Kccentl> Jonidcs 6’~iii. (IYS?) presented evidence that
uhen the c)c <\-plows ;I \kual scene, the consecutive
“snapshots” taken during successive eye fixations can
be s~~perirnpo~e~~ at an catly. iconic. level of rrpressntation in tltc nervous slstzm to form :t coherent view
of tip: ~~l~~rolln~ci~t. This combination
of successive
snap&~ts takss plxx. they suggest. dcspitz the fact
that the ete mo\<s txtwtrn
the successive snapshots.
The Iri’prcswt;ttion is thercforo “trans-saccadic”.
that
is. in spati:~l ~wrdinat~s.
not in retinal coordinates.
.I~rnides “I UI..S papc’r prompts us to publish in greater
detail some contrxiictor)
data which \vt’ had previou4! ahstrxted
in a French journal (L&h-Schoen
and O’Kcgan. IYN).
The espcrrimsntal paradigm we used was ver>- similar to Jorlides t*i ~I/.‘s. The principle involved is to
prsxnr one half of a visual stimulus before an ep
nlo~eil~ct~t, and another half after the eye movement.
The wmulus halves arc displayed in the same physical locution in space. but because of the eve movemcnt. thcv fall on different retinal locations. The critical question is: can the visual system fuse the two
halies together into ;I coherent whole corresponding
to their true physical proximity. despite the fact that
the) fell on diti‘kmt retinal locations’?
As sho\vn in Fig. I(A) each ol’ our stimulus halves
cotlsisted of ;t jet of apparently random line segments.
&‘hcn two h&es were rupzrimposed,
rhs)- formed
onr’ of three possibls three-letter words which the subjcct had to name. Horsecer, each stimulus half indi\idwtiy
wx nor sutlicirnt to name the iiord. The
subject sat ZOcm from a large CRT tube with fast
drca!mg
PI5 phosphor.
fixating a central fixation
point. Figure l(B) shous the sequence of events for
each trial. A target point appearing either on the left
or the right of the screen at an eccentricity of 8.2. was
the signal for the subject to move his eyes to this
txrgct point. ‘At a random moment before, during, or
;liti‘r the eje mwcmcnt.
the computer displayed the
,.v::.
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first stimulus half for I msec at a posilion midLva>
between fixation point and target. 50 msw later. the
second stimulus half was dispk~~ccl for I mstc in the
same place on the screen. The stimuli subtended 2.Y
horizontally and I .i verticail~-. B>-pressing a button
the subject indicated which of the three stimulus
words he thought had bcsn displayed. ‘4 burtor~ was
also provided for the response. “Don‘t knot.v’.. Eye
movements
wcrc mcasurcd using the phutoclcctric
sclcral reflection technique. and rccordcd b! the computer at a sampling intcrwl of 3 mwf.
Probability of corrxt response for four subjects is
plotted in Fig. 2. For each triat the computer CDJUlated the interval between saccade onxt and the start
of the stimulus sequence. By convention. time ivill be
measured from the moment of saccadc onset to the
moment of occurrence of the second stimulu> half. X
time of -30 mssc for example corresponds
to ths
second stimulus occurring
30 msec before saccade
onset, and the first stimulus occurring 50 mwc earlier.
that is SO msec b&ore saccade onxt. For such a trial,
both stimulus halves occur bcforz the r’y? had started
moving. and so they impinge on the samt’ retinal location, and accurate responses can be espectcd. OnI!
for a certain critical range of times do the t\vo stimulus halves not impinge on the same retinal location:
this range goes from the time at which the second
stimulus coincides with the saccadc onset (I = 0). to
the time the first stimulus coincides with the saccade
end, i.e. at t = saccads
dtlratiol~ + interstimulus
interval. Since saccade durations were of the order of
30 msec, we have taken I = 30 i 50 = 80 msec for
this critical time. Within this region the hatched
region is the region of particular interest to the issue
of trans-saccadic fusion, since it corresponds
to trials
where one stimulus occurred before and OIW aiter the
saccade. If two stimulus halves occurring in the snmc
physical location, but one beforz and one after ttts
saccad<. can be fused despite the fact that ?he> im-
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pinge on different retinal locations. then we expect
;tccurate responses in this hatched region.
Looking at the curves in Fig. 2 it is evident that
trims-saccadic
fusion does not occur: in the critical
hatched regions. subjects’ responses were inaccurate.
In l&t they were inaccurate precisely in the region
where at least one of the two stimulus halves occurred
during the saccade. This is consistent with the hypothesis that the subjects could identify the stimuli
onl! when the two halves impinged on the same retinal location.
The results are in contradiction
with those of
Jonides L’Ictl. Several interesting differences between
our experiment and Jonides t’r trl.‘s could be at the
root of this difference. The most striking of these is
the Fact that in our experiment the tuo retinal Iocations stimulated are both peripheral.
and are symmetrically placed with respect to the fovea. We used
this method so that the two stimulus halves would fall
on retinal regions having about the same acuity. If we
had done as Jonides i~f (I/.. that is if the first stimulus
half had impinged on the peripheral retina. and the
second halfon the fovea. then there would have been a
difference in the quality of the information available to
the {isual system about the first and second stimulus
hal\es. It seemed to us that we iverc improving the
chances that trans-saccadic
fusion would occur by
making the stimuli of comparable
quality. However,
an interesting alternative presents itself. It could be
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that trans-saccadic
t’~won
exists, but uorks only to
integrate previously occurring peripheral information
with presently available fovea1 information.
Another di&erence between the two experiments
may be important. In our experiment. the direction of
the eye movement the subject was required to make
depended
on the side on which the target point
appeared on the screen. This changed randomly from
trial to trial, sometimes being on the right, sometimes
on the left. In Jonides or crl.‘s experiment. the stimulus
always occurred on the right of the initial iisation
point. It may be that fusion is facilitated by greater
certainty of the spatial locntlon of the stimulus.
Several further differences related to the stimuli
that were used in the two experiments
may also be
related to the di&rrtnce in results.
in our experiment.
the stimuli were made of line
segments instead of dots as Jonides LYrti.‘s. It may be
that the precision of trans-saccadic
fusion 1s not ver!
great. and that the precision of alignment of the line
segments required to recognize the stimuli in our
experiment was greater than in Jonidrs rr &‘s. Ho\vever. a comparison
of the tuo tasks suggests this is
not the case. In our evpcriment the precision required
\vas about one third of a letter. that is. 0.32.. In
Jonides CI o/.‘s experiment ;L 5 x 5 dot matrix subtending 3’ ~vas LISA. ;\ssuming that the t:!sk could be
done providing the t\\o stimulus hal\es \tc‘re not displaced by more than one haif the iiot spacing from

Fio~ 2. Results for 4 subjects. The top two were the authors. The bottom two were naive. Each subject
did 500 trials except M.T.. who did 400. The solid line shows probability
of correct response. the dashed
lines are “Don’t
know”
responses. The abscissa shows the time with respect to the saccade onset at
which the second stimulus occurred. The hatched region between 30 and 50 msec is the critical region in
which one stimulus half appeared before the saccudo. and one after the snccade.

their true

position.

this

implies

an acctrrncy

of 0.3’.
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seems like the accuracy required of the
fusion mechanism was of the same order of magnitude in the two experiments.
Two other possibly relevant differences between our
and Jonides et al.‘s experiments concern the timing of
the stimuli. The first difference is that the duration of
the stimulus halves in our experiment was I msec, and
in Jonides rr a/.-s it was 17 msec. Second. the blank
interval between stimulus halves was 50msec in our
experiment and 37 msec in Jonides ~‘t cll.‘s. We believe
that neither of these differences account for the difference in results, because we have done experiments
using comparable
durations in which trans-saccadic
fusion also did not occur. In these experiments
the
stimulus halves consisted of a square with a small
vertical bar either at “I2 o’clock” or at “6 o’clock”.
When the two squares were superimposed.
they formed
a square with one vertical bar. The subject’s task was
therefore

*Since submitting
this paper we have received personal
communications
from D. E. Irwin and from G. J. hlitchison. C. I. Baker and C. E. Hinton
suggesting
that
the apparent trans-saccadic
fusion found in the Jonides
er ai. (1982) report
was probably
an artefact
of the
remanence of the CRT phosphor
used.

to say when he saw this bar. Thinking that perhaps
fusion did not occur because the stimuli were of too
brief duration.
we varied this duration
from I to
200 msec. However fusion never occurred. We also
thought that fusion would be favored if the stimulus
halves had common parts: this would allow the two
halves falling on different retinal locations
to be
superimposed
somewhat in the way satellite pictures
of the earth are superimposed.
that is, making use of
common boundaries. The stimulus halves already had
the square
in common, but we added trro larger
squares around each stimulus half so that it lay within
a kind of picture frame subtending
about 5’. We
again found no fusion.
The conclusion seems to be that the only vital differences in the two experiments are the fact that in
Jonides rf crf.‘s work the second stimulus half was
displayed fovealiy whereas in our work it was displayed peripherally,
and the fact that in Jonides et
CL’S experiment
the spatial location of the stimulus
was more predictable. Awaiting further work where
these factors art‘ investigated, the evidence from our
present experiment suggests that trans-saccadic
fusion
probably
does not exist*. Other more theoretical
arguments in favor of this idea are the following.

