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Abstract
We have studied the interference of irrelevant information on
the visual selective attention and whether load effects are modality
specific or can be obtained across the visual and auditory modalities.
The interference of irrelevant stimuli in the selective attention on a
flanker task was measured by the flanker effect also called response
compatibility effect (RCE). The influence of a 100 Hertz tone (60
dAB) on the flanker task was evaluated in three experiments. It was
observed that subjects carried out the flanker task faster and more
accurately in the presence than in the absence of these sounds at the
two target-distractors (T-D) distances (0.65° and 1.30°) and three
display sizes (with 3, 5 and 9 elements) assayed. It was also observed
an acoustic Simon effect that interfered the visual processing,
significantly increasing the RCE with respect to when the stimulus
was congruent (coming from the same side). A crossmodal effect was
observed in cases of low perceptual load, that is, when few elements
are presented on the screen and the flanker are located far from the
target.

Introduction

The selective or focused attention to a particular stimulus
implies that the subject ought to ignore each other stimuli. The
grade as to which irrelevant stimuli can be successfully ignored
has been a topic of permanent controversy in experimental
psychology during last 40 years. Experimental evidences have led
to several attentional models, which suggest that attention acts
like an adjustable focus to relevant stimuli, (e.g. zoom-lens model
by Eriksen and St. James [1] and gradient model by LaBerge and
Brown [2]. Further insight into the attentional process might
come from the study of the influence of the perceptual load and
whether or no the visual focus is specific to visual stimuli as was
pointed out by Cowan et al. [3] saying that “the focus covers all
modalities and codes” (page 50).

Lavie et al. [4-8] have proposed that the extent to which
irrelevant distractors can be excluded from perception depends
on the level of perceptual load present while processing
relevant stimuli. Situations of high perceptual load in relevant
processing will exhaust perceptual capacity, leaving none of this
capacity available for processing distractors, and so inevitably
Symbiosis Group

excluding them from perception. There are many evidences
about the limited processing capacity for stimuli presented
within the same sensory modality and a relevant question to
study is whether similar limitations appear when the stimuli are
presented across different modalities. This topic is also relevant
to many recent studies on working memory and on the control of
attention, including the ability to avoid distraction by irrelevant
stimuli [9-13]. That is, a relevant open question is whether the
attentional control is or not supramodal in nature [14-24]. The
first aim of this paper was to contribute to the understanding
of this important open question. Hence, we have carried out
experiments using a visual attentional task in the absence and
in the presence of irrelevant stimuli of a different modality
(acoustic). A second aim of this work was to examine the question
of whether irrelevant non-visual stimuli are or not ignored in
terms of the visual perceptual load, which might also help to a
better comprehension of the attentional control. Hence, we have
also studied the influence of the visual load in the absence and
presence of the acoustic stimuli.
We have chosen the flanker task Eriksen and Eriksen [25],
to carry out our attentional experiments. This task has often
been used to measure the effect of irrelevant visual stimuli
on the relevant task and the influence of many experimental
conditions on the subject’s responses has been adequately
characterized [26-28]. Changes in the perceptual visual load, the
addition of other stimuli of the same modality, the addition of
cues, etc., may be done in this task by an easy and well-known
way. Moreover, the effects of all these manipulations using
exclusively visual stimuli have been already studied in depth and
they may aid to elucidate the effects produced by the addition
of non-visual stimuli to the visual task. In the classical flanker
task, there is one central target surrounded by distractors and
subjects are instructed to ignore the distractors (flankers) and
to respond to the target. Many previous results have shown
that when the display included incompatible distractors (those
assigned to a response different from the response assigned to
the target) the response times (RTs) were longer than when
the distractors were compatible (those assigned to the same
response as the target). The difference between the RTs in both
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conditions is a measure of the distractor interference and is
known as flanker interference or response-compatibility effect
(RCE). The most important paradigm finding is that the RCE
decreases as the target-distractors distance increases [1,28,29],
which was explained in the context of the CTVA model by a better
discrimination between target and distractor perceptions when
the visual focus increased [26,30,31] In the present study we
have added an irrelevant acoustic stimulus to the visual flanker
task. The sound, emitted in a free field, came from a loudspeaker
to the right or left of the subject or from both sides at the same
time. Three types of trials were considered taking into account
the side of the sound came from. They were: (a) congruent trials
(also called spatially congruent) when the acoustic stimulus
came from the same side to the response demanded (e.g., left
response and acoustic stimulus coming from the left side); (b)
incongruent trials when the sound came from the opposite side
to the response demanded; and (c) neutral trials when the sound
came from both sides.

The effects of the attentional focus size (0.65° and 1.30°) and
number of items displayed (3, 5 and 9) on the RTs and accuracy
of the responses were studied in a first experiment using
exclusively visual stimuli. This experiment was planned as a test
with respect to previous studies carried out in similar conditions
[26,27] and as a control for all our further experiments. The effect
of an acoustic stimulus (irrelevant task) on a selective visual
attention task was studied in a second experiment, carried out
under the same conditions than in the first experiment. Crossmodal Simon effects have been studied with many paradigms
from a long time ago [32,33]. Nevertheless we presented the
acoustic stimuli 100 ms earlier than the visual stimuli and the
former may be considered as previous non-informative cues. The
influence of informative and non-informative acoustic cues on
visual tasks has been previously studied by many other authors,
which allowed a better understanding of these cross-modal
links [34-38]. At any case, and according to previous studies, we
hoped to obtain a facilitation effect of the acoustic stimuli (with
regard to the silence condition) on the RT and accuracy of the
visual task. Our intention carrying out this second experiment
was however more ambitious, because we hypothesize that,
under a low perceptual load, a different cross-modal effect
for each type of acoustic stimulus should be observed. That is,
the congruent trials (same side) would have faster RTs, lower
amount of incorrect responses and shorter flanker-interferences
(RCE) than the incongruent (opposite side) trials, at least under
low perceptual load conditions. The results obtained in the
second experiment appeared to support our hypothesis on the
existence of crossmodal interference on the selective attention
at certain conditions, but the complexity of paradigm used and
the large number of variables studied made the agreement
arguable. Hence, a third experiment was designed to overcome
the controversial points and the hypothesis was again confirmed.
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University of Madrid (Spain). All the subjects were right-handed
and had normal or corrected-to-normal vision.

Apparatus and stimuli: A standard personal computer was
used to present the visual stimuli and to collect the subjects’
responses. Stimuli presentation and response recording
were controlled by a C++ program designed “ad hoc” for this
experiment as a version of the program DEVAT [39]. The subjects
gave their responses through the computer keyboard.
The subject’s task was to identify a target letter among
distractors. The target appeared in the center of the computer
screen surrounded by two, four or eight distractors (see Figure
1). The experiments were carried out in two separate sessions: In
the first session the subject was asked to press the left-arrow key
(←) of the keyboard with the index finger of the right hand if the
target letter was “q” or “d”, and to press the right-arrow key (→)
with the middle finger of the same right hand if the target letter
was “p” or “b”. In the second session the subject was asked to
carry out the task using the both hands, pressing the Q key with
the middle finger of left hand if the target letter was “q” or “d” or
pressing the P key with the middle finger of the right hand if it
was “p” or “b”.

In both sessions these four target letters appeared at random
with equal probability. Distracting letters were also presented
at random. The target and distractors appeared simultaneously.
All the letters were white lower case (luminance: 116 cd/m2)
presented on a black background (luminance: 1 cd/m2). Each
letter subtended a 0.40° visual angle.

Three independent variables were considered: the compatibility
of the target and the distractors, the display size, and the distance
between the target and each distractor. Compatibility had three
levels: (i) compatible response condition, where the distractors
belonged to the same type of response as the target letter (i.e. if the
target was “b” or “p” the distractors had also to be either “b” or “p”);
(ii) incompatible response condition, where the distractors were
associated with the opposite target type (i.e. if the target was “b”
or “p” the distractors had to be either “d” or “q”); and (iii) neutral
condition, where the distractors were either “z” or “x”. The display
sizes were 3, 5 and 9, as indicated above (Figure 1). The targetdistractor (T-D) distances were 0.65° and 1.30°, all distances being
taken from the centre of the letters.

Experiment 1
Method

Subjects: The participants were 12 doctoral students (8
females) between 23 and 30 years old from the Complutense

Figure 1: Three examples of the display sizes and trial types utilized:
(a) compatible (b) incompatible, and (c) neutral for a target demanding
a right response.
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Procedure: The subjects performed the task in a soundproof
room resting their heads on a chin-rest. Illumination and other
environmental conditions were kept constant. The viewing
distance was 90 cm, equal than used in previous works [4041]. Each trial began with a fixation point (+) for 1000 ms in the
centre of the computer screen (at the same point at which the
target letter will later appear). Then, the target and distractors
appeared simultaneously on a display, which remained on the
screen until the subject responded. The subjects were instructed
to keep their eyes on the fixation point and to respond only to the
target letter, as quickly as possible while avoiding errors. The
subject had to push the space bar to start the next trial. Visual
feedback for incorrect responses was provided. The subjects
started with a pilot session consisting of 50 trials randomly
selected from the different 18 displays considered. Responses
from this pilot session were not used in data analysis. Only RT’s
smaller than 1000 ms and errorless trials were included in the RT
analyses. Thus 201 out of 12960 trials (1.55 %) were discarded.

Results

A within-subject repeated-measure ANOVA was made for
RT’s, taking into account the following factors: (i) T-D distance;
(ii) compatibility of distractors; (iii) display size; and (iv) session
(one or both hands). There were significant main effects of T-D
distance F(1,11) = 107.82, MSE = 39083, p < 0.001 (M = 452 ms
for 0.65° and M = 433 ms for 1.30°) and compatibility F(2,22) =
60.75, MSE =33021, p < 0.001 (M = 433 ms for compatible trials,
M = 435 ms for neutral trials and M = 460 ms for incompatible
trials). No significant main effects of the display-size, F(2,22) =
1.06, MSE = 209) or session, F(1,11) = 0.03, MSE = 322) were
found. The only significant interaction was T-D distance x
compatibility F (2,22) = 9.93, MSE = 4738, p =0 .001 (Table
1). The post hoc analysis (Bonferroni test) showed significant
differences between the two pairs: incompatible trials vs neutral
trials (p < 0.001) and incompatible trials vs compatible trials (p <
0.001). The difference between the compatible and neutral trials
was not significant (p = 1.0). The RCE decreased with increasing
T-D distances, as was expected for an Eriksen’s paradigm (Figure
2).
A within-subject repeated-measure ANOVA was made to
analyze the incorrect responses variable. We only found a
significant main effect of the variable compatibility F (2,22) =
9.25, MSE = 13.19, p = 0.001 (M = 0.43 for compatible trials, M =

480
470
460

RTs

Design: A factorial design of repeated measurements was
used. Eighteen display types were obtained by combining
all modalities of the three independent variables; that is,
compatibility of the distractors (3) x display size (3) x T-D
distance (2). Each of the 18 (3 x 3 x 2) displays was presented 30
times in each of two counterbalanced sessions (a total of 18 x 30 x
2 = 1080 trials each subject), in the first session responding with
the right hand alone and in the second one using both hands as
has been described above. The order of presentation of the 1080
trials was randomized. The dependent variables considered were
the RTs and accuracy (percentage of incorrect responses), these
being recorded for each trial in a computer file.
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Figure 2: RTs as a function of the T-D distance and compatibility obtained in the experiment 1 (incompatible compatible and  neutral).

0.55 for neutral trials and M = 1.35 for incompatible trials). The
post hoc analysis (Bonferroni test) showed significant differences
between the two pairs: incompatible trials vs neutral trials (p
=0.038) and incompatible trials vs compatible trials (p = 0.026).
The difference between the compatible and neutral trials was not
significant (p = 0.53).

The analyses revealed no significant differences between
compatible and neutral trials in the two variables tested, RTs
and percentages of incorrect responses. Hence, we have removed
from this paper any further mention to the visual-neutral trials
(although their analyses were carried out). The results shown
in Table 1 and Figure 2 indicate that there was a significant
interference-flanker effect at the two T-D distances studied,
being larger at 0.65° than at 1.30° (RCE means equal to 37 ms and
17 ms, respectively) and these results agree with many previous
studies (see e.g. [26-27]).

Experiment 2
Method

Subjects, apparatus and stimuli: They were the same
than in the first experiment, except the following: The personal
computer that was used to present the visual stimuli and to
collect the subjects’ responses was equipped with an AW32
sound card, a Harman/Kardon amplifier (model HK6150) and
two high fidelity RDF acoustic speakers (serie Mitto II). Sound
levels were measured using a Brüel & Kjaer sonic meter (model:
2236). The position of the speakers with respect to the subject
and the computer screen is schematically represented in Figure
3.
The subject’s task was identical than in the first experiment.
The program also controlled the emission of the acoustic stimuli
from the speakers located to the right and left of the subject.
The acoustic stimuli were a 100 hertz tone presented at an
intensity of 60 dBA, measured at the point where the subject was
seated. Three types of trials regarding to the acoustic stimulus
presentation were considered: (a) congruent or same side, (b)
incongruent or opposite side, and (c) neutral or both sides. The
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sound presentation was emitted at random 100 ms previous
to the visual stimuli appearance on the computer screen and
disappeared simultaneously with the visual stimuli.

Design and procedure: A factorial design of repeated
measurements was also used. Fifty and four different displays
were obtained by combining all modalities of the four
independent variables. That is, compatibility of the visual
distractors (3) x acoustic stimulus congruency (3) x display size
(3) x T-D distance (2). Each of the 54 displays was presented
20 times to each subject in two counterbalanced sessions (a total
of 1080 trials each subject), in the first session responding with
the right hand alone and in the second one using both hands
as has been described above for the experiment 1. The order
of presentation of the 1080 trials was randomized. Each trial
began with a fixation point (+) for 1000 ms in the centre of the
computer screen (at the same point at which the target letter will
later appear). Then, the acoustic stimulus was brought in and the
visual presentation appeared 100 ms later. This display and the
sound remained on the screen until the subject responded.

Results

The RTs and response accuracies were smaller than those
previously obtained in the absence of sounds for equal conditions
(Table 1). Mean RT’s and incorrect responses were separately
analyzed for the two T-D distances considered. A within-subject
repeated-measure ANOVA was made, taking into account the
following factors: (i) compatibility of distractors; (ii) congruency
of the acoustic stimulus; (iii) display size; and (iv) experimental
session. Only RT’s smaller than 1000 ms and errorless trials were
included in the RT analyses. Thus 397 out of 12960 trials (3.06%)
were discarded.
Results for the 0.65° T-D distance: There was a significant

Table 1: RTs (in ms) and percentages of incorrect responses (SD in
brackets) in silence (experiment 1) and in the presence of acoustic stimuli (experiment 2).
Compatibility

Experiment 1
0.65°
1.30°
RTs
476 (56) 444 (59)
Incompatible
Errors 1.65 (2.10) 1.07 (1.77)
RTs
439 (71) 427 (60)
Compatible
Errors 0.37 (0.72) 0.48 (0.97)
RTInc - RTComp
RCE
37
17

Experiment 2
0.65°
1.30°
449 (64) 417 (59)
3.15 (4.80) 1.45 (2.85)
408 (67) 399 (56)
0.60 (1.55) 0.65 (1.35)
41
18

Monitor
Speaker

100 cm.

100 cm.

Speaker

90 cm.
135 cm.

135 cm.

Subject

Figure 3: Relative location of the speakers, subject and monitor.
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main effect of compatibility F(1,11) = 88.36, MSE = 179341,
p < .001 (Table 1). No significant main effect of the acoustic
stimulus congruency (F(2,22) = 3.58, MSE = 3591), the displaysize (F(2,22) = 0.43, MSE = 133), and the experimental session
(F(1,11) = 0.02, MSE = 333) were found.
The interaction compatibility x display-size F (2,22) = 5.00,
MSE = 3523, was significant (p = 0.016). The RT means for
compatible trials decreased with the display size, being 414, 405
and 405 ms respectively for tree, five and nine elements displayed.
On the contrary, the RT means for incompatible trials were 444
ms, 448 ms and 454 ms for these display sizes. This indicates that
the flanker’s interference increases with the display size, being
the RCE values 30, 43 and 49 respectively for displays of three,
five and nine elements.

Results for the 1.30° T-D distance: Significant main effects
of the compatibility F (1,11) = 37.57, MSE = 36520, p < .001
(Table 1), and the acoustic stimulus congruency F (2,22) = 15.82,
MSE = 7969, p < .01, were observed. The effects of the displaysize (F (2,22) = 3.40, MSE = 1401) and the experimental session
(F(1,11) = 0.01, MSE = 100) were not significant. Regarding to
the effect of the acoustic stimulus congruency, the RT means for
same side, both sides and opposite sides were 400, 409 and 415
ms, respectively. The post hoc analysis (Bonferroni test) showed
significant differences between the pairs: same side vs opposite
side (p < .01), both sides vs same side (p = .03), and both sides vs
opposite side (p = .048). Significant interactions of the acoustic
stimulus congruency x display size F (4,44) = 5.50, MSE = 2469,
p = .01 and of the acoustic stimulus congruency x display size x
compatibility F (4,44) = 8.23, MSE = 3924, p < .01 were found
(Table 2).
Incorrect responses analysis: A within-subject repeatedmeasure ANOVA was made to analyze the incorrect responses
variable. We found significant main effect of the variable
compatibility in both distances. For the 0.65° T-D distance F (1,
11) = 8.28, MSE = 28.01, p = .015 and for the 1.30° T-D distance F
(1, 11) = 10.85, MSE = 2.68, p = .007 (Table 1). The interaction of
acoustic stimulus congruency x display size F (4, 44) = 4.63, MSE
= 0.63, p = .003 was significant for the 1.30° T-D distance.

Discussion

We show in Table 1 that there was a significant interferenceflanker effect at the two T-D distances studied in the presence of
sounds, being larger at 0.65° than at 1.30° (RCE means equal to
41 ms and 18 ms, respectively), as was predicted for the flanker
task by the CTVA-2D model [27,30]. In addition, subjects carried
out the visual task faster and more accurate in the presence
than in the absence of sounds at each experimental condition.
It has been shown in various studies [42-47] that subjects
carried out the main task better working in the presence of
moderate intensity noise levels than when they did it in silence.
The interpretation of this result has been that noise influences
performance by causing subjects to focus their attention on those
aspects of the task defined as relevant. Warner and Heimstra
[48] observed that the focusing effect appears as the display size
increases and similar results have been obtained with the global/
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Table 2: RT means (SD in brackets) measured in the experiment 2 at a
T-D distance of 1.30°, as a function of the display size, the acoustic stimulus congruency and compatibility.
Display size

Tree

Compatible

406 (61)

RCE

-1

Incompatible

405 (56)

Compatible

396 (55)

RCE

14

Incompatible
Compatible

Incompatible
RCE

410 (49)
403 (55)

447 (74)
44

Five

Same side
389 (59)
405 (58)
16

Both sides
397 (51)
418 (53)
21

Nine

386 (48)

412 (61)
26

400 (53)

430 (61)

Opposite side

407 (52)

413 (50)
6

30

406 (50)

415 (46)
9

local paradigm [49,50], or with the Stroop test [51-53]. Usai and
Umiltà [54] have observed that the presence of noise may bring
about a change in the shape and size of attentional focus [41,55].
We think that similar reasons should be adduced to explain
the facilitation effect observed here by the addition of acoustic
stimuli to the visual flanker task.

The congruency of the acoustic stimulus had not any effect
on both the RTs and the number of incorrect responses at a
T-D distance of 0.65°, but it had a significant main effect at a
T-D distance of 1.30°, where the visual-distractors interference
(RCE) was significant smaller. At this latter distance the RTs
significantly increased when the acoustic stimuli came from
the same side, from both sides and from the opposite side than
the response demanded (400, 409 and 415 ms, respectively).
These are the expected results for a Simon effect, although
is interesting to note that it was not observed at the smaller
distance used (0.65°). The acoustic stimuli were presented 100
ms earlier than the visual stimuli and we cannot be sure whether
these changes were effectively due to a decrease of the visual
focus as a consequence of a cross-modal effect or to the fact that
these stimuli were non-informative cues or more probably to
both reasons. This question was solved in the third experiment
presenting all stimuli simultaneously.

The effect of the display size on the RTs for the compatible and
incompatible conditions in the presence of acoustic stimuli (Table
2) deserves a comment, which may also explain the interactions
found in the ANOVA. The RT increments with the display-size
were small and in the direction predicted by the CTVA-2D model
at all conditions, except for incompatible visual displays at the
lower display size (3) and the highest T-D distance (1.30°), i.e., at
the lowest perceptual load assayed. This high RT value measured
(447 ms) is also responsible of the high RCE (44 ms) calculated
at this condition and it suggests the existence of some kind of
unspecific gradient model for the cross-modal interaction, such
as the proposed by Cowan [3,56] . In other words stimuli from
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different sensorial modalities may affect the visual processing by
an enlargement of the focus and a reduction in resolution when
the number of element displayed is small (three elements at the
T-D distance of 1.30° in our case). Nevertheless, the evidence
supporting this explanation is meagre and it has only been
obtained by comparison between two 3-way interactions. We
have excluded that this value could be due to data manipulation
errors, but the limited number of trials fulfilling this condition
(240 trials) does not exclude that a possible artefact might also
explain this discrepant point. Hence, we have again studied the
influence of the acoustic stimuli on the flanker task in a third
simpler experiment using less experimental conditions: an
unique display size, only two visual trials (no neutrals) and only
two acoustic stimuli (same and opposite side, but not both sides).
It has been shown that behavioral effects in some Stroop tasks
were smaller or even disappear on using long inter-trial periods
[57-59]. It has also been argued that the engagement of cognitive
control may be less likely to occur if there is a long delay period
before control is needed [60]. Thus, we have not allowed to
the subjects to choose themselves each inter-trial period, as
happened in the two first experiments, and we have now started
each trial every two seconds, which in addition allowed to do a
greater number of assays in the same period of time. The number
of subjects was also significantly increased (25 instead of 12),
with the consequence that each trial type was now presented
2000 times (80 x 25 subjects) instead of 240 (20 x 12) in the
previous experiment 2, increasing the statistical power of the
experiment. Finally all stimuli were simultaneously presented
for the reasons given above.

Experiment 3
Method

Subjects: The participants were 25 students (15 females and
10 males) between 20 and 34, years old from the Complutense
University of Madrid (Spain). All the subjects were right-handed
and had normal or corrected-to-normal vision.

Apparatus, stimuli and procedure: This experiment was
carried out under similar conditions to those described for the
experiment 2 except by the following: (i) only the displays size
= 3 with compatible (only ppp or qqq) and incompatible (only
pqp or qpq) trials were used; (ii) congruent and incongruent
acoustic stimuli, but not neutral, acoustic stimuli were presented;
and (iii) the acoustic stimuli and visual displays were presented
simultaneously. Each trial automatically started every two
seconds (one spent with the fixation cross and the other
presenting all stimuli). The subjects carried out the task in two
separate sessions of 640 trials each. The T-D distance was 0.65°
in one session and 1.30° in the other session. Subjects always
responded using only one hand as is described above.

Results

ANOVAs were used to detect the effects of the variables
acoustic stimuli congruency (same side or opposite side) and
compatibility of the visual trial (compatible or incompatible).
Only RT’s smaller than 1000 ms and errorless trials were
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included in the RT analyses. Thus 2119 out of 32000 trials (6.62
%) were discarded.

Results for the 0.65° T-D distance: A significant main effect
of compatibility was observed F (1,24) = 66.79, MSE = 130319, p
< 0.001 (means equal to 502 ms and 553 ms for the compatible
and incompatible trials). The effect of the acoustic stimulus
congruency was not significant F(1, 24) = 0.82, MSE = 473, p =
0.38. No significant interaction was found.

Results for the 1.30° T-D distance: A main effect of the
two factors studied was found: compatibility F(1,24) = 17.35,
MSE = 12299, p < 0.001 (means equal to 522 ms and 538 ms for
the compatible and incompatible trials) and acoustic stimulus
congruency F(1,24) = 5.19, MSE = 3520, p = 0.03 (means equal
to 525 ms and 534 ms for congruent and incongruent trials). The
interaction acoustic stimulus congruency x compatibility was
significant F(1,24) = 13.34, MSE = 5092, p = 0.001 as happened
in the experiment 2. This effect is seen in Figure 4 where a larger
RCE for the opposite side than for the same side of the acoustic
conditions was observed.
Analysis of incorrect responses: Analyses of the no correct
responses at T-D = 0.65° showed a main effect of the compatibility
F(1,24) = 38.79, MSE = 1601, p < .001, being the accuracy higher
for compatible (error mean M = 3.99) than for incompatible trials
(error mean M = 9.65). No significant effect was observed for the
acoustic stimulus modality F(1,24) = 3.37, MSE = 37, p = 0.08). No
significant interactions were found.

Analyses of the incorrect responses at T-D = 1.30° showed

Figure 4: RT means as a function of the acoustic-stimulus congruency (same side or opposite side than the response) and compatibility (incompatible compatible). Results from experiment 3 at 0.65°
(open symbols and solid lines) and 1.30° T-D (filled symbols and dashed
lines) distances.
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main effects of the compatibility of the current trial F(1,24) =
23.75, MSE = 373, p < 0.001 (M = 5.06 for compatible and M= 7.79
for incompatible trials) and of the acoustic stimulus modality
F(1,24) = 5.84, MSE = 117, p = 0.024 (M = 5.66 for congruent and
M= 7.19 for incongruent trials). No significant interactions were
found.

Discussion

The experimental differences between the experiment 3 and
the other two experiments avoid a direct comparison between
the RTs and percentage of correct responses obtained, although
an agreement with the results obtained in the two previous
experiments is expected.

The first comparison that can be made is that the responses
are also faster and more accurate for compatible than
incompatible trials, decreasing the RCE with the T-D distance (51
ms and 16 ms for 0.65° and 1.30°, respectively) as was previously
obtained both in the absence and presence of acoustic stimuli.
We have also obtained that the effect of the acoustic-stimuli
congruency on the RTs and accuracy was no significant at the
smaller T-D distance (0.65°). The existence of Simon effects is
well documented from a long time ago [32,40,61 -67]. Activation
models, translation models and dual-process models have been
proposed to explain the mechanisms underlying Simon and
flanker tasks (see for a review [67,68]). The expected Simon
effect, however, took place significantly (RTs equal to 525 and
534 ms for congruent and incongruent acoustic stimuli) at the
other T-D distance assayed (1.30°), such as happened in the
experiment 2 for the same distance and display size. This Simon
effect observed at the 1.30° distance was only significant for the
incompatible trials, (Figure 4). Consequently the RCE measured
for incongruent acoustic stimuli (opposite side) was significantly
larger than for congruent stimuli (same side), confirming our
hypotheses on the existence of cross-modal interactions between
visual and acoustic stimuli at low perceptual load and that the
acoustic stimuli had a clear interference on the attentional focus.
We think that results shown in Figure 4 clearly show an effect
of the congruency of the acoustic stimuli on the visual cognitive
control, measured by the RCE, i.e., by the exerting interference
of visual distractors into the correct identification of target by
the subjects. We were not able to detect this effect at shorter
T-D distances or larger displays sizes. It appears to indicate
the necessity of critical focus resolution or perceptual load to
detect it represents a difficulty added to its study, which might
explain why many authors did not find it, keeping on the actual
controversy whether the attentional control is or not supramodal
in nature. For this reason, we believe that the limitations to detect
a crossmodal interaction on the cognitive control with either the
focus or the perceptual load deserve a further study using a wider
and more detailed range of the variables implied and additional
tasks.
In summary we found: (i) Significant interference-flanker
effects at all conditions studied, which increased with the
T-D distances, in agreement with previous publications and
predictions from the CTVA-2D model for the flanker task; (ii)
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Subjects carried out the visual task faster and more accurate
in the presence than in the absence of the moderate sounds
presented; (iii) A Simon effect was found a the larger T-D distance
(1.30°), but not at the smaller distance (0.65°) assayed; and (iv)
Stimuli from different sensorial modalities may affect the visual
processing when the number of element displayed is small (three
elements at the T-D distance of 1.30° in our case), confirming our
hypotheses on the existence of cross-modal interactions between
visual and acoustic stimuli at low perceptual load.
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