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Abstract Although saccadic reaction times to a visual
stimulus are facilitated if an auditory accompanying
stimulus is presented at the same location, this inter-
sensory facilitation effect (IFE) has not been explored
for antisaccades (saccades directed opposite to a visual
target). In this study participants were asked to make an
antisaccade opposite to a point of light presented right
or left of fixation while accompanied by an auditory
stimulus either at the same or at the opposite location
with different stimulus onset asynchronies. Antisaccade
reaction times for unimodal auditory and bimodal
stimuli were shorter than for unimodal visual stimula-
tion, in line with prosaccade studies. The auditory
accompanying stimulus afforded antisaccade reaction
times approximately as fast as prosaccades in the
direction of a visual target, especially when it was pre-
sented 40 ms before the spatially congruent visual target.
Moreover, predictiveness of the target position facili-
tated performance only when the auditory stimulus was
presented at the opposite location and 40 ms before the
visual target (interstimulus contingency effect). We
conclude that intersensory facilitation is a mandatory,
bottom-up process, but in the particular case of a re-
sponse conflict due to a visual target, IFE can be shown
to be modulated by the predictability of the target
location.
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Introduction

Saccadic eye movements in the direction of a visual
target are facilitated if an auditory accompanying stim-
ulus is presented in spatial and temporal proximity
(Frens et al. 1995; Colonius and Arndt 2001). Although
there exists a wealth of evidence for this intersensory
facilitation effect (IFE), it has not been explored for
antisaccades. In the antisaccade task, participants are
asked to make a saccade with the same amplitude, but in
the direction opposite to that of a visual target. In this
case, saccadic reaction times are prolonged by approxi-
mately 60 ms, possibly because of two factors:

1) the need for inhibition of an automatic saccade re-
sponse in the direction of the visual target (ocular
inhibition, OI), and

2) allocation of covert attention to the saccade landing
position opposite to the visual target (Everling and
Fischer 1998; Olk and Kingstone 2003; Schall 2004).

In this study we asked which of these components in
the programming of an antisaccade can be modulated by
IFE. Human participants were instructed to direct their
gaze opposite to a visual target in the presence of an
auditory distractor, which was presented either spatially
congruent or incongruent (at the opposite location) to
the target. When, for spatial incongruence, participants
are instructed to saccade to the auditory stimulus and to
consider the visual a distractor, saccadic reaction times
are prolonged compared with unimodal visual reaction
times (Lueck et al. 1990; Corneil and Munoz 1996).
Kirchner and Colonius (2004) argued that participants
programmed a voluntary saccade in the direction of the
auditory target while having to inhibit the location of the
visual distractor. This ocular inhibition, however, was
assumed to be less effective than in an antisaccade task
leading to overall faster responses to the auditory target
compared with antisaccade latencies (Kristjansson et al.
2001). Note that, in contrast with the antisaccade task,
subjects were asked to ignore the visual stimulus and base



their performance on the location of the auditory target.
The difference between reaction times for the two tasks
could thus also be because of the second component in
the programming of an antisaccade, i.e. the allocation of
covert attention opposite to the visual target, because
this component should not apply, or much less so, in the
auditory prosaccade task. The objective of this study was
to directly test this possibility by using the identical
experimental procedure as in the auditory prosaccade
task, but instructing subjects to make an antisaccade
opposite to the visual target.

A second objective of this study relates to the mod-
ularity of IFE. In natural situations stimuli from dif-
ferent modalities often occur correlated in space and
time. Thus, we asked whether participants can use in-
terstimulus contingencies to reduce the inhibitory effect
resulting from choice of gaze direction. Interstimulus
contingency (ISC) is defined as the conditional proba-
bility that the visual target is presented at the same
location as the auditory distractor. Thus, the location of
the distractor is predictive of the target location to dif-
ferent degrees. We hypothesized that the amount of
ocular inhibition is inversely related to the predictability
of the target location.

Materials and methods
Participants

Three students (age 21-26 years) of the University of
Oldenburg took part in the experiment and were either
paid or received partial course credit for their involve-
ment. All had right eye dominance, normal or corrected-
to-normal vision, and normal hearing. The procedure
was approved by the local human-studies committee in
accordance with the ethical standards laid down in the
1964 Declaration of Helsinki. All participants gave their
informed consent before their inclusion in the study.

Experimental set-up

Participants were seated in a small, darkened, sound-
attenuated booth with their head fixed by a dental
impression plate. Visual stimuli were presented on a 37-in
monitor located outside the booth (viewing distance
57 cm). Auditory stimuli were presented via headphones
by a high-performance sound card. Stimulus presentation
and data acquisition were synchronized with the onset
of the visual stimulus determined by the monitor update
rate to guarantee exact temporal presentation of the
stimuli.

Procedure

White dots with a diameter of 0.1° served as visual
stimulus and fixation point. They were presented with a
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luminance of 11 cd m ™2 on a dark background. Audi-
tory stimuli consisted in white noise (5 ms rise time,
58 dB SPL) convolved with head-related transfer func-
tions of a dummy head resulting in virtual displays at
15° right or left of fixation.

A trial started with a fixation point, which, after a
random time interval, was replaced by the target pre-
sented for 500 ms, 15° right or left of fixation. In bi-
modal trials, stimuli were presented with equal
probability at each side of fixation, either at the same
(““‘congruent”) or at the opposite (“incongruent’) loca-
tion. Stimulus onset asynchrony (SOA) was varied so
that the auditory stimulus was presented simultaneously,
or 40 ms before (—) or after (+) the visual target. The
task was to make an eye movement as quickly and as
accurately as possible opposite to the visual target and to
use the auditory distractor as a possible, albeit unreli-
able, cue for the location of the visual target. Intersti-
mulus contingencies of 20—80, 50—50, and 80—20 were
employed in separate blocks of trials resulting in a
minimum of 48 trials per condition and participant. The
order of blocks was randomized between participants.
To familiarize them with the task participants took three
practice sessions with the 50—50 ISC. Saccades directed
opposite to unimodal visual or auditory targets were
measured in separate blocks at the end of the sessions.

Response recording and detection

Eye movements were measured with an infrared light
reflecting eye-tracker providing an analogue signal of the
eye position that was digitized at a rate of 1 kHz and
stored on a PC. Saccade onsets and offsets were identi-
fied automatically, using velocity criteria (50° s~! for
onsets and 20%~' for offsets). The accuracy of the
computer-generated marks was verified by the experi-
menter. Saccadic reaction time (SRT) was defined as the
time between the onset of the target and the onset of the
saccade.

All effects were verified across participants by an
ANOVA on the 5%-level with stimulus modality, SOA
and spatial congruence, or spatial congruence and in-
terstimulus contingency as repeated factors.

Results
Visual-auditory interaction effects

The analysis of stimulus modality effects revealed mean
antisaccade reaction times opposite to unimodal audi-
tory targets as short (231 ms) as in bimodal trials
(230 ms) which in turn were significantly shorter than
unimodal visual antisaccades (272 ms; F(; ) =80.6,
P <0.012). The auditory distractor thus facilitated sac-
cades opposite to the visual target, in accord with IFE in
prosaccades.
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ANOVA on the bimodal trials with SOA (—40, 0, and
+40 ms) and spatial congruence (congruent versus
incongruent) as repeated factor revealed two significant
main effects and a significant interaction effect. The
main effect of SOA indicated shorter antisaccade laten-
cies the earlier the auditory distractor was presented
before the visual target (F,4)=155.5, P<0.006; Fig. 1).
The main effect of spatial congruence indicated 14 ms
shorter antisaccade reaction times to congruent than to
incongruent stimulation (F(; »,=26.7, P <0.035; Fig. 1).
Finally, the interaction effect of SOA and spatial con-
gruence (F(24)=28.5, P <0.004) showed that the effect of
spatial congruence was largest in SOA = —40 ms (22 ms,
Fu2=61.7, P<0.016), smaller in SOA=0 ms (13 ms,
F2)=28.8, P<0.033), and vanished in SOA = +40 ms
(Fu2=2.9, P>0.1, ns.). Comparison with prosaccade
reaction times to unimodal visual stimulation (Kirchner
and Colonius 2004) further showed that the antisaccade
latencies in the spatially congruent trials of
SOA = —40 ms were approximately as fast as unimodal
visual prosaccades (F(1746)=1.8, P>0.1, n.s.; Fig. 1).

Interstimulus contingency effects

The measurement of spatial interstimulus contingencies
implies the systematic variation of spatial congruence
and predictability of target location. To disentangle
these effects we represent the data as spatially congruent
versus incongruent, and across the different contingency
blocks in terms of predictability of target location,
irrespective of spatial congruence. In so doing, we are
able to prevent confounding the more general effect of
spatial congruence with the more specific effect of target
predictability. In this sense, the rare trials of 80-20 ISC-
blocks in which the stimuli were spatially incongruent,
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Fig. 1 Intersensory facilitation effects in antisaccades. Stimulus
onset asynchrony (SOA) was varied such that the auditory
distractor was presented 40 ms before (—), simultaneously with,
or 40 ms after (+) the visual target, either at the same location
(circles) or at the opposite location (triangles). Mean antisaccade
reaction times and error rates in the bimodal trials are compared
with unimodal visual (upper black line) and auditory (black dotted
line) antisaccade latencies. Unimodal visual (grey line) and auditory
(grey dotted line) prosaccade latencies are reprinted with permission
from Kirchner and Colonius (2004)

and the rare trials of 20-80 ISC-blocks in which the
stimuli were spatially congruent will both be called
“20% predictive” of the target location.

ANOVA on the bimodal trials with spatial congru-
ence (congruent versus incongruent) and predictability
(20, 50, or 80%) as repeated factors revealed a signifi-
cant main effect of spatial congruence (f(; 2 =44.5,
P<0.022; Fig. 2), indicating shorter antisaccade reac-
tion times with spatially congruent stimulation. The
second main effect, and the interaction effect of spatial
congruence and interstimulus contingency did not reach
significance. However, separate analyses of the bimodal
data in each SOA condition showed that in the spatially
incongruent trials of SOA = —40 ms, antisaccade reac-
tion times were modulated by the predictability of the
target location (Fig. 2): 80% <50% (12 ms, F; 5y=15.1,
P <0.06), 80% <20% (17 ms, F32=14.8, P<0.062),
but 50% =20% (F{;2=2.7, P>0.1, n.s.). An analysis of
the direction errors in the spatially incongruent trials of
SOA =—40 ms compared with the overall number of
trials in each contingency condition showed that our
conclusion was not invalidated by a speed—accuracy
trade-off (Fig. 2). Finally, in the spatially congruent
trials of SOA=—-40 ms, and in the remaining SOA
conditions no effect of interstimulus contingency was
obtained.

Discussion

The presence of an auditory distractor facilitates anti-
saccade reaction times opposite to a visual target. In
accord with results on prosaccades (Frens et al. 1995;
Colonius and Arndt 2001), this intersensory facilitation
effect was pronounced if the distractor was presented at
the same location as the target, compared to opposite
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Fig. 2 Effects of predictability of target location on mean antisac-
cade reaction times and error rates in SOA=-40 ms. In 80-20
interstimulus contingency (ISC, circles) (respectively, in 20-80 ISC
(triangles)), the visual target was presented spatially congruent to
the auditory stimulus in 80% (respectively, 20%) of the trials, and
it was presented incongruent to the auditory stimulus in the
remaining 20% (80%) of the trials. The 80% predictability level
thus contains both congruent trials from 80-20 ISC and incongru-
ent trials from 20-80 ISC



locations. The auditory distractor had a warning signal
effect in that antisaccade reaction times were shorter the
earlier it was presented before the visual target (Ross
and Ross 1981). These results clearly indicate that IFE
effects are sensory leading to overall shorter saccadic
reaction times irrespective of whether the two stimuli are
presented at the saccade endpoint such as in a prosac-
cade task, or whether both stimuli are presented oppo-
site to the saccade endpoint such as in the present
antisaccade task (Fecteau et al. 2004).

Interestingly, if the auditory distractor was presented
at the same location, but 40 ms before the visual target,
antisaccade reaction times were approximately as fast
as unimodal visual prosaccades. It has already been
reported that antisaccade reaction times can be essen-
tially equivalent to prosaccade reaction times, but only
if just one possible target is present (Kveraga et al.
2002). This result was explained with the notion of a
prepared response, because the intention to make a
saccade to a known location can be maintained in
memory and then needs only be triggered by the onset
of the target. However, even if the auditory distractor
in this study served as a warning signal thereby
attracting attention, it would be premature to conclude
that it also served to directly trigger the antisaccade
response, because the participants would then have
committed even more errors in the spatially incongru-
ent condition than they actually did (26%), given the
fact that in half of the trials the visual target was pre-
sented opposite to the auditory cue. A more plausible
explanation relates to the observation that antisaccade
reaction times can be reduced substantially when a
discrimination stimulus is presented just 100-300 ms
before the antisaccade target (Kristjansson et al. 2001).
Assuming that the preparation of a reflexive prosaccade
prolongs the initiation of an antisaccade, it was argued
that the secondary discrimination task interfered with
the reflexive prosaccade so that attention-demanding
disengagement from that reflex was not needed, thereby
leading to the paradoxical speeding up of the antisac-
cade (Kristjansson et al. 2001). If we apply this logic to
our task, we might argue that as soon as the auditory
distractor was present, attention was cued to that
location, and that this attentional effect might directly
have interfered with the preparation of the prosaccade
so that, when the visual target arrived, the appropriate
antisaccade only needed to be triggered from memory
(1. visual target left, move right, or 2. visual target
right, move left). This explanation would account for
the extremely fast antisaccade reaction times and the
small number of prosaccade errors in the spatially
congruent trials. Note, however, that this also implies
that the intersensory facilitation effect reported here
affected the ocular inhibition component in the pro-
gramming of an antisaccade rather than the covert
attention part, at least in the particular case of a short
temporal offset between the auditory cue and visual
target. Further research is needed to address the issue
of to what extent an explanation with more emphasis
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on sensory aspects, yet focussing on competitive inter-
actions between prosaccades and antisaccades, could
account for the results (Hunt et al. 2004; Kristjansson
et al. 2004; Massen 2004).

The hypothesis that the auditory cue interfered with
the preparation of a reflexive prosaccade leads to further
insight into the processing of interstimulus contingen-
cies, because the auditory cue also contained this con-
ditional probability information. Indeed, we might
assume that the interference with the prosaccade pro-
gram, and thus ocular inhibition, by the auditory cue
was weighted by the predictability of target location,
thereby leading to faster antisaccade reaction times in
instances of high as opposed to low predictability, in line
with a previous report on auditory prosaccades (Kirch-
ner and Colonius 2004). In contrast with the previous
study, here the modularity of ocular inhibition by pre-
dictability was observed only if the auditory distractor
was presented at the opposite location and 40 ms before
the visual target, whereas with auditory prosaccades
predictability effects were found to be independent of
temporal proximity, but again only occurred if there was
spatial incongruence between the visual and auditory
stimuli (Kirchner and Colonius 2004). Also, the differ-
ence between mean reaction times for the two experi-
ments was only marginal (7 ms). The comparison with
auditory prosaccades thus indicates that, at least in the
particular condition of a short offset between the audi-
tory cue and visual target, antisaccades are not pro-
longed by an additional shift in covert attention nor,
alternatively, by pronounced ocular inhibition, contrary
to our hypothesis. Rather, it seems that the modularity
of IFE by predictability of the target location becomes
visible only when there is a response conflict between the
natural predisposition of the oculomotor system for a
visual target (Groh et al. 2001) and a spatially disparate
auditory cue which needs to be considered, either by
instruction such as in the auditory prosaccade task, or
which automatically attracts attention, for example
when there is a short temporal offset between the cue
and visual target in the present antisaccade task. This
suggests that IFE is a mandatory, bottom-up process
(Wallace et al. 2004; Shore and Simic this issue), but
that, nevertheless, in case of a response conflict due to a
visual target IFE can be shown to be modulated by the
predictability of the target location.
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