (Lamberts, Tavernier, & d’Ydewalle, 
1992; Roswarski & Proctor, 1996; Umiltà & Liotti, 1987), 
such as hemispace (left or right of center), visual hemi-
field within hemispace (to the left or right of a fixation 
cross located in a hemispace), and relative position within 
a hemifield (left or right).

Interestingly, both the Simon effect and handedness 
have been related to attention processes. There is evidence 
that the Simon effect may occur relative to the position of 
the attentional focus (Nicoletti & Umiltà, 1989)—more 
precisely, the shift of spatial attention that is made in tem-
poral proximity with response selection (Nicoletti & Um-
iltà, 1994; Rubichi, Iani, Nicoletti, & Umiltà, 1997; Van 
der Lubbe & Woestenburg, 1999). In addition, the Simon 
effect does not arise in the absence of spatial attention 
shifts (Nicoletti & Umiltà, 1994; Notebaert, Soetens, & 
Melis, 2001; Stoffer, 1991). Handedness has also been 
related to attention processes. From a historical perspec-
tive, the finding that the distance between a central fixa-
tion point and a movable point was overestimated in the 
right half of the visual field (Stevens & Ducasse, 1912) 
led Smith (1914) to suggest that larger perceived objects 
in the right visual field attract visual attention, which, in 

turn, leads to grasping movements of the right hand. More 
recently, in his review, Peters (1995) emphasized that when 
both hands compete for attention, attention is asymmetri-
cally distributed, favoring the right hand in right-handers 
(see, e.g., Peters, 1981). In addition, Peters (1995) also 
suggested that the attentional bias toward the right visual 
field would be the causal agent in hand preference. Rab-
bitt (1978) described an attentional bias toward the field 
of operation of the dominant hand. He required right- and 
left-handed participants to perform a reaching task in 
three different conditions: with the right hand only, with 
the left hand only, or choosing between hands. In the one-
hand conditions, no hand dominance effects were found. 
In contrast, when choices had to be made between hands, 
participants in both groups were faster with the dominant 
than with the nondominant hand. Interestingly, in the two-
hand condition the choice was based on stimulus posi-
tion—that is, participants reached to the right when the 
stimulus was to the right and to the left when the stimulus 
was to the left. Rabbitt reasoned that handedness is a fac-
tor affecting the response selection stage and described it 
as an attentional bias toward one effector field—namely, 
that of the dominant hand.

To sum up, both the Simon effect and handedness are 
considered response selection phenomena with close links 
to attention-related processes. Thus, it seems reasonable 
to hypothesize that handedness may affect the way spatial 
coding takes place. From our own experience and from 
an initial informal assessment of the literature, we noted 
that when only right-handers are recruited the size of the 
Simon effect is often asymmetric—that is, it is greater in 
the right than in the left visual hemifield. We went through 
recent Simon studies to see whether the Simon effect is 
larger on the right side when participants are described as 
right-handed. For those studies in which the performance 
of normals was compared with that of pathological popu-
lations, we considered the data pertaining to the normal 
participants. In reviewing the literature, we considered 
only experiments published since 1990 in which a stan-
dard Simon task was used—that is, in which right and left 
bimanual responses were required for right and left visual 
stimuli. Of course, it is not possible to see asymmetries 
when mean RTs are collapsed in corresponding and non-
corresponding trials. Asymmetries indeed become evident 
when mean RTs are divided by stimulus and response lo-
cations. Only five studies met the proposed criteria (see 
Table 1). In four of these studies, the data show that the 
Simon effect is larger in the right visual hemifield. Further-
more, there is evidence suggesting substantial differences 
in right-handers in the neural mechanisms that underlie 
Simon-effect-related response priming in the two cerebral 
hemispheres. In their transcranial magnetic stimulation 
study, Stürmer et al. (2000) used only right-handers and 
found that response priming processes evoked by stimulus 
location led to differential effects between hemispheres. 
Also, Angrilli, Zorzi, Tagliabue, Stegagno, and Umiltà 
(2001) studied right-handers and found right and left re-
sponse asymmetries in both behavioral and psychophysi-
ological data.
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These data support the notion that handedness and spa-
tial coding are closely related and that this relationship de-
pends on an attentional bias toward the field of operation 
of the dominant hand. The main aim of the present work 
was to explore whether or not the Simon effect asymmetry 

described above is a reliable and systematic phenomenon 
and whether or not it is related to the participant’s handed-
ness (Experiment 1). From the studies reported above, we 
derived the prediction that the size of the Simon effect is 
dependent on the participant’s handedness. More specifi-
cally, it should be larger in the right visual hemifield for 
right-handed participants and in the left visual hemifield 
for left-handed participants, whereas it should be sym-
metric for ambidextrous participants. A secondary aim 
was to show that the Simon effect asymmetry is due to 
an attentional bias toward the effector field in which the 
dominant hand is operating (Experiment 2).

Before we proceed, it is worth noting that there are three 
different patterns of data resulting from the interaction be-
tween stimulus and response locations that could produce 
the observed larger Simon effect for the right visual hemi-
field in right-handers. Figure 1 represents these three pos-
sibilities with hypothetical data. In panel A, the symmetric 
Simon effect is represented. Panel B represents the condi-
tion in which both an overall interaction between side and 
hand (indicative of the Simon effect) and a performance 
advantage for the dominant hand are present. In this case, 

Table 1 
Studies With at Least One Experiment in Which a Standard 

Simon Task With Visual Stimuli and Bimanual Responses Was 
Used and Right-Handed Participants Were Selected

Study  Presence of a Larger RSE

Gastaldo, Umiltà, Bianchin, & Prior (2002)
Mandich, Buckolz, & Polatajko (2002)
Nicoletti, Umiltà, & Mapelli (1992)
Proctor & Wang (1997)
Valle-Inclán (1996)

Note—The search of the literature was limited to studies published from 
1990 to 2004. See text for details. In Mandich et al. (2002), the par-
ticipants’ handedness was not declared. However, data were analyzed 
by computing the interaction between hand preference (dominant vs. 
nondominant) and Simon effect (corresponding vs. noncorresponding). 
Results showed that the Simon effect was markedly larger for the domi-
nant than for the nondominant hand.
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Figure 1. Data patterns of the interactions between stimulus and response locations 
are depicted with hypothetical data. Panel A shows the normal Simon effect, whereas 
in panels B, C, and D the Simon effect is larger in the right visual hemifield. In panel B, 
the asymmetry depends on an unspecific advantage of the right hand. In panel C, the 
asymmetry depends on the advantage of the right hand in the corresponding space, 
whereas in panel D it depends on the disadvantage of the left hand in the noncorre-
sponding space.
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the Simon effect would be larger in the right visual hemi-
field and would depend on the performance advantage 
of the dominant hand. In other words, the asymmetric 
Simon effect could simply derive from an unspecific ad-
vantage of the dominant hand. This seems plausible given 
that there is a large body of evidence showing that hand-
edness is associated with larger cortical representations 
(e.g., Triggs, Subramanium, & Rossi, 1999) and a lower 
motor threshold (e.g., Triggs, Calvanio, & Levine, 1997) 
for the dominant hand. Thus, different magnitudes of the 
Simon effect in the two visual hemifields per se may not 
be indicative of an interaction between handedness and 
spatial coding.

Panels C and D of Figure 1 represent the two conditions 
in which the asymmetric Simon effect depends on the in-
teraction between handedness and spatial coding. There 
are two different data patterns that could produce this kind 
of asymmetry in right-handers. In the first, responses to 
right and left stimuli produce a larger RT difference for the 
right than for the left hand (panel C), whereas in the sec-
ond it produces a larger RT difference for the left than for 
the right hand (panel D). These two data patterns suggest 
different mechanisms at the basis of an eventual asymmet-

ric Simon effect. In the first case, the asymmetry would 
depend on an advantage of the dominant hand for stimuli 
presented in the corresponding space. The other situation 
would indicate a disadvantage of the nondominant hand 
when it operates in the noncorresponding space.

In Figure 2, we plotted the interaction between stimu-
lus and response locations for the four experiments listed 
in Table 1 in which the Simon effect was larger in the 
right visual hemifield than in the left. As can be seen, the 
asymmetry arises from different data patterns. In the two 
experiments of Valle-Inclán (1996), as in Ivanoff (1998), 
the dominant hand responds faster in the corresponding 
space. On the contrary, the experiment of Proctor and 
Wang (1997) can be better interpreted as an example of 
the asymmetric Simon effect originated by an unspecific 
advantage of the dominant hand. The results of Nicoletti, 
Umiltà, and Mapelli (1992) could suggest that the asym-
metric Simon effect could originate from the combination 
of the mechanisms explained above.

For the reasons we have presented above, in the present 
study we defined the Simon effect as asymmetric only in 
those cases in which it was (1) larger in one visual hemi-
field in the absence of an unspecific advantage of the 
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dominant hand and (2) present in addition to either faster 
responses for the corresponding dominant hand than for 
the corresponding nondominant hand, or slower responses 
for the noncorresponding nondominant hand than for the 
noncorresponding dominant hand.

EXPERIMENT 1

The purpose of the present experiment was to test 
whether or not the sizes of the left visual hemifield Simon 
effect (LSE) and of the right visual hemifield Simon effect 
(RSE) depended on handedness. For this purpose, right-
handed, ambidextrous, and left-handed participants were 
asked to perform a standard color-discrimination Simon 
task. As stated above, we predicted that the RSE should be 
larger than the LSE in right-handed participants, whereas 
the opposite pattern should arise in left-handed partici-
pants. In addition, ambidextrous individuals should have 
a symmetric Simon effect—that is, the RSE and the LSE 
should be of the same magnitude.

Method
Participants. Hand preference was assessed according to the 

Edinburgh handedness inventory (Oldfield, 1971). We asked large 
classes of students of the University of Urbino to complete the inven-
tory.2 Given that we were interested in comparing groups with differ-
ent manual preferences, we divided the participants into three groups 
on the basis of handedness. We included in the study only partici-
pants with manual preferences of 80 to 100 (right-handed), 80 
to 100 (left-handed), and 20 to 20 (ambidextrous). Then, we 
randomly selected for the experiment 20 right-handed, 20 ambidex-
trous, and 20 left-handed participants (10 males and 10 females in 
each group). All the participants had normal or corrected-to-normal 
visual acuity and were naive as to the purpose of the experiment.

Apparatus and Stimuli. The experiment took place in a dimly 
lit room. An IBM-compatible PC with an Intel 486 processor, con-
trolled by Micro Experimental Laboratory (MEL, Version 2.0) soft-
ware, was used. The participant sat in front of a 14-in. color CRT 
monitor screen on which the stimuli appeared. His or her head was 
positioned in an adjustable head- and chinrest so that the distance be-
tween the eyes and the center of the screen was of about 55 cm. The 
stimuli (one green and one red 0.52º  0.52º square) could appear 
4.3º to the right or left of a fixation cross located at the center of the 
screen. The response keys were the rightmost and leftmost buttons of 
the MEL response box, which was located at the participant’s body 
and computer midlines, and were pressed by the right and left index 
fingers, respectively.

Procedure. Each trial began with a central fixation cross, which 
remained on the screen throughout the trial. After 1 sec, a warning 
tone was presented for 100 msec. At its offset, a stimulus (either a 

red square or a green square) was randomly shown for 200 msec to 
the left or right of fixation. The offset of the stimulus was followed 
by an 800-msec response interval. At the end of each trial, feedback 
about RT (in the case of a correct response) or an error message (in 
the case of an incorrect response or no response) was displayed under 
the fixation cross for 500 msec. The intertrial interval was 1 sec.

The participants performed in one experimental session with five 
blocks of 60 trials each, the first block being for practice. There 
was a 2–3-min rest interval between blocks. Half of the participants 
of each group used the right button for the red square and the left 
button for the green square, whereas the other half had the reverse 
assignment. The participants were told to respond as quickly and 
accurately as possible.

Results
Only RTs from 100 to 900 msec were included in the 

analyses. The overall error rate was 2.3%. For each par-
ticipant in each group, mean correct RTs were calculated 
as a function of corresponding and noncorresponding tri-
als in the right and in the left visual hemifields. The results 
are summarized in Table 2.

Both errors and correct RTs were analyzed with ANOVAs 
with group (right-handed vs. ambidextrous vs. left-handed) 
as the between-subjects factor and visual hemifield (LSE 
vs. RSE) and Simon effect (corresponding vs. noncor-
responding) as the within-subjects factors. Error analy-
sis showed only a main effect of group [F(2,57)  13.0, 
p  .001]. Planned comparisons showed that the error 
rate of the right-handers (0.9%) was significantly lower 
that those of both the ambidextrous (2.8%) and the left-
handed participants (3.1%). The RT analysis showed that 
there was on the whole a 20-msec significant Simon effect 
[F(1,57)  47.7, p  .001]. More importantly, the three-
way interaction was significant [F(2,57)  4.0, p  .024]. 
Planned comparisons showed that for the right-handed 
participants the RSE was significant (25 msec, p  .001) 
whereas the LSE was not (6 msec, p  .266), the RSE 
being significantly greater than the LSE ( p  .025). In 
contrast, for the left-handed participants the RSE was not 
significant (14 msec, p  .10) whereas the LSE was sig-
nificant (31 msec, p  .001). Also in the latter group, the 
difference between RSE and LSE was significant ( p  
.05). The ambidextrous participants showed a symmetric 
Simon effect, with a significant RSE (22 msec, p  .001) 
and a significant LSE (20 msec, p  .022), which did not 
differ ( p  .785).

Also, as planned, t tests were performed separately 
for the right-handed and left-handed groups to examine 

Table 2 
Mean Reaction Times (RTs, in Milliseconds) and Error Rates (ERs, in 

Percentages) for Corresponding (C) and Noncorresponding (NC) Trials, and 
Simon Effect (SE) in the Left Visual Hemifield (LVH) and the Right Visual 

Hemifield (RVH) for Each Group in Experiment 1

LVH RVH

C NC C NC

Group  RT  ER  RT  ER  SE  RT  ER  RT  ER  SE

Right-handed 408 1.0 414 0.8  6 391 0.9 416 0.9 25
Ambidextrous 382 2.6 402 2.6 20 384 2.8 406 3.2 22
Left-handed  377  3.3  408  2.5  31  389  3.3  403  3.2  14



1064    RUBICHI AND NICOLETTI

whether the observed asymmetries depended on the dif-
ference in speed between right and left corresponding re-
sponses or on that between right and left noncorrespond-
ing responses (see Table 2 for the mean values). In the 
right-handers, corresponding right responses were sig-
nificantly faster than corresponding left responses ( p  
.003), whereas noncorresponding right and left responses 
did not differ significantly ( p  .68). In the left-handers, 
the difference between corresponding right and left re-
sponses was marginally significant ( p  .069), whereas 
noncorresponding right and left responses did not differ 
significantly ( p  .26).

To further examine the relations between handedness 
and the Simon effect in each visual hemifield, Pearson 
correlation coefficients were calculated between the Ed-
inburgh inventory score and both the RSE and the LSE for 
all participants. The Edinburgh inventory showed a sig-
nificant positive correlation with RSE (r  .53, p  .001) 
and a negative correlation with LSE (r  .44, p  .004). 
Thus, the RSE increases and the LSE decreases with the 
increase of the Edinburgh inventory score, which is pro-
portional to the degree of the participant’s dexterity.

Discussion
In the present experiment, we examined whether or not 

the magnitude of the Simon effect in each visual hemi-
field is related to handedness. Results showed that the 
Simon effect was asymmetric for both the right-handed 
and the left-handed participants, whereas the ambidex-
trous individuals had a symmetric Simon effect. The 
right-handed participants had a significantly greater RSE 
than LSE, whereas the opposite was found for the left-
handed participants. The asymmetries were also qualified 
by the expected pattern of differences for corresponding 
and noncorresponding responses between dominant and 
nondominant hands. In particular, noncorresponding re-
sponses did not differ, whereas the difference between 
corresponding right and left responses was significant 
in right-handers and approached significance in left-
 handers. The latter result can be explained by considering 
that left-handers tend to be a rather heterogeneous group 
in comparison with right-handers. In our sample, 12 of 
the 20 right-handers scored 90 or more on the Edinburgh 
inventory (10 of them reaching the maximum score), 
whereas only 3 left-handers scored less than 90 (1 of 
them reaching the minimum score). Given these consider-
ations and the significant values of the Pearson correlation 
coefficients, it can be concluded that the present experi-
ment showed a significant relationship between handed-
ness and the Simon effect. The data patterns showed that 
in both groups the asymmetric Simon effect depended on 
the advantage of the dominant hand when it operates in 
the corresponding space. This indicates that at some stage 
of processing in corresponding trials, dominant hand-
related processes are more efficient than nondominant 
hand-related processes.

Before we proceed, an alternative explanation needs 
to be considered. The magnitude of the Simon effect has 
been associated to the relative processing speed in the 

generation of irrelevant and relevant spatial codes (Hom-
mel, 1993, 1994). According to this account, called the 
temporal overlap hypothesis, the irrelevant stimulus loca-
tion code is formed rapidly upon stimulus presentation 
and then decays. Experimental manipulations that are sup-
posed to reduce the degree of temporal overlap in the gen-
eration of the relevant and irrelevant codes would reduce 
the magnitude of the Simon effect. Indeed, manipulations 
that slow the identification of the relevant stimulus attri-
bute, such as stimulus eccentricity, signal quality, signal–
background contrast, and certain features of the stimulus 
set, increase mean RTs and reduce the magnitude of the 
Simon effect.

A smaller Simon effect in the contralateral hemifield 
with respect to the dominant hand might therefore possi-
bly be explained in terms of the temporal overlap. Accord-
ing to this view, right-handers would be slower than left-
handers in identifying the relevant information in the left 
visual field, whereas the opposite would be true for left-
handers. To test this possibility, we performed a post hoc 
ANOVA with group (right-handers vs. left-handers) as a 
between-subjects factor and stimulus position (right vs. 
left) as a within-subjects factor. The interaction was sig-
nificant [F(1,38)  9.13, p  .004]. Planned comparisons 
showed that stimuli on the right were responded to faster 
(404 msec) than stimuli on the left (411 msec) only for the 
right-handed participants. The left-handers showed simi-
lar mean RTs for stimuli presented on the right and those 
presented on the left (396 vs. 393 msec, respectively). The 
present data do not support the temporal overlap explana-
tion of the asymmetries in the Simon effect because the 
processing advantage in one visual hemifield was pres-
ent in the right-handers only and its magnitude (7 msec), 
though significant, was not large enough to explain the 
substantial difference in magnitude between RSE and 
LSE. Thus, it is unlikely that the asymmetry of the Simon 
effect was related to differences in the speed of processing 
for stimuli presented to the right and to the left in right-
handers and left-handers.

EXPERIMENT 2

In the previous experiment, we found that the magni-
tudes of RSE and LSE varied as a function of handedness. 
The right-handed participants had a larger RSE, whereas 
the left-handed participants had a greater LSE. The asym-
metries depended on an advantage of the dominant hand 
when it operated in the corresponding space. As we stated 
in the introduction, Rabbitt (1978) found that both right-
handers and left-handers were faster with the dominant 
than with the nondominant hand in a reaching task. The 
hand to be used was determined on the basis of compat-
ibility with the position (right or left) of an imperative 
stimulus (i.e., right-hand reaching with a right stimulus 
and left-hand reaching with a left stimulus). In Experi-
ment 1, we extended these results by using a choice RT 
task in which stimulus location was task irrelevant. Thus, 
the dominant-hand advantage seems to be a general phe-
nomenon that arises in spatial coding tasks.
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We agree with Rabbitt (1978) that these findings might 
be explained by invoking an attentional bias in favor of 
the dominant-hand field of operation. There are two dif-
ferent ways to describe the field of operation of an ef-
fector. The first refers to the part of the space where the 
effector operates at a given moment, whereas the second 
refers to the part of the space where the effector usually 
operates. When the relevant effector is the hand, for ex-
ample, it has been found that attentional effects are hand-
 centered independently of where the hand is operating 
(Tipper, Lortie, & Baylis, 1992). To corroborate the hy-
pothesis that the dominant hand effect in spatial coding 
depends on a hand-centered attentional bias, in the present 
experiment we asked right-handed, left-handed, and am-
bidextrous participants to perform the same Simon-like 
color-discrimination task described for Experiment 1 with 
crossed hands (i.e., left hand on the right button and right 
hand on the left button). If the asymmetry of the Simon ef-
fect observed in Experiment 1 was due to a hand-centered 
attentional bias, then a reversed asymmetry should be ob-
tained in right- and left-handed participants. In particular, 
the LSE should be larger than the RSE in right-handers 
and vice versa in left-handers. Alternatively, if the asym-
metry depends on where the dominant hand usually oper-
ates, the same pattern of results as that found in Experi-
ment 1 would be expected.

In addition, in the present experiment we were able to 
test in a finer grained manner whether or not the advantage 
of the dominant hand in its corresponding space depends 
on a more pronounced efficiency of the motor system in 
executing an already selected response with the dominant 
hand. As reported above, there is evidence that handedness 
is associated with a lower motor threshold of the dominant 
hand (see, e.g., Triggs et al., 1997). The results of Experi-
ment 1 ruled out the possibility that this execution advan-
tage exerts its effects independently of S–R trials. Indeed, 
the advantage of the dominant hand was present only on 
corresponding trials. It is possible, however, that the ex-
ecution advantage of the dominant hand is neutralized 
during the conflict resolution process that takes place in 
noncorresponding trials. In other words, the asymmetries 
in the Simon effect may still depend on an advantage in 
the execution of responses with the dominant hand when 
these responses are automatically activated by stimulus 
location.3 If this is the case, the advantage of the domi-
nant over the nondominant hand in corresponding trials 
should be more pronounced for fast responses—when the 
irrelevant stimulus location code is formed—and should 
decrease, or even disappear, for slow responses.

For this reason, in the present experiment response tem-
poral dynamics were analyzed by means of bin distribu-
tional analyses (see, e.g., De Jong et al., 1994; Rubichi 
et al., 1997).4 Given that the Simon effect with crossed 
hands does not decrease along with increasing RTs, as 
the Simon effect with the hands in normal position does 
(Wascher, Schatz, Kuder, & Verleger, 2001), the present 
experiment is more suitable than Experiment 1 for test-
ing the kind of processing advantage of dominant hand 
for corresponding pairings. If there is an execution ad-

vantage, we would expect to find it more pronounced for 
fast responding. On the contrary, if the advantage of the 
dominant hand in corresponding trials depends on time-
consuming attentional factors, we would expect it to be 
more pronounced for slow responses.

Method
Participants. Forty-eight new students of the University of Ur-

bino were selected as in Experiment 1. Sixteen were right-handed, 
16 ambidextrous, and 16 left-handed (8 males and 8 females in each 
group).

Apparatus, Stimuli, and Procedure. These were the same as 
those described for Experiment 1, the only exception being in regard 
to the response device. The response box buttons used for Experi-
ment 1 would be uncomfortable with crossed hands because the two 
hands would largely overlap. Thus, in the present experiment the 
keyboard was used as the input device. In this manner, it was pos-
sible to use two keys that were farther away from each other. One key 
(“z”) was located to the left of the body midline and was pressed by 
the right index finger, whereas the other key (“\”) was located to the 
right and was pressed by the left index finger.

Results
The error rate was 3.1%. Only correct RTs in the same 

range as in Experiment 1 were considered for subsequent 
analyses. For each participant in each group, mean correct 
RTs were calculated as a function of corresponding and 
noncorresponding trials in the right and in the left visual 
hemifields. The RTs are summarized in Table 3.

The same analyses performed for Experiment 1 were 
performed for the present experiment. The error ANOVA 
did not yield any significant effect. The RT ANOVA 
showed that there was a significant Simon effect of 
36 msec [F(1,45)  125.3, p  .001]. The three-way 
(group  visual hemifield  Simon effect) interaction 
was also significant [F(2,45)  15.1, p  .001]. Planned 
comparisons for the right-handers showed a nonsignificant 
RSE (13 msec, p  .175), a significant LSE (54 msec, 
p  .001), and a significant difference between RSE 
and LSE ( p  .001). In the left-handers, both the RSE 
(49 msec, p  .001) and the LSE (20 msec, p  .003) 
were significant and differed significantly ( p  .02). In 
the ambidextrous individuals, the two effects were very 
similar: a 39-msec RSE ( p  .001) and a 40-msec LSE 
( p  .001).

For the right-handers, t tests showed that correspond-
ing left responses were faster than corresponding right re-
sponses ( p  .001) and noncorresponding left responses 
were significantly slower than noncorresponding right re-

Table 3 
Mean Reaction Times (in Milliseconds) for Corresponding (C) 
and Noncorresponding (NC) Trials, and Simon Effect (SE) in 

the Left Visual Hemifield (LVH) and the Right Visual Hemifield 
(RVH) for Each Group in Experiment 2

LVH RVH

Group  C  NC  SE  C  NC  SE

Right-handed 386 440 54 413 426 13
Ambidextrous 400 440 40 399 438 39
Left-handed  395  415  20  382  431  49
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sponses ( p  .001). In the left-handers, t tests showed that 
corresponding right responses were significantly faster 
than corresponding left responses ( p  .049) and non-
corresponding right responses were slower than noncor-
responding left responses ( p  .044).

Two separate bin distributional analyses were performed 
for the right-handed and left-handed groups. The first, 
with Simon effect (corresponding vs. noncorresponding) 
and bin (first through fifth) as within-subjects factors, was 
aimed at showing the temporal dynamics of the LSE and 
RSE for right- and left-handers, respectively. The second 
bin distributional analysis was performed to determine the 
difference between the dominant and nondominant hands 
in corresponding trials. In this analysis, hand (dominant 
vs. nondominant) and bin were the within-subjects fac-
tors. Since what matters for the purpose of the present ex-
periment is the interaction between factors, only the data 
relative to the interaction is reported.

With regard to the right-handers, the first bin distribu-
tional analysis showed a significant interaction between 
the Simon effect and bin [F(4,60)  5.69, p  .001]. 
Pairwise comparisons showed that the Simon effect was 
always significant ( ps  .006) from the first through the 
fifth bins (56, 62, 62, 57, and 31 msec, respectively) and 
that the Simon effect for the slowest bin was smaller than 
that for the other bins ( ps  .02) except for the first bin. In 
the bin distributional analysis for corresponding pairings, 
the hand  bin interaction was significant [F(4,60)  
4.53, p  .003]. Pairwise comparisons showed that the 
difference between nondominant and dominant hand 
responses was small and nonsignificant in the first bin 
(11 msec, p  .10), whereas it was greater and significant 
in the second through fifth bins (23, 29, 32, and 39 msec, 
respectively, ps  .002).

With regard to the left-handers, the interaction between 
the Simon effect and bin was not significant (the Simon ef-
fect values from the first through the fifth bins were 38, 50, 
56, 56, and 42 msec, respectively). In the bin distributional 
analysis for corresponding pairing, the hand  bin inter-
action was not significant. The differences between non-
dominant and dominant hand responses were 9, 9, 12, 15, 
and 17 msec from the first to the fifth bins, respectively.

Discussion
In the present experiment, we examined whether the 

asymmetry of the Simon effect in right- and left-handers 
was related to the position where the dominant hand oper-
ates, as predicted by the hand-centered attentional bias hy-
pothesis. The only difference with respect to Experiment 1 
was that here the participants responded with crossed 
hands. Results showed exactly the opposite pattern found 
in Experiment 1—that is, RSE was larger than LSE in 
the left-handed participants whereas LSE was larger than 
RSE in the right-handed participants. As in Experiment 1, 
the asymmetries were qualified by the expected pattern 
of differences for corresponding and noncorresponding 
responses between dominant and nondominant hands, and 
the ambidextrous participants showed a symmetric Simon 
effect.

The analysis of the time course of response conditions 
as indexed by the bin distributional analyses showed that 
the Simon effect in the visual hemifield in which the 
dominant hand is operating is rather constant over time. 
In addition, the advantage of the dominant over the non-
dominant hand for corresponding trials increased along 
with response speed. The latter results seem to rule out 
an explanation in terms of an execution advantage for the 
dominant hand in corresponding pairings and support the 
notion of an attentional advantage of the dominant hand. 
On the whole, these results seem to support the view that 
the asymmetry in the magnitude of the Simon effect de-
pends on an attentional bias that is hand-centered, and to 
rule out the possibility that there is an attentional bias to-
ward the hemispace where the dominant hand normally 
operates.

An unexpected outcome of the present study was that 
the overall magnitude of the Simon effect was rather dif-
ferent between Experiments 1 and 2 (19 vs. 36 msec, re-
spectively). We performed a post hoc one-way ANOVA on 
the size of the Simon effect with experiment as a between-
subjects factor. Unlike in previous studies in which the 
Simon effect was of the same magnitude with crossed and 
with uncrossed hands (e.g., Roswarski & Proctor, 1996; 
Wallace, 1971), a significant main effect of experiment 
was found in our study [F(1,106)  14.2, p  .0003]. One 
possible reason for this difference in the magnitude of the 
effect might rely on the response devices used in Experi-
ments 1 and 2 (the MEL response box and the keyboard, 
respectively). Whereas on the MEL response box the dis-
tance between the two response buttons was 8 cm, it was 
17 cm on the keyboard. There is evidence that the distance 
between the two responses is an important variable for 
determining the salience of the distinction between right 
and left locations (see the relative salience account—e.g., 
Proctor, Vu, & Nicoletti, 2003). In other words, it is likely 
that in Experiment 2 the Simon effect was greater than in 
Experiment 1 because the distance between the two re-
sponse buttons was greater, thus rendering more salient 
the distinction between right and left responses.

GENERAL DISCUSSION

The aim of the present study was twofold. First, we 
wanted to examine whether or not the magnitude of the 
Simon effect in the right and left visual hemifields is de-
pendent on handedness. Experiment 1 showed clearly that 
the Simon effect was symmetric in the ambidextrous par-
ticipants, whereas the RSE was larger in the right-handers 
and the LSE was larger in the left-handers. Second, we 
wanted to test whether or not this phenomenon can be ex-
plained by invoking an attentional bias centered on the 
position of the dominant hand. For this purpose, in Ex-
periment 2 right-handers, left-handers, and ambidextrous 
participants performed the same Simon task as in Experi-
ment 1 but with crossed hands. This manipulation reversed 
the pattern of results obtained in Experiment 1—that is, the 
RSE was larger in the left-handers and the LSE was larger 
in the right-handers. In both experiments, dominant hand 
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responses were faster than nondominant hand responses 
only in the case of corresponding pairings, whereas they 
were as fast as (or even slower than) nondominant hand 
responses for noncorresponding pairings. Thus, it seems 
unlikely that the asymmetries are due to an unspecific ad-
vantage of dominant hand responses. Experiment 2 ruled 
out the possibility that the advantage for the dominant 
hand in corresponding pairings is caused by an execution 
advantage, given that it was more pronounced for slower 
than for faster responses. Likewise, these results support 
the idea that the advantage depends on spatial attentional 
processes that require time to take place and indicate that 
the direct route of the response selection machinery for 
the dominant hand is more efficient than that of the non-
dominant hand. In addition, results from Experiment 2 
suggest that the asymmetric Simon effect observed in re-
lation to handedness depends on the field of operation in 
which the dominant hand operates at a given moment. As 
we have already stated, Rabbitt (1978) ascribes the hand-
edness effect to response selection operations and consid-
ers it as an attentional bias toward the field in which the 
dominant hand operates.

This conclusion suggests that there are close links be-
tween the attentional and the motor systems and is in ac-
cordance with a prominent theory that considers spatial 
attention as the fundamental mechanism for the selection 
of a specific action directed toward a target object (All-
port, 1987). According to a related account known as the 
premotor theory of attention, the facilitation of processing 
due to attention is a consequence of activation of neural 
circuits involved in motor preparation (Rizzolatti, Rig-
gio, Dascola, & Umiltà, 1987). On both accounts, rather 
than considering perception and action as separate func-
tional and brain systems, it is more useful to consider a 
perception-for-action system in which the role of atten-
tion is to select one goal-directed action from among 
all possible actions that can be selected at a given time. 
There is indeed evidence that certain neural systems for 
motor control, such as those for eye and hand movements, 
show cross-talk effects (see, e.g., Tipper, Howard, & Paul, 
2001) and are influenced by spatial attention (see, e.g., 
Sheliga, Craighero, Riggio, & Rizzolatti, 1997). In addi-
tion, physiologic studies with monkeys (e.g., Andersen, 
1995; Graziano & Gross, 1995) and experimental work 
with humans (e.g., Soechting & Flanders, 1989) indicate 
that visual information can be coded with respect to a 
number of reference frames (e.g., retinotopic, head cen-
tered, shoulder centered, hand centered) that originate at 
the locus of the effector (e.g., eye, head, shoulder, hand, 
respectively) used to “acquire” the target. These findings 
led to the notion of action-centered attention. As we stated 
above, when the relevant effector is the hand, attention is 
hand centered (Tipper et al., 1992).

Given that the dominant hand has a larger cortical rep-
resentation than the nondominant hand in both right- and 
left-handers (see, e.g., Triggs et al., 1999), we suggest 
that the dominant hand attentional bias effect is the be-
havioral manifestation of the larger cortical representa-
tion of the perception-for-action system of the dominant 

hand. Spatial attention processes related to the dominant 
hand would be more efficient than those related to the 
nondominant hand. This claim is in accordance with the 
hypothesized causal relation of spatial attention for hand-
edness put forward by Peters (1995). As we stated above, 
there is evidence that in Simon-like tasks spatial atten-
tion is one of the mechanisms used to split the space in 
right and left portions (see Stoffer & Umiltà, 1997, for 
reviews). In other words, the spatial codes of spatially lo-
cated S–R events depend on the shifts of spatial attention 
in the visual space. The present works suggest that spa-
tial attention shifts are biased toward the part of the space 
where the dominant effector is operating. Given that the 
Simon effect depends on the strength of the spatial codes 
and that spatial codes are determined, at least in part, by 
the spatial attention shifts, the Simon effect is larger for 
the hemifield where the dominant hand is operating at a 
given moment.

Important insights into how attentional bias originat-
ing from the position of the dominant hand might oper-
ate can be drawn from the study of brain-injured patients 
with unilateral left neglect. These patients fail to report or 
act on stimuli on the left side of body-centered (egocen-
tric) space, or to stimuli to the relative (allocentric) left 
of other stimuli. Usually, neglect arises in right-handers 
with right brain damage to the posterior attentional system 
that controls spatial attention (Posner & Petersen, 1990). 
More precisely, according to the attention accounts de-
scribed above, neglect phenomena have been attributed 
to an asymmetry in action selection processes. The basic 
idea is that selection and motor preparation for action are 
biased toward stimuli on the right (or relative right), and 
stimuli further to the left exert less influence on selection 
processes (Mattingley & Driver, 1996). Interestingly, it 
has been found that the position of the right hand is a rele-
vant factor in determining the left–right asymmetry in ne-
glect patients. Usually, neglect patients fail to report light 
touches in the contralesional hand when their hands are in 
the anatomic situation that is in their corresponding space, 
whereas performance with the ipsilesional hand is gen-
erally similar to that of normal control participants. The 
contralesional deficit is reduced when patients have their 
hands crossed (Aglioti, Smania, & Peru, 1999; Smania & 
Aglioti, 1995), suggesting that the pathologic attentional 
bias toward the right side can be partially counterbalanced 
by the dominant hand position. It has been found that when 
neglect patients are required to reach with the right hand 
toward a target starting from right and left positions in 
the presence of distractors, distractors in the correspond-
ing allocentric and egocentric locations are neglected (and 
thus cause very little or no interference) when they are 
located to the relative left of the hand. On the contrary, 
as with normal participants (Tipper et al., 1992), when 
distractors are to the relative right of the hand, they show 
interference (Buxbaum & Permaul, 2001; Husain, Mat-
tingley, Rorden, Kennard, & Driver, 2000).

To sum up, there is evidence in both normal participants 
and brain-injured patients of an attentional bias centered 
on the dominant hand. We tentatively suggest here that 
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the dominant-hand-centered attentional bias effect is the 
behavioral manifestation of a larger cortical representa-
tion of the dominant hand in both right- and left-handed 
participants.
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NOTES

1. To our knowledge, there is only one study in which the performance 
on the Simon task of right-handers was directly compared with that of 
left-handers. Ivanoff (1998) found that for right-handers right responses 
to rightward stimuli tended to be faster than left responses to leftward 
stimuli, whereas the opposite was true for left-handers.

2. The data of the present work were collected when the authors were 
at the University of Urbino.

3. We thank Jason Ivanoff for suggesting this possibility.
4. In the bin distributional analysis, RTs for each participant are 

ranked from shortest to longest in each condition as a function of cor-
respondence and are usually divided into five bins, for each of which 
a mean is obtained. This procedure allows one to explore differences 
between response conditions as a function of response speed. For ex-
ample, it is possible to obtain Simon effects for each bin by subtracting 
corresponding RT from noncorresponding RT.

(Manuscript received June 27, 2003; 
revision accepted for publication September 30, 2005.)
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