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Retinal versus extraretinal influences in flash
localization during saccadic eye movements
in the presence of a visible background

J. K. O'REGAN
CNR._S, Baris, France

Four experiments examined the relative use of retinal and extraretinal information in judging
the location of a stimulus flash presented under normal lighting conditions in the temporal
vicinity of an eye saccade. Two previous studies done under normal lighting conditions (N. Bischof
& E. Kramer, 1968, and S. Mateeff, 1978) had hypothesized strong use of extraretinal infor-
mation. The present study reexamined this work and showed that, in fact, two kinds of retipal
effects had been neglected in these studies, and that these alone probably suffice to explain the
results, The first retinal effect is related to differences between the response of the visual ays-
tem to foveal and peripheral stimuli, and may be active even in the dark. The second retinal ef-
fect is related to the fact that smearing of the retinal image of the background occurs when the

eye moves,

When a brief stimulus is flashed up in the visual
field sometime near the instant an eye saccade takes
place, it is seen as dispiaced with respect to its true
spatial position. Such misiocalization effects have been
studied extensively by L. Matin and Pearce (1965),
Bischof and Kramer (1968), L. Matin, E, Matin, and
Pearce (1969), L. Matin, E. Matin, and Pola (1970),
Monahan (1972), and Mateeff (1978). The interest

_in the mislocation paradigm is that it constitutes a
way of examining what L,, Matin, E. Matin, and Pearce
(1969) called the ‘‘extraretinal signal®’.

The extraretinal signal is a theoretical construct
that has its origins in Wundt's, Helmholtz's, and
James’s theories of space perception and was. de-
veloped more recently by Sherrington (1918), and
von Holst and Mittelstaedt {1950). It is designed to
explain why our perception of the visual world is
stable despite eye movements. The extraretinal signal
is assumed to originate from somewhere other than
the retina (e.g., from the eye muscles or their com-
mand centers in the brain), and to indicate the posi-
tion of the eyes with respect to the body. By alge-
braically combining this exfreretinal signal with
retinal information about the position of an object
on the retina, the visual system should be able to cal-
culate the position of the object with respect to the

body even when eye movements are made. If the
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extraretinal signal were perfectly accurate, that is,
if it changed exactly in step with eye saccades, no
errors would be made ip locating a brief flash pre-
sented near the moment of a saccade. The fact that
errors are made in locating such a flash is taken to
indicate that the extraretinal signal is sluggish, start-
ing to change slightly before the saccade onset and
finishing slightly after it (cf. valuable reviews by
L. Matin, 1972, 1976, 1982, Shebilske, 1977, and
MacKay, 1973).

While most authors studying mislocation effects
have assumed that, for horizontal eye movements,
the extraretinal signal can be represented as a simple

* scalar quantity changing with time. over approximately

the period of the saccade, Bischof and Kramer (1968)
proposed that it must actually be a whole coordinate
system of signals, one for each retinal location, with
each signail having different time characteristics with
respect to the saccade, They were forced into this
conclusion by an experiment that showed that the
errors made in estimating the position of a flash
depended not only on the time of stimulation relative
to saccade onset, but also on the retinal location the
flash impinged on. _
Bischof and Kramer’s result forces other work on
the mislocation probiem to be put into doubt. If their
finding of a retinal-locus dependence of misiocation

errors is replicable, then experiments studying mis-
. location of flashes must control for the retinal loca-

tion the flash impinges upon. If this is not done, then
the effects found will be the average of disparate ef-
fects for the different retinal locations stimulated,
and so will depend mainly on the particular (un-
controlled-for) combination of retinal locations that

happen to be used. This fact has been ignored by .

other authors. For example, Mateeff (1978), in an
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experiment done under conditions very similar to
Bischof and Kramer’s, plots mislocation data as a
function of time, but confounds what may be quite
different contribitions for different retinal positions
stimulated by the flash, _

The studies of L. Matin and Pearce 1965, L. Matin,
E. Matin, and Pearce (1969), L. Matin, E. Matin,
and Pola (1970), and Monahan (1972} should alse
be reconsidered in the light of Bischof and Kramer’s
result. In those studies, subjects reported whether
a test flash that occurred sometime before, during,
or after the eye movement lay to the left or the right
of a previously seen fixation target. For every moment
of occurrence of the flash, Matin et al. determined
a retinal point of subjective equality, whose perceived
location matched that of the previously viewed fixa-
tion target. If Bischof and Kramer are right, then the
extraretinal signal determined by Matin et al. is only
the signal corresponding to the fixation target, and
other signals would have been found if the initially
viewed reference point had been different (L. Matin
& Pearce, 1965, did, in fact, refer to such a possibil-
ity). Furthermore, there may possibly be a problem
in calculating the point of subjective equality by in-
terpolation along ogives constructed from judgments
of “left’” and “‘right,’’ since each of these judgments
corresponds t6 a stimulus falling on a retinal location
that is‘#o? the point of subjective equality, and sp
is subject to an extraretinal signal different from the
one for the point of subjective equality. If there is
not a smooth change in extraretinal signal as we go
from one retinal location to the next, then the point
of subjective equality cannot be deduced from the
behavior of nearby retinal points. While a priori it
seems unlikely that the extraretinal signal should be-
have discontinuously as we move from one retinal
point to another, Bischof and Kramer did in fact ob-
serve what they called *“islands’* of discontinuity.

Given the importance of Bischof and Kramer’s
conclusions regarding the notion of extraretinal sig-
nal and the interpretation of mislocation data, it

seemed vital to try to replicate their retinal-locus ef- .

fect, and to check whether the ‘‘coordinate system®’
form of the extraretinal signal was the only way of
explaining the data. The series of experiments pre-
sented here commences with a replication of the
Bischof and Kramer experiment and an extension of
it to a wider range of retinal locations stimulated by
the flash. Three further experiments then investigate
the possibility that the effects found could be ac-
counted for in terms of retinal rather than extraretinal
mechanisms. :

SACCADE EXPERIMENT _

Bischof and Kramef used time of flash occurrence
as an independent variable, and disc_onfounded tipxe
and retinal position stimulated by the flash by doing

a post hoc analysis of their data. Here a computer
is used to track the retina and to project flashes on
predetermined retinal positions, independently of
the position the eye has reached in the saccade.

Method

The subject wore photoelectric eye movement recording glasses
that used the scleral reflection technique. The glasses were inter-
faced to a computer that controlied the display as a function of
the subject's eye movements. The computer sampled eye position
once every 5 msec, The response time of the apparatus combina-
tion (eye glasses/amplifier/computer) 1o an eye movement was
measured by having the computer move a simulated eye (consist-
ing of a light patch) on the screen. This time was less than 0.5 msec
after the most recent sample taken. The subject’s head was fixed
by a dental bite, so that the computer could measure absolute eye
position in space with an accuracy of 1/3 deg. This accuracy was
maintained throughout by continuous recalibration and auto-
matic checking (cf. O’Regan, 1978). The subject sat 44 cm from
the display screen in a dimly lit room. Ambient lighting and bzight-
ness of the display were constant across all three subjects {screen
about 60 cd/m?),

Two white triangles, 9.2 cm (12 deg) apart on a horizontal axis
near the middie of the screen, constituted fixation marks A and
B on the left and right. The triangles had sides of length 1.5 cm
{2 deg). Figure 1 gives a step-by-step account of an individual ex-
perimental trial. In the stimulus phase, the subject makes a sac-
cade from fixation mark A to fixation mark B. Sometime near
or during the saccade, the computer generates a stimulus flash,
consisting of the letter ““L.”* In the response phase, the subject
indicates the position where hte saw the flash by moving a cursor
controiled by a potentiometer knob. The fiashed “!’" was 3 mm
0.4 deg) high and 0.5 mm (0.07 deg) wide, It was displayed for
13 usec and decayed according to the characteristics of the P31
phosphor whose remanence was reduced using a gray filter. Stim-
ufus intensity was the minimum requiréd to be easily detectable
at the greatest eccentricity. It was the same (around 100 c¢d/m?)
for all three subjects. Pilot experiments with different values of
flash intensity and ambient lighting showed a negligible effect
on the pattern of resuits. .

Two parameters were independently veried: the location the
flash stimulated on the retina, and the instant at which the flash
occurred. The location the flash stimulated on the retina could
be any one of seven possible locations: on the fovea, and *2.4,
+4.8, or +7.2 deg from the fovea. On two-thirds of the trials,
the flash was triggered at one of six instants following saccade
onset: 5, 10, 15, 20, 25, or 30 msec after saccade onset. On one-third -
of the trials, the flash was triggered at time t after the trial was
initiated; t was chosen equal to the latency found at the previous
trial measured from trial initiation to saccade onset. In this way,
given the variability in saccade latency, some flashes occurring
just before or just after the saccade were generated in addition
to thase triggered at chosen moments during the saccade,

The author (K.O.R.) and two other subjects, one of whom
{Subject A.L.S.) was partialiy naive and the other (Subject N.C.)
completely naive, participated in the experiment. The subjects
performed the experiment in sessions of 252 trials in which each
combination of retinal location and flash trigger instant occurred
4 times (for trigger instants dependent on saccade initiation} or 12
times (when trigger instant depended on trial initiation). The
order of trials was random. Gwing to data loss through calibra-
tion error, some subjects sat for more sessions than others (K.O.R.,
4 sessions; A.L.S., 5; N.C., 5}

Results

Figures 3, 4, and 5 plot the data for the three sub-
jects. In each figure, seven separate graphs are plotted,
one for each of the seven retinal tocations stimulated
by the flash. If responses were veridical, they should
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Figure 1. Experimental procedure for the saccade experiment.
A sad B are white triexgies contineously visible ou the comaputer
scrosn, The ouly things the sabject cuw om the screea were the Haz-
ton marks A and B, snd the fiosh, The circie and otber indica-
tions ja ihe figere were got visible, Exck trizl contained a stimualns
phase snd o respomse phase. Ik the sthwulus phaee, the subject
made o saccads from fisnton merk A to fixstion merk B. Some-
time wear or during the saccads, the computer gemersied a brief
siimulns flack, conslating of the letter “1.”" After the sublect’s eye
kad rested at the right-kond fixatdion mark for 108 msee, & cursor
(consisting of a small dot) appested there. This lndicsted the be-
ginnisg of the response phase. By adjmsting a poteutiometer knob,
the subject saoved the cursor untll it was in the posidon where
the suhject thought the finsh had occurred. He or she looked at

" the cursor, and pressed a birtton to indicate be or she was dolng
so. This method of indicating the percelved siimuius position al-

lowed a supplementary calibration check to be made near the syb-
Ject’s response position; the computer verified that dot position
aud mensured eye posiilon correspondad to better than 1/2 deg,

 otherwise rejected the response.

lie on the saccade-like contour showing the progress
across the dispiay of the particular retinal location
stimulated. Errors in flash localization appear as
deviations of the data points from these contours.
The contours were obtained by measuring typical
saccades of the three subjects during the experiment,
The data representation is the same as that used by
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Bischof and Kramer, and is explained further in Fig-

ure 2.

Accuracy before and after saccade. The main re-
sult to observe for flashes occurring before or after
{but not during) the saccade is that the extent to which
responses are veridical depends on the retinal loca-
tion stimulated, For foveal and near foveal flashes
(0 and +2.4 deg from fovea), data poinis before and
after thé saccade lie near the contours indicating

veridical response. For more peripheral flashes (+4.8 -

and 7.2 deg from fovea), data points show greater
variability. Their mean position is also systematically
displaced with respect to the veridical. This is more
clearly seen from the filled circles in Figure 6, which
plot median location error as a function of retinal
eccentricity instead of time. The upper figures pool
data in Figures 3, 4, and 5 over all times before the
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Figure 2. Coordinate system wsed to diaplay the resuits. The
ordinate AB kb position ez the display; the sbacima s ime with
respect i0 saceade onget. A and B are the white trisnguiar fixe-
tion marks conitunomly visible oa the screen. The sncende-shaped
Hees skow where cerigin retinal projections are projected on the
dispisy screen 55 tme sdvances: the solid saccade-shaped Has
shows the pregrest of the foven, whick moved from A to B, and
the dotted seceade-shaped lines show the progress of the six other
retinei locations thut the fiash can stimulste in the experiment,
For example, polat F oa the dotted curve marked —4.8 indicates
the position on the display screen of the projection of retinal lo-
cstion 4.8 ot lasiant 25 maec sfter saccade onset: 3.6 deg right
of fixation mark A. To understand Siow datn points will be plotied,
ossame that o fieeh oocurred at this position and thme, If the sub-
Sect maade 2o etvor in his estimation of flash location, a data polut
would be ploited at F. If the subject made aa error and saw the
fizah, for example, 7.2 deg to the right of A, them the dats point
woddbeplotud:tll.llgeun! H (he subject made no erron

at all, all his date poluts for fiashes impingiug on retinal location
—4.8 would e o the dotted curve marked —4.8.
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Figures 3, 4, and 5. Resaits of the saceade experiment for Sub-
jects K.O.R., N.C., uad A L.S. Each point is ose response, Coor-

_dinsie cystem nzed is that shown In Figure 2, A different graph

is plotted for each retinal location from —7.2 to +7.2 deg stim-
winted by the fizsh. In ench graph, the ssccade-like contour shows
mehnjm«yofthpm)ecﬂuolmm"dullouﬂon
acroutludhphy If respomses were correct, they should He on
these trajectories, Responses to flushes clther before
or after the snccade correspond to data points that He either left .
or right buat sot within the region of the diagonal line indicating
the period darlng which the eye was a saccade. Responses
toﬂnbuommdnﬁa;thmudeﬂeﬁm&humﬁe
reglon, The vertical bars are the ninges of mislocation errors ob-
tained iz the wo-snccade experiment. The bar on the left of a given
graph indicates the range of errors made in the no-saceade experi-
meut when the eye was stationary, fixating mark A, and a flash
occarred at the retinal location corresponding to that graph. The
bkar on the right indicates the range of errors made when the eye
was fhxsting mark B and a flash occarred at that same retimal lo-
cation. The open circles are median results obtained im the moving-
mnpeﬂmt.&chdrdeconupondﬂoﬂvempouﬂ :



saccade; the lower figures pool over all times after

the saccade, In all cases, there is a definite depen-.

dence of location errors on retinal location stimu-
lated. In four cases, this dependence consists in an
underestimation of the veridical eccentricity of the
flash (cf. negative slope of the curves). In the two
other cases (K.O.R. and A.L.S., lower graphs), a
different pattern exists, but.there is still a clear vari-
ation of the effect with retinal location stimulated.
Accuracy during the saccade. Accuracy in estimat-
ing flash position during the saccade was variable
across subjects. Nevertheless, here also, when the data
for each subject are considered, there are definite
differences for the different retinal locations stimu-
lated by the flash. Thus, for Subject K.O.R., foveal
flashes were localized at the fovea’s departure point
at A, or at its arrival point at B, but never near their
veridical position in between. However, for nonfoveal
flashes, Subject K.O.R.’s data show smoother curves
and the responses are much closer to veridical, The
same differences between foveal and peripheral flashes
can be seen for Subject N.C., except that for positive
retinal locations there was a tendency to see flashes
at fixation marks A or B rather than in their veridical
positions. Subject A.L.S.’s data are much noisier.
They can be summarized by saying that for negative

"retinal locations she frequently saw flashes near fixa-

tion mark A, whereas for positive and foveal retinal
locations the curves were closer to veridical.

Reting] Explanations

The data strongly confirm Bischof and Kramer’s
finding of a retinal-locus effect.’ However, this does
not mean that their interpretation in terms of a *‘co-
ordinate system”’ version of the extraretinal signal is
correct. Is there an explanation in terms of retinal
rather than extraretinal mechanisms? Two retinal
mechanisms may be at work in generating the data.

.(Note that by “retinal’* we mean mechanisms brought

into action by light falling on the retina, even though

" they may have a nonretinal component such as re-

sponse bias. Mechanisms of *‘extraretinal’’ origin
are related to the position of the eye in the orbit and
are not mediated by information on-the retina.)
Peripheral/fovesl differences in the visual system.
The retina is not homogeneous. Peripheral vision
differs from central vision in a variety of ways: it has
poorer acuity and poorer contrast sensitivity, there
are rod-cone differences and differences in persis-

tence, etc. These factors, which have nothing to do -

with the movement of the eye, may partially explain

" the systematic dependence of Bischof and Kramer’s

results on the retinal location stimulated by the flash.
Indeed, it is known that even for the stationary eye,
when a brief flash impinges on noncentral parts of
the retina, systemalic errors are made in estimating
the spatial position of a flash. This is true in the dark

(Osaka, 1977) and in the presence of a visible back-
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ground (L.etbowitz, Myers, & Grant, 1955; see also
Mateeff, Mitrani, & Yakimoff, 1977a, 1977b). In
general, the work shows an underestimation of pe-
ripherally viewed - distances,* Other work (e.g.,
Newsome, 1972; Helmholtz, 1909/1925) shows sys-
tematic underestimation of the size of peripherally
presented objects.

Background spearing. As pointed out by L. Matin
(1976, referring to unpublished work of Matin, Matin,
Bowen, & Kowal, 1969), by Shebilske (1977, p. 31),
by MacKay (1970, 1973), and by L. Matin, Stevens,
and Picoult (1983), the fact that the Bischof and
Kramer experiments were done in conditions of nor-
mal illumination and not in the dark means that in-
formation was available on the retina during the sac-
cade which the subjects might have used to make
their judgments, instead of relying on information
from extraretinal sources. The most obvious hy-
pothesis would be that at the moment of flash occur-
rence, the subject notes the instantaneous position of
the flash relative to nearby reference points (in the
present case, fixation marks A and B), and uses this
estimation to make his response afterwards. If the
subiect can do this accurately, his position judgments
will be accurate, The fact that there are systematic
errors in flash location can be attributed to periphery/
fovea differences, but it also may be related to smear-
ing of the retingl image of the background caused

by the eye movement, Localization of a brief flash

in the presence of background smearing may give
rise to complex retinal events leading to systematic
biases in localization. This may be a further source
of error for that subset of the daia in the Bischof
and Kramer and Mateeff paradigm that corresponds
to cases when the flash is presented while the eye is
moving.

NO-SACCADE EXPERIMENT

This experiment determines the role played in the
saccade experiment by the first kind of retinal effect,
namely, properties of the visual system leading to
foveal/peripheral differences in localization ability.
The influence of extraretinal information that may
be present in the saccade experiment is removed by

-maintaining the eve fixed. Coniparison with the sac-

cade experiment is limited to cases in that expériment
in which there is no additional effect of retinal smear-
ing, that is, to cases in which the flash is presented
before or after the saccade, at which time the eye is
stationary. .

Method

Subiects K.O.R., N.C., and A L.S. were retested under exactly
the same conditions as the saccade experiment, except that the
subject never made a saccade. {nstead, during the stimulus phase
of the experiment, the subject continuously looked at either fixa-
tion mark A or fixation mark B, depending on experimentat con:
dition. Two hundred milliseconds after the computer detected
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accurate fixation, a flash occurred at a position on the screen
chosen by the computer so as to impinge upon one of several tetinal
locations, as in the saccade experiment. Since the eye was fixating,
these corresponded to fixed locations on the screen, at least to
within the accuracy determined by the subject’s fixation accuracy
and the accuracy of the calibration (1/3-1/2 deg). The interval of
200 msec was chosen so as to approximately simulate the condi-
tions in the saccade experiment, in which the flash appeared at
an instant somewhere around saccade onset, that is, about one
saccadic latency (ca. 200 msec) after an accurate fixation at fixa-
tion mark A was detected, The response phase of the experiment
was rdentical to that of the saccade experiment.

Results

The open circles in Figure 6 plot mean errors made
by the subjects as a function of retinal location stim-
ulated. For comparison, the errors made in the sac-
cade experiment before and after the saccade are
shown as filled circles. The trends of the two sets of
curves are similar, The absolute value of the errors
in the no-saccade experiment are smaller or equal to
those in the saccade experiment. This shows that a
sizable portion and sometimes all of the errors made
in the saccade experiment, in cases before the eye
starts moving or after it has stopped moving, can be
explained by the no-saccade data, that is, by assum-
ing that the position sense of the peripheral retina
gives systematic errors. (It is interesting to note that
the errors are different, depending on whether the
subject is fixating mark A or mark B, This shows a
dependence of errors on the visual background.)

The fact that the errors in the saccade experiment
are sometimes larger than what would be predicted
from the no-saccade experiment shows that there

_may sometimes be ar additional source of error in

the saccade experiment. However, this extra error
is comparatively small. It could have an extraretinal
source or it could be caused by that portion of the
responses which were sufficiently close to saccade
onset or offset to be affected by the retinal mech-

 anisms of background smearing to be discussed later.

MOVIN G-SCENE EXPERIMENT

This experiment determines the role played in the
saccade experiment by the second kind of retinal ef-
fect postulated above, namely background smearing.
By moving the background rather than the eye, the
experiment simulates the retinal disturbances caused
by eye movement, but without the involvement of
a possible extraretinal signal. The experiment is sim-
ilar to that of MacKay (1970). However, MacKay
did not disconfound retinal position stimulated and

moment of stimulation, so comparison of his results -

with those of Bischof and Kramer and the present
saccade experiment is not possible. This is remedied
here by measuring separate time-error curves for
each retinal location stimulated by the flash,

Method

A mechanical apparatus designed to model the conditions of
the saccade experiment was constructed. A black slide, of the
same width as the display screen of the saccade experiment, moved
behind a stationary edge with a mark in the middle that served
as fixation point to be continuously fixated by the subject. The
black side was attached to the apparatus frame by an elastic band
50 that, when released from a position on the right, it would move
in about 40 msec to a resting position on the left. The black slide
carried two white triangles corresponding to the fixation marks
in the saccade experiment. The subject started with the slide so
that triangle A was pasitioned above his fixation mark on the sta-
tionary edge. While the subject maintained his eye steady on this
mark, the experimenter released the slide to atlow it to move rapidly
to a position that brought triangle B to a point that coincided with
the subject’s fixation mark. The subject held his regard steady
throughout. Holes in the stide and in its frame could be opened
50 that, at a chosen moment during the slide’s movement, a brief
flash was projected at a chosen position on the subject’s rerina.
Light for the flash came from a light bulb behind the apparatus.
The retinal locations used were the same as in the previous experi-
ment, but fewer flashes were used. It was assumed, as an approx-
imation, that the slide moved at constant speed above the fixa-
tion point. Flashes could be delivered at instants corresponding -
to 1/10, 3710, 5/10, 7/10, and 9/10 of the saccade path. As in
the saccade experiment, ambient lighting was kept the same during
experimentation and was adjusted so that the flash could be easily
detectable at the greatest retinal eccentricities.

The subject’s task was to point to the location where he saw
the flash. In this analog of the saccade experiment, the slide models
the display screen and the stationary fixation mark corresponds
to the fovea. Therefore, to make the task comparable 10 the sac-
cade experiment, the subject made his location judgment relative
to the moving slide and not relative to his stationary fixation point,

Results

For comparison with the saccade expenment the
results of the moving-scene experiment are plotted
as open circles on the corresponding graphs of the
saccade experiment (Figures -3, 4, and 5). This is
justified because, as far as relative motion is con-
cerned, the figures can still be considered to show the
progress of the retina across the display, even though
now the display is moving rather than the retina. Each
open circle is centered on the median of five responses
given by the subject. The dispersion of the responses
was very small, and no larger than the diameter of
the open circles.

- The most important characteristic of the moving-
scene data was also observed in the saccade experi-
ment: there are different patterns of error for the dif-
ferent retinal locations stimulated by the flash. As in
the saccade data, foveal error curves differ from pe-
ripheral ones in the sense that they show little (Sub- -
ject A.L.S.) or no (Subjects K.O.R. and N.C.) vari-
ation with time of flash. Foveal flashes are localized
as though the retina *‘carried with it’* the excitation
caused by the flash, and assigned it to the position
in space corresponding to the eye’s final position (cf.
K.O.R. and N.C, retinal location 0, in particular).
Data for nonfoveal flashes also are similar to those
for the saccade experiment. Nonfoveal flashes are
not simply localized as though the retina carried with
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it the excitation caused by the flash: estimated flash

eccentricity lies in between what would be predicted
from this hypothesis and the veridical position shown
by the saccade-like contours in the graphs. Further-
more, the estimated flash position is not constant
in time as would be predicted if localization took
place as a function of the retinal stimulation remain-
ing after the apparatus came to rest. Rather, esti-
mated flash position varies with the moment of oc-
‘currence of the flash during the slide movement.

Discussion

Since the eye is stationary here, the fact that strong
mislocation errors are found cannot be related to the
growth of an extraretinal signal.® Despite differences
in experimental apparatus and procedure, the pattern
of errors has the same qualitative and in many cases
quamitative characteristics as the portion of the er-
rors in the saccade experiment that occur for within-
saccade flashes.

INTERMITTENT-FLASH EXPERIMENT

The above experiments strongly suggest that a
large part, if not all, of the location errors observed
in the saccade and Bischof and Kramer experiments

may have a retinal rather than an extraretinal cause..

However, some extraretinal effects may still be pres-
~ ent, and the present expenmem is an attempt to mea-
sure them.

If the mislocation effects observed in the saccade

experiment were due to the action of an extraretinal
signal, then over a period of time, which may be
long or short and synchronous or not with the sac-
cade, the signal must make a change of about the
same magnitude as the saccade amplitude. This pre-
dicts that if the same retinal position is stimulated
several times intermittently during the period of
growth of the extraretinal signal, then the perceived
impression should be one of several fiashes physically
separated in space by about a distance corresponding
to the saccade amplitude,

Method

The expenmem involved the same subjects and condltlons as the
saccade experiment, except that instead of the single flash pro-
jected on a given retinal location in each trial, seven flashes were
projected by the computer at consecutive 5-msec intervals, all im-
pinging on that same retinal location. This was, of course, pos-
sible only to the extent to which the computer was able to accu-

rately track and project flashes on a given retinal position during’

the saccade. The calibration accuracy of the apparatus was verified,
at the initial fixation point and at the position of response, to be
no more than 1/3 and 1/2 deg, respectively. Possible flash posi-
" tions and the instants of occurrence of the first flash in the series
of seven flashes were the same as in the saccade experiment,

Results and Discussion ]
In all trials, the subjects perceived a small clump
of flashes in which the successive flashes were super-

‘imposed to a greater or lesser extent. Of interest was

the maximum spread of the flashes seen, and only
this was recorded for each subject. It was 1.3 deg for
K.O.R. and 2 deg for N.C. and A.L.S.

Since 2 deg is 1/6th of the total 12-deg saccade,
this result shows that the extraretinal signal grows
no more than 1/6th of the total saccade extent in the
temporal vicinity of the saccade. In fact, the small
spread that is found is wholly attributable to calibra-
tion error, inasmuch as a 2-deg error is of the same
order as that expected through calibration error from
a series of seven flashes that each can be about 1/3 to
1/2 deg away from the true retinal location to be
stimulated.

A second experimental condition was run in which
the series of seven flashes was always delivered start-
ing at only one critical moment, namely the moment
the saccade was detected, Since the greatest changes
in the graphs of mislocation errors occur just after
saccade onset in Mateeff’s (1978), Bischof and
Kramer’s (1968), and the present saccade data, this

~ is also where a calculated extraretinal signal will be

changing the fastest. In conseguence, this should be
the moment at which the intermittent flashes should
be most spread out. However, as before, for all ret-
inal positions used in the saccade experiment, no
spread larger than 2 deg was reported. It must be
concluded that any extraretinal signal cannot have

changed by more than 1/6th of the total saccade ex-

tent between saccade onset and the seventh flash,
35 msec (or about the saccade duration) later.*

L. Matin, E. Matin, and Pola {1968, unpublished
work cited in L. Matin, 1976, p. 206) have performed
an experiment whose results econcord with those of the
present experiment, If two flashes are flashed suc-
cessively during the saccade with a brief interval be-
tween them, the perceived distance between the flashes
reflects mainly their retinal offset, and not any change:
in the amplitude of an extraretinal signal.

POSSIBLE RETINAL MECHANISMS

The above three experiments show that in the data
of Bischof and Kramer and of Mateeff, as well as
that of the saccade experiment, the influence of an
extraretinal signal, considered as a scalar or coor-
dinate system of scalars, is minimal: The mislocation
phenomena observed may, to a large extent, be ex-
plained in terms of retinal effects related to peripheral/
foveal differences in the visual system and/or to the
presence and smearing of the background caused by
the eye movement, The following sections present
detailed information on mechanisms that show how .
these two types of retinal phenomena might produce
the observed error patterns. It is assumed that the
subject has no extraretinal information about eye
position other than knowledge of the approximate
amplitude and approximate moment of occurrence
of the saccade,



Errors for Flashes Before and After the Saccade

For flashes occurring when the eye is stationary
before or after the saccade, the pattern of errors can
be explained by appeal mainly to the first retinal
mechanism, namely systematic differences between
peripheral and foveal vision leading to errors in esti-
mation of position. This was shown by the data in
Figure 6.

it is interesting that this explanation in terms of
periphery/fovea differences predicts that there will
be no evolution of the size of location errors over
time during the periods before and after the saccade.
There is insufficient data in the present saccade ex-
periment to be sure of this, but there is certainly no
obvious systematic time evolution visible.

Errors for Flashes During the Saccade
What strategy might the subject adopt to localize
a flash that occurs during a saccade? There are prob-
lems with the simple idea that he notes the relative
position of the flash with respect to the background
" at the moment the flash occurs. The remanence of
the visual system is considerable: the movement,
caused by the saccade, of the visual scene over the
retina, undoubtedly builds up to a complicated pat-
tern of excitation whose rise and decay time is of the
same order as the saccade’s duration. When a flash
occurs superimposed on this pattern at a particular
retinal focation, the excitation due to the flash itself
also takes a certain time to build up and to decay.
In order to estimate the position of the flash, a sub-
ject must choose some moment and some landmarks
within the overall spatiotemporal pattern of excita-
tion with respect to which to make his or her-jiidg-
ment. it seemns most likely that the location of the
flash should be decided on the basis of the final,
cumulated pattern of stimulation and not on any in-
stantanecus time-slice of stimulation. This is because,
first, the visual system is not capable of distinguish-
ing events closer together in time than the period of
temporal integration, which, being at least 50 msec,
is longer than the duration of the saccade itself, and,
second, decision processes themselves probably can-
not separate events like the appearance of the flash
from immediately preceding and following retinal
disturbances. '
~._ Consider the case of foveal flashes. The data of
saccade/and moving-scene experiments show that
'suhj'ec}s tend to localize foveal flashes at the final
fixation mark, B, as though the retina ‘‘carried with
it’! the excitation caused by the flash, There is no in-
fluence of the moment of occurrence of the flash.
is is consistent with the idea that localization oc-
curs only on the basis of the pattern of excitation
“on the retina gfter the saccade, since at this time the

/" remanence from the flash coincides with fixation

mark B.
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The case of peripheral flashes is harder to ¢xplain
because the data show a clear variation of misloca-
tion errors with time of stimulation. There must be
some differences between periphery and fovea that
makes a time dependence appear. It we assume that
decisions are based on the cumulated evidence after
the saccade, then, in contrast to the case for foveal
flashes, we must assume for peripheral flashes that
there is some difference in the final pattern of stim-
ulation as a function of their moment of occurrence.
One possibility is that remanence may be shorter in
periphery than in foveal vision, so that what is left
of the stimulation after the saccade depends on how
early in the saccade the flash occurred. '

Little work exists in the literature on the subject
of periphery/fovea remanence differences. However,

. the following facts, though not speaking directly to

the issue, concur in suggesting that under some con-
ditions a foveal excitation takes longer to decay than
a parafoveal one. First, there is some data (e.g.,
Hartmann, Lachenmayr, & Brettel, 1979) that sug-
gests that, under certain conditions of lighting, flicker
fusion frequency is higher in parafoveal regions. In-
cidental evidence to support this can be obtained by
looking at a small TV screen. Under fairly bright
lighting conditions, when seen in near peripheral vi-
sion, the TV image will appear to flicker slightly,

“but fixated foveally, no flicker will be seen. A second

source of evidence comes from observations that can
be made by waving a light in a dim room while the
eye fixates a stationary point. The length of the streak
made by the moving light is much shorter in peripheral
vision than in foveal vision. A final observation, al-
ready mentioned by Helmholtz ¢1909/1925), is that
afterimages remain visible longer in central vision. -
Using this idea, one might suggest the following
account for what happens when the flash impinges
on a peripheral part of the retina. The point on the
retina excited by the flash will preserve its activity
only for a certain time, say T after its occurrence,
where T depends on the retinal location struck, and is
presumably long for the fovea but short for periph-

ery. At this moment, T, when the activity caused by

the flash is about to disappear, the two white fixation

" triangles will already have moved through a certain

distance, creating two streaks of excitation on the
retina. The length and position of these streaks rel-
ative to the position of the fading flash excitation is
all the subject has to go by in performing his localiza-
tion task. Suppose that he chooses some intermediate
position along the streaks as corresponding to the
*‘true”’ triangle position at moment T, and estimates
the distance of the flash excitation from this inter-
mediate point (in doing so he may make an error of
estimation caused by inaccuracy in peripheral dis-
tance estimations), After the eye comes to rest, he
measures off this distance from the appropriate tri- -
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angle, and says he saw the flash at the resulting posi-
tion, :

The predictions made by this hypothesis are depen-
dent on the dynamic characteristics of the smears
caused on the retina by the eye movement and of the
excitation caused by the flash. As shown by E. Matin,
Clyner, and L. Matin’s (1972) elegant experiment
and by van der Wildt and Vrolijk’s (1981) work on
the asymmetrical propagation of inhibition (see also
Long, 1982, and Burr, 1980}, these will be complicated,
and they will depend on the parts of the retina struck
by the streaks and flash., Given the present lack of
knowledge about the dynamic characteristics of dif-
ferent regions of the retina, it is difficult to make pre-
cise predictions. However, following the arguments
given in the Appendix, two extreme cases can be iso-
tated, which give the imits within which the responses
should lie if the present hypotheses are correct. These
cases are shown in Figure 7.

As is evident from a comparison with Figures 3,
4, and 5, the true data fall within the predicted limits.
The extreme cases leave a lot of leeway for the true
data, so it is not surprising to find agreement. How-
ever, one fundamental prediction arises from the
basic concept inherent in the present discussion,
namely, that localization occurs at time T after flash
occurrence, where T is long in the fovea and short
in the periphery. This prediction is that mislocation
phenomena should depend on the spesd of the eye
movement, since the faster the eye moves, the farther
it will have moved during time T. Pilot experiments
done by changing the slide velocity in the moving-
scene apparatus support this prediction. Further-

_more, MacKay (1970) found that mislocation errors

n—
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Figure 7. Theoretical predictions. F(t) is the trajectory of the
foveal projection across the display, P{1) is that of = given peripberai
location. A flash is asssitned to fall on this peripheral location.
The dotied contour fabeled P{t+ T —b) shows the positions where
fiashes would be seen under one extreme model; the crosses cor-
respond 10 the other exireme model discussed in the Appendix.

doubled when the velocity of the simulated saccade -
was multipled by 4.5.

GENERAL DISCUSSION

The starting point for the present study was the
observation that most work on the mislocation phe-
nomenon has neglecied to take into account the study
by Bischof and Kramer (1968) showing that the time
course of mislocation errors may be different when
the flash impinges on different retinal locations.

The present series of experiments reexamined
Bischof and Kramer’s claim, The saccade experiment
confirmed that the retinal-location effect does exist.
However, the subsequent series of three experiments
showed that a significant portion of the effects can
be attributed to: (1) differences in the visual system’s
respoilse to foveal versus peripheral flashes {(different
sensitivity to position, possibly differences in tem-
poral response); and (2) complicated retinal events
caused by movement of the visual scene across the
retina. It is thus not necessary to generalize the no-
tion of extraretinal signal to a ‘““moving coordinate
system”’ in the way Bischof and Kramer suggested,
More important, it is not necessary to use the extra-
retinal signal notion at all; direct measurement of the
change in exiraretinal signal during the saccade shows
the change, if it exists at all, to be less than 1/6th of

- the size of the saccade.

To what extent can the extraretinal signal also be
dispensed with in explaining the mislocation effects
found by other authors?

The work of Mateeff (1978) was done under con-
ditions of visible background, just as were the pres-
ent experiments. The same retinal mechanisms may
therefore have been active in Mateeff’s experiments
and the present ones. Unfortunately, direct compari-
son of the data from the two experiments is not pos-
sible, because Mateeff failed to disconfound time of
stimulation and retinal location stimulated, How-
ever, a limited comparison is possible if the saccade
experiment data is purposefully confounded by col-
lapsing over all retinal locations. This was done in
Figure 8. Data will be similar to Mateeff’s experi-
ment only if the same combination of retinal loca-
tions are stimulated. There is no guarantee that this-
was the case. Nevertheless, the data are similar to
Mateeff’s, particularly those for Subject K.O.R.,
where the resemblance is striking. For Subjects A.L.S.
and N.C., the similarity is less good, but the range
of errors is similar to that observed by Mateeff, one
of whose subjects also had a negative error before

.saccade onset. There is therefore a strong suggestion

that the extraretinal component in his data was min-

.imal and that the phenomenon observed by Mateeff

was the same as that observed here,
A further point concerns location errors before
and after the saccade. {n Figure 8 and in Mateeff’s
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either side of the midpoint between A and B).

data, these errors are not zero and they show changes
as a function of time. Some workers have taken this
to be evidence that the mislocation effect has an ex-
traretinal origin, the argument being that retinal ef-
fects cannot be active before and after the saccade,
since the eye is stationary. In fact, however, the ap-
parent deviations from zero and the time evolutions,
at least in the saccade data, are an artifact of the way
the data are pooled. In Figure 8 and in Mateeff (1978),
data are pooled over an uncontrolled variety of ret-
inal locations, each location giving rise to different
systematic errors. The resulting mean error therefore
mainly reflects differences in the distributions of
retinal locations sampled at different times. A final
point concerning Mateeff’s notion of ‘‘generalized
moment of stimulus presentation’ is given in the
Appendix.

The work of L. Matin and Pearce (1965), L. Matin,
E. Matin, and Pearce (1969), L. Matin, E. Matin, and
Pola (1970), and Monahan (1972) was done in the
dark, so there was no smear created on the retina
by a moving background. However, differences be-
tween the responses of the visual system to peripheral

“and foveal flashes undoubtedly still exist. It is inter-
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esting to speculate whether such differences might
account for the data these workers obtained. ‘
Suppose no extraretinal information is available to
subjects other than the knowledge of the approx-
imate moment that the saccade occurred, and the
approximate size of the saccade. Suppose, as before,
that subjects make their judgments only on the basis
of the information available on the retina gfrer the
saccade. Since, after the saccade, the eye is resting
in the dark, and since the initial fixation point dis-
appeared more than 300-400 msec before the sac-
cade, the only retinal information available is the
remanence of the test flash, Now, the strength of this
remanence is an indication of the moment at which
the flash occurred, with some inaccuracy introduced
by periphery/fovea differences. If the remanence was -
very weak, the subject might assume that the flash
had occurred fairly near the beginning of the sac-
cade, that is, before the eye had got very far towards
the saccadic target. In that case, if the remanence
was on the left of the fovea, he would guess that the’

‘flash had occurred to the left of the initial fixation

point. Similarly, if the remanence was on the right,
the subject would guess that the flash had occurred
to the right of the initial fixation point. On the other
hand, a fairly strong remanence would suggest that the
flash had occurred late in the saccade, Its position
relative to the fovea at the arrival point is therefore
quite near its veridical position. Knowing approx-
imately the ampiitude of the saccade, the subject can
estimate whether this position is left or right of the
initial fixation point, _

Use of such a strategy will lead to a pattern of left-
right judgments in which the point of subjective
equality begins to move slowly some time before the
saccade and reaches its final stable position only weil
after the saccade. This slowness of the change in the
point of subjective equality (and therefore of the de-
duced extraretinal signai) will be seen because the
subject has only a poor conception of the exact time
at which his saccade occurred, and so he attempts
(inappropriately) to use the remanence strategy for
flashes occurring both before and after the saccade.

The above discussion shows that even in the dark,
in the conditions of Matin and his co-workers’ ex.
periments, there may be ways of explaining the sys-
tematic time dependence of subjects’ judgments
without making use of the notion of a time-varying
extraretinal signal. ) :

In conclusion, the present experiments show that
when there is a visible background, flash mislocation .
data can t0 a large extent be explained by retinal -
mechanisms. The action of these retinal mechanisms
can be observed only if data are plotted separately
for the different retinal locations stimulated by the
flash. One of these retinal mechanisms, namely the
difference between the peripheral and foveal position
sense, may be active even under conditions of stim-
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ulation in which there is no visible background. A
significant body of research done in the dark has not
considered this possibility. The influence of the ex-
traretinal signal on mislocation errors in the dark

. therefore has yet to be determined,

NOTES

1. The present data supplement the findings of Bischof and
Kramer (1968) by a more systematic exploration of retinal loca-
tions and instants of flash occurrence. In particular, in the present
experiment, flashes could occur beyond the saccade endpoints,
whereas in Bischof and Kramer's experiment flashes always oc-

‘curred between the two fixation marks. For retinal regions and

flash instants common to both studies, very good agreement is
found in the data, Thus, the data for Bischof and Kramer’s Sub-
ject X, for whom there were data for retinal locations -7 to +2
scale marks (corresponding to —1.5 to +1 fifths of the saccade) is
very similar to that for the present Subject K.Q.R. for retinal loca-
tions —7.2 to +2.4 deg, or ~3 1o +1 fifths of the saccade. (My
further experiments showed that the mislocation errors become
larger when the saccade becomes larger. For the purpose of com-
parison with other studies, it therefore appears preferable to mes-
sure the errors as a fraction of total saccade length.) Bischof and
Kramer’s Subject N is also very similar 10 my Subject N.C. as far
as their data permit comparison; that is, their retinal locations -3
to +2 scale marks, or —1.5 to +2 fifths of the saccade, correspond
approximately to our retinal locations of ~2.4 to +4.8 deg. It is im-
portant to note that this good agreement between the results of the
two studies shows that the effects do not depend critically upon
lighting conditions, flash remanence, visual environment, and sac-
cade size (when errors are meéasured as a proportion of the saccade),
all of which were different in the Bischof and Kramer study.

2. In experiments being done in my laboratory, the errors appear
to consist of an underestimation of distances by about 10% in
peripheral vision; that is, flashes appearing near fixed reference
points tend to be located 10% nearer those points than they really
are.

3. A possible counterargument to this might be the following:
1t might be argued that the growth of the extraretinal signal cor-
responds to an affentional shift accompanying cye movements,

and & similar atientionat shift could occur in the moving-scene

experiment accompanying the slide movement, However, it must
be noted that for the moving-scene experiment in the case of Sub-
jects N.C. and A.L.S., it was the experimenter who determined
the instant at which the simulated saccade occurred, whereas it
was the subject himself who did so in the case of K.O.R, It would
be very uniikely that the time course of an attention shift would
be the same under conditions when the simulated saccade instant

- was determined by the subject and when it was determined by

the experimenter. And yet comparison of the resulting graphs
shows that the time courses of the mislocation effects are identical
{cf., in particular, X.O.R. and N.C.). It can therefore be assumed
‘that the mislocation effects found here are truly caused by retinal
disturbances related to the image shift, The mislocation errors
in the saccade experiment for flashes occurring during the saccade
can therefore probably alse be accounted for on the basis of purely
retinal effects. '

4. Although the straightforward version of the extraretinal sig-
nal hypothesis obviously cannot be reconciled with this result, at
first sight it might be thought that Mateeff’s “*generalized moment
of stirnulus presentation' idea (cf. Appendix) could be slightly
modified to account for the present data. It might be argued that
the S-msec interval between successive flashes was so short that
the series of seven flashes would be considered by the visual system
as just a single, long-duration flash falling on tHe given retinal
location, to which a single “‘gencralized moment™ would be at-
tributed. But note that the subjects did not perceive a single flash,
but rather a smali clump of flashes {on the screen, some flashes

were sometimes seen as quite separate from others, though the
total spread was never more than 2 deg). Under the retinal smear
hypothesis, this is easily understood as being because calibration
error caused cach flash to land on a slightly different retinal loca-
tion. Under Mateeff’s theory, it would be necessary to suppose
that the whole clump of flashes should be attributed to a single
“‘generalized moment,*’ even though they are neither temporatly nor
spatially contiguous. This seems to be stretching the theory too far.
5, 1am indebted to J. Roufs for pointing this out to me.
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APPEN[I!X

Predictions for Flnshes Duiring the Saccade Using the
Hypothesis of Periphery/Fovea Remanence Difference
Suppose t is time from the beginning of the eye move-
ment, and suppose P(t} is the position of the retinal loca-
tion stimulated, measured with respect to the left fixation
triangle. For a flash occurring at time t, localization takes
place at time t+ T, -at which mement the retinal location
stimulated by the flash has moved to position P(t+T),

measured with respect to the left triangle. (T is the rem-

anence of the retina at the location stimulated.)

The first of the two extreme cases to consider is the case
when the subject makes his localization with respect to the
most recent position on the retina stimulated by one or
the other of the triangles, let us say the left one. If the ex-
citation caused by the triangle moving across the retina
builds up instantaneously, then the excitation will be in the
same retinal location as the triangle itself, and so the sub-
ject will estimate the flash position to be P(T +t) from it.

Now, assume it takes time b for the moving triangle stim-
ulation to build up {b will be a function of the retinal posi-
tion currently being traversed by the triangle, but will pre-
sumably be smali—on the order of milliseconds). At the
moment of localization t+ T, the left triangle will be dis-
tance P(t+T) from the retinal location stimulated by the
flash, but excitation will not yet have built up at this posi-
tion. Excitation will only have built up from the triangle
at a position where it was b time units earlier, that is, at
distance P(t + T — b) from the retinal location sfimulated by
the flash. P(t + T — by will therefore be the estimated flash
position. This is indicated by the dashed curve in Figure 7.
Note that the curve depends on the values of T and 5. T
is a function of the retinal position struck by the flash, and
is therefore not a function of time; b is a fuaction of the
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retinal position currently being traversed by the triangle A,
and so is a function of time.

The second of the two extreme cases to consider is that
in whick, instead of making his localization with respect
to the most recent (*‘freshest’”) end of the streak created
by the triangles moving across the retina, the subject makes
his localization with respect to the other end of the streak,
that is, its least recent (*‘stalest’) end. If there were no
decay or inhibitory effects at aill, the stalest end of the
streak would be at the retinal position occupied by the tri-
angle before the eye began moving, that is, for the left tri-
angle, the fovea. Localizing the flash with respect to the
left triangle therefore means Jocalizing the flash with re-
spect to the fovea. A flash stimulating a given retinal posi-
tion will be seen as at a constant distance from the left tri-
angle, independenily of its moment of occurrence, This
conclusion becomes untenable, however, when one con-
siders what happens if the flash occurs very late in the eye
movement, In that case, the left triangle has almost arrived
at its final position in the ieft periphery, and the right tri-
angle is coming to rest near the fovea. Suppose that the
retinal location stimulated by the flash is a little ways into

‘the right periphery. Then it is unlikely that the subject

would use the excitation on the fovea caused by the left
triangle as a reference, since the right triangle’s excitation
is more recent and closer to the position stimulated by the
flash. It therefore seems reasonable to postulate that there
is a critical moment at which the subject changes from
using the foveal excitation remaining from the left triangle
to using the most recent excitation created by the right
triangle. The critical moment will depend on the proximity
of the retinal location stimulated by the flash to one or the
other of these reference streaks. The crosses in Figure 7
show the mislocation errors predicted for a hypothet:ca]
value of this critical moment.

Relation to the Notion of *‘Perception Time**

The mechanisms presented here appear to be related to
the old idea of Hazethoff and Wiersma (1924), according
to which there is a ‘“‘perception time” delay between the
moment of the flash and the moment it is *‘perceived.’’
However, the perception time idea runs into two kinds of
difficulties. First, once the flash is **perceived,’” its position
must be compa.red with some standard (e.g., the scale} in
real space, This standard must also be “‘perceived,’* and
this will also take a certain time. **Perception time' must
therefore actually be taken to be the difference in the time
needed to perceive the flash and the standard.® Secondly,
note that Mateeff, Mitrani, and Yakimoff {1977a, 1977b)
have recently looked more closely at the predictions made
by the simpler form of the notion of perception time, using
target tracking rather than a saccade. They show that if the
notion is 1o be retained, different perception times must
be postulated, depending on the brightness of the flash,
its probability of occurrence, and the velocity of the track-
ing. On neither neurophysiological nor cognitive grounds
is it easy to understand why perception time should depend
on tracking velocity. Also, as pointed out by Mateeff et al.,
there is a discrepancy between perception times measured
in saccade experiments and in tracking experiments. All
these facts may be better explained not in terms of percep-
tion time, but in terms of the relative location of streaks
on the retina, assuggested here.
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Relation to Mateeff's ** Generalized Moment
of Stimulus Presentation™*

Mateeff (I978) postuiated an extraretinal signat to ac-
count for his mislocation effects, and calculated the time
course of the signal that would be necessary for it to ac-
count for his data. The signal caiculated in this way starts
to rise about 50 msec before saccade onset (corresponding
to mislocation errors appearing for flashes 50 msec before
saccade onset) and reaches the value required for veridical
perception within 20 msec after saccade end. He then tested
the validity of this calculated signal by replacing the brief
(0.5 msec) flash by one of longer duration (9 msec) and
asking subjects to estimate the positions of the endpoints
of the smear that had been seent. He found that if the pre-
viously calculated extraretinal signal was used to deduce
what would happen in the new ‘‘streak’ experiment, the
wrong predictions were made for the portion of the mis-
location curves preceding saccade onset. Since the calculated
extraretinal signal rises slowly well before saccade onset,
the beginning and end of a 9-msec flash presented well be-
fore saccade onset should be attributed o different loca-
tions in space. Instead, they are seen as strictly coincident.
Only for flashes presented after the saccade begins does a
- streak with separate endpoints appear. To get over this
problem, Mateeff proposed that, for a stimulus occupying
a given retinal location, the visual system uses the extra-
retinal signal to calculate flash position only once, and that
this is done not at flash onset, or at its offset, but at some
intermediate moment which he called the ‘‘generalized mo-
ment of stimulus presentation.’’

Although this is a very ingenious method of accounting
for the data, the retinal mechanisms proposed here do

equally well, For pre- and postsaccadic flashes, it is clear
that since the eye is stationary, no streak will be seen. For

+ flashes during the saccade, the subject makes his response

by comparing the position of the streak on the retina created
by the flash with respect to the position of the streak on
the retina created by the scale. Although the streak created
by the flash was previously of negligible length, because
of the flash's negligible duration, now a longer duration
flash gives rise to a significant streak. The exact length of
this streak will depend on the dynamic properties of the
regions of the retina that it crosses. Presumably the subject
will choose some intermediate position on the streak caused
by the flash, in addition to choosing, as before, an inter-
mediate position on the streak caused by the scale. This
maodifies the earlier predictions made for instantaneous
flashes in exactly the same way as Mateeff*s “*generalized
moment of perception’’ hypothesis. It can be concluded
that insofar as Mateeff"s data is concerned, both Mateeff’s
model and the retinal mechanisms proposed here can deal
with the data. Only the retinal mechanisms, however, deal
satisfactorily with the dependency of mislocation errors on
retinal location shown by Bischof and Kramer (1968) and
the present saccade and moving-scene experiments. Only
the retinal mechanisms explain why, in conditions in which
the eye is stationary, similar mislocation phenomena can
be generated by moving the scene (moving-scene experi-
ment, and MacKay, 1970).
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