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Speed of Covert Orienting of Attention
and Express Saccades 1.

Michael I. Posner and Patricia J. Crippin
Depts. of Neurology, Neurological Surgery and Psychology

Washington University, St. Louis

Asher Cohen and Robert Rafal
University of Oregon Brown University

Abstract

Unusually fast saccades have been found in monkeys and
humans following removal of a fixation stimulus (Fischer &
Ramsperger, 1984). Recent studies suggest that the airection of
covert attention is an important condition to produce express
saccades. We confirm this idea by showing that the removal of

* '~.the fixation stimulus interacts with cues about the likely
* location of the target. These studies support the view of a

strong functional connection between covert orienting of
attention and eye movements.

1. This paper was presented to the Psychonomics Society,
November 1986 in New Orleans. The research was supported by
contract NO:04-86-K-0289 from the Office of Naval Research.
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At the last several few meetings of the Psychonomics Society I
have presented studies involving covert orienting of attention.
These studies involve demonstrations that the speed of responding
to targets on one side of the visual field is faster when
attention has been cued to that location than when it has not. I
have tried to break down the act of covert orienting into
subcomponents including: disengaging attention from its current
focus, movement of attention, and engaging attention at the
target location. Studies with neurological populations have
suggested that these components are computed at widely disparate
sites. We have associated disengagement of attention with
parietal lobes, (Posner et al, 1984), the movement of attention
with midbrain (Posner et a], 1982) and have some evidence that
the engagement of attention may be related to the pulvinar.

H number of years ago (Posner, 1980), 1 attempted to deveiop a
reiationship between covert orienting of attention and eye
movements. I argued then that the two systems were functionally
interrelated, even though one could move attention wltriout moving
the eye and under some conditions, could move the eyes while
maintaining attention or even shifting it in the opposite

direction.

In the last several years, a group of investigators in Germany

have been presenting data on saccadic latencies following offset
ot the central fixation stimulus (Fischer and Bach, 1983)
(Fischer and Rasburger, 1984; Mayfrank, Mobashery, Kimmig, and
Fischer, 1986). Under conditions when the central fixation

I StlMimuS is extinguished 200 msecs prior to a target appearing
tor a saccadic eye movement, they found that monkeys and human
beings produced a number of eye movements that occur at very low

latencies between 75 and 1') msecs (Figure 1). Since there is
uncertainty in some of these conditions about which side of the
fixation point the target will occur, it seems unlilely that
these could be due to anticipations alone. Instead they argue
that in the absence of a fixation stimulus, the subject is aole
to prodLIce what they call "express saccades". In the nonkey
theze ra e a modal latency ot about 75 msecs and in the r-man
Oeinj a nodal iatency o$ about 100 msecs.
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F IGURE 1

These express saccades can be distinguished from longer
saccades with modal reaction times of about 200 msecs that Occur
even in the presence of a fixation stimulus. The authors argue
that removal of the fixation stimulus provides a sufficient
condition for these very rapid eye movements.

Recently, this group of investigators proposed that extinguishing
the fixation stimulus may not be a necessary condition for
express saccades. If the subject's attention is first cued to
the location of the target and then released from that cue, they
find express saccades even when the fixation stimulus remains
present in the visual field. These findings led the authors
(Mayirank, Mobashery, Kimmig, and Fischer, 1986) to argue that
express saccades depend upon 1) orienting of attention to the
location ot the target, and 2) disengaging attention from the

cue.

Figure 2

It seemed to us even prior to this latest publication that there
must be close interrelationships between covert attention and
express saccades. Indeed we (Posner, Nissen, & Ogden, 1978) had
shown that eye movements toward targets at expected locations
were very fast in comparison to uncued or unexpected locations
even under conditions where information remained present on the
$ovea. To investigate this issue further we set up conditions
in which we either turned on or turned off a fixation stimulus,
and after a varying interval (determined randomly) presented a
target six degrees to the left or right of fixation. The
subject's task was to tap a single key in response to the target

*' and irrespective of the location of the target. These are the
usual conditions in which we have studied orienting of attention

. to cues. We expected to find, if there is a close relationship
I between tr-e removal of the visual fixation and orienting of

attention, taster reaction times in the absence ot a fixaticn
,; S)LtuS than in its presence. Since the subject either saw the
the onset or the oftset ot the fixation stimuIlus at the start of
the tial the temooral predictability seemed to be equivalent to
t-e too conditions. The data we obtained are shown in tiqure .3)
emo~al ot the tixation stimulus produces systematically iaster

reacticn times tnan its presentation at all target intervais.

jimi_,- - tes c* change ot reaction time fol lowing both cue
Jn.1i~zns ar-que tihat roL'1Tn1 similar alerting et+'cts orp

-r' ,,n in the t~o coniltilons.

I
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FIGURE 3

We now wished to see whether the advantage found without a
+i!,ation stimulus was due, to orienting attention. To do this,
we crossed our manipulation of fixation stimulus with the
presentation of cue events in the form of brightening one of two
peripheral boxes located six degrees to the left or right of
fixation prior to the presentation of the target. This is a
standard way of creating cued and uncued targets. In our first

.' experiment tne probability of the target occurring on the cued
side was .5 and the probability of the target occurring on the
uncued side was also .5. In 30% of the trials no cue was
presented in order to attempt a replication of the no cue

conditions presented in the previous experiment. Under all
conditions the fixation point was either presented or removed
half a second before the initial cue and following the cue there
was a target either 100 msecs or 800 msecs later. The cue
remained present until the subject responded. The results are
shown in Figure 4.

FIGURE 4

*'e replicated this experiment with a fresh population of twelve
suijects at Washington University. The only difference in the
experiment was that the target appeared on the cued side 8(-% ot
the time and on the uncued side 20% of the time. This was to
allow us to obtain the advantage of cued over uncued trials even
for the longer 800 msec interval. We found a significant effect
ot cue val idity and a significant effect of the presence versus
"; Dsence ot a tixation stimulus and the two interacted such that

-- S t,,e e±fect of tixation removal was larger in the invalid trials

tnan in the validly cued trials. The invalid trials had longer
RTs th;n the valid trials even at 801) msecs, presumably because
the subject is induced to keep attention on the cued side because

* oj the advantage in probability.

FIGURE 5

0 These two experiments provide general support for l inking of
press saccades to covert shifts of attention. When ti::atior, is
rinqtime'1 d trus producing conditions Linder which e2:press

: -,_:,czie * r, we find faster shifts of covert attention to the
, .en the fixation condition is crossed ith cuing the

- ect D e target location, the effect of the presence ot the

* , = . , -,u,,, on i id trials *vnen attention is thouqht to

-" " - , er , .t ~-,e target location. I t ress cc -jes ,ere I u-
"- .£c.er-L ] ifts Ot attention, we w .l ,n-pect to hna e
-?ct ot i atIon el ir ated rtiraly cr- -. en 1 , Y

S.Ti
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However, even on valid trials there does remain a residual effect

of fixation. Whether this is due to a failure to draw the~subject's attention to the cued location an some trials, or

whether it represents a failure of covert attention to control
express saccaes completely we do not know.

In their recent work (Mayfran:, et al 1986), the German group has
proposed the idea that express saccades not only require the
subject to orient attention toward the target location, but also
do not occur unless the attention was released from the cue.
They suggest that the subject must be disengaged at the target

location before express saccades occur. This seemed unlikely to
us in view of our idea that attending to a cued location is the
appropriate condition to produce very effecient movements of the
eyes, Morrison, (1984), in his discussion of eye movements
during reading, has argued that covert shifts of attention might

facilitate the movement of the eyes found during reading.
Obviously, if it was necessary to disengage attention at the cued
location before facilitating eye movements, attention shifts
would be unlikely to have application to reading. However, there

"- is a confound in the Mayberry, et al experiment. The conditions
in which they removed the location cue also provided the subject
with a 00 msec warning signal before the target was presented.
In the conditions where the cue remained present, no such warning
signal was given. Thus, it seemed quite likely that the advantage
in express saccades found with the removal of the cue was due to
a more optimal warning interval.

To test this idea we presented a cue either for 50 msecs (brief)

or until the subject responded (long). Target events were were
presented at the cued or uncUed locations either I._0 msecs from
the onset of the cue or 850 msecs from the onset ot the cue.
Whether the cue was turned off or left on the subject had the
same warning interval about the occurrence of the target. In
all cases, 59. rsecs betore the cue was presented either the
f ixation waE turned on or turned off, as in the preious
e per iffert.

In t-11s e.per1ment, there was no Tain effect ot the t i ation

;resence on reaction time. Perhaps thnis .ias bec mse ot tre mucn
* reater cOTDlexity Of the experiment than the previous ones.
here were nowever, very signiticant main e tects of cue

oFdition no ct tne length of the cue and these two conditions
interacted. !he ettect ot cue condition was icentical to what we

',ve seen previoDusly. ihe etfect ot :e len-tn w3- to orc .],ce
faster reactuon times for tre orief cue tnin tr,- onger CLue. ;,Is

otnte o tne orief signal depended very heavli, upon the cue
.ondltl... it . id conditions, rh-re .'as P advantage of the
or.: :. the long cue .rereas in inval Id conotions there was :i
ier'/ ct- ±,J *.ntage. This interaction is shown in -igure b. The

S , , , . , , . , , •, : . - .: . : . ; , -V ; ..
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results indicate that Linder valid conditions it makes no
4ditference whatsoever to covert attention whether the cue is

b ie+ or long.

FIGURE 6

If this result applies to express saccades it would mean that the
probability of express saccades when attention is at the target
does not depend on whether the subject is engaged by the cue or
not. It suggests that the results obtained by Mayberry, et al
were due to alerting effects rather than cuing effects. In
invalid conditions there is a very powerful effect of cue length,
with a long cue making it more difficult to disengage to move to
a new location.

01

Loncl USions:

These experiments provide support for the idea that express
- saccaoes are overt signs of presence oi covert attention at a

particular location. They provide no support ior the idea that
the subject must first disengage from the cue before express
sevccades can occur. Our Stidies support a functional l inlage
oetween covert shifts of attention and the eye movement system

"" &osner, I8%) . It is comforting to see that covert mechanisms

can proCuce changes in the subject's overt orienting behavior in
the form ot efficient eye movements.

'4,.
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Figure It I Distribution of saccade latencies for a

unidrectional saccade following fixation
offset. First mode is at 100 msec and
represents express saccades. Second mode
at 160 msec represents regular saccades.

II Distribution of saccade latencies for
bidirectional saccades following fixation
offset. First mode is at 120 msec and
represents express saccades and second
mode at 166

All data from Fischer & Ramsperger, 1984
0

Figure 2: Mean latencies of hand (motor) and eye (visual)
movements when the subject i; cued to the target area
(val id), uncued, or miscued (inval id) (Fosner, Nissen
and Ogden, 1978). Th, valid eye Ris are not far from
the range of express SaL-ades.

Figure 3: Mean reaction time as a function of cue to target

interval for fixation onset and offset warning
conditions. Data are for eight subjects.

Figure 4: Reacton time as a function of cue condition

(null = no cue) for fixation on (solid) and
fixation off (dotted) with cue to target
intervals of 100 and 80) msec. Targets occur
on the cued side (valid) with protability .5
and on the uncued side (invalid) vjith probability
.5. Data are for twelve subjects.

Figure 5: Reaction time as a function of cue conoiticn

for fixation on (sol id) and otf (dotted)
conditions with cue to target intervas :)
10(.) and 800 msec Targets occur cn t-n CLed
side (valid) with probabil ity .3 and on the

* LuncUed side (invalid) with pronabil it,
Data are for 12 subjects.

"ure t: Feaction time as a function ot CLje c2nrdtior
+or brief Cues ano for long cLes.

Lata ;;re for 1b suojects.

I
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