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A curious di‘screpa:ncy exists between current estimates of the time needed to
process simpie visual stimuli (i.e., about 100-150 msec) and th average duration -
of the fixation between successive saccadic movements of t] e‘eyes (i.e., about
300 msec). Two Hypotheses are proposed to account for. this discrepancy.as
follows: (a) Saccadic suppression reduces the functional duratjon of the stimulus
during-an eye fixation by approximately 100-150 msec; and| (b) previcus esti-
mates-of stimulus processing time are misieading because of fajlure to incorporate .
higher level cognitive processes in the duration estimates. The saccadic suppres-
sion interpretation was rejected in Experiment 1 by the finding that all segments
of -the fixation \‘ver;e equally effective at mediating stimulus |dentification, The
higher level processing interpretation was supported in Experimients 2 and -3 by
the finding thatia change in the fixated stimulus increased fixation duration (an
index of higher: level processing) at temporal intervals in- which identification
- accuracy (an index -of low-level processing) was asymptotic. | This result was
interpreted as indicating that higher level“processing of 4vi ual stimulus con-

+tinues. for 100~200 msec after it’ has-beeh initiaily registered in'the nervous’

- system. |

Although it is commo;nl& assumed that the

“function - of the pauses between - saccadic
‘movements of the eye is'to allow visual stim-

- uli to be. processed, researchers have gen--
_erally overlooked the discrepancy between:.
- existing estimates of stimulus processing
-time and the average duration of an eye fix-
-ation. Most estimates of stimulus processing

‘time have been based on tachistoscopic ex-
.periments using a backward masking para-

~.digm. A number of experimenters - (e.g., -
Eriksen; Becker, & Hoffman, 1970; Eriksen

& Collins, 1964; Eriksen & Eriksen, 1971;
" Liss; 1968; Spencer, 1969; Spencer & Shun-
‘tich;-1970) have reported that simple visual

stimuli can be identified ‘accurately if an in-"

terval * of approximately! 100-150 msec
elapses between the presentation of the tar-

get stimulus and-the preséntation of ‘a’ dis-

rupting -masking stimulus. With the as-

This  research was-supportéd by a grant from the
Research Council ‘of the Graduate School. University
of Missouri, w0 the first duthor. |

We wish:to thank J. Mueller f9r his comments on an
- earfier draft. o

Requests for reprints should be sent to Timothy A.
Saithouse, Department of ‘Psychoiogy, ‘University of
Missouri, Columbia, Missouriivés“ 11,

1

‘} ‘ 811

“about 100150

200-400. msec. - ‘ ‘
It is possible that stimulus processing is

sumption that processing can.only occur
prior to.the prese tation of the mask, it -¢an
be inferred that stimulus processing requires
‘ séc, ‘Typical - fixation du-
rations are at least two to four times greater
than this, however ,'!‘ generally ranging from

not the only determinant of the duration of |

an eye fixation. For|example, Saithouse and
_Elis (1980) have recently concluded that a

compornent {abele | minimum pause time

{(i.e., the-minimum time required to stop the.
.‘eyes, recover fro
“pare for a future|saccade) was responsible

past saccade, and pre-.

for approximately| 200 msec of the total fix-
ation duration. A guestion remains; however,
about what the vi‘s&al processing-system is
doing in the 100300 msec of the fixation
duration that ‘is- ot occupied by stimulus
processing.: From|an evolutionary perspec-
tive it might seem unreasonable to suggest
that the visual processing system is essen-

tially idle for 50%<75% of the duration of .

an eye fixation; ye ihat seems to be the im-
plication of the evidence currently available.

The interpretat oln that the visual pro-
cessing system is ‘nrccup’ie‘d for one haif to

|
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three fourths of the fixation time would also
seem to lead to the possibility that visual
processing rate could be dramatically in-
creased by a method of stimulus presentation
that would eliminate the need for saccadic
eye movements. For exampie, reading speed
might be doubled or tripied with a visual
display system that presented successive seg-
ments of information in the same spatial lo-
cation, rather than requiring the reader to
move his or her eyes between each new in-
formation source. (Gilbert, 1959, has ac-
tually presented some evidence in support of
this view, finding that word pairs presented
sequentially every 167 msec were better
identified when presented in the same spatial
location than when presented in different
positions, as in a normal printed sentence.)
For practical reasons, if no other, therefore,
it is important to investigate the causes for
the apparent discrepancy between the 100-
msec estimates of stimulus processing time
and the 200- to 400-msec values of actual
fixation duration.

At the present time there appear to be two
plausible explanations that might account
for this discrepancy. One possibility is that
saccadic suppression reduces the functional
duration of a fixated stimulus by suppressing
perception prior to and following a saccadic
¢ye movement. This interpretation suggests
that fixations exceed the duration of stimulus
processing in part because processing is not
possible during periods at the beginning and
the end of the fixation. Because the fixation
durations are assumed to be iimited by fac-
tors related to the movements of the eyes,
the saccadic suppression explanation of fix-
ation durations is consistent with the notion
that visual processing rate could be increased
by eliminating eye movements.

A second possibility is that the 100-msec
stimulus processing estimate only represents

the initial registration or detection phase of

processing and that further (higher order)
processing continues for an additional 100-
300 msec. Since this explanation assumes
that processing continues throughout the
entire fixatton duration, visual processing
rate presumably could not be substantially
increased by eliminating eye movements if
this alternative were tc be supported.

The three experiments discussed in this
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article examine these two possibilities and
lead to the conclusion that stimulus pro-
cessing in one form or another occupies
nearty the entire duration of a fixation.

Experiment 1

Saccadic suppression or attenuation is a
phenomenon in which the threshold for de-
tecting brief low-intensity flashes of light is
elevated for a pericd beginning as early as
40 msec before the onset of a saccadic eye
movement and ending as late as 80-100
msec following the termination of a saccade
(e.g., Latour, 1962; Volkmann, 1976). If this
phenomenon operates in normal viewing sit-
uations, one might infer that stimulus infor-
mation is functionally unavailable for pro-
cessing for the first 80-100 msec and the last
40 msec of an eye fixation. However, two
characteristics of saccadic suppression ex-
periments may limit the generalizability of
these findings in normal viewing situations.
First, the test flashes used as targets in sac-
cadic suppression experiments are typically
quite brief, ranging in duration from 50
microsec (e.g., Latour, 1962) to 5 or 10 msec
(e.g., Chase & Kalil, 1972; Mitriani, Yak-
imoff, & Mateef, 1970). Second, the stimuli
are generally at near-threshold levels of in-
tensity (e.g., Beeler, 1967; Chase & Kalil,
1972; Latour, 1962; Starr, Angel, & Yeats,
1969).

The primary goal of this experiment was
to determine whether visual attenuation is
evident in fixations on targets of moderate
duration and relatively high intensity. The
procedure involved comparing the relative
effectiveness of different segments of the fix-
aticn period in mediating the identification
of alphabetic characters. An asterisk was
briefly replaced by the target stimulus at
various times before, during, and after the
subject fixated in the target location. It was
assumed that postsaccadic visual attenua-
tion, if present, would be reflected in a re-
duced probability of correctly identifying
visual targets presented shorily after the be-
ginning of fixation. in a similar fashion any
presaccadic attenuation should be evident as
a reduced probability of target identification
when targets are presented close to the end
of fixation.
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Method

Subjects.  Two subjects; aged 25 and 35 years, with
normal or corrected-to-normal vision, participated in 5
practice and 30 experimental sessions of approximately
50 min. sach. !

Apparatus. A PDP 11/34 computer interfaced with
a Narco-Biosystems Model 200 eyermovement monitor
was used to present stimuli and to record ¢ye movements
and keyboard responses. Stimuii, presented on a-Mini-
Bec cathode-ray tube (CRT), consisted of the upper-
case alphabetic characters V and Y, each approximately
. 8% X..3° of visual angle at a viewing distance of 46
cm. The target letters were casily visible, with a_lumi-
nance of approximately .4 cd/m? on a background of
ded/m? - f

A computer program identified the beginning of an
eye movement as the point in time beyond which the
right’ eye position differed by at least 2° in the same
direction on three consecutive samples spaced 10 msec
apart. Similarly, beginning of fixation was identified
when the right eye position differed less than .2° on
. three consecutive samples. Néither 2’ movement nor a

. fixation was identified if eye position differed by more

than:.2? but less than .6° for a period of 30 msec. Tem-

poral relationships between ¢ye movemients and stimulus
presentations were measured with S-msec accuracy.
Procedure.-. Each experimental session consisted of

10 practice trials followed by -four ‘blocks of 50 trials
- each. Within a session the first and the last sxperimental
- blocks involved eye movements to'the right, and the

second and the third involved movements to the left.

The experimental task began: with ‘fixation on the
‘word READY,-located ‘at the left oriright ‘of the CRT
depending ‘on the direction bf movement: The subject
- continued to fixate while the ready ‘signal-was' replaced

with:an asterisk displayed for 1 sec. The disappearance

. of the asterisk signaled. the subject to initiate 2 10° eye

movement to the target jocation marked by another as-
““terisk atcenterscresn. After fixating as briefly-as pos-
. sible, regardless of the presence oriabsence of a target
character, the subject moved - 10° t0.a final asterisk at

'

* . the opposite side of the display. =~ : B
© ¢ At'somerandom time between the signal to. begin the -

first eye ‘movement and the final’ fixation, the center

:-asterisk was replaced by.one of two possible target char- .
-.acters. The' target’ was displayed for' 40 msec; and 40

msec after ithe targer offser; ‘another asterisk was pre-
sented 10 minimize iconic persistence: Thus, the asterisks
were absent for a-total of 30| msec—d0 msec of target
presentation followed by a 40:msec blank interval. The
time of target presentation wa's rectanguiarly distributed

within the range of 50-400 msec after the initiation of
‘the trial. Antarget could therefore be presented before,
during, .or after -fixation on the target-location. Each -

striai was ¢ompletsd with a two-choice iv‘:ey.board response
indicating which of the target characters had been pre-
sented on-that trial. : | ’

Resuits

Approximately 95% of the trials were in- -,

ciuded in the analyses. Excluded trials were
those in which the subject anticipated the

[

i
|
[
|
|

‘related’ to direction
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signal 10 begin the| first saccade, failed to
fixate on the target location, or made eye
movements too sho tlor too long, requiring
additional eye movements to bring the target
location into foveal vision.

Each trial inciuded in the analyses was
categorized according tothe temporal rela-
tion between the beginning and end of the
target fixation. and the stimulus onset. Be-
cause there were no| apparent differences
of eye movement, all
data reported are collapsed across direction.
Data points in Figu e# 1,:2,7and 3.are based
on an average of 30-60 trials, with mean
standard errors of s&ightiy tess than 7% for
the percentage of correct data and approx-
imately 40 msec f'J‘r the fixation duration
data. J | v
Figure 1 illustrat s‘the percentage of cor- -
rect target identifications as a function of
the delay between target onset and the be-

-ginning of eye fixation.' The paradoxical
- finding that target identification is high dur-
‘ing the 40 msec immediately preceding the

beginning of fixation jis probably attributable
to the fact that the tai'gets were 40 msec in

 duration (followed by a 40-msec blank. in-

terval). Hence a target whose onset was, for .
example, 20 msec prior to the beginning of

the fixation would actually still *be present
for 20 msec after the saccade had ended, and

- an iconic representation might be available
-for an additional 40 A

sec. G SRR
~ The most important feature of the resuits

- displayed in Figure 1lis that little or no visual

attenuation was apparent during or after the
saccadic.movement ‘that moves the eyes 10

the target location. Under the present'con- = ¢
~.ditions, therefore, th point in time-at which -

the ability to pick up visuai information be-
comes. greatest coincides [closely with. the
beginning of the eye|fixation.

- Figure 2 illustrates {;he percentage of ‘cor-

eCt target identifica ibnsz;‘ias a.function of . =

the interval between Etﬁmu’ilus onset and the .
end of eye-fixation. It is apparent that little -

or.no presaccadic attenuation was evident
during the final 100 sec of fixation for Sub-
ject 1. The data for ‘$dbje¢t 2 might be in-
terpreted as suggesting some attenuation;
however, an a{ternativ‘ciintelrpre!ation is that
this subject simpty had al ‘higher. duration
threshoid. That is, as| targets are presented

|
|
|
|
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Figure |. Percentage of correct target identifications as a function of the interval between the beginning
of eye fixation and the onset of the stimulus, Experiment 1.

later in the fixation and closer to the next
movement, the effective duration of the tar-
get decreases. This interpretation suggests
that the exposure time required to identify
a target was greater for Subject 2 than for
Subject 1, and informal measurements of
duration threshoids with tachistoscopic stim-
ulus exposures confirmed this implication.
It therefore seems reasonable to concilude
that neither subject exhibited attenuation
effects that can be unequivocally traced to
saccadic suppression phenomena. Even if the
resuits of Subject 2 were interpreted as a
reflection of saccadic suppression, it is note-
worthy that the effect occurred only at the
end of the fixation and occupied less than
50 msec of the total duration of 300 msec.
A considerable discrepancy between the es-
timates of stimulus processing time and ef-

fective fixation duration would therefore still
exist, and some mechanism other than sac-
cadic suppression would apparently be nec-
essary to account for this remaining differ-
ence.

The relationship between fixation dura-
tion and the delay between the beginning of
the fixation and the presentation of the tar-
get is shown in Figure 3. Notice that fixation
durations increased in a roughly iinear fash-
ion, with delays up to approximately 170
msec, but then became increasingly variable
and began to decrease.

Discussion

Taken together the data from Figures |
and 2 suggest that under the conditions of
zhis experiment. ail segments of the fixation
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g
period are umformly effectlve‘ in medmnng

the registration of stimulus 1gformatlon A

-target stimulus is-apparently!identified ac: .

" curately whether it is presented in the first™

|

o last few milliseconds of a fixation or in’

the middle of the fixation. Thls finding sug-
gests that saccadic suppress:on does not re-
duce the functional avaxlabxl*ty of a fixated
- stimulus in normal viewing and that stimulus
processing can be initiated: with equal effec-
-tiveness at all points throughout the fixation.
The fixation ‘duration data‘ of Figure 3
seem to suggest an increase with stimulus
“onset delay until about 170 nsec. This in-
crease is apparently an involuatary inhibi-
tory phenomenon, since the ‘sun;ects were
instructed to ﬁxate as bncﬂy a% possxbic and

t0 attempt 1o “preprogram’

-durations by setting a maxlmum durauon ‘

-or-absence of the target.

-evidence that visual stirxl]

for their fixation regardless of the presence -
Neither subject re-
ported: being aware of a relation between
fixation: duration and"

while participating in the study

Experiment 2
Potter (1975, 1976

recentiy presented’
uli; may be subJected =
to at least two distin types of processing. '

She reported that subjects >could accurately
detect the presence &f a particular picture
if a series-of pictures|were/exposed for 100
msec 2ach, but they |required durations of
approximately 400 ec ‘each :to achieve
comparable accuracy in an immediate test
of recognition memo yLPquers interpreta-
tion was that stimuli continue to be. pro-

stimulus. onset dclay
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Figure 3. Fixation duration as a function of the delay between the beginning of eye fixation and the

onset of the stimulus, Experiment 1.

cessed at a conceptual level after the initial
visual detection or registration and that con-
ceptual processing is necessary for subse-
quent recognition. In speculating about the
relevance of her findings to eye fixations,
Potter (1976) suggested, “The normai rate
of eye fixations, three a second, represents
a reasonable compromise tetween the need
for rapid monitoring of the environment: for
significant events and the need to remember
some portion of what one has seen” (p. 321).

The hypothesis that there is a higher level
of processing after visual detection may ac-
count for fixation durations greatly exceed-
ing the 100-msec estimates of visual pro-
cessing, but thus far there is nc evidence
from eye movement studies 0 support such
an interpretation. One of the problems with

obtaining evidence for multiple levels of pro-
cessing concerns the availability of an index
of higher level processing. Reaching a high,
asymptotic level of accuracy can be inter-
preted as indicating that the initial visual
processing has been compieted. Once accu-
racy reaches an asymptotic level. however,
it can no longer serve as an index of any
higher level processing. A second dependent
variable is necessarv, therefore, to obtain
evidence of processing that extends beyond
the initial visual level.

The trend in the previous experiment for
dxation duration to increase after decision
accuracy had reached an asymptote (cf. Fig-
ure 1) led to the possibility that these two
measures might provide suitable dependent
variables for exploring mulitiple leve:s of pro-
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cessing. . Identification -accuracy could be
used to measure the lowest!level of process-
ing, and the delay in fixation duration.could
serve as-a measure of later processing levels.

The task for the subjects in the present
experiment was to move their eyes to a target
location where one of two!possible stimuli

sented, the subjects were tos\ move their eyes

to the left, and if a > was presented, they

were to move them to the ffight. At a ran-
domly selected interval after the presenta-
tion of the first stimulus, a|second stimulus
appeared in the same spatial location as the
first. On half of the trials, the second stim-
ulus was the same as the first stimulus, and
on the other half of the tﬁiais, the "second
stimulus was a different stimulus. Subjects
were always instructed to respond to the first
stimulus that they perceived.

Initial visual processing was indexed by
the  probability of responding to the first
stimulus as a function of . interstimulus in-
terval, in the same manner that tachisto-

scopic masking experiments use the proba-
bility. 'of -correct stimulus identification asa.
reflection of stimulus processing. A measure

of higher level processing was obtained by

. examining fixation duration jat interstimulus
intervals in. which ‘the probability” of first

- stimulus responding has reathed 'an asymp-

tote. It was assumed, on the basis of the pat-"
tern:exhibited in' Figure '3, that a second’

‘stimulus-arriving while a ﬁr}st stimulus was
* being processed would temporarily interfere

creased-fixation duration might thereby pro-

vide an estimate of the time course of higher

level processing that extends/beyond the ini-
tial registration of the stimulus.

. Method

Subjects. - Six subjects, aged 23 to 36 years, with
tormal or corrected-to-normal vision participated ‘in
four practice and four experimental 'sessions of approx-
Imateiy 50 min. each. None of the subjects participaied
in the previous experiment, but two subjects had exten.

sive experience (i.e., aver 50 hours) ‘in-other ¢ye move- -

ment studics. ‘

Apparatus. The equipment was the same as that
described in Experiment 1. The stimuli were the char-
acters < and >, each appreximateiy’.6° X .3° of visual
angle and .4 ¢cd/m’ on a background of .1 cd/m?

617
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The computer program }for identifying eye movements
was modified 10 ailow stimuli presentation to be contin-
gent on the detection of an eve movement. The zitered
program detected a mcvément when the right eye po-
sition differed by .1° in|the same direction on five con-
secutive samples separated by 1" msec sach. Fixations
were identified as occdrr}ing if the right eye position
differed by less than .1° |on five consecutive | -msec sam-

N | " ples. Examination of tape-recorded data reveaied that
(i.e., < or > ) was located. If a < was pre- -

this new movement analysis routine yielded movement :
and fixation peints nearly| identical to those of the pre-
vious routine.
Procedure. An experimental session consisted of six
blocks of 50 trials each. Subjects had the option.of taking

‘a short break after any |of the blocks.

A 1nial began with subjects fixating on . the word
READY, located at the leftjedge of the CRT. An asterisk
followed the ready signal, and when it disappeared the
subjects moved their eyes to an asterisk located 6° to
the right, in center screen| As soon as-a movement was
detected, the center asterisk was replaced withthe target

. stimulus and additional|asterisks were displayed :5° to
- the left and right of the|target. At ‘one of six-randomly
selected intervals (i.e., 25

75,.125;175,1225. and 275
{us. was replaced by a second

msec); the first target st

“target stimulus. The passible stimuli, <-and >, were
equaily likely, so the pro'raPility that the first and second
*-target stimuli were identical was equal to the probability

that the two stimuli were/different; that is, .5 Target

i
-'substitution was so rapid dla( the stimuli appeared con-
“itinuous when a target was:replaced byitself :

The subjects were instfucted to'move their-eyes in the

- That is; they were-to.mpve. their ‘eyes back 1o the left -
“asterisk when 2 < was present and to the right asterisk
wwhen a’> was present. The second target stimulus was
- replaced by an-asterisk a5 'soon as a4 movement:from the

directionindicated by th},ﬁrst perceived target stimaijus.

target location was'detected. - - R :
. ’An editing'segment wis| added to-ifie computer pro- ;
gram ito-reject trials with'inappropriaté eye movement
patternsiwhile the subject was. performing in a biock of
trials.: An experimental block therefore consisted-of 50 -

- e ; -7 trials with acceptable movément patterns, regardless of .
with-the processing:and cause a-lengthening:
‘of the fixation duration. The period of in-.

the number of additiona unacceptable trials:

Results and Discussion

The percentages| of eye movement re-
sponses to the first stimulus as a.functicn of
the. interstimulus ‘interval between the frst-
and second stimuli are displayed in Figure
ferent from the first

ond stimulus was di

4. The functions fo .t‘%r,ials in which the sac-
|

stimulus closely resembie visual masking

functions, in that the first stimulus appar-
ently was not perceived at 2 25-msec inter-
val, but was perceived nearly perfectly with
interstimulus interva sjgrea{er than 125 msec.
Foilowing the reasoning of visual masking
studies, the furictions of Figure 4 can be in-

_terpreted as indicating that the initial reg-
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Figure 4. Percentage of responses to the first stimulus
for same-stimulus and different-stimulus trials as a
function of interstimulus interval, Experiment 2. (Each
data point is based on approximately 600 observations.)

istration phase of stimulus processing is com-
pieted within 125-175 msec.

Average fixation duration for trials in
which the first and second stimuli were the
same and for trials in which they were dif-
ferent are piotted as a function of interstim-
ulus interval in Figure 5. Fixation duration
was roughly constant across all interstimulus
intervals when the first stimulus was re-
placed with an identical second stimulus, but
it was substantially greater at most inter-
stimulus intervals when the first stimulus
was replaced with a different second stim-
ulus. These resuits were statistically evalu-
ated with an analysis of variance on the
mean fixation durations for each subject.
The trial type, F(1, 35) = 14.15, p < .05,
MS, = 1.686.66, interstimulius interval, F(5,
25)=3.43,p < .05, MS,. = 191.65, and Trial
Type X Interstimuius Interval interaction,
F(5,25)=17.15 p<.0l, MS, = {72.35, ef-
fects were all significant in this analysis. The
longer fixation durations when the first and
second stimuli were different, compared to
when they were the same, is consistent with
the hypothesis that a different second stim-
ulus disrupts or inhibits some aspect of stim-
ulus processing. The discovery that this pro-
cessing disruption occurs at interstimulus
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intervals beyond those in which the per-
centage of first stimulus responses has
reached an asymptote (i.e., 125 msec-275
msec) suggests that the stimulus processing
indexed by this measure is not the same type
of processing reflected in the percentage of
first stimulus responses. Figure 5 also indi-
cates that the time course of this second-level
processing is generally between 75 msec and
225 msec after the beginning of the eye fix-
ation, as the disruption is minimal with the
25-msec and 275-msec delays.

These results suggest an explanation for
the fixation duration results from the pre-
vious experiment. A trial in Experiment 1|
consisted of the subjects moving their eyes
to an asterisk that was replaced by one of
two target characters at some randomly de-
termined interval. The trials were therefore
analogous to the different stimulus trials of
Experiment 2, albeit with some potentially
important differences. (E.g., in Experiment
2 stimuli were not followed by a blank period
and hence were susceptible to backward
masking, both first and second stimuli were
informative rather than just the first stim-
ulus, and processing had to be completed
before the next saccadic movement could be
initiated.) Comparison of Figures 3 and 5
indicates that very similar inhibition trends
are evident in the two experiments. In both

480 L
{ *——e Same Stmyius
450 L A== <> Different Stimulus
! s,
I FARN
140 p. !
‘ V Tl
40 }. / e
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Figure 5. Fixation duration for same-stimulus and dif-
ferent-stimulus trials as a {unction of interstimulus in-
terval, Experiment 2. (Each data point is based on ap-
proximately 600 observations.)




STIMULUS PROCESSING

sets of data, the increase in fixation duration
occurred. between about 25 ‘msec and 225
msec, with a maximal inhibition of approx-
imately 40-60 msec. It therefore seems
likely that the resuits of Figure 3 are attrib-
utable to the same type oﬂ processing dis-
‘ruption responsible for the mcreased fixation
durations-for different stxmuius trials illus-
trated in Figure 5.

A similar mterpretauon mlght account for

the relationship between fixation duration
and - stimulus onset. delay -reported. by

Vaughan-and: Graefe (197‘7) These inves-

tigators changed the ﬁxatxon stimulus from
a point to either an X or an O at intervals
of 0-150 msec after the begmnmg of the
fixation. They found that fixation duration
increased from 371-msec at'a O-msec stim-
ulus onset delay to 415 mset'at a | 50-msec

delay As-with the current data the disrup-

tion was at -4 maximum of approxzmate y 40

msec. at -an interstimulus mterval of “150

msec. These consistencies suggest that a

- common-mechanism:is. respons:bie for. all of

these effects

Expenment 3‘

A thlrd experxment ‘was des:gned to in-
vestigate ‘two additional- issues. One 'issue
concerns ‘the component of' stimulus pro-

- cessing that is influenced by task complexity.

- Movement decisions in this expenment were
determined by an:odd/even digit classifica-
tion that was considered more complex than

the directional arrow decision of Experiment

2.-1f-this greater: compiexny influences the
initial registration: phase bf | iprocessing, the
function relating the percentage of first stim-
ulus responses to the mterstlmulus interval
should be shifted 10 longer mtersumulus in-

- tervals relative to- Expenment 2. If the in-
creased complexity affects a later phase of:

processing, -however, the shift attributable

‘in the function relating the xmerstzmulus in-
terval to the fixation duranon ~on changed
stimulus trials. |

The second issue mvestigated in this ex-

penme'xt concerned whether| the processing -

disruption reflected by the méfeased fixation
durdtion was primarily a stimulus or a re-
sponse phenomenon. la the previous exper-
1
1

v
1
1

. can be different an
" icategories.'Same-st n‘lulus trials’and differ--
- ent-stimulus~differdnt-response

«expected to yield: functions similar 10 those

~periment in.a counterbal
10 the more compiex task should be apparent
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iment there were only two: stimuli and two
responses, and thus|a change in the stimuius
necessarily indicated a change in the re-
sponse. The disruption could have been the
result, therefore, o i a response-competition
mechanism because the second stimulus al-
ways indicated the dpposne response, or it
could have resulted 51mpiy because the pres-
ence of any nonidentical second stimulus in-
terfered with the processing of the first stim-

ulus. By increasing the number of stimuli to
10 and keeping the| number. of responses
fixed at two, Experiment 3 allows a change
in stimulus to be examined independently of
a change in response. For example, the first
stimulus could be one odd digit (e.g., a 3)
and the second stimulus a different odd digit

(e.g.; 2 5), and yet the same response (i.c.,

moving the eyes to|the left asterisk) would -
be indicated by both stimuli. Three-types of
trials can therefore |be compared ‘in-this ex-
periment: (a) the first|and second stimulican
beidentical; {b) th fE-st and second stimuli -

can be different but|from the same response
category; and (c¢) the first and second stimuli »
from: different response .
trials are”:

of comparable trials/from Experiment 2.The

“interesting question |is whether the different-.
‘stimulus-same- -response trials will be similar

in"performance ‘to|the different-stimulus— -
different-response. mals (51gmfy1ng that'the

2 dxsruptxon phenomenen is-attributable to.a

change in-stimulus): o} to the same-stimulus
trials. (indicating that. dvsruptxon occurs-be-
cause of .2’ changelin'the: apptopriate - re-
sponse, not just a change m the stimuius).

Mettod

' :Subjects.. The same subjects from Experiment 2.pat-
ticipated in the four experimental sessions of. this ex-
ced sequence with the four
sessions -of  Experiment 2y Two of -the' practice sessions
mentioned in the description of Experiment 2 were de-
voted to the conditions of the present experiment. This
arrangement -of sessions alipwed the. resuits of this ex-
periment to ve compared| directly with those from the
previous experiment, sin¢e|there was no confound of
experiment with amount of| prior practice.
Apparatus. . The apparawus was the same a
described in the previous |experiments.
Procedure. The procedure was similar to that of
Experiment 2, éxcept for| a change in the stimuii and

s that
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Figure 6. Percentage of responses to the first stimulus
for the three trial types as a function of interstimulus
intervai, Experiment 3. (Approximately 600 observa-
tions are represented per data point for different-stim-
ulus-different-response trials, 480 observations per data
point for different-stimuius—same-response trials, and
120 observations per data point for same-stimulus
trials.)

the movement decision rules. The digits 0-9 were
equally likely as the first and second stimuli, and sub-
jects were instructed to move their eyes to the left as-
terisk if an odd digit (i.c., 1, 3, 5, 7, or 9) was presented
and to maove their eyes to the right asterisk if an even
digit (i.e., 0, 2, 4, 6, or 8) was presented. Because the
stimuli were equaily likely, 10% of the trials had iden-
tical first and second stimuli, 40% of the trials had dif-
ferent stimuli from the same response class (i.e., both
odd or both even), and 50% of the trials had one odd
and one even stimulus with conflicting responses indi-
cated by the two stimuli.

Results and Discussion

The percentages of first stimulus responses
in the three typss of trials are displayed in
Figure 6. Notice that the masking functions
for the different-stimuius—different-response
trials are very similar to the functions from
Figure 3. This indicates that the complexity
of the decision :ask did not affect the initial
registration phase of processing.

The fixation duration data are plotted in
Figure 7. An analysis of variance on the
mean fixation durations indicated that both
main effects and the interaction were sig-
nificant: for triai tvpe, F(2, 10) = 37.68,
p < .0l. ME, = 208.75; for interstimulus
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interval. F(3, 25)=2.83, p< .05, MS.=
240.96; and for Trial Type X Interstimulus
[nterval, F(10, 50) = 3.06, p < .01, MS, =
267.99.

The first thing to be noted about these
data is that the average durations were from
60 msec to 100 msec longer than those from
Experiment 2 (cf. Figure 5). The greater
complexity of the present task was thus re-
flected in the increased fixation durations.
The second important aspect of these data
is that unlike the previous results, they show
no clear trend toward a reduction in the in-
hibition effect with increased interstimulus
interval.

The data of Figure 7 allow conclusions to
be drawn with respect to the two issues of
primary concern in this experiment. First,
average fixation durations were considerably
longer than those observed in the simpler
task from Experiment 2, and the time course
of the disruption phenomenon was shifted
to longer interstimulus intervals. These find-
ings, in conjunction with the remarkable
similarity in the masking functions (cf. Fig-
ures 4 and 6), indicate that task complexity
exerts its influence on a second, higher order
level of processing. Second, the patterns por-
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Figure 7. Firation duraticn for the three trial types as
a function of interstimulus interval, Experiment 3.
(Approximately 500 observations are represented per
data point for different-stimuius—different-response trials,
480 observations per data point for different-stimulus—
same-response trals. and 120 observations per data
point for same-stimulus trials.)
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trayed in Figure 7 indicate tﬁ_at changing the
stimulus caused a delay in ithe fixation re-
gardless of the nature of the required re-

sponse. This  result suggest$ that the phe--

nomenon is primarily caused by a disruption
of stimulus processing and is ot merely a
refiection of competition between conflicting
responses. S ‘

~ General Discussion

This research was aimed ~ai’ distinguishing

between -two' plausible explanations for the

discrepancy in the duration of eye fixations
(i.e., about 200-400 msec) and the estimated -

duration of stimuius processing (i.e., about
100-150 msec). One possibility was that sac-
cadic suppression reduces the effective du-

- cessing. This hypothesis was rejected in Ex-

periment 1 on the basis of the following re-

-sults: (a) Only one of: the ‘two subjects

exhibited any indication of reduced visibility

during the fixation; (b) ‘the \perceptual at-
tenuation was only presaccadic, rather than .
both presaccadic¢ and postsaccadic, as would -

have been predicted; and (c) the total du- -

-ration of ‘this attenuation was only 25% of

~ the timediscrepancy between the average -
~ fixation ‘duration ‘and estimates of stimulus:

-processing time. Perhaps because the stim uli

In these studies were of higher energy (ie..’

exposed longer and at greater intensity) than

those of previous saccadic suppression’ ex-
. |- * N "
was -no clear evidence of

periments, there

visual attenuation either before or after the

- saccadic movements. The conclusion from

the first experiment,"t’hereforei was that sac-
cadic suppression is probably not an impor-
tant factor contributing to:the duration of
¢ye fixations in normal viewing situations.

The second: hypothesis to account for the

discrepancy between the average duration

tinues bevond the initial registration phase.

Experiment 2 supported this. hypothesis with

the finding that fixation durdtion was in-
creased at periods-in the fixatign after which.
the probability of 3 particular response had

reached an asymptotic level. The response

‘increase in ‘the co

‘variable indexing t

_the-quality of the vis
influence the same processing stage as the ;

. factor: of . semantic ‘| riming (i.e.;” Meyer, .

‘ 621
| .

probability variabli !was assumed to be an
index of the initial registration phase of stim-

~ulus processing, and the fixation duration

variable was assu ed to reflect a second,
higher level type of stimuius processing,
Additional support for “this interpretation
was provided in Experiment 3. in which an
lexity of the decision
required during th HXation did not. affect
the time course of lihic response probability

e registration phase of
processing, but did lextend the time ‘course

~of the fixation duration increase that indexed

the higher level of s imulus processing.
It:is tempting to ‘think of the two levels -

of processing in terms of successive stages

concerned-with rcgi{:i'ation and what might

‘ : | "-be'termed comprehe sion {i.e:,identification
- ration-of an eye fixation by limiting the time v
that the fixated stimulus is available for pro-

the present data allow two:further imptica-

and interpretation). cf_":l\tven' this stage concept
tions  to"-be drawn. 'I;Lhe first . is that both'

~Stages seem to be influenced by ‘the visual
‘properties of the st
‘the external stimulus \ affects measures re-
‘flecting the operation of bothinferred stages. -

ulus, since 4 change in

That is, both the percentage of Stimulus. 1

-responses function (of: Figures'4 and 6) and
“the fixation .diuratio
- 5-and 7) exhibit differences when the first o

-and second. stimuli are different, compared - .
-'to when they are the
~more research is needed before this conclu-
~sion can be:fully acde ‘
‘ularly interesting because it ‘may. serve ‘to.

function (cf. Figures -

same, -Considerably.

explain the heretoforTg nomaious result that
| stimulus appears to’

Schvaneveldt, & Rudd y1975).,
The second implication about the hypoth-

ted, but it'is partic-.'

‘be organized in a strj
.in“which second 'sta
. Degin until first stag
of a fixation and the ‘~esz:’mate:vs of stimulus
processing time was based on the assumption
that some form of stimulus processing con- -

esized stages. is that

fully completed. The

sertion  is based on the

dence of the

3, the probability. of .

level until 125-17¢

¢y do not ‘appear. to
t discrete: succession.
processing does not
|processing: has: been’:
évidence for . this:as-

apparent indepen-

he times to complete Stage 1 and
‘to begin Stage 2. In b

th Experiments 2 and
response to the first

+ stimulus (reflecting the operation of the reg-
istration stage) did nok

reach an asymptstic
sec, yet the increase

in fixation duration {signifving the operation
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of the comprehension stage) was evident be-
tween 75 msec and 125 msec. The fact that
the time of onset of the second stage does
not correspond in a simple fashion to the
time of completion of the first stage suggests
that processing is not organized in a strict
serial sequence with only one stage in op-
eration at any time. Although specific details
have not been worked out, an interpretation
of processing as a continuous flow or cascade
in which information is processed in all
stages as soon as it becomes available (e.g.,
Eriksen & Schultz, 1979; McClelland, 1979)
may be able to account for the present re-
suits, particularly if it is assumed that task
compiexity influences the rate of processing
in the second stage.

[t should perhaps be pointed out that the
eye movement task in Experiments 2 and 3
was somewhat unusual, in that the direction
of the following movement was determined
by the stimulus in the current fixation. The
subject was therefore required to process the
stimulus completely during the fixation in
which it was presented. Though it might be
assumed that processing generally does take
place during the current fixation in natural
viewing situations, it is quite possible that
processing could continue beyond the fixa-
tion in which the information was obtained.
Indeed, the results from Experiment |, in
which identification accuracy was quite high
even when the stimulus was presented in the
last 50 msec or so of the fixation (cf. Figure
2), strongly suggest that processing can con-
tinue after the fixation, since it is unlikely
that processing could be completed in such
a brief interval.

Davidson, Fox, and Dick {1973) have also
reported that stimulus letters presented
within the last 70 msec of an eye fixation are
generally identified accurately. A further
result by Davidson et ai., however, indicates
that there must be a maximum limit on the
interval in which processing can lag behind
the fixated stimulus. These authors found
that a stimulus presented during the second
fixation had a masking effect, that is, low-
ered the identification accuracy, on the stim-
ulus letter that occupied the same retinal
location in the previous fixation. This sug-
gests that the processing of one stimulus
might be delaved up to the point that a sec-
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ond stimulus, which would mask the first
stimulus, begins to be processed. [n other
words, processing of the stimulus in Fixation
1 might continue during the eye movement
between Fixation | and Fixation 2, but it is
unlikely that it could continue after pro-
cessing begins on the stimulus in Fix-
ation 2.

Because the earlier estimates of stimulus
processing time seem to be somewhat mis-
leading in accounting for only low-level pe-
ripheral processing, it now appears that
there is very little discrepancy between es-
timates of total processing time and average
fixation duration. Gilbert’s (1959) report
that sentences were better identified without
the necessity of saccadic movements is thus
called into question. One possible explana-
tion for his finding that identification was
poorer when saccadic eye movements were
required is that subjects simply could not
make sequential movements of the eye in the
167-msec interval between stimuli. Salt-
house and Ellis (1980) have shown that the
minimum pause time of the eye between sac-
cadic movements is approximately 200 msec.
Subjects in Gilbert's (1959) experiment may
therefore have made eye movements to a
stimulus that was no longer present and, as
a consequence, were forced to base their
identifications on parafoveal or peripheral
recognition processes, rather than foveal
ones. It is noteworthy that the difference
between the same-location and different-lo-
cation presentation conditions was greatly
reduced when the time between successive
word pairs was increased to 250 msec, thus
allowing subjects to fixate directly on each
word pair. A practical implication of the
present results and this interpretation of
Gilbert’s results, therefore, is that the tan-
talizing idea that rate of visual processing
could be substantially increased by elimi-
nating eye movements between successive
presentaticns of information is probably not
feasible.
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