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Viewing behavior: Ocular and
attentional disengagement

WA JAMES TAM and LEW B. STELMACH
Communications Research Centre, Ottawa, Ontario, Canada

In five experiments, we examined the role of the ocular and attentional systems in determining
saccadic latencies. Prior to making a saccade to a target stimulus, subjects were required to direct
their attention to a foveal stimulus or to an eccentric stimulus. Either stimulus could be extin
guished before the onset of the target. Saccadic latencies were shortest when the foveal stimulus
was extinguished, regardless of whether it was attended or not. Control experiments showed that
subjects were able to attend properly and that warning, arising from turning off a stimulus before
target onset, could not completely account for the results. The results were discussed in terms of
ocular disengagement, attentional disengagement, and joint ocular-attentional disengagement. It
was concluded that an explanation emphasizing ocular disengagement provided the best account
of the data.
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Viewing a visual scene involves a sequence of fixations

and saccades to different parts of the scene. This process
of sampling the scene consists of engagement of the eyes

on a feature of interest, a period of information acquisi

tion, disengagement of the eyes, and movement of the eyes

toward a new stimulus (Reuter-Lorenz, Hughes, & Fen

drich, 1991; Tam, 1989; Tam & Ono, 1984, 1988).

It is also possible to sample a scene without eye move
ments (Engel, 1971; Eriksen & Hoffman, 1972; Helm

holtz, cited in Groner & Groner, 1989; Jonides, 1980;

Kaufman & Richards, 1969; Posner, 1980; Wundt, cited

in Groner & Groner, 1989). This can beaccomplished by

an attentional system, often referred to as covert attention,

spatially directed attention, or an attentional spotlight
(LaBerge & Brown, 1989; Posner, Snyder, & Davidson,

1980). Attentional sampling can becharacterized in much

the same way as ocular sampling, in that attention is en

gaged on a feature of interest and is held there for a pe

riod of time, during which information is acquired, disen

gaged, and, eventually, directed to a new feature (Braun
& Breitmeyer, 1988; Fischer, 1987; Mayfrank, Mobashery,

Kirnmig, & Fischer, 1986; Posner, 1980). Although atten

tional sampling can operate independently of ocular sam-
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pIing, the two systems normally operate in concert (e.g.,

Klein, 1980; Posner, 1980; Remington, 1980; Shepherd,

Findlay, & Hockey, 1986).

Many interesting issues arise when one considers the

joint functioning of ocular and attentional sampling. The

issue we addressed in the present paper concerns the role

of ocular and attentional disengagement in determining

saccadic latencies. Three distinct possibilities were ex

amined: Saccadic latencies are determined predominantly
by the ocular sampling system, predominantly by the at

tentional sampling system, or jointly by the ocular and

attentional sampling systems.

In the modal technique for studying saccadic latencies,

subjects fixate centrally and execute a saccade to a target

that appears in the periphery. Research using this tech
nique has shown that a saccade to a target can be initi

ated sooner if the foveal stimulus is turned off than if the

foveal stimulus is left on (Becker, 1972; Cohen & Ross,

1977; Fischer, 1987;Fischer& Bach, 1983;Fischer& Ram
sperger, 1984; Hallett & Adams, 1980; Mayfrank et al.,

1986; Reulen, 1984; L. Ross & S. Ross, 1980; S. Ross &
L. Ross, 1981, 1983;Saslow, 1967; Wenban-5mith& Find

lay, 1991). One interpretation of this finding is that the ocu

lar sampling system needs input to remain in an engaged

state, and that turning off the stimulus at the fixation point

leads to disengagement of the ocular system. When the new
eccentric stimulus appears, the ocular system is already

disengaged and, therefore, the latency to initiate the sac

cade is shorter (Reuter-Lorenz et al., 1991; Tam, 1989;

Tam & 000, 1984, 1988). This interpretation emphasizes

the role of the ocular sampling system, and explains the

shortened saccadic latencies using strictly ocular processes.

Another interpretation emphasizes the role of the at
tentional sampling system (Braun & Breitmeyer, 1988;

Fischer, 1987; Fischer & Breitmeyer, 1987; Mayfrank

et al., 1986). According to the attentional interpretation,

Copyright 1993 Psychonomic Society, Inc.
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a saccade must be preceded by attentional disengagement.

Turning off the stimulus at the fixation point leads to dis

engagement of the attentional system, thereby promoting

a rapid shift of the eyes to the new stimulus.

The attentional interpretation is supported by empiri

cal findings obtained with a dissociation paradigm, in

which subjects attended to an eccentric stimulus, fixated

on a stimulus at the center of a display, and made a sac

cade toward a new target stimulus. Latencies of saccades

toward the target were shorter when the attended stimu

lus was turned off before the appearance of the target than

when it was left on. This was so, even though the central

foveal stimulus remained unchanged. This finding led

researchers to conclude that saccadic latencies were de

termined by the attentional, and not the ocular, sampling

system (Braun & Breitmeyer, 1988; Mayfrank et al.,

1986). This conclusion was based on the assumptions that

foveating the central fixation stimulus and attending to

the eccentric stimulus engaged the ocular and attentional

sampling systems, respectively. Turning off the eccen

tric stimulus promoted disengagement of the attentional

system, leaving the ocular system in an engaged state.

When the target appeared, the eye could immediately

move because the attentional system did not need to be

disengaged. One limitation of this work was that it did

not assess the contribution of ocular disengagement by

extinguishing the unattended foveal stimulus.
In the present work, we examined the contribution of

ocular and attentional disengagement to saccadic laten

cies within the same series of experiments. The ocular

system was engaged by having subjects foveate a central

stimulus, and the attentional system was engaged by hav

ing them attend to an eccentric stimulus; on a given trial,
the subjects fixated centrally and attended eccentrically.

Ocular disengagement was promoted by turning off the fo
veal stimulus, and attentionaldisengagementwas promoted

by turning off the attended stimulus.
In Experiment 1, we measured saccadic latencies to tar

get onset while varying the temporal relationship between

target onset and the offset of the foveal or the eccentric

stimulus. In Experiment 2, we determined whether the
findings with eye movements would generalize to manual

responses. In Experiment 3, we implemented better atten

tional manipulations, making it easier for the subjects to

attend properly. In Experiment 4, we measured whether

the subjects had indeed allocated attention properly dur

ing each trial. In Experiment 5, we measured saccadic la

tencies with finer temporal resolution in order to assess
the qualitative aspects of the latency distributions. In Ex

periments 4 and 5, we also included a condition in which

the subjects fixated and attended centrally. The experiments
are reported in the order they were conducted, except for

Experiments I and 2, which were run concurrently.

EXPERIMENT 1

The purpose of Experiment I was to examine the con

tribution of ocular and attentional disengagement to sac-

cadic latencies. The subjects were presented with a dis

play that consisted of two dots (see Figure 1). They were

required to foveate the central dot and to direct their at

tention covertly toward the eccentric dot that was located

below. Their task was to make a saccade to a third, tar

get dot, which appeared either to the left or to the right

of the foveal dot. The interval between the offset of one

of the first two dots and the onset of the target dot was

varied systematically. This interval is referred to as the

offset-onset asynchrony. By convention, overlap condi

tions refer to intervals in which the target appeared when
the attended eccentric or the foveal stimulus was still on.

Conversely, gap conditions refer to intervals in which the

target appeared after the attended or the foveal stimulus

was turned off.

According to the ocular disengagement hypothesis, la

tencies of saccades should be shorter when the ocular sam
pling system is in a disengaged state. This should occur

in gap conditions when the foveal stimulus is turned off.

According to the attentional disengagement hypothesis,

latencies of saccades to a target should be shorter when

the attentional sampling system is in a disengaged state.

This should occur in gap conditions when the attended

stimulus is turned off. Finally, according to the hypothe

sis that both ocular and attentional sampling systems play

a role, turning off either stimulus should lead to shorter

saccadic latencies.

Method
Subjects. The two authors and 2 paid naive subjects participated

in the experiment. All the subjects were male and were between

25 and 40 years of age. The naive subjects were recruited from

the populationat large and had never participatedin a psychophysical

experiment.
Stimuli and Apparatus. The display was presented on a Tek

tronix 608 oscilloscope equipped with PI5 phosphor and was con
trolled by an Interactive Electronic Systems controller (Finley,

1985). The PI5 phosphor has an extremely short persistence and
decays to 10% of its original value in 2 usee, The background lu

minanceof the display was 50 cd/rrr' and the luminance of the stimuli
was 400 cd/rn",

The display consisted of a sequence of panels, as shown in Fig
ure 1. At the beginning of each trial two dots were displayed, one
at the center of the oscilloscope screen and the other 3 0 below the

center. These are labeled "foveal" and "eccentric," respectively,

in Figure I. The overlap and gap conditions differed as to where
in the sequence of panels the offset of the foveal or the eccentric
dot occurred. In the overlap conditions the offset occurred in the

final display, whereas in the gap conditions the offset occurred in

the intermediate display. The target consisted of a dot added to the
intermediate display randomly to the left or the right of the screen.
In Figure I, the target appears to the right.

A headrest and chinrest were used to help maintain a steady head
position. Eye position was monitored at 60 Hz with a pupil-tracking
system (lSCAN RK-416), and thus saccadic latency was measured

with a resolution of 16.7 msec. The spatial resolution of the eye

tracker was better than 0.25 0
• The equipment was controlled by

an 80386-based computer.

Design. There were two factors in the experiment. The first was

location of offset, referring to the stimulus that was turned off (fo
veal or eccentric). Only one was turned off in any given trial. The
second factor was offset-onset asynchrony (-500, 0, 200, and

500 msec), referring to the temporal interval between the offset of
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Figure 1. Schematic representation of stimulus configurations and sequences. In Experiments 1 and 2, the ec
centric stimulus was always below the foveal stimulus. In Experiments 3, 4, and S, the eccentric stimulus was
a picture rather than a dot, and alternated above or below the foveal stimulus from trial to trial.

the foveal stimulus or the offset of the eccentric stimulus and the
onset of the target. The negative offset-onset asynchrony of

- 500 msec indicated that the foveal and eccentric dots were still

present when the target appeared (overlap condition). The positive

asynchronies of 200 and 500 rnsec indicated that either the foveal

dot or the eccentric dot was turned off before the onset of the tar

get dot (gap condition). At a O-msecoffset-onset asynchrony, the

offset of one of the dots in the initialdisplay occurred simultaneously
with the onset of the target and there was no intermediate display.

The offset-onset asynchronies used in the present experiment were

selected because they are believed to be associated with saccadic

latencies when the visual system is engaged (-500 rnsec), in inter

mediate states (0 and 200 msec), and disengaged (500 msec) (e.g.,

Braun & Breitmeyer, 1988). Thus, there were eight experimental
conditions (2 locations of offset x 4 asynchronies).

Each condition was tested 40 times per subject over the course

of four sessions. There were 80 trials per session. In each trial the

condition was chosen randomly. The subjects completed one to two

sessions per day. Sessions from this experiment were alternated with

sessions from Experiment 2, in which a manual response to the tar

get was required rather than a saccade. Alternate sessions in the

saccadic and manual tasks helped equalize possible practice effects.
The order of the two tasks was counterbalanced among subjects.

Procedure. The subjects viewed the display 46 em away from

the oscilloscope screen. Each session began with a brief calibra

tion of the eye tracker. The experimental trials began immediately

after calibration.

At the beginning of each trial, two dots appeared on the screen
(initial display in Figure I). The subjects foveated the central dot

and focused their attention on the lower dot. A trial began after
a random interval of 1.2-1.7 sec. At the negative offset-onset asyn

chrony (-500 msec, overlap condition), the target dot appeared

first, followed by the offset of one of the initial dots. At the posi

tive offset-onset asynchronies (200 and 500 rnsec, gap conditions),

the onset of the target dot followed the offset of one of the initial

dots. In all conditions, the subjects responded as quickly as possi
ble with a saccade to the target. The trials were automatically initi

ated by the computer. The intertrial interval was varied randomly

between 1.5 and 2.3 sec. When the subjects needed a rest, they

could stop the initiation of a new trial by pressing a button, and

they could resume the trials by pressing the button again. Each ses

sion lasted about 15 min.

Saccade detection. Saccades were detected by using an ampli
tude criterion. A saccade was indicated when eye position deviated

0.3° from a baseline; baseline was the average eye position just

prior to target onset. This amplitude criterion is equivalent to a ve

locity criterion of about 200/sec, as used by other researchers (e.g.,

Hallett & Adams, 1980).

The time at which a saccade was detected indicated the point at

which the subject's eyes were just beginning to move toward the

target. The temporal interval between the onset of the target and
the detection of the saccade is referred to as the saccadic latency.

Rejection criteria. A trial was rejected if a blink or an eye move

ment occurred before target onset or if the eye movement was in the

wrong direction. A trial was also rejected if the latency of the saccade

was either less than 100 msecor greater than600 msec. Latencies out

side this range were considered to be anticipatory or excessively delayed
(Findlay, 1981; Kalesnykas & Hallett, 1987). Rejected trials, which

accounted for less than5% of the total number of trials averaged over
the 4 subjects, were repeated in the same session.

Results and Discussion
The results of Experiment 1 are shown graphically in

the top panel of Figure 2, averaged over all 4 subjects.

Filled triangles show the results for the conditions in which

the eccentric dot was turned off and open circles show the
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within-subject analysis of variance confirmed the above

observations. The main effects of location of offset

[F(1,3) = 15.27,p < .05] and offset-onset asynchrony

[F(3,9) = 32.50, p < .01], as well as the interaction of

location with offset-onset asynchrony [F(3,9) = 5.73,

p < .05] were statistically significant.

The shortened latencies in the gap conditions, in which

the attended eccentric stimulus was turned off (filled tri

angles, top panel of Figure 2), are consistent with the

attentional disengagement hypothesis. According to this

hypothesis, turning off the attended eccentric stimulus

promoted disengagement of the attentional sampling sys

tem, thereby reducing saccadic latencies. This aspect of

the results concurs with Braun and Breitmeyer (1988) and

Mayfrank et al. (1986).

In a similar manner, the shortened saccadic latencies in

the unattended foveal-offset condition (open circles, top

panel of Figure 2) suggest a role for ocular disengagement.

According to the ocular disengagement hypothesis, turn

ing off the foveal stimulus promoted disengagement of the
ocular sampling system, thereby reducing saccadic laten

cies. The argument for a role for ocular disengagement

is especially compelling because the magnitude of the gap

effect was larger when the unattended foveal stimulus was

extinguished than when the attended eccentric stimulus was

extinguished. In the top panel of Figure 2, note that the

open circles lie below the filled triangles for gap conditions.

In summary, the results of Experiment 1 are consistent

with the view that both ocular and attentional disengage

ment playa role in determining saccadic latencies. How

ever, it would be valuable to demonstrate that the effects

are associated with saccadic-related processes and do not

reflect a general facilitatory alerting due to warning caused
by offsets (e.g., Ross & Ross, 1980). Specifically, if the

effects were to generalize to other response modalities,

it might be inappropriate to attribute them to ocular and

attentional disengagement.
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Figure 2. Saccadic latencies (from Experiment 1) and manual la
tencies (from Experiment 2) are shown as a function of asynchrony
between stimulus offset and target onset. Each point in the figure
represents the mean of the data for 4 subjects.

EXPERIMENT 2

results for the conditions in which the foveal dot was turned

off. These symbols are also used in Figures 2, 3, and 4.
The - 500-msec offset-onset asynchrony provided a

baseline condition for measuring the change in saccadic

latency occurring at other asynchronies. In this condition,

the target dot appeared on the screen when both the fo

veal and the attended eccentric dots were still visible and,

therefore, both the ocular and attentional sampling sys

tems were in an engaged state. As might be expected at

this asynchrony, mean saccadic latencies were equivalent

for both foveal and eccentric offsets (282 msec).
At other offset-onset asynchronies (above -500 rnsec),

there were two major aspects to the results. First, sac

cadic latencies decreased regardless of the stimulus that
was turned off. Second, saccadic latencies decreased more

when the unattended foveal stimulus was extinguished than

when the attended eccentric stimulus was extinguished.

A manual response was used in this experiment, in order

to determine if the pattern of results in the previous ex

periment would generalize to a manual response task. For

example, if the greater decrease in the foveal-offset con

dition was due to ocular disengagement, we would not ex

pect the effect to generalize to the manual task because the
execution of a manual response is not contingent upon ocu

lar disengagement.

Method
The subjects, the display, and the procedure were the same as

in Experiment 1, with the exception that the subjects did not make
a saccade to the target, but instead made a manual response (mea
sured with a resolution of 0.1 msec). The subjects were instructed

to press a left or a right button as quickly as possible to indicate
whether the left or the right target had appeared, respectively. They

were also instructed not to move their eyes during a trial. As men-
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tioned previously, sessions in Experiment 2 were alternated with

sessions in Experiment I. The average number of rejected trials

was less than 5 %.

Results and Discussion
In contrast to Experiment 1, manual latencies in the gap

conditions did not depend on the location of the offsets.

Note that for gap conditions, the open circles are superim

posed on the filled triangles in the bottom panel of Fig

ure 2 (Experiment 2) but that the open circles lie below

the filled triangles in the top panel of Figure 2 (Experi

ment 1). This pattern of results suggests that the inter

action observed in Experiment 1 was a uniquely ocular

effect, because it did not generalize to the manual task.

Bear in mind that the experiments were run concurrently,

used the same subjects, and were identical in all respects

except for the response task.

Nevertheless, the shortened manual latencies in the gapcon

ditions [F(3,9) = 59.83, p < .01] suggest a common com

ponent to the gap effect. For example, the offset (foveal or

eccentric) that preceded the target in the gap conditions

may have warned the subjects of the impending target,

resulting in both shorter manual latencies and shorter sac

cadic latencies (e.g., Ross & Ross, 1981).
The presence of a warning effect in the current experi

ment compels us to consider the role of warning in ex

plaining the results of Experiment 1. In the extreme case,

the entire decrease in saccadic latencies produced by the

attended eccentric offset might have been due to warning,

and the additional decrease for the foveal offset might have
been due to disengagement of the ocular sampling system.

In a more moderate view, only a portion of the decrease

produced by the attended eccentric offset need be attributed

to visual warning. In any case, the evidence supporting

a role for attentional disengagement in shortening saccadic

latencies is difficult to disambiguate from visual warning.

In contrast, the evidence favoring a role for ocular disen

gagement is clear and compelling. Warning cannot explain

the additional decrease produced by the foveal offset in Ex

periment 1.

EXPERIMENT 3

A key assumption of the present research was that the

subjects were able to dissociate their direction of attention

from their direction of fixation. If this assumption were

false, then the interpretation of the experiments would be

problematic. Specifically, it might be possible to explain

the shorter saccadic latencies in the foveal-offset conditions

by assuming that the foveated location always received

more attention, despite instructions to attend to the eccen

tric location. To ensure that the subjects attended properly,

we replicated Experiments 1 and 2 with stimuli that made

it easier for them to maintain attention at the eccentric lo

cation. In Experiment 3, the eccentric stimulus was made

more interesting by using pictures of objects instead of a

dot. The pictures were also larger than the fixation stimu

lus, which was still a dot. To further ensure that the sub-

jects were attending properly, the location of the eccentric

stimulus was alternated above and below the fixation point

from trial to trial. The subjects initiated each trial when

they were confident that they were attending properly.

Method
Subjects. Five subjects, including the two authors and 3 paid sub

jects who were naive as to the experimental hypotheses, participated

in the experiment. Of the 3 naive subjects, 2 had not participated

in Experiment I. The 2 new subjects were experienced in psycho

physical experiments and were recruited from a nearby university

community. The ages of the subjects ranged from 25 to 40 years.

Stimuli and Apparatus. Aside from a change in the stimuli, the

arrangement of the stimuli on the screen and the apparatus were

the same as those described in Experiment 1. Instead of a dot, the

attended eccentric stimulus was a picture-a line drawing of a duck,

a dog, a horse, a watercan, or a sailboat. The picture was drawn

within an area subtending an angle of 1.4 0 square and was located

3 0 above or below the central dot, as measured from the center

of the picture to the center of the foveal dot.

Design. There were two factors-location of offset (foveal or ec

centric) and offset-onset asynchrony (-500, -100,0, 100, ISO,

200,300, and 500 msec)-for a total of 16 experimental conditions.

There were 64 trials per session. Each condition was tested four

times in a session and each subject served for 10 sessions. As be

fore, there were 40 observations per experimental condition.

Procedure. The procedure was thesame as in Experiment 1, with

the following exceptions. The subjects initiated each trial with a

buttonpress rather than the computer initiating the trials automati

cally. The picture was randomly selected from the set of five pic

tures and was displayed, on alternate trials, 3 0 above or below the

foveal dot. The subjects performed saccadic or manual responses

on alternate sessions. Rejected trials due to misfixation, too fast

or too slow a response, or noise in the monitoring system accounted

for less than 8% of the trials. Rejected trials were repeated in the

same session.

Results and Discussion
Figure 3 shows the results of Experiment 3, averaged

over all 5 subjects. As before, the overlap condition of
- 500-msec offset-onset asynchrony provided a baseline

condition against which saccadic or manual latencies at

other asynchronies could be compared. In the baseline

condition, latencies were similar for both foveal and ec

centric offsets, regardless of the response task.

The major aspects of Experiments 1 and 2 were repli

cated. First, there was a decrease in both saccadic and

manual latencies in the gap conditions. Second, saccadic

latencies decreased more when the unattended foveal stim
ulus was extinguished than when the attended eccentric

stimulus was extinguished. Note that the open circles lie

below the filled triangles in the top panel of Figure 3.

Third, the manual latencies for attended eccentric and fo

veal offsets were not significantly different from each

other. Note that the open circles and filled triangles lie

on the same curve in the bottom panel of Figure 3.

Saccadic and manual latencies were analyzed separately.

A 2 (location of offset) x 8 (offset-onset asynchrony)

within-subject analysis of variance showed that the effects

evident in Figure 3 were statistically significant. The anal

ysis for saccadic latencies showed that the main effects

of location of offset [F(l,4) = 33.26, p < .01] and off-
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Figure 3. Saccadic and manual latencies (from Experiment 3) are
shown as a function of asynchrony between stimulus offset and tar
get onset. Each point in the figure represents the mean of the data
for 5 subjects.
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Method
Subjects. Five subjects, including the two authors and 3 paid sub

jects who were naive as to the experimental hypotheses, partici

pated in the experiment. The naive subjects were recruited from

a nearby university community and all were experienced psycho

physical observers. Two of the naive subjects had participated in

Experiment 3. The ages of the subjects ranged from 25 to 40 years.
Stimuli and Apparatus. The stimuli, their arrangement on the

screen, and the apparatus were identical to those in Experiment 3.
Design and Procedure. There were three factors-direction of

attention (foveal or eccentric), location of offset (foveal or eccen

tric), and offset-onset asynchrony (0, 100, 150, 200, and

300 msec)-for a total of20 experimental conditions. Each condi
tion was tested 40 times in the experiment. The direction of atten

tion (foveal or eccentric) was held constant for a given session and

the other two factors were varied randomly within a session. Thus,

To remove any lingering doubt that the subjects were

able to attend to the eccentric stimulus as instructed, a sub

sidiary measure was included in order to assess attentional

allocationon each trial. As before, two stimuli were shown

in the initial display: a foveal stimulus (a dot) located at

the center of the display and an eccentric stimulus (a pic

ture) located above or below the foveal stimulus. Both a

dot and a picture were always present in the initial dis

play. In some sessions the subjects were required to at

tend to the eccentric stimulus; in others they were required

to attend to the foveal stimulus. The attentional condition,

in which the subjects attended to the foveal stimulus, was
included in the present experiment in order to permit us

to evaluatethe effects of directionof attention independently

of the effects of the location of the offset.

Attentional allocation was measured by requiring the

subjects to respond manually to stimulus offset, which

could be foveal or eccentric. We would expect that in ses

sions in which the subjects were instructed to attend to

the foveal stimulus, manual latencies would be shorter to

the offset of the foveal stimulus than to the offset of the

eccentric stimulus. Similarly, in sessions in which the sub

jects were instructed to attend to the eccentric stimulus,

manual latencies should be shorter to the offset of the ec

centric stimulus (Eriksen & Hoffman, 1972; Posner et al.,

1980). This would indicate that the subjects were attend

ing as instructed.

It is important to note that in the manual task of the

present experiment, the subjects responded to the offset

of the stimulusat the foveal or the eccentric location. Thus,
on every trial except catch trials, the subjects were required

to execute a manual response to the offset of the foveal

or the offset of the eccentric stimulus. In the previous ex

periments, the manual response was to the onset of the

target.

The key question was whether the pattern of saccadic
latencies in the present experiment would continue to be

the same as in the previous experiments, in which atten

tional allocation was not assessed directly.
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set-onset asynchrony [F(7,28) = 62.28, P < .01], as
well as the interaction of location with offset-onset asyn

chrony [F(7,28) = 2.98, p < .05] were statistically sig

nificant. The analysis for manual latencies showed that

the main effect of offset-onset asynchrony was statisti

cally significant [F(7,28) = 90.20, P < .01].

The important conclusion that can be drawn from this

experiment is that the patterns of results observed in Ex

periments 1 and 2 cannot be attributed to inappropriate

allocation of attention. Importantly, saccadic latencies in

the gap conditions were shorter when the unattended fo
veal stimulus was extinguished than when the attended

eccentric stimulus was extinguished, even though the sub

jects were presented with a larger, more interesting, and

conspicuous stimulus at the eccentric location.
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there were two types of sessions: attend-foveal and attend-eccentric.

Each subject served in 10 sessions of each type, with 40 trials per

session. In each session, there were an additional 16 catch trials,

which are described below. One attend-foveal and one attend

eccentric session were completed during the same sitting. One or

two sittings were completed per day. The entire experiment was

completed over the course of 1-2 weeks.

At the beginning of each trial, a dot and a picture appeared on

the screen. The subjects foveated the central dot and, depending on

the session, focused their attention on either the foveal dot or the

eccentric picture, which appeared above or below the central dot.

The subjects initiated each trial with a buttonpress when they felt

confident that they were attending properly. The trial began after

a random interval of between 0.9 and 1.9 sec. The subjects pressed

a button as quickly as possible when they perceived the offset of the

foveal dot or the offset of the eccentric picture. As before, the target

appeared 3 0 to the left or to the right of fixation and the subjects

executed a saccade to the target as quickly as possible.

Catch trials were also included in the experiment. In these trials,

an offset did not occur but the target still appeared. The subjects

continued to make a saccade to the onset of the target, but had to
withhold a manual response. The purpose of the catch trials was

to ensure that, in the manual task, the subjects responded to the

offset of the foveal or the eccentric stimulus and not to the onset

of the target. The subjects were alerted to an incorrect manual re

sponse with a beep and the trial was repeated later in the same ses

sion. As mentioned above, there were 16 catch trials per session.

With reference to the saccadic response, the catch trials were equiva
lent to the overlap conditions of the previous experiments because

the saccadic target appeared when both stimuli in the initial dis

play were still present.

Rejected trials. Trials were rejected and replaced in the same

session if there was a problem with the saccadic or manual response.

A problem with a saccade was identified if its latency fell outside
the range of 100-600 msec, if the saccade was in the wrong direc

tion, or if fixation was not stable during the initial stimulus dis

play. A problem with a manual response was identified if its la

tency fell outside the range of 150-650 msec or if the manual

response occurred on a catch trial. On the average, 10% of the trials

were rejected during a session. The majority of rejections occurred

because (1) a manual response occurred on a catch trial (3%of trials)

or (2) a manual response was excessively delayed to the unattended
stimulus (3% of trials).

Results and Discussion
Figure 4 shows the results of the present experiment,

averaged over all 5 subjects. Saccadic latencies are shown

in the top two panels, and manual latencies are shown in
the bottom two panels. Results from the sessions in which

thesubjects attended toward the eccentric stimulus are shown

on the left, and results from the sessions in which they at

tended toward the foveal stimulus are shown on the right.

Manual latencies. The purpose of the manual task was

to assess whether the subjects were able to direct their at

tention as instructed. We expected shorter manual latencies

to the offset of the attended stimulus. The manual latencies
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Figure 4. Saccadic, panels a and b, and manual, panels c and d, latencies (from Experiment 4)
are shown as a function of asynchrony between stimulus offset and target onset. Note that, in
contrast to the previous figures, manual latencies were in response to stimulus offset and not to
target onset. Each point in the figure represents the mean of the data for 5 subjects.
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indicated that the subjects were able to direct their atten

tion toward the appropriate stimulus, as instructed on a

given session; manual latencies to the offset of the attended

stimulus were shorter than to the offset of the unattended

stimulus (see bottom two panels of Figure 4). The curve

corresponding to the attended stimulus lies below that cor

responding to the unattended stimulus in both panels.

There was also an overall trend for manual latencies

to increase with offset-onset asynchrony (see bottom two

panels of Figure 4). This can be explained by assuming

that, at short asynchronies, the manual response to stim

ulus offset was facilitated somewhat by target onset. Also,

the separation of the curves was larger when the subjects

attended to the eccentric stimulus than when they attended

to the foveal stimulus, indicating that they found it easier

to attend to the eccentric stimulus and to ignore the fo

veal stimulus than vice versa.

A 2 (direction of attention) x 2 (location of offset) x
5 (offset-onset asynchrony) within-subject analysis of vari

ance showed that, for the manual latencies, the interaction

of direction of attention and location of offset was statisti

cally significant [F(l,4) = 112.15, P < .01]. This reflects

the fact that the curve for the attended offset was always

below the curve for the unattended offset; filled triangles

are below the open circles in Figure 4c, whereas open cir

cles are below the filled triangles in Figure 4d. The main

effect of asynchrony [F(4,16) = 6.04, p < .01] and the

main effect oflocation of offset [F(l,4) = 9.73, P < .05]

were also statistically significant. This latter effect indi

cated that manual latencies were, on the average, shorter

to the eccentric offset than to the foveal offset. Other ef

fects were not statistically significant.

Saccadic latencies. Saccadic latencies are shown in the

top two panels of Figure 4. For saccadic latencies, the

results replicated those of Experiment 3. In gap condi

tions, latencies were shorter when the foveal stimulus was

extinguished than when the eccentric stimulus was extin

guished. This was true in both attentional conditions, when

attention was directed toward the eccentric stimulus (Fig

ure 4a) and when it was directed toward the foveal stim

ulus (Figure 4b). Notably, saccadic latencies were shorter

in the foveal-offset condition, even when the foveal stim

ulus was unattended (Figure 4a).

This dominant foveal-offset effect on saccadic latencies

was modulated by attention. The effect of attention was

to shorten saccadic latencies for the attended offset and

to lengthen latencies for the unattended offsets. Note that

saccadic latencies for foveal offsets were shorter in the

attend-foveal conditions compared with the attend

eccentric conditions. Similarly, note that the saccadic la

tencies for the eccentric offset were shorter in the attend

eccentric conditions than in the attend-foveal conditions.

The net result was that the two curves in Figure 4a fall

midway between the two curves in Figure 4b.

A 2 (direction of attention) x 2 (location of offset) x
6 (offset-onset asynchrony) within-subject analysis of

variance showed that, for the saccadic latencies, the main

effectsoflocationofoffset[F(l,4) =40.97,p < .01] and

asynchrony [F(5,20) = 267.9,p < .01] were statistically

significant.

All two-way interactions and the three-way interaction

were statistically significant. In particular, the two-way

interaction between direction of attention and location of

offset was significant [F(1,4) = 10.71, P < .05]. Note

that the filled triangles and the open circles lie closer

together in Figure 4a than in Figure 4b, indicating that

attention modulated but did not reverse the effect of lo

cation of offset. A significant two-way interaction between

location of offset and offset-onset asynchrony is also

reflected in the graphs [F(5,20) = 17.63,p < .01). The

filled triangles and the open circles are superimposed in

the overlap conditions, but are separated in the gap con

ditions. Finally, the two-way interaction between direc

tion of attention and offset-onset asynchrony was also sig

nificant [F(5,20) = 14.5, P < .01].

The three-way interaction of direction of attention, lo

cation of offset, and offset-onset asynchrony was statis

tically significant [F(5,20) = 3.32, p < .05]. This three

way interaction is observed in the top panels of Figure 4

in that, in overlap conditions, the triangles and circles are

superimposed in both the left and right panels, but in gap

conditions the separation between the two curves are

smaller in the left (Figure 4a) than in the right panel (Fig

ure 4b). Planned comparisons showed that the difference

between the two curves at each offset-onset asynchrony

between 0 and 300 msec in Figure 4a (attend-eccentric

conditions), although reduced, were significant at least

at the p < .05 level.

In summary, a saccade could be executed more rapidly

when the foveal stimulus was extinguished before the on

set of the target than when the eccentric stimulus was ex

tinguished. This effect was modulated but not reversed

by directed attention.

EXPERIMENT 5

This experiment was motivated by issues surrounding

express saccades. Fischer, Ramsperger, Weber, and col

leagues have observed that in gap conditions, saccadic la

tencies can be extremely short, down to about 100 msec

(e.g., Fischer & Ramsperger, 1984; Fischer & Weber, in

press). Furthermore, saccadic latencies may segregate into

two distributions, one centered at about 120 msec and the

other centered at about 150 msec. Those in the distribu

tion centered around 120 msec are referred to as express

saccades; those in the other distribution are referred to as

fast regular. It has been suggested that express saccades

occur only when attention is disengaged prior to the sac

cade (e.g., Braun & Breitmeyer, 1988; Mayfrank et al.,

1986). This would lead us to expect two distributions of

saccades when the attended stimulus is extinguished prior

to target onset because, as described above, turning off the

attended stimulus is believed to disengage attention (e.g. ,

Fischer, 1987; Braun & Breitmeyer, 1988).

In order to evaluate the qualitative aspects of the la

tency distributions and determine whether there existed
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separate populations of saccades, the video-based eye

movement monitor used in the previous experiments was

supplemented with an EOG (electrooculograph) system.

The sampling rate of the video-based system (60 Hz) was

inadequate to discriminate two distributions separated by

30 msec. The sampling rate of the EOG-based system was

set to 4 KHz, thus providing ample temporal resolution

to identify separate populations of saccades.

Method
Subjects. The two authors served as subjects in the experiment.

Stimuli and Apparatus. The stimuli, their arrangement on the

screen, and the apparatus were identical to those in Experiments 3
and 4, except that the target appeared 50 to the left or to the right

of fixation.
In addition to the ISCAN RK-4l6 eye-movement monitoring sys

tem, an EOG-based eye-movement monitoring system was also used.
Three electrodes were attached to each subject: one to the outer

canthus of each eye and one common electrode to the forehead.

The output from the electrodes was fed into two Tektronix 502 dif

ferential amplifiers, one for the left and one for the right eye. The

amplifiers were set to lowpass filter the signal and to boost the gain
by 10'. The signal was subsequently digitized with a precision of

12 bits at 4 KHz by a Data Translation AD282 1 AID board. The

gain on the input of the AID board was set to match the amplitude

of the signals from the two eyes.

Saccades were detected by searching for the maximum of the sec

ond derivative of the EOG signal. The maximum of the second

derivative corresponds to the point at which the EOG trace just be

gins to depart from its baseline value. This was considered to be

the onset of a saccade and was verified by comparing it to the value

obtained from the lSCAN system. The EOG and lSCAN estimates

had to agree to within ± 16.7 msec, which is the uncertainty of the

lSCAN measurement, or the trial was rejected and replaced later

in the session.

Design and Procedure. The design was the same as that in Exper

iment 4, except that each subject completed60 rather than 20 sessions

(30 sessions were attend-foveal and 30 sessions were attend-eccentric).

Rejected trials. Trials were rejected and replaced in the same

session if there was a problem with the saccadic or manual response,

as described in Experiment 4. In addition, trials were replaced if

measurements of saccadic latencies with the video-based system and

with the EOG-based system differed by 16.7 msec or more. On

the average, the percentage of trials rejected during a session was

12% for w.J. T. and 20% for L.B.S. The majority of rejections
occurred because (1) measurements with the ISCAN and EOG sys

tems differed on 6% and 7% of the trials for W.J.T. and L.B.S.,

respectively, or (2) a manual response was made on a catch trial

on 2% and 7% of the trials for W.J.T. and L.B.S., respectively.

Discrepancies between the ISCAN and the EOG measurements were

primarily due to noise in the EOG signal.

Results and Discussion
Frequencies of saccadic latencies for the gap conditions

(100, 150,200, and 300 msec) were pooled and are shown

in Figure 5. The data for Subject W.J. T. are shown in

the top two panels and those for Subject L.B.S. are shown

in the bottom two panels. The unfilled bars represent the

case in which the foveal stimulus was turned off, and the

filled bars represent the case in which the eccentric stim-
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Figure S. Frequency distributions of saccadic latencies for Subjects W.J.T., panels a and b, and L.B.S., panels c
and d (from Experiment 5). The unfiUed bars represent latencies obtained with foveal offsets and the rdled bars rep
resent latencies obtained with eccentric offsets. Each histogram consists of 480 trials and is based on the pooled data
for gap conditions (100-, 150-, 200-, and 300-msec offset-onset asynchronies).
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ulus was turned off. The panels on the left represent the

attend-eccentric condition, and the panels on the right rep

resent the attend-foveal condition.

Bimodal distributions in the saccadic latency histograms,

with one peak at 120 msec and another at 150 msec, were

evident in one case-for Subject W.J.T. for the unfilled

bars in Figure 5b. There was also an indication of two dis

tributions for Subject L.B.S. for the unfilled bars in Fig

ure 5c. In both cases, signs of bimodality were evident only

in foveal-offset conditions. The occurrence of bimodal dis

tributions was not reliably associated with attended offsets,

as would be expected if attentional disengagement gave rise

to express saccades.

Irrespective of the occurrence of bimodal distributions,

it is clear that there were more short-latency saccades for

the foveal-offset conditions, regardless of attentional allo

cation. This is evident in that the unfilled bars lie to the left

of the filled bars in Figure 5. These results are consistent

with those of Experiment 4, which showed that latencies

were shorter when the foveal stimulus was extinguished,

even when attention was focused eccentrically. Similar re

sults have also been recently reported by Klein, Kingstone,

and Pontefract (1992).

Many of the short-latency saccades in the foveal-offset

conditions fell within the range of express saccades (90

135 msec). This is not what would be expected if attention

determined the occurrence of express saccades; one would

expect more express saccades in the attended-offset condi

tions. Instead, more express saccades were observed in the

foveal-offset conditions, regardless of the direction of at

tention. Clearly, another explanation is needed, possibly one

that uses ocular disengagement rather than attentional dis

engagement to explain the observed effects.

GENERAL DISCUSSION

The goal of the present work was to compare and ex

amine the contribution of the attentional and ocular sam

pling systems to saccadic latencies. The unique aspect of

the present research is that the two systems were studied

together, whereas in previous work they were studied sep

arately. Three possibilities were considered: saccadic la

tencies are determined by the ocular sampling system, by

the attentional sampling system, or jointly by both sys

tems. These possibilities were examined in a series of five

experiments.

The important aspects of the results were as follows.

First, turning off either the foveal or the eccentric stimu

lus resulted in shorter saccadic latencies. Second, turning

off the foveal stimulus resulted in shorter saccadic laten

cies than turning off the eccentric stimulus. Third, direc

tion of attention modulated, but did not reverse, this latter

effect; saccadic latencies to the target continued to beshorter

in the foveal-offset condition than in the eccentric-offset con

dition, regardless of the direction of attention. Fourth, ex

press saccades were more prominent with foveal offsets than

with eccentric offsets, regardless of the direction of attention.

In the next section we will consider three possible ex

planations for the results: (I) an ocular explanation, (2) an

attentional explanation, and (3) a joint ocular and atten

tional explanation.

An Ocular Explanation
The patterns of results observed with saccadic latencies

can be explained with reference to the ocular sampling sys

tem. According to this explanation, the ocular system is

engaged when a stimulus is foveated. In tum, the foveal

stimulus helps to maintain the ocular system in an engaged

state. A saccade to a new stimulus must be preceded by

disengagement. Disengagement can be facilitated by turn

ing off the stimulus at fixation. Hence, in the present ex

periments, extinguishing the foveal stimulus resulted in

shorter saccadic latencies because of facilitation of ocular

disengagement. Longer saccadic latencies were observed

when the eccentric stimulus was extinguished, presumably

because ocular disengagement was not facilitated to the same
degree. That is, the subjects began to disengage fixation

when they detected the offset of the eccentric stimulus, but

disengagement took more time because the foveal stimulus

was still present.

The results were consistent with this explanation, with

the exception that it did not explain why direction of atten

tion had a modulating effect on saccadic latencies. This

modulating effect was to produce shorter saccadic latencies

for attended than for unattended offsets (see top two panels

in Figure 4). The modulating effect of directed attention can

be explained by assuming that attention affected the detec

tion of the foveal and the eccentric offset. The offset at the

focus of attention would be detected sooner, thus leading

to shorter latencies (e.g., Stelmach & Herdman, 1991).

An Attentional Explanation
It is not possible to explain the present results with ref

erence only to the attentional sampling system. The at

tentional explanation assumes that attention is engaged

when a stimulus is attended and that a saccade to a new

stimulus must be preceded by attentional disengagement.

As generally assumed, attentional disengagement can be
facilitated by turning off the attended stimulus (Braun &

Breitmeyer, 1988; Fischer, 1987; Mayfrank et al., 1986).

According to this explanation, saccadic latencies to a tar

get should be shorter when an attended stimulus is extin

guished than when an unattended stimulus is extinguished.

The results of the present work did not support these ex

pectations. The difficult aspect for the attentional expla

nation is that the saccadic latencies for the foveal offsets

were always shorter than those for the eccentric offsets,

regardless of direction of attention.

An Ocular - Attentional Explanation
There exists yet a third possibility-that engagement and

disengagement of both the ocular and attentional systems

playa role in determining saccadic latencies. According

to this explanation, saccadic latencies would be determined

by the system that takes longer to disengage. If one sys

tem is already disengaged, then latencies would be deter

mined by the system that is still engaged. Disengagement

of either system could proceed in parallel.
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The present data can be explained by assuming that

(1) turning off the attended stimulus promoted disengage

ment of the attentional system and that turning off the

foveal stimulus promoted disengagement of the ocular sys

tem, and (2) that attentional disengagement was faster than

ocular disengagement. This latter assumption is consistent

with the view that eye movements are preceded by atten

tional shifts to the saccadic target (Henderson, Pollatsek,

& Rayner, 1989; Posner, 1980; Shepherd et al., 1986).

Consider the four curves in the top panels of Figure 4.

The shortest saccadic latencies would be expected when both
systems are disengaged. This occurred when the attended

foveal stimulus was extinguished (Figure 4b, open circles).

The next shortest saccadic latencies would beexpected when

the slower ocular system was already disengaged and the

faster attentional system remained to be disengaged. This

occurred when attention was directed eccentrically and the

foveal stimulus was extinguished (Figure 4a, open circles).

The slowest saccadic latencies would be expected when the

slower ocular system remained to be disengaged. This oc

curred when the eccentric stimulus was extinguished and

attention was directed either eccentrically (Figure 4a, filled

triangles) or foveally (Figure 4b, filled triangles).

The results are consistent with the ocular-attentional

explanation, with one exception. This explanation would

predict that the filled triangles in Figure 4a should coin

cide with the filled triangles in Figure 4b. In fact, the at

tended eccentric offset produced slightly shorter saccadic

latencies than the unattended eccentric offset. Specific

comparisons showed that the filled triangles in Figure 4a

were below the filled triangles in Figure 4b at offset-onset

asynchronies of 0, 100, 150, and 200 msec at least at the

p < .05 level. This difference is inconsistent with the

ocular-attentional explanation. It could be attributed to more

ready detection of the attended offset, as mentioned above,

or to a cost associated with the need to simultaneously dis

engage the two systems.

For all three explanations considered here, it is impor

tant to bear in mind that general alerting due to the foveal

or eccentric offsets may have played a role in shortening

saccadic latencies, over and above the effects of ocular dis

engagement, attentional disengagement, and attentional

modulation (e.g., Ross & Ross, 1980, 1981). An effect of

alerting was suggested by the manual latencies in Experi

ments 2 and 3; manual latencies to the onset of the target

were shorter in gap than in overlap conditions, as discussed

in Experiment 2.

In summary, three possible explanations for the present

data were considered: an ocular, an attentional, and an

ocular-attentional explanation. It was concluded that the

ocular and the ocular-attentional explanations provided a

satisfactory account for the present data, but that the at

tentional explanation failed to account for the data. Of the

two explanations that were successful, the ocular explana

tion was simpler. Nonetheless, it may still be premature

to discount a role for the ocular-attentional explanation in

accounting for saccadic latencies in displays such as those

used in the present research. This remains a topic for fu

ture research.
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