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Fixation-point offsets reduce the latency
of saccades to acoustic targets

ROBERT FENDRICH, HOWARD C. HUGHES, and PATRICIA A. REUTER-LORENZ
Dartmouth Medical School and Dartmouth College, Hanover, New Hampshire

If an observer's fixation point is extinguished just prior to the onset of a peripheral target, the
latency to saccade to that target is reduced. We show that this "gap effect" is not specific to visual
targets. Observers made saccades to a light flash or to a white-noise burst. A warning tone was
presented on every trial to control for the possible warning effect of the fixation-point offset. For
both target modalities, saccade latencies were significantly reduced when the fixation point was
extinguished 200 msec prior to the target onset. Implications of this outcome for interpretations
of the gap effect are considered. It is argued that the presence of a gap effect for tones, in conjunc
tion with previous findings, is consistent with the hypothesis that the gap effect is produced by
a facilitation of premotor processes in the superior colliculus.

When human or monkey observers saccade to the onset
of a visual target, their saccadic latency is reduced by the
prior offset of the fixation point (e. g., Fischer, 1987;
Fischer & Boeh, 1983; Fischer & Ramsperger, 1984,
1986; Saslow, 1967). In human subjects, the magnitude
of this reduction is about 50 msec. The reduction of sac
cadic latency-frequently referred to as the "gap effect"
is maximal if the fixation point is offset 200-300 msec
before the target's appearance. The gap effect occurs even
if a warning signal is employed to control for the alerting
effect produced by the fixation-point offset (Reuter-Lorenz,
Hughes, & Fendrich, 1991). Fischer and his co-workers
(Fischer, 1987; Fischer & Boeh, 1983; Fischer & Ram
sperger, 1984) have suggested that this reduction of sac
cadic latency is the consequence of the appearance of a
distinct subpopulation of "express saccades" with mo
dallatencies of 120 msec in humans. However, fixation
point offsets decrease saccadic latencies even when the
bimodal latency distribution that is characteristic of ex
press saccades has not been found (Kingstone & Klein,
1990; Reuter-Lorenz et al., 1991).

Several studies have indicated that the superior collie
ulus plays an important role in generating the short-latency
saccades that are produced in the gap paradigm. In mon
keys, the gap effect is eliminated following ablation of
the superior colliculus (Sandell, Schiller, & Maunsell,
1984; Schiller, Sandell, & Maunsell, 1987) . In addition,
Rohrer & Sparks (1986) report that the interval between
the visual and presaccadic activity bursts of cells within
the deeper layers of the superior colliculus is reduced prior
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to such short-latency saccades. One probable role of the
colliculus is to initiate rapid reflexive saccades toward
peripheral visual events (Sparks & Mays, 1980; Wurtz
& Albano, 1980). These reflexive saccades may be in
hibited during active fixation (Munoz & Guitton, 1989).
Sparks and Mays (1983) have found that during fixation
the threshold to elicit saccades by electrical stimulation
of the colliculus is increased. The offset of a fixation point
could enable short-latency saccades by reducing this in
hibition (Reuter-Lorenz, et al., 1991).

Saccades can be directed toward nonvisual targets.
There are cells in the deep layers of the superior collie
ulus that receive acoustic inputs and increase their rate
of discharge prior to saccades to acoustic targets (Jay &
Sparks, 1987, 1990). Thus, a disinhibition of collicular
orienting mechanisms might well enable short-latency sac
cades to acoustic stimuli. This suggests that if the gap ef
fect is caused by a disinhibition of collicular reflexes, a
gap effect ought to be observable with auditory targets.

Other explanations of the gap effect also predict the ef
fect with acoustic targets. Saslow (1967) suggested that the
elimination of the fixation point may serve to reduce the
probability of corrective microsaccades just prior to the
onset of the target, thereby reducing the refractory periods
microsaccades produce. Kalesnykas and Hallett (1987)
have suggested that the offset of the fixation point may in
crease the likelihood of anticipatory saccades, with express
saccades forming a population of direction-appropriate an
ticipations prepared before, but executed after, the target
onset. Fischer and his colleagues (Fischer, 1987; Fischer
& Breitmeyer, 1987; Mayfrank, Mobashery, Kimrnig, &
Fischer, 1986) have proposed that the offset of the fixa
tion point serves to release a subject's attention, so that
attention is more quickly engaged by the target. Accord
ing to all of these views, the gap effect should be present
irrespective of the modality of the saccadic target. On the
other hand, one explanation of the gap effect does not
predict saccades to acoustic targets, at least in its present
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GAP EFFECT FOR VISUAL AND ACOUSTIC TARGETS

RESULTS

Figure 1. Mean saccadic latencies for visual and acoustic targets
In the gap and overlap conditions.

GAP

VISUAL TARGET

ACOUSTIC TARGET

FIXATION CONDITION

OVERLAP

300

290

280

270

> 2800
Z
W 250
~
C(
.oJ 240

Z30

2ZO

210

zoo

Six naive observers served as the subjects. Each observer received
at least one block of practice trials prior to formal data collection.
Formal data were collected over seven blocks of trials, yielding
a total of 112 observations per subject in each of the experimental
conditions (gap-visual target, overlap-visual target, gap-auditory
target, overlap-auditory target).

Any trial with an initial saccade in the wrong direction
was discarded. In addition, for each subject in each con
dition, trials with saccadic latencies more than 2.5 stan
dard deviations (SD) from the mean latency of that con
dition were excluded from the final analyses. Finally,
saccades with latencies of less than 100 msec were taken
to be anticipations and removed (Kalesnykas & Hallett,
1987). Altogether, these procedures eliminated 4.6% of
the data points, 4. 1% of the no-gap trials, and 5% of the
gap trials.

Means were computed for each subject in the four ex
perimental conditions. With visual targets, the mean sac
cadic latency across the 6 subjects was 287.8 msec (SD =
53) in the overlap condition and 244.8 msec (SD = 46)
in the gap condition. With acoustic targets, the mean la
tency was 264.2 msec (SD = 52) in the overlap condi
tion and 233.8 msec (SD = 37) in the gap condition. Thus,
mean gap effects of 43 and 30.4 msec were obtained with
visual and auditory targets, respectively. These data are
graphed in Figure 1.

An ANOV A was run on the subject means in the four
conditions. Although acoustic targets produced faster re
sponses and a smaller gap effect than did visual targets,
only the main effect of the gap was significant [F(l,5) =
10.76, p < .03]. Paired comparisons using the Newman
Keuls procedure indicated that for both visual and acous-

form. Reulen (1984a, 1984b) has proposed that the off
set of the fixation point may serve to facilitate the visual
processing of the target.

The occurrence of a gap effect to nonvisual targets is
therefore relevant to a number of explanations of this ef
fect. However, the existence of a gap effect for saccades
to such targets has never actually been demonstrated.
Here, we show that fixation-point offsets do, in fact,
reduce the latency of saccades to auditory targets. In ad
dition, we compare the magnitudes of the gap effect ob
tained with auditory and visual targets.

METHOD

The subjects were seated 114 cm from a stimulus panel aligned
on an arc with a radius of 114 cm. A central, green light-emitting
diode (LED) served as the fixationstimulus. Two red LEOs mounted
on the panel 100 to the left and to the right of the fixation point
provided the visual targets, and two small (4 em) speakers mounted
directly below the red LEOs provided the auditory targets. The
visual targets consisted of 3QO-msec, 0.7-cd/m' LED flashes; the
auditory targets were 3OO-msec, 9(klB white-noise bursts. These
intensity levels were chosen on the basis of preliminary testing,
which indicated that they would produce similar saccadic response
times. Warning-tone bursts (at 2.8 kHz) were provided by a small
oscillator modulemountedjust above thefixationpoint. To minimize
echoes, the apparatus was housed in a large enclosure (1.54 x
1.54 x .9 m), which was 1ined with sound-absorbing foam (Sonex).

The subjects sat just within the open front end of this enclosure,
their heads positioned by a bite plate. The subjects were run in a
dark room after at least 5 min of dark adaptation and could not see
either the extinguished LEOs or the speakers.

At the start of each trial, the subjects fixated the green LED. An
experimenter initiated the trial when an oscilloscope display of the
subject's eye position indicated proper fixation. On each trial, the
warning tone sounded for 100 msec. Two hundred msec after the
offset of this tone, either the visual or the auditory target was
presented. The subjects were instructed to saccade to the target as
rapidly as possible.

Testing was carried out in blocks of 72 trials. Within each block,
there were 32 trials with visual targets and 32 with auditory tar
gets. Half of the targets were on the left, and half were on the right.
To discourage anticipatory responses, 8 trials in each block were
catch trials in which there was no target. Half of thetrials for each
modality and half of the catch trials were "gap" trials. In gap trials,
the fixation LED was turned off at the offset of the warning tone.
The 2QO-msec intervalbetween thefixation-pointoffset and thetarget
presentation constituted the gap. The remaining trials were "over
lap" trials, in which thefixation point remained on from thestart of
the trial until 1 sec after the target onset. The order of the various
types of trials was completely randomized within each block.

An mM PC XT microcomputer controlled the display presenta
tions via a 16-bit parallel-output port and a custom-built interface
unit. Eye motions were monitored with a scleral infrared-reflection
device (Narco Biosystems Model 200) sampled via a 12-bit AID
converter at 200 Hz. The Eye-trac 200 was calibrated at the start
of each block of trials. On each trial, the subject's horizontal eye
position was sampled for 1,000 msec, starting at the onset of the
warning tone. The eye records were stored on disk for subsequent
analysis.

Saccades were detected by a computer program that used a ve
locity criterion (50 0 /sec.) . In addition, accurate saccade detection
was verified by visual inspection of a CRT display of each eye
record. Trials in which computer detection errors occurred were
corrected.
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FIgure 2. Dbtribution orsaccadic latencies for 2 npresentative subjects in the four experimental
conditions.

tic targets, latencies were significantly faster in the gap
than in the overlap condition (p < .05). It should be
noted, however, that the gap-modality interaction came
quite close to significance [F(1,5) = 5.4, p < .07], which
suggests that the tendency for the gap effect to be smaller
with acoustic than with visual targets may be genuine.

Latency histograms for two representative observers are
illustrated in Figure 2. Similar to the findings of Reuter
Lorenz et al. (1991), most of the obtained latency dis-

tributions failed to show evidence of bimodality. In the
distributions illustrated, a suggestion of bimodality is ob
servable only in the auditory target data for Subject A.Y.
Generally, a gap effect was found because fixation off
sets tended to shift or compress entire distributions toward
shorter latencies.

The false alarm rate was .08 (4.5 per 56 catch trials),
with half the subjects showing 2 or fewer catch-trial sac
cades. Most (19 of 24) of the saccades occurred in gap
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catch trials. The average latency of the catch-trial sac
cades, measured from the time the target would have on
set had one been presented, was 182 msec (SD = 66.5).
There was no apparent relationship between the number
of saccades a subject made during the catch trials and the
magnitude of a subject's gap effect; averaged across mo
dality, virtually identical gap effects of 28 and 27 msec
were obtained from the subjects with the highest (9) and
lowest (0) number of catch-trial saccades.

DISCUSSION

The results indicate that the prior offset of a fixation
point facilitates saccades to acoustic, as well as to visual
targets. This finding suggests that the gap effect cannot
be attributed simply to enhanced visual processing (Reulen,
1984a, 1984b). The fact that the gap effect is not modality
specific is consistent with an interpretation of this effect
that is based on a facilitation of motor or premotor pro
cesses. The deep layers of the superior colliculus appear
a likely candidate for the locus of this premotor facilita
tion, since this structure receives convergent visual and
auditory inputs (e.g., Jay & Sparks, 1990; Meredith &
Stein, 1986) and is involved in initiating saccades (see
Sparks & Hartwich-Young, 1989, for a review).

There is an indication that the magnitude of the gap ef
fect may be stronger for visual than for auditory targets.
Assuming this interaction is real, we can only offer sug
gestions as to how such a difference might arise. The mag
nitude of the gap effect varies with gap duration (Saslow,
1967). The gap duration we employed is optimal for visual
targets (Saslow, 1967) but might not be optimal for audi
tory targets. In addition, although visual and auditory in
puts converge in the colliculus, the characteristics of sac
cades to auditory targets differ from visually triggered
saccades. For example, auditory targets have a lower peak
velocity and are more likely to be double saccades (Jay
& Sparks, 1990). These discrepancies imply a difference
in saccadic programming for targets of varying modali
ties, which could also affect the magnitude of the gap
effect.

As noted in the introduction, several alternative ac
counts of the gap effect are also consistent with the fact
that it occurs with auditory targets. Saslow's (1967) at
tribution of this effect to an increased incidence of
microsaccades during the gap would predict this outcome.
However, Saslow's hypothesis fails to account for the ab
sence of a gap effect with antisaccades (Reuter-Lorenz
et al., 1991).

The attribution of the gap effect to an increased inci
dence of anticipatory saccades (Kalesnykas & Hallett,
1987) is also consistent with the present finding. As this
hypothesis would predict, more saccades occurred in gap
than in overlap catch trials. Furthermore, the mean la
tency of these saccades (with respect to the time a target
would have appeared in a test trial) was short. However,
the gap effect was present in the subjects who made few
or no saccades in catch trials; across subjects, the num-

ber of catch-trial saccades was not related to the magni
tude of the gap effect. We therefore acknowledge that an
ticipations may sometimes contribute to the gap effect,
but we believe that they are unlikely to be the primary
source of this effect. (A further discussion of the role of
anticipations in the gap effect can be found in Reuter
Lorenz et al., 1991.)

An attribution of the gap effect to the release of atten
tion (Braun & Breitmeyer, 1988; Fischer, 1987; Fischer
& Breitmeyer, 1987) agrees with the current outcome if
one assumes that, once released, attention will be engaged
by acoustic, as well as by visual stimuli. Precuing experi
ments have failed, however, to demonstrate any effect of
spatial attention on responses to auditory targets (Buchtel
& Butter, 1988; M. I. Posner, 1978). Admittedly, this
observation needs to be regarded with caution, since it
has not been specifically demonstrated that spatial precues
do not influence saccades to auditory targets. In addition,
spatial precues interact with target luminance (Hawkins,
Shafto, & Richardson, 1988), whereas the gap effect is
additive with luminance (Renter-Lorenz et al., 1991), and
the absence of a gap effect with either manual responses
or antisaccades (Renter-Lorenz et al., 1991) does not seem
to agree with the attentional hypothesis. On the other hand,
it has been proposed that the superior colliculus serves
to control movements of attention (Posner & Petersen,
1990) and that movements of attention are tied to oculo
motor programming (Rizzolatti, Riggio, Dascola, &
Umilta, 1987). To the extent that these proposals are cor
rect, an interpretation of the gap effect based on move
ments of attention might prove compatible with an account
based on collicular premotor processes.

An explanation of the gap effect based on the release
of collicular orienting reflexes does account for its absence
with antisaccades and manual responses, since the collie
ulus does not control manual responses and antisaccades
are not directed toward a sensory target. The present find
ing of a gap effect with auditory targets strengthens the
case for such an explanation.
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