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Abstract

We recently demonstrated that automatic attention favors the right side of space and, in the present study, we investigated 
whether voluntary attention also favors this side. Six reaction time experiments were conducted. In each experiment, 12 new 
18-25-year-old male right-handed individuals were tested. In Experiments 1, 2, 3 (a, b) and 4 (a, b), tasks with increasing atten-
tional demands were used. In Experiments 1, 2, 3a, and 4a, attention was oriented to one or both sides by means of a central 
spatially informative visual cue. A left or right side visual target appeared 100, 300, or 500 ms later. Attentional effects were 
observed in the four experiments. In Experiments 2, 3a and 4a, these effects were greater when the cue indicated the right side 
than when it indicated the left side (respectively: 16 ± 10 and 44 ± 6 ms, P = 0.015, for stimulus onset asynchrony of 500 ms 
in Experiment 2; 38 ± 10 and 70 ± 7 ms, P = 0.011, for Experiment 3a, and 23 ± 11 and 61 ± 10 ms, P = 0.009, for Experiment 
4a). In Experiments 3b and 4b, the central cue pointed to both sides and was said to be non-relevant for task performance. In 
these experiments right and left reaction times did not differ. The most conservative interpretation of the present findings is that 
voluntary attention orienting favors the right side of space, particularly when a difficult task has to be performed.
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Attention may be considered to be the neural activity, 
which allows people to “selectively process information in 
the environment that is relevant to their behavioral goals” 
(1). The processing of a selected stimulus or stimuli in a 
selected spatial region is facilitated and/or the processing 
of concurrent stimuli is inhibited (2-15).

Two kinds of attention have been distinguished in the 
literature, stimulus-driven or automatic (also called exog-
enous or bottom-up) and goal-directed or voluntary (also 
called endogenous or top-down) (see Ref. 16). Automatic 
attention is captured by unexpected, intense or significant 
peripheral stimuli. Voluntary attention is oriented by sym-
bolic cues, in accordance with current personal interests 
or requests of others. 

Evidence exists that automatic visual attention favors 
the right side of space (17-20). This right side favoring has 
been related to the hemispheric asymmetry of the mecha-
nisms responsible for this kind of attention. While the left 
hemisphere mediates automatic attention to the right side 
of space, the right hemisphere mediates automatic atten-
tion to the left and right sides of space (21-24). The double 

control of automatic attention to the right side, as opposed 
to the single control of automatic attention to the left side, 
might increase its action on the right side.

The mechanisms responsible for voluntary visual atten-
tion are also asymmetrically distributed between the two 
hemispheres, with the left hemisphere controlling orienta-
tion to the right side and the right hemisphere controlling 
orientation to both sides (21-23,25; see also Ref. 2); the 
magnitude of this asymmetry, however, seems to be smaller 
than that for automatic attention. 

The larger neural network (networks of both the left 
and right hemispheres), which controls voluntary atten-
tion to the right side of space could be expected to pro-
vide more attentional resources than the smaller neural 
network (network of only the right hemisphere), which 
controls voluntary attention only to the left side of space. 
This expected difference in the amount of resources from 
the two networks could lead to a favoring of the right side 
by voluntary attention, particularly in the case of more 
difficult tasks. In these tasks, more attentional resources 
are required to process the stimuli and the neural network 
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controlling attention to the right side should be more able 
to provide these extra resources than the neural network 
controlling attention to the left side. Considering the smaller 
hemispheric asymmetry of voluntary attention mechanisms, 
this favoring should be less conspicuous than that evidenced 
for automatic attention.

Most studies in which the action of voluntary attention 
on behavior was investigated found no lateral asymmetry 
(e.g., 21,23). In the study by Corbetta et al. (21), attention 
was oriented sequentially along a leftward or a rightward 
direction, to each one of four peripheral locations in the left 
or right visual field. A simple visual stimulus to which the 
volunteers should respond with their left hand appeared 
most of the times in the attended location and a few times 
in any one of the other locations. Although reaction times 
to stimuli presented in validly cued locations were faster 
than reaction times to stimuli presented in the other loca-
tions, no consistent effect of visual field was observed. In 
the study by Nobre et al. (23), attention was oriented to 
a peripheral location contralateral to that where a prime 
stimulus occurred. Only a non-significant reaction time differ-
ence between the two sides was reported. Some evidence 
for a lateral asymmetry was obtained by Barthelemy and 
Boulinguez (26), Rhodes and Robertson (27) and Evert 
et al. (28). The first two groups (26,27) obtained results 
compatible with a left side favoring by voluntary attention 
and the latter group (28) obtained results compatible with 
a right side favoring by voluntary attention.

Barthelemy and Boulinguez (26) tested their volunteers 
using a location identification reaction time task. Responses 
were given with the thumb or index finger of the same hand 
(the left hand was used in half of the blocks of trials and the 
right hand in the other half) on buttons arranged on each 
side of the sagittal axis of the body. Attention was directed 
to the left or right visual hemifield by means of a central 
cue. As expected, reaction times were shorter in the valid 
condition than in the neutral condition, and shorter in this 
condition than in the invalid condition. A left hand advantage 
in the neutral and invalid conditions was observed. More 
important, the predicted stimulus-response spatial compat-
ibility effect occurred for both the left and the right hand in 
the valid condition but only for the left hand in the neutral 
condition. The authors attributed the absence of the com-
patibility effect for the right hand in this last condition to an 
arousal dominance by the right hemisphere, which would 
compensate for the influence of compatibility. An alterna-
tive explanation could be a left side favoring by voluntary 
attention, expressed because of a competition between 
the leftward and the rightward orienting mechanisms in 
the neutral condition.

Evert et al. (28) also used a letter identification reac-
tion time task and a valid, invalid or neutral central cue. 
In their first experiment, the target stimulus (an “M” or a 
“W”) was presented alone and in their second experiment, 
simultaneously with a distractor stimulus (an “X”). Similar 

between-hemifield benefits and no costs were observed in 
the former experiment. In the second experiment, the valid 
cue also produced a benefit, which was similar for the two 
visual hemifields; the invalid cue produced no cost when 
pointing to the right visual hemifield but produced a large 
cost when pointing to the left visual hemifield. This latter 
finding might be interpreted to indicate a stronger inhibition 
of right side stimulus processing, which would correspond 
to a left side favoring by voluntary attention. 

Rhodes and Robertson (27) required their volunteers 
to differentiate a normally oriented letter from a mirror-
reflected letter. The target stimulus was preceded by a 
valid, an invalid or a neutral central cue. They observed 
a shorter reaction time to the target on the right side than 
on the left side for the valid and neutral conditions, but no 
difference between reaction times to the target on the two 
sides for the invalid condition. At first glance, these results 
are compatible with the idea of a favoring of the right side 
by voluntary attention. However, if the linguistic nature of 
the target stimuli used by the authors favored their process-
ing on the right side (see Ref. 29), the opposite conclusion 
would be more appropriate.

At present, it is apparent that no clear-cut evidence 
exists supporting the idea that voluntary attention tends to 
favor the right side of space. If anything, the opposite would 
seem more likely, whatever the reason. 

In a recent study, Castro-Barros et al. (17) presented 
solid evidence for the existence of a right-side favoring by 
automatic visual attention. They used two kinds of tasks. 
In one of them, the volunteers had to detect a peripheral 
simple stimulus (a small vertical line) and respond to it 
with the hand on the same side. In the other, they had to 
discriminate the same target from a no-go target and also 
respond with the hand on the same side. In both tasks 
a prime stimulus preceded the target by 34 to 100 ms. 
The target could occur on the same location as the prime 
stimulus or on a symmetric contralateral location. In three 
of the four experiments, greater effects were produced by 
the right side prime stimulus than by the left side prime 
stimulus when stimulus onset asynchrony was 100 ms. 
The authors concluded that the appearance of this lateral 
asymmetry was due to the fact that the target stimulus was 
difficult to detect and identify. More attention would have 
been required to perform the task and the right hemisphere 
rightward orienting attentional mechanism would possibly 
have been mobilized to the point of influencing behavior. In 
addition, the two tasks that were used probed sensorimotor 
processing related to each side of space in turn. This should 
also have facilitated the expression of any existing lateral 
asymmetry of automatic attention action. The nonlinguistic 
nature of the target stimulus used allows one to exclude 
the hemispheric asymmetry of language mechanisms as 
being responsible for the finding. 

Following the line of reasoning of Castro-Barros et 
al. (17), one could attribute the failure so far to observe a 
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right-side of space favoring by voluntary attention to the 
low attentional demand of the tasks, which have been 
commonly used. In these tasks, the right hemisphere 
rightward-orienting attentional mechanism would not have 
been mobilized to a significant extent. Perhaps by using 
more difficult tasks, which demand more attention and could 
involve a stronger mobilization of this mechanism to provide 
it, such a favoring would be demonstrable.

The present study tested the hypothesis that voluntary 
attention tends to favor the right side of space. 

The Ethics Committee of the Biomedical Sciences In-
stitute of São Paulo University approved this study. Written 
informed consent was obtained from all participants. 

Experiment 1

This experiment investigated whether the hypothesized 
right-side favoring by voluntary attention would appear in 
an experimental situation demanding a relatively low level 
of attention, requiring, presumably, little involvement of the 
right hemisphere rightward orienting attentional mechanism. 
The volunteers had to identify the side (left or right) of ap-
pearance of the target stimulus and respond to it with the 
hand on the same side. In two-thirds of the trials, a central 
cue correctly indicated the side of the impending target. In 
one-sixth of the trials, the central cue incorrectly indicated 
the side of the impending target. In the remaining sixth of 
the trials, a bilaterally pointing cue indicated that the target 
could occur equally on any side. This last condition was 
intended to induce some competition between the two sides 
for voluntary attention orienting.

A favoring of the right side by voluntary attention should 
be revealed by a shorter reaction time to the target on the 
right side than on the left side for the valid trials and/or a 
longer reaction time to the target on the left side than on the 
right side for the invalid trials. It might also be manifested by 
a shorter reaction time to the target on the right side than 
on the left side for the bilateral cue trials given that, in this 
condition, the mechanisms that orient attention to the right 
side might prevail. An earlier appearance of the effects of 
right side-oriented attention might occur.

Methods
Participants. Twelve naive young adult males voluntarily 

participated in the experiment. They were right-handed 
according to the Edinburgh Inventory (30) and presented 
normal or corrected-to-normal vision. None of them pos-
sessed previous experience with reaction time tasks or 
were aware of the purpose of the study.

Apparatus. The participants were tested in a dimly il-
luminated and sound-attenuated room. Their head was po-
sitioned in a chin-and-front rest so that their eyes remained 
57 cm away from the screen of a 15-inch video monitor, 
set to work with a refresh rate of 60 Hz. The background 
color of this screen was white and its luminance was 26.9 

cd/m2. There was a central black fixation point (0.1 cd/m2) 
and two gray rings (8.7 cd/m2, 1.50 degrees in diameter 
and with a 0.04-degree wide margin) centered 9 degrees 
away to the left and right of this fixation point (Figure 1). 
The participants were instructed to keep their eyes on the 
fixation point and to respond to stimuli presented on the 
marked locations. The arms of the participants rested on 
a table and their left and right index fingers, respectively, 
touched a left side and a right side optic switch key mounted 
on top of this table. An IBM-compatible computer controlled 
by a program developed with the MEL2 software (Psychol-
ogy Software Tools Inc., USA) generated the stimuli and 
recorded the responses.

Procedure. Each participant was tested in two sessions 
on separate days, no more than seven days apart. Before 
each session, they read a brief explanation about the task. 
A more detailed explanation was given in the testing room, 
where they were able to watch the stimuli on the screen and 
press the response keys. The participant was then asked 
to perform about 20 practice trials to verify his comprehen-
sion of the task.

The first testing session consisted of one block with 72 
trials. Its finality was to familiarize the volunteers with the 
task. Each trial began with the appearance of the fixation 
point and the two gray rings. Between 1850 and 2350 ms 
later, a central cue was presented. This cue had the shape of 
an arrowhead, formed by two converging lines 0.45 degrees 
in length and a 0.04-degree wide margin, was gray in color 
and had luminance of less than 0.1 cd/m2. This arrowhead 
pointed to the left hemifield in 41.67% of the trials and to 
the right hemifield in 41.67% of the trials. In the remaining 

Figure 1. Diagrammatic representation of the sequence of visual 
displays in each cueing condition (valid, invalid and bilateral). 
The trial starts with the appearance of the central fixation point 
and the two peripheral rings, which indicate the places where the 
target stimuli can occur. After 1850 to 2350 ms, the cue, repre-
sented by a left, right or left and right pointing arrows, replaces 
the fixation point. This cue remains on the screen for 100, 300 or 
500 ms. The target stimulus, represented by a vertical line in Ex-
periments 1 and 3a and 3b and by this vertical line or a small ring 
in Experiments 2 and 4a and 4b, appears immediately after the 
disappearance of the cue, and lasts for 34 ms. The single arrow 
cue occurs in 84% of the trials; in 80% of these trials the target 
stimulus occurs at the side indicated by it and in the remaining 
trials, at the opposite side. The double arrow cue occurs in 16% 
of the trials; the target stimulus occurs in the left side in 50% of 
these trials and in the right side in the remaining trials. 
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16.67% of the trials there were two arrowheads, one point-
ing to the left hemifield and the other to the right hemifield. 
Each of these cues could last 100, 300, or 500 ms, being 
equally probable and randomly distributed. Immediately 
after the disappearance of the cue, a 34-ms target stimulus, 
represented by a black vertical line (0.45 degrees in length 
and a 0.04-degree wide margin), with a luminance of less 
than 0.1 cd/m2, appeared inside one of the peripheral rings. 
In the trials in which one arrowhead was presented, this 
target occurred in the hemifield indicated by the arrow with 
a probability of 80% (valid cue trials) and in the opposite 
hemifield, with a probability of 20% (invalid cue trials). In 
the remaining trials, in which the two arrowheads were 
presented, the target occurred half of the time in the left 
hemifield and half of the time in the right hemifield (bilateral 
cue trials). The participant was instructed to pay attention 
to the side or sides indicated by the cue and to respond 
as fast as possible to the target with the same side hand. 
As soon as the response was given or an interval of 600 
ms had elapsed, a message appeared for 400 ms over the 
fixation point. The reaction time, in milliseconds, appeared 
when the participant responded between 150 and 600 ms 
after the onset of the target. The message “anticipated” 
or “slow” was displayed when the participant emitted a 
response less than 150 ms after the onset of the target or 
more than 600 ms after the onset of the target, respectively. 
The message “incorrect” was displayed when the participant 
responded between 150 and 600 ms with the opposite side 
hand. Then, the next trial began. The purpose of this first 
testing session was to familiarize the volunteers with the 
entire experimental situation.

The second session was similar to the first. It consisted 
of six blocks, each with 72 trials. A rest interval was provided 
between one block and the next, the duration of which was 
controlled by the participant. A green asterisk replaced the 
reaction time message and a red asterisk replaced the 
error messages.

In this second session, each of the “valid cue” condi-
tions occurred a total of 48 times, each of the “invalid cue” 
conditions occurred a total of 12 times, and each of the 
“bilateral cue” conditions occurred a total of 12 times. The 
relatively small number of trials in these last two conditions 
was a deliberate choice made to avoid the reaction time 
variability caused by the fatigue and lack of motivation that 
normally occur in long testing sessions. It should have been 
compensated for by the precise recording of the responses 
(the joystick port of the computer was used for signal input) 
and the familiarization with the task that occurred in the first 
testing session, which reduce reaction time variability.

Data analysis. Reaction time was the dependent vari-
able. The mean of the six reaction time block medians in 
the second session, for each condition, was calculated for 
each participant. The number of anticipated responses, slow 
responses and incorrect responses in the same session, for 
each condition, was also evaluated for each participant.

Reaction time data were submitted to repeated mea-
sures analysis of variance (ANOVA), with the stimulus 
onset asynchrony (SOA) (100, 300, or 500 ms), type of cue 
(valid, invalid or bilateral) and hemifield of appearance of 
the target (left or right) as factors. When appropriate, these 
data were further analyzed by the Newman-Keuls test. Of 
great interest was the comparison between reaction time 
to the target in the left hemifield after the cue indicated this 
hemifield and reaction time to the target in the right hemifield 
after the cue indicated this hemifield, which might reveal a 
lateral asymmetry of the facilitatory action of attention. Of 
equal interest was the comparison between reaction time 
to the target in the right hemifield after the cue indicated 
the left hemifield and reaction time to the target in the left 
hemifield after the cue indicated the right hemifield, which 
might reveal a lateral asymmetry of the inhibitory action 
of attention. Also of interest was the comparison between 
reaction time to the target in the right hemifield and reaction 
time to the target in the left hemifield after the cue indicated 
both hemifields; in this case, the lateral competition for at-
tention action might reveal a favoring of one side.

It should be noted that, because one side might be fa-
vored by attention when the cue indicated both hemifields, 
there was no true neutral condition in the testing sessions. 
Because of that no cost-benefit analysis was performed 
on the data. 

The level of significance was set at 0.05 for all analyses.

Results
The percentages of anticipation, inversion and omission 

errors were 2.9, 0.7, and 0.9, respectively.
A main effect of SOA [F2,22 = 93.12, P < 0.001] and of 

type of cue [F2,22 = 57.82, P < 0.001] occurred. No main 
effect of target hemifield and no interaction between the 
factors occurred (all P > 0.100). Reaction time was shorter 
in the 300-ms SOA trials than in the 100-ms SOA trials (P 
< 0.001), and shorter in the 500-ms SOA trials than in the 
100-ms SOA trials (P < 0.001) and 300-ms SOA trials (P 
= 0.004). Reaction time was shorter in the valid cue trials 
than in the bilateral cue trials (P < 0.001) and was shorter 
in the bilateral cue trials than in the invalid cue trials (P < 
0.001; Figure 2).

A planned ANOVA of the attentional effect, correspond-
ing to the difference between reaction time in the valid cue 
trials and reaction time in the invalid cue trials, using the SOA 
and side indicated by the cue as factors, showed no main 
effect or interaction between the factors (all P > 0.100). 

To evaluate the importance of the differences observed 
between the experimental conditions we calculated the ef-
fect sizes. The effect sizes (square root of the F value divided 
by the square root of the number of participants; see Ref. 31, 
page 340) for the SOA, side indicated by the cue and their 
interaction were, 0.24, 0.11, and 0.10, respectively (values 
of the order of 0.10 indicate a small difference, values of the 
order of 0.25, a medium difference, and values of the order 
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of 0.40, a large difference; see Ref. 31, page 9). The size 
of the difference between the attentional effect produced 
by the cue indicating the right hemifield and the attentional 
effect produced by the cue indicating the left hemifield 
(difference between the means of two samples divided by 
their pooled standard deviation; see Ref. 32, page 3) was 
evaluated for each SOA. None of the values obtained was 
significant at the 0.05 level (that is, they fell inside the 95% 
confidence interval; see Ref. 32, page 8).

The present results do not indicate any favoring of the 
right (or left) side by voluntary attention.

Experiment 2

The rightward-orienting attentional mechanism of the 
right hemisphere is supposed to be more strongly mobilized 
in tasks requiring a higher level of attention. In this case, 
the hypothesized right side favoring by voluntary attention, 
which could not be demonstrated in the previous experiment, 
might appear by increasing the difficulty of the task.

In this experiment, the volunteers were tested in a more 
difficult task than the one of the previous experiment. They 
had to identify the shape of the target stimulus in addition 

Figure 2. Reaction times at each stimulus onset asynchrony in Experiment 1. In the left side of Panel A, the central cue (S1) indicated 
the left hemifield and the target stimulus (S2) appeared in this hemifield (valid condition) or the opposite one (invalid condition). In the 
right side of Panel A, the S1 indicated the right hemifield and the S2 appeared in this hemifield or the opposite one. The post hoc New-
man-Keuls test indicated that reaction time was globally longer in the invalid condition than in the valid condition (P < 0.001). In Panel 
B, the S1 was bilateral and the S2 appeared in the left or right hemifield. The attentional effects (reaction time for the invalid condition 
minus reaction time for the valid condition) produced by S1 indicating the left side and by S1 indicating the right side, for each stimulus 
onset asynchrony, are shown in Panel C. Data are reported as means ± SEM. LVF = left visual field. RVF = right visual field.
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to its side (left or right) of appearance, and, depending on 
this shape, respond using the hand on the same side. As 
in the previous experiment, the location of the impending 
target was correctly or incorrectly indicated by a central cue 
in five-sixths of the trials. In the remaining trials, the central 
cue indicated that the target could appear on either side. 

Again, a favoring of the right side by voluntary attention 
should be revealed by a shorter reaction time to the target 
on the right side than on the left side for the valid trials 
and/or a longer reaction time to the target on the left side 
than on the right side for the invalid trials. It might also be 
manifested by a shorter reaction time to the target on the 
right side than on the left side for the bilateral cue trials. 
An earlier appearance of the effects of right side-oriented 
attention might occur. 

Methods
Participants. Twelve naive individuals with the charac-

teristics described in Experiment 1 voluntarily participated 
in the experiment.

Procedure. The procedure was similar to that described 
in Experiment 1. Two target stimuli were now used. One 
was the vertical line previously used and the other was a 
small ring (0.3 degrees in diameter and a 0.004-degree 
wide margin), both lasting 34 ms. A response should be 
given to the first stimulus (positive target), with the hand 
on the corresponding side, and no response should be 
given to the second stimulus (negative target). The positive 
target occurred in 66.67% of the trials (33.3% of valid cue 
trials, 16.67% of invalid cue trials and 16.67% of bilateral 
cue trials) and the negative target occurred in 33.33% of 
the trials (all valid cue trials), with equal probability in the 
two hemifields. A lower percentage of negative target than 
positive target was used to avoid increasing the duration 
of the testing session, which would eventually make it tire-
some for some volunteers. 

In the second session, each of the “valid cue” condi-
tions occurred a total of 48 times (24 times for the positive 
target and 24 times for the negative target), each of the 
“invalid cue” conditions occurred a total of 12 times (all of 
them for the positive target), and each of the “bilateral cue” 
conditions occurred a total of 12 times (all of them for the 
positive target).

Data analysis. The data were evaluated and analyzed 
as described in Experiment 1.

Results
The percentages of anticipation, inversion, false alarm, 

false alarm with inversion, and omission errors were 0.6, 
0.1, 2.0, <0.1, and 1.6, respectively.

A main effect of SOA [F2,22 = 123.06, P < 0.001] and 
of type of cue [F2,22 = 23.86, P < 0.001], and an interac-
tion between these two factors [F4,44 = 4.47, P = 0.004] 
occurred. A marginally significant interaction between SOA 
and target hemifield [F2,22 = 3.07, P = 0.067] and between 

SOA, type of cue and target hemifield [F4,44 = 2.20, P = 
0.085] also occurred. No main effect of target hemifield 
and no other interaction between factors occurred (all P > 
0.1). Reaction time was shorter in the 300-ms SOA trials 
than in the 100-ms SOA trials (P < 0.001), and shorter in 
the 500-ms SOA trials than in the 100-ms SOA trials (P < 
0.001) and 300-ms SOA trials (P = 0.010). Reaction time in 
the valid cue trials was not different from that in the bilateral 
cue trials (P = 0.180). Reaction times in both the valid and 
the bilateral cue trials were shorter than that in the invalid 
cue trials (P < 0.001; Figure 3).

A planned ANOVA of the attentional effect showed an 
interaction between the SOA and the side indicated by the 
cue (P = 0.037). The attentional effect produced by the cue 
indicating the left side did not differ between the three SOA 
(all P > 0.100). The attentional effect produced by the cue 
indicating the right side did not differ between the 100- and 
the 300-ms SOAs (P > 0.100); however, it was greater for 
the 500-ms SOA than for the 100-ms SOA (P = 0.017) and 
marginally greater for the 500-ms SOA than for the 300-ms 
SOA (P = 0.060). The attentional effect produced by the cue 
indicating the right side did not differ from that produced by 
the cue indicating the left side for the 100- and the 300-ms 
SOAs; however, it was greater for the 500-ms SOA (P = 
0.015; Figure 3). 

The effect sizes for the SOA, side indicated by the cue 
and their interaction were 0.49, 0.28, and 0.57, respec-
tively. The size of the difference between the attentional 
effect produced by the cue indicating the right hemifield 
and the attentional effect produced by the cue indicating 
the left hemifield was evaluated for each SOA. Only the 
value obtained for the 500-ms SOA was significant at the 
0.05 level.

The present results demonstrate a favoring of the right 
side by voluntary attention. 

Experiment 3a

In this experiment, the volunteers were required to 
identify the shape of the target stimulus, to differentiate 
it from a distractor stimulus, in addition to identifying the 
side it occurred on. The presence of the distractor should 
increase the difficulty of the task compared to those used 
in the previous experiments, and, thus, the probability of 
occurrence of a mobilization of the rightward-orienting at-
tentional mechanism of the right hemisphere strong enough 
to cause a lateral difference in performance. In addition, 
both the inhibitory action of voluntary attention in the valid 
trials and the facilitatory action of voluntary attention in the 
invalid trials should now present behavioral significance, as 
they would respectively reduce and increase the interference 
caused by the distractor on target processing. As these two 
actions would be laterally asymmetric, the attentional ef-
fect, which reflects their combined influence, should exhibit 
a greater lateral difference. The favoring of the right side 
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by voluntary attention should manifest more clearly than 
in Experiment 2. As in the previous experiments, attention 
was oriented to the left, the right or to both visual hemifields 
by means of the central cue. 

The favoring of the right side by voluntary attention would 
be indicated by a shorter reaction time to the target on the 
right side than on the left side for the valid and bilateral tri-
als and a longer reaction time to the target on the left side 
than on the right side for the invalid trials. 

Methods
Participants. Twelve naive individuals with the charac-

teristics described in Experiment 1 voluntarily participated 
in the experiment.

Procedure. The procedure was very similar to that de-
scribed in Experiment 1. There were only two differences. 
One was that for half of the volunteers the target stimulus was 
the black vertical line and for the other half of the volunteers 
it was a black horizontal line (0.45 degrees in length and a 

Figure 3. Reaction times at each stimulus onset asynchrony in Experiment 2. In the left side of Panel A, the central cue (S1) indicated 
the left hemifield and the target stimulus (S2) appeared in this hemifield (valid condition) or the opposite one (invalid condition). In 
the right side of Panel A, the S1 indicated the right hemifield and the S2 appeared in this hemifield or the opposite one. The post hoc 
Newman-Keuls test indicated that reaction time was globally longer in the invalid condition than in the valid condition (P < 0.001). In 
Panel B, the S1 was bilateral and the S2 appeared in the left or right hemifield. The attentional effects (reaction time for the invalid 
condition minus reaction time for the valid condition) produced by S1 indicating the left side and by S1 indicating the right side, for each 
stimulus onset asynchrony, are shown in Panel C. The post hoc Newman-Keuls test indicated that the attentional effect was greater 
when the cue pointed to the right side than when it pointed to the left side for the 500-ms stimulus onset asynchrony (*P < 0.015). Data 
are reported as means ± SEM. LVF = left visual field; RVF = right visual field.
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0.04-degree wide margin). The other difference was that 
together with the target a distractor stimulus appeared on the 
opposite side, represented by the black horizontal line when 
the vertical line was used as target and by the black vertical 
line when the horizontal line was used as target.

Data analysis. The data were evaluated and analyzed 
as described in Experiment 1.

Results
The percentages of anticipation, inversion and omission 

errors were 0.8, 3.9, and 0.2, respectively.
A main effect of SOA [F2,22 = 92.98, P < 0.001], type of 

cue [F2,22 = 47.34, P < 0.001] and target hemifield [F1,11 
= 14.08, P = 0.003] occurred. An interaction between SOA 
and type of cue [F4,44 = 7.47, P < 0.001] also occurred. 
Reaction time was shorter for the right hemifield target 
than for the left hemifield target. Reaction time was shorter 
in the 300-ms SOA trials than in the 100-ms SOA trials (P 
< 0.001), and shorter in the 500-ms SOA trials than in the 
100-ms SOA trials (P < 0.001) and 300-ms SOA trials (P = 
0.005). Reaction time was shorter in the valid cue trials than 
in the bilateral cue trials (P < 0.001) and was shorter in the 
bilateral cue trials than in the invalid cue trials (P = 0.009). 
For the 100-ms SOA, reaction time in the valid cue trials was 
shorter than that in the bilateral cue trials (P < 0.001); for the 
300- and 500-ms SOA, reaction time in the valid cue trials 
was shorter than that in the bilateral cue trials (P < 0.001 
and P = 0.007, respectively) and reaction time in these trials 
was shorter than that in the invalid cue trials (P = 0.006 and 
P < 0.001, respectively; Figure 4).

A planned ANOVA of the attentional effect, using the SOA 
and the side indicated as factors, showed a main effect of 
SOA [F2,22 = 8.14, P = 0.002] and side indicated [F1,11 = 
9.21, P = 0.011]. The attentional effect was greater for the 
300-ms SOA than for the 100- and 500-ms SOA (P = 0.016 
and P = 0.002, respectively). The attentional effect was 
greater when attention was oriented to the right side than 
when it was oriented to the left side (Figure 4).

The effect sizes for the SOA, side indicated by the cue and 
their interaction were 0.82, 0.88, and 0.41, respectively. The 
size of the difference between the attentional effect produced 
by the cue indicating the right hemifield and the attentional 
effect produced by the cue indicating the left hemifield was 
evaluated for each SOA. Only the value obtained for the 
500-ms SOA was significant at the 0.05 level.

The present results demonstrate a favoring of the right 
side by voluntary attention.

Experiment 3b

The greater effect of the right side indicating cue than 
of the left side indicating cue in Experiment 3a was attrib-
uted to a lateral asymmetry of voluntary attention. It could 
be questioned whether the result is not simply reflecting 
a sensory and/or motor lateral asymmetry, with right side 

stimulus/response processing being more efficient than left 
stimulus/response processing. To exclude this possibility, this 
experiment was replicated using only the bilateral central cue 
and the volunteers were informed that it was not relevant 
for task performance.

In this situation, we did not expect any lateral asymmetry 
in performance to occur. Reaction times should not differ 
between the right and the left sides for any SOA. The obser-
vation of a right side favoring would indicate that the result of 
Experiment 3a would have been caused, at least partially, by 
a lateral sensory and/or motor processing asymmetry. 

Methods
Participants. Twelve naive individuals with the charac-

teristics described in Experiment 1 voluntarily participated 
in the experiment.

Procedure. The procedure was similar to that described 
in Experiment 3a. The only difference was that the valid 
and invalid cue trials were replaced by bilateral cue trials 
and the volunteers were informed that the arrowheads that 
appeared centrally before the target were not relevant for 
task performance.

Data analysis. The data were evaluated as described in 
Experiment 1. Reaction time data were submitted to repeated 
measures ANOVA, with the SOA (100, 300, or 500 ms) and 
hemifield of appearance of the target (left or right) as factors. 
When appropriate, these data were further analyzed by the 
Newman-Keuls test.

Results
The percentages of anticipation, inversion, and omission 

errors were 0.9, 2.9, and 0.1, respectively.
A main effect of SOA [F2,22 = 41.74, P < 0.001] occurred. 

A marginally significant interaction between SOA and target 
hemifield [F2,22 = 2.64, P = 0.093] also occurred. No main 
effect of target hemifield occurred. Reaction time was shorter 
in the 300- and the 500-ms SOA trials than in the 100-ms SOA 
trials (P < 0.001 in both cases; Figure 5). In the 100-ms SOA 
trials, reaction time to the right hemifield target was longer 
than reaction time to the left hemifield target (P = 0.004).

The present results do not suggest the existence of any 
sensory or motor lateral asymmetry in the task requiring the 
identification of the shape of the target stimulus, to differenti-
ate it from a distractor stimulus, and the identification of its 
side of occurrence.

Experiment 4a

In this experiment, the volunteers were required to 
identify the shape of the go target stimulus, to differenti-
ate it from a distractor stimulus and from a no-go target 
stimulus, in addition to identifying its side of occurrence. 
The presence of the distractor should increase the difficulty 
of the task compared to those used in the previous experi-
ments, increasing the mobilization of the right hemisphere 



Lateral asymmetry of voluntary attention 753

www.bjournal.com.br Braz J Med Biol Res 43(8) 2010

rightward orienting attentional mechanism. In addition, 
both the inhibitory action of voluntary attention in the valid 
trials and the facilitatory action of voluntary attention in the 
invalid trials would now have behavioral significance, as they 
would respectively reduce and increase the interference 
with target processing caused by the distractor. The lateral 
difference of the capacity of orienting voluntary attention 
should express itself more strongly than in Experiment 2. 
As in the previous experiments, attention was oriented to 
the left, the right or to both visual hemifields by means of 

the central cue. 
The favoring of the right side by voluntary attention would 

be indicated by a shorter reaction time to the target on the 
right side than on the left side for the valid and bilateral tri-
als and a longer reaction time to the target on the left side 
than on the right side for the invalid trials.

Methods
Participants. Twelve naive individuals with the charac-

teristics described in Experiment 1 voluntarily participated 

Figure 4. Reaction times at each stimulus onset asynchrony in Experiment 3a. In the left side of Panel A, the central cue (S1) indicated 
the left hemifield and the target stimulus (S2) appeared in this hemifield (valid condition) or in the opposite one (invalid condition). In 
the right side of Panel A, the S1 indicated the right hemifield and the S2 appeared in this hemifield or the opposite one. The post hoc 
Newman-Keuls test indicated that reaction time was globally longer in the invalid condition than in the valid condition (P < 0.001). In 
Panel B, the S1 was bilateral and the S2 appeared in the left or right hemifield. The attentional effects (reaction time for the invalid 
condition minus reaction time for the valid condition) produced by S1 indicating the left side and by S1 indicating the right side, for 
each stimulus onset asynchrony, are shown in Panel C. ANOVA indicated that the attentional effect was globally greater when the cue 
pointed to the right side than when it pointed to the left side (P < 0.011). The post hoc Newman-Keuls test indicated that the attentional 
effect was greater when the cue pointed to the right side than when it pointed to the left side particularly for the 500-ms stimulus onset 
asynchrony (*P < 0.006). Data are reported as means ± SEM. LVF = left visual field; RVF = right visual field. 
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in the experiment.
Procedure. The procedure was very similar to that de-

scribed in Experiment 2. There were only two differences: 
one was that for half of the volunteers the go target stimu-
lus was the black vertical line and for the other half of the 
volunteers it was the black horizontal line (0.45 degrees in 
length and a 0.04-degree wide margin); the other difference 
was that, together with the go or no-go target, the distractor 
stimulus, represented by the black horizontal line when the 
vertical line was used as target and by the black vertical 
line when the horizontal line was used as target, appeared 
on the opposite side.

Data analysis. The data were evaluated and analyzed 
as described in Experiment 1.

Results
The percentages of anticipation, inversion, false alarm, 

false alarm with inversion, and omission errors were 1.1, 
0.4, 0.2, 1.1, and 0.7, respectively.

A main effect of SOA [F2,22 = 155.17, P < 0.001], type 
of cue [F2,22 = 19.71, P < 0.001] and target hemifield 
[F1,11 = 9.66, P = 0.010], and an interaction between the 
first two factors [F4,44 = 2.92, P = 0.032] occurred. No 
other interaction between factors (all P > 0.100) occurred. 
Reaction time was shorter for the right hemifield target than 
for the left hemifield target. Reaction time was shorter in 
the 300-ms SOA trials than in the 100-ms SOA trials (P < 
0.001), and shorter in the 500-ms SOA trials than in the 
100-ms SOA trials (P < 0.001) and 300-ms SOA trials (P 
= 0.026). Reaction time in the valid cue trials tended to be 

shorter than reaction time in the bilateral cue trials (P = 
0.083); reaction time in the bilateral cue trials was shorter 
than that in the invalid cue trials (P < 0.001). For the 100- 
and 300-ms SOA, reaction time in the valid cue trials was 
shorter than that in the bilateral cue trials (respectively, P < 
0.001 and P = 0.022) and reaction time in these trials was 
shorter than that in the invalid cue trials (respectively, P = 
0.005 and P < 0.001); for the 500-ms SOA, reaction time 
in the bilateral cue trials was shorter than that in the invalid 
cue trials (P < 0.001; Figure 6).

A planned ANOVA of the attentional effect showed a 
main effect of the side indicated by the cue [F1,11 = 10.09, 
P = 0.009]. The attentional effect produced by the cue indi-
cating the right side was greater than that produced by the 
cue indicating the left side. The absence of any interaction 
between SOA and indicated side suggests that this lateral 
difference was similar for the three SOA (Figure 6). 

The effect sizes for the SOA, side indicated by the cue 
and their interaction were 0.14, 0.92, and 0.35, respec-
tively. The size of the difference between the attentional 
effect produced by the cue indicating the right hemifield 
and the attentional effect produced by the cue indicating 
the left hemifield was evaluated for each SOA. The values 
obtained for the 100- and 300-ms SOA were significant at 
the 0.05 level.

The present results demonstrate a favoring of the right 
side by voluntary attention.

Experiment 4b

As considered for the results of Experiment 3a, the 
shorter reaction times to the right side target stimulus than 
to the left side go target stimulus observed in Experiment 
4a could have resulted from a sensory and/or motor lateral 
asymmetry. Although the results obtained in Experiment 
3b did not suggest the existence of such asymmetries, 
we decided to further investigate this possibility using the 
conditions of Experiment 4a. As in Experiment 3b, only the 
bilateral central cue was presented and the volunteers were 
informed that it was not relevant for task performance.

We did not expect any lateral asymmetry in performance 
to occur. Reaction times should not differ between the right 
and the left sides for any SOA. The observation of a right 
side favoring would indicate that the result of Experiment 
4a might have been caused, at least partially, by a lateral 
sensory and/or motor processing asymmetry. 

Methods
Participants. Twelve naive individuals with the charac-

teristics described in Experiment 1 voluntarily participated 
in the experiment.

Procedure. The procedure was similar to that described 
in Experiment 4a. The only difference was that the valid 
and invalid cue trials were replaced by bilateral cue trials 
and the volunteers were informed that the arrowheads that 

Figure 5. Reaction times at each stimulus onset asynchrony in 
Experiment 3b. The central double arrowhead preceded the tar-
get stimulus in all trials. The volunteers were told that it was not 
relevant for task performance. The target stimulus appeared ran-
domly in the left or right hemifield. Data are reported as means ± 
SEM. LVF = left visual field; RVF = right visual field.
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appeared centrally before the target were not relevant for 
task performance.

Data analysis. The data were evaluated and analyzed 
as described in Experiment 3b.

Results
The percentages of anticipation, inversion, false alarm, 

false alarm with inversion, and omission errors were 0.6, 
0.6, 0.2, 0.6, and 0.8, respectively.

A main effect of SOA [F2,22 = 145.54, P < 0.001] oc-
curred. No main effect of target hemifield or interaction 
between the two factors occurred.

Reaction time was shorter in the 300- and the 500-ms 
SOA trials than in the 100-ms SOA trials (P < 0.001 in both 

Figure 6. Reaction times at each stimulus onset asynchrony in Experiment 4a. In the left side of Panel A, the central cue (S1) indicated 
the left hemifield and the target stimulus (S2) appeared in this hemifield (valid condition) or the opposite one (invalid condition). In 
the right side of Panel A, the S1 indicated the right hemifield and the S2 appeared in this hemifield or the opposite one. The post hoc 
Newman-Keuls test indicated that reaction time was globally longer in the invalid condition than in the valid condition (P < 0.001). In 
Panel B, the S1 was bilateral and the S2 appeared in the left or right hemifield. The attentional effects (reaction time for the invalid 
condition minus reaction time for the valid condition) produced by S1 indicating the left side and by S1 indicating the right side, for 
each stimulus onset asynchrony, are shown in Panel C. ANOVA indicated that the attentional effect was globally greater when the cue 
pointed to the right side than when it pointed to the left side (P < 0.009). The post hoc Newman-Keuls test indicated that the attentional 
effect was greater when the cue pointed to the right side than when it pointed to the left side particularly for the 100- and the 300-ms 
stimulus onset asynchronies (respectively, P < 0.002 and P < 0.013). Data are reported as means ± SEM. LVF = left visual field; RVF 
= right visual field. 
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cases; Figure 7).
The present results do not suggest the existence of any 

sensory or motor lateral asymmetry in the task requiring 
the identification of the shape of the go target stimulus, to 
differentiate it from a distractor stimulus and a no-go target 
stimulus, and the identification of its side of occurrence.

Discussion

This study investigated the possible existence of a favoring 
of the right side by voluntary attention. Evidence supporting 
such a hypothesis was obtained in three of the four experi-
ments. A common factor in these three experiments was the 
relative difficulty of the tasks used to test the volunteers.

An important effect of voluntary attention was obtained 
in all four experiments of this study. On average, the at-
tentional effect (difference between reaction time in the 
valid cue trials and reaction time in the invalid cue trials) 
was 51, 30, 54, and 42 ms in Experiments 1, 2, 3a, and 
4a, respectively. In all cases, it was already present in the 
100-ms stimulus onset asynchrony. In Experiments 1, 2, 
and 4a, it did not change much across the next two stimulus 
onset asynchronies, but in Experiment 3a, it increased and 
then returned to close to its initial value.

The effects produced by voluntary attention orienting 
to the right side did not differ from those produced by vol-
untary attention orienting to the left side in Experiment 1, 
in which the volunteers simply had to identify the location 
of occurrence of the target stimulus. In Experiment 2, in 
which the volunteers had to identify the location and the 
shape of the positive target, a greater effect was observed 
at the 500-ms stimulus onset asynchrony when voluntary 
attention was oriented to the right side.

The effect produced by voluntary attention orienting to 
the right side was greater than that produced by voluntary 
attention orienting to the left side at the 500-ms SOA in 
Experiment 3a and at the 100- and 300-ms SOA in Experi-
ment 4a. In Experiment 3a, the volunteers had to differenti-
ate the target from a distractor stimulus, which appeared 
simultaneously at the contralateral location, in addition to 
identifying its location, and in Experiment 4a, they had to 
differentiate the positive target from the distractor stimulus, 
which appeared simultaneously at the contralateral location, 
and the negative target in addition to identifying its location. 
Differently from Experiment 2, in Experiments 3a and 4a, 
a tendency to the occurrence of a lateral difference could 
be observed for the remaining SOA. 

The results of Experiment 2 for the 500-ms SOA, of 
Experiment 3a for the same SOA and of Experiment 4a for 
the 100- and 300-ms SOA strongly suggest that voluntary 
attention orienting tends to favor the right side of space. 
This conclusion is further supported by the evidence that 
visuomotor processing is not laterally asymmetric in the 
tasks used. Thus, in Experiment 2 no lateral difference 
in performance occurred for the 100- and 300-ms SOA. 

Similarly, in Experiments 3b and 4b, in which voluntary 
attention was not explicitly controlled, no lateral difference 
in performance appeared for any SOA. The importance of 
these controls is made clear when considering that the ef-
fects of voluntary attention orienting to the right side were 
obtained by subtracting valid right side reaction times from 
invalid left side reaction times and the effects of voluntary 
attention orienting to the left side were obtained by sub-
tracting valid left side reaction times from invalid right side 
reaction times. Shorter right side reaction times than left 
side reaction times, due to a visuomotor processing favor-
ing the right side, would lead to the same general results 
as those obtained in this study.

We expected a faster development of the effects pro-
duced by voluntary attention orienting to the right side of 
space than of the effects produced by voluntary attention 
orienting to the left side of space. No lateral difference 
was observed, however, in Experiments 1, 2, 3a, and 4a. 
Perhaps by using a greater degree of short SOAs such a 
difference could be demonstrated. This possibility should 
be tested in future experiments. 

The double hemispheric control of orienting to the right 
side, as opposed to the single hemispheric control of ori-
enting to the left side (21-23,25), might be responsible for 
the right side attentional favoring. The smaller hemispheric 
asymmetry of voluntary attention mechanisms compared 
to automatic attention mechanisms might well explain the 
difference between the results obtained in Experiments 1 
and 2 and the results obtained by Castro-Barros et al. (17) 
using the same tasks and target stimuli. 

The somewhat different results obtained in the four 

Figure 7. Reaction times at each stimulus onset asynchrony in 
Experiment 4b. The central double arrowhead preceded the tar-
get stimulus in all trials. The volunteers were told that it was not 
relevant for task performance. The target stimulus appeared ran-
domly in the left or right hemifield. Data are reported as means ± 
SEM. LVF = left visual field; RVF = right visual field.
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