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Summary. Recently, there has been considerable interest in
whether information in iconic memory is stored in retino-
topic or spatiotopic coordinates. The present experiment
examined the issue using a masking paradigm. In one set
of conditions, subjects maintained fixation while a row of
four letters appeared for 19 ms, centered about three de-
grees to the right of fixation. After a 153 ms ISI, the letters
were followed by a blank field (no mask), a mask in the
same position as the letters, or a mask displaced three de-
grees to the right of the letters. In a second set of condi-
tions, the stimuli were the same but subjects were asked to
shift fixation from the fixation point to the middle of the
letter row during the interval between the letters and the
mask. Subjects’ eye movements were monitored in all con-
ditions. Accuracy of report for the letters was lowered only
with the mask over the letters with the no-eye-movement
conditions and in both masking conditions with the eye
movements. The results suggest that the icon includes two
components, one that is retinotopic and one that is spatio-
topic.

In 1960, Sperling used partial report to demonstrate a
short-term visual information store that has since been re-
named iconic memory (Neisser, 1967). Sperling found that
subjects seemed to have more information available than
they could report from a brief visual display. Subjects were
shown three rows of four letters each and could report
about 4.3 letters when asked to report as many as possible.
However, when the display was followed by a high, medi-
um, or low tone that served as a cue to report the upper,
middle, or lower row, subjects could report the cued row
with much greater accuracy, approximately 76%, than
when they attempted to report the entire display. Sperling
concluded that subjects had an average of 9.1 of the 12 let-
ters available for a brief period following the offset of the
stimulus. This memory appeared to consist of “a rapidly
fading, visual image of the stimulus”, which lasts less than
1 s. Sperling also argued that the stored information was
precategorical, although other evidence suggests that this
may not be the case (Mewhort and Butler, 1983; Butler
1974).

Independent of Sperling’s research, Averbach and Co-
riell (1961) investigated visual short-term storage using a
bar-probe task to study the temporal properties of the
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store. A 2 by 8 matrix of letters was presented and a bar,
following at different time intervals, cued the one letter
that was to be reported. Accuracy of report decreased as
the cue was delayed, reaching asymptote at about 250 ms.
They also noted a phenomenon, which they called “era-
sure”; during this 250 ms interval, an individual element
of the matrix could be masked by a character that ap-
peared in the same place as the original element, making
the original very difficult, if not impossible, to report. Av-
erbach and Coriell concluded that the visual system in-
cludes a storage buffer which has a very brief duration and
a relatively slow read-out time. The duration is about
250 ms and new information introduced during this time
has a local masking effect on what was previously stored.

While the tasks used by Sperling and by Averbach and
Coriell are the principal measures of iconic memory, a
third technique was introduced by Eriksen and Collins
(1967) and further refined by Di Lollo (1977). Di Lollo’s
experiment involved the integration of two flashes, each
consisting of 12 dots, which formed a 5 by 5 dot matrix
with one missing element. He found that, with stimulus
onset asynchronies (SOA) of up to approximately 100 ms,
the missing dot could be localized very easily, presumably
because the first display was held in iconic memory and
then integrated with the second display.

While there is a general consensus about the existence
of iconic memory, there is far less agreement about its
function. It has been suggested that the icon simply serves
as a continuation of the original stimulus (Haber, 1983). If
this is the case, it would play a minimal role in vision un-
der normal circumstances. Neisser (1976, p. 48) has argued
that:

The icon simply simulates, for the rest of the nervous system, the
information that would be picked up if the real display were still
on ... it can play little part in normal vision: by definition it does
not exist while a given fixation continues, and it is destroyed by
masking after every eye movement. Although the exact retinal ar-
rangement of still unperceived forms may be briefly stored under
tachistoscopic conditions, the storage is not robust enough to af-
fect the perceptual cycle.

The icon, as described by Neisser, would require local, ret-
inal coordinates only. However, the icon may serve to inte-
grate across saccades, and this would necessarily involve a
storage buffer that functions in the coordinates that corre-
spond to real space. Feldman (1985), for example, has pro-
posed that the visual system includes both a retinotopic
buffer and a spatiotopic buffer.
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Davidson, Fox, and Dick (1973) developed an experi-
mental procedure to separate retinotopic and spatiotopic
components of iconic storage. A horizontal row of five let-
ters (e.g. SHVRY) was used as the principal stimulus.
There were two fixation points, one located below the spot
where the H would occur and the other located below the
point of the R. Subjects were trained to alternate their fixa-
tion between these two points. When the speed of the fixa-
tion shifts reached 70 ms, a trial would begin. At the point
in time when the subject fixated on the left fixation point,
the row of letters would be presented for 10 ms. The test
apparatus was designed so that when the subject’s gaze
reached the right fixation point, a mask (or, on some trials,
a metacontrast ring) appeared over a specific letter posi-
tion, for example, where the Y had once been. The sub-
ject’s task was to report all possible letters as well as the
apparent location of the mask or ring. It was then possible
to determine whether the letter that was masked was the
original letter in the display position occupied by the mask
or the letter occupying the same retinal position as the
mask. The results showed retinotopic backward masking

- (the ¥V could not be reported), but, the mask was perceived
to share its correct spatial location (at the Y) with the letter
in the same display position. These results suggest the exis-
tence of two icons: one arranged retinotopically and one
spatiotopically.

There are problems with the Davidson et al. study. Ex-
tensive training was required to reduce eye movements to
within 70 ms. Hence, two of the authors served as the only
two subjects in the study. Since they were familiar with the
display parameters, the report of the position of the mask
may have been biased by knowledge of where the mask ac-
tually occurred. Phenomenological report of the mask’s
position was used as the evidence for a spatiotopic compo-
nent to iconic memory. Some uncertainty about these re-
ports must have existed because the authors acknowledged
that additional data were collected “. . . in the vain hope of
obtaining clear results from each subject” (p. 113). Van der
Heijden, Bridgeman, and Mewhort (1986) pointed out that
no experiment has attempted to replicate the Davidson et
al. results using a masking paradigm. A replication is
needed, especially in view of the renewed interest in the
storage characteristics of iconic memory, and the David-
son et al. study in particular.

At least two studies have attempted to examine spatio-
topic coding with the icon. Jonides, Irwin, and Yantis
(1982) asked subjects to locate the missing dot in a 5 by 5
dot matrix, which was displayed using two discrete flashes
of 12 dots each. In the saccade condition, the first 12 dots
were presented below a fixation point. An eye movement
to a new fixation point ensued and all but one of the re-
maining 13 dots were presented. These overlapped spatial-
ly with the first portion of the array, but not retinally, be-
cause of the intervening eye movement. The control condi-
tion involved no eye movements. The disparate retinal lo-
cations of the flashes were retained by displaying the two
portions of the array at different spatial locations on the
screen. Responses were significantly greater than chance
only in the saccade condition, making spatial superimposi-
tion the apparent important factor for visual integration.

There was a confounding factor in the Jonides et al.
study. These researchers used a P-4 phosphor display de-
vice in which the dots decayed to 1% of their original
brightness in less than 1 ms. Nevertheless, this 1% will re-

main for periods extending over a full second. All attempts
to replicate the effect using equipment that does not suffer
from this stimulus persistence problem have failed
(Bridgeman and Mayer, 1983; Jonides, Irwin, and Yantis,
1983). It seems quite likely that the residual brightness
created a situation where spatiotopic integration, because
of temporal overlapping of the stimuli, was easy for the
subjects. Finally, no condition that could have produced
retinotopic integration was included.

In the same year, Breitmeyer, Kropfl, and Julesz (1982)
conducted a very similar study. Subjects were asked to re-
port whether or not a dot was missing from a 4 by 4 array.
On a random half of the trials one element was missing.
The arrays were presented in two flashes, either seven or
eight dots per flash. In one condition, the first half was
shown parafoveally, and the second half, after a saccade,
foveally. In this case, the stimuli were presented in the
same spatial location but in different retinal locations, and
this was the only condition that yielded results significant-
Iy better than chance. When subjects were to integrate the
arrays retinotopically, that is, seeing two flashes to the fo-
vea at different locations on the display device, they were
unable to do so. Again, there were some problems with the
methods. Breitmeyer et al. also used a P-4 phosphor dis-
play device, with no control for persistence, and did not
monitor the subjects’ actual eye movements. Perfect con-
trol of eye movements would be critical for their proce-
dure. If the fixations were not precise relative to the stimu-
Ii, or were not performed in the correct time interval, sub-
jects would have no chance to integrate the images retino-
topically.

The ideal paradigm for investigating the issue should
be equally sensitive to the possibilities of a retinotopic or a
spatiotopic icon. Davidson et al. used a procedure that was
adequate but involved a complex training procedure to en-
sure proper eye movements. Hence, they were able to col-
lect data from only two subjects, both familiar with the
task, and the only data they reported on spatiotopic inte-
gration was phenomenological reports dealing with the ap-
parent location of the mask. The dot studies, cited above,
share a different problem. Di Lollo used a procedure simi-
lar to that of Jonides, Irwin, and Yantis and Breitmeyer,
Kropfl, and Julesz, and found that if the SOA between the
two arrays was of a longer duration than 160 ms, locating
the missing dot was impossible. Both Jonides et al. and
Breitmeyer et al. used delays greater than 200 ms, which
suggests that the integration obtained in these studies was
more likely due to residual phosphor persistence with the
display device than to iconic memory.

In the present experiment, the subjects fixated on a
point while four consonants were presented to the right of
fixation for 19 ms. In the no eye movement segment of the
experiment, 153 ms after the letters had disappeared, a
mask in the same location as the letters, or a metacontrast
control (a mask to the right of where the letters had been)
was presented. In a third condition, no mask was involved.
In the eye movement segment, after the letters had disap-
peared, subjects switched fixation to the point in the mid-
dle of the letter row. Following a 153 ms delay, a mask ap-
peared in either the same spatial location as the conso-
nants, or in the same retinal location (i. e., in a position to
the right of the new fixation point). In a third condition,
trials did not contain a mask at all. In total then, there
were six types of trials. Each subject was asked to report



the letters in a left-to-right order. In the no eye movement
condition, the mask matched the actual and the retinal po-
sition of the letters and should have caused a decrement in
performance as compared to the no-mask condition and
the metacontrast control with the mask to the right. The
question of interest is, when an eye movement is carried
out during the interval between the letters and mask, will
there be spatiotopic masking, retinotopic masking, or
both?

Method

Subjects. Twelve undergraduate students at Queen’s Uni-
versity served as subjects in this study. Two subjects were
unable to complete the task and were replaced. All had
normal uncorrected vision.

Apparatus. The stimulus in each trial consisted of a hori-
ontal row of four uppercase consonants with no repeated
items. They were displayed on a Tektronix point-plot dis-
play monitor (model 604), equipped with a P-4 phosphor,
which was controlled by a Digital PDP-11/23 minicompu-
ter. The monitor was located in a partially darkened room
adjacent to the room that housed the computer. Each letter
was defined in a 5 by 7 matrix and subtended a visual
angle of 15 min by 21 min. The four letters subtended
about 1° horizontally. The basic display algorithm is de-
scribed by Mewhort (1978). It was altered by the experi-
menter in order to allow for collection of eye movement
latency data. A Biometrics SGH/V-2 eye movement moni-
tor was used to track eye movements and was connected to
a Schmitt trigger on the computer clockboard.

A small pilot study was conducted in order to find a
luminance level at which 1% of the original brightness (the
P-4 persistence mentioned earlier) would have no effect on
performance. Three judges viewed the letter display
through a Kodak N. D. 2.00 gelatin filter that allows only
1% of the brightness to pass. When the luminance was set
at the level used in the main experiment, subjects were un-
able to identify any items in the display. Throughout the
experiment, the luminance of the letter stimuli was main-
tained at two log units above threshold in order to control
for residual phosphor persistance, as noted by Bridgeman
and Mayer (1983).

Procedure. Subjects were seated in a slightly darkened
room and fitted into the eye movement monitor apparatus
directly in front of the display screen. The subject’s head
was strapped into a harness in order to ensure that head
movements did not occur. There were six blocks of trials
(eye movement vs. no eye movement combined with mask
type). Half of the subjects participated in the eye move-
ment blocks first while the other half began with the no eye
movement blocks. The trial blocks were arranged so that
each block was carried out in each ordinal position twice.
Subjects received 30 practice trials before participating in
the eye movement or no eye movement segments of the
experiment.

Typical eye movement trials proceeded as follows. The
subjects focused on the fixation point. Following the de-
pression of the start button by the subject, the four conso-
nants appeared in the right portion of their visual field.
Immediately following the disappearance of the letters, the
subject executed a saccade to the point in the center of
where the letters had appeared. This saccade was approxi-
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mately 3° in arc. The letters were followed by no mask or,
after an interval of 153 ms, by either the spatiotopic mask
or the retinotopic mask. The mask consisted of six number
signs (#) and extended one character beyond each end of
the row of letters. The mask remained on the screen for ap-
proximately 500 ms. Figure 1 shows a diagram of each of
the three types of trials. The subject was asked to report
the letters that were perceived in a left-to-right order. If a
subject could not report a specific letter, he or she was
asked to indicate the missing position so that position data
was correctly collected for the reported items. Subjects
were encouraged to report four letters on every trial. The
no eye movement trials proceeded in a similar fashion but
the subject’s fixation remained on the initial fixation point
throughout the trial. Fifteen trials with proper eye move-
ment (or no eye movement) times were required for each
trial block. Subjects continued until this number was ob-
tained. In the case of the no eye movement trials, a time
that indicated a complete lack of movement until after the
mask offset was necessary for a trial to be considered val-
id. With eye movement trials, an eye movement time that
indicated movement during the 153 ms interval between
the offset of the letters and the onset of the mask was re-
quired for a valid trial. Subjects were given a 15 min break
between the eye movement and no eye movement sessions.

Results

Having subjects keep their eyes steady on the fixation
point for the duration of a no eye movement trial was not
difficult. Subjects could carry out this part of the task with

1. NO MASK CONDITION

+ BXFT {19 ms)

+ (153 ms)

+ (502 ms)
2. SPATIOTOPIC MASK CONDITION

+ BFXT {19 ms)

. (153 ms)

+ (232221 (504 ms)
3. RETINOTOPIC MASK CONDITION

+ BXFT (19 ms)

+ (153 ms)

+ tii2244 (504 ms)

Fig. 1. An example of each of the three trials types. The labels giv-
en here correspond to the eye movement trials. In the case of the
no eye movement trials, 2. would be labelled “Spatiotopic/Reti-
notopic Mask” and 3. would be labelled “Metacontrast control”.
The character “ #” was used as the mask character
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almost perfect accuracy. However, an eye movement that
must be conducted within 153 ms was not quite so simple.
On the average, approximately 55 trials were needed to
obtain the required 15 trials for each condition. Further-
more, two subjects, whose data were not included, were
unable to complete the task and were replaced.

The collected data were analyzed using three different
measures: total number of letters correctly reported, num-
ber of letters reported in their correct position, and Ken-
dall’s tau, the correlation between stimulus order and re-
sponse order. The last score relates specifically to order of
report and will be discussed in detail below. The first two
measures were analyzed using a two-factor analysis of var-
iance to assess the effects of position in display for each of
the six experimental conditions. The six experimental con-
ditions could not be considered as two separate factors,
that is the presence or absence of eye movements and
mask type, because the resulting design would not be com-
pletely orthogonal. That is, in the no eye movement seg-
ment, there were essentially two no mask conditions and
one mask condition while, in the eye movement segment,
the reverse was true. The six presentation conditions,
therefore, were treated as one factor in the analysis of var-
iance and specific conditions were compared using ortho-
gonal contrasts.

Total letters reported. The mean number of correct re-
sponses per subject for each condition in each target posi-
tion can be found in Table 1. One should note that this re-
port measure is not sensitive to order of report.

The results in Table 1 show that accuracy of report was
substantially affected by position in display, F (3,33) =
35.25, P <0.0001. The first letter was reported most often,
the fourth slightly less often, and finally, the second and
third letters were not reported as frequently. There was a
significant quadratic trend in the data across the four letter
positions, F(1,11) = 100.98, P <0.0001, as well as a linear
component to the trend, F(1,11) = 12.80, P <0.005.
More importantly, the results in Table 1 show that ac-
curacy of report varied across presentation conditions,
F(5,55) = 3.34, P <0.02.. A significant overall masking
effect was found when the two no mask conditions plus
the metacontrast control were compared to the three mask
conditions, F(1,11) = 17.43, P <0.002; in the former, the
mean probability of a correct response was 0.48 but this
dropped to 0.42 in the latter conditions. In the no eye

Table 1. Mean number of letters reported

movement trials, the mean probability of a correct re-
sponse was 0.49 for the no mask condition and 0.46 for the
metacontrast control, which did not differ significantly, F
= 1.96, P = 0.19, but dropped to 0.40 for the mask condi-
tion, which differed significantly from the other two con-
ditions, F(1,11) = 26.50, P <0.001. In the eye movement
trials, the results approached significance when the two
masking conditions were compared to the no mask condi-
tion, F(1,11) = 4.71, P = 0.051. The mean probability of a
correct response was 0.42 for the two mask conditions and
0.48 for the no mask condition. The number of correct re-
sponses was smaller in the spatiotopic mask condition
than in the no mask control, a result which approached
significance with an F-test, F(1,11) = 4.53, P = 0.054, and
reached significance with a one-tailed rtest, #(11) = 2.01,
P <0.05. The decrement in the number of correct re-
sponses in the retinotopic masking condition, compared to
the no mask control, approached but did not reach signif-
icance, F (1,11) = 2.64, P = 0.13, and ¢(11) = 1.62,
P <0.1. Finally, it should be noted that the number of cor-
rect responses given in the no eye movement control con-
ditions were very similar to the data collected for the eye
movement no mask condition, F(1,11) <1.0.

Letters reported in correct position. The data were also ana-
Iyzed in terms of the number of letters reported in their
correct positions. These data, averaged across subjects, are
shown in Table 2. Since masking affects both letter ident-
ification and order of report (Mewhort, Marchetti, Gurn-
sey, and Campbell 1984), this measure should be some-
what more sensitive to masking effects than the previous
score for letters reported. It should be noted that all sub-
jects reported four letters on every trial even though the in-
structions allowed omissions.

As with the total measure, position in display substantially
affected report, F(3,33) = 69.17, P = 0.0001. The first let-
ter was reported in its correct position most frequently,
followed by the fourth letter, while the second and third
letters were not correctly reported as often. The position in
display effect was dominated by a quadratic trend, F(1,11)
= 327.36, P <0.0001, but was tilted to the right as evi-
denced by a linear trend, F(1,11) = 34.96; P <0.001.
Figure 2 shows the data averaged across display posi-
tion. As can be seen in the figure, mean accuracy of report-
ing letters in their correct positions differed across the six
conditions, F (5,55) = 3.22, P <0.02. An overall masking

Table 2. Mean number of letters reported in their correct position

Position in display

Position in display

1 2 3 4 (mean) 1 2 3 4 (mean)

No eye movements No eye movements

No mask 9.83 5.25 5.67 8.58 (7.33) No mask 8.17 2.67 1.17 4.67 (4.17)

SP/RET mask 8.50 5.33 4.33 6.08 (6.06) SP/RET mask 6.67 2.33 1.50 2.58 (3.27)

META control 9.75 5.00 5.50 7.33 (6.90) META control 8.42 2.83 1.75 3.67 417
Eye movements Eye movements

No mask 9.50 6.33 5.33 7.58 (7.19) No mask 8.33 2.67 1.67 4.08 4.19)

SPAT mask 9.42 4.83 4.83 6.92 (6.50) SPAT mask 7.00 2.08 1.17 3.00 (3.31)

RET mask 8.58 5.17 433 7.00 (6.27) RET mask 7.00 2.25 1.42 342 (3.52)

Note: The maximum possible correct is 15

Note: The maximum possible correct is 15
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Fig. 2. Mean percentage of letters reported in their correct posi-
tion for each of the six presentation conditions.

effect was again found, F (1,11) = 25.24, P <0.0007. In
the no eye movement trials, performance was equivalent in
the no mask and metacontrast control conditions, F
(1,11)< 1.0, but dropped substantially in the mask condi-
tion, F(1,11) = 15.21, P <0.003. More importantly, in the
eye movement trials, subjects reported more letters cor-
rectly in the no mask condition than in the two masking
conditions, F(1,11) = 8.60, P <0.02, and the two masking
conditions did not differ significantly, F (1,11) <1.0. A
significantly smaller number of letters was reported in the
correct position in the spatiotopic masking condition than
in the no mask control, F(1,11) = 6.01, P <0.03 and #(11)
= 2.45, P <0.05. Furthermore, when the retinotopic mask
followed the letters, the decrement in report accuracy,
compared to the no mask control, approached significance
with an F-test, F(1,11) = 3.57, P = 0.08, and reached sig-
nificance with a one-tailed #test, T(11) = 1.89, P <0.05.
Again, there was no difference between the metacontrast
control and no mask conditions with eye movements and
the no mask condition without eye movements, F (2,11)
<1.0.

Order of Report. Kendall’s tau was used to assess order of
report by correlating the order of the responses with the
actual order of the letters in the display. Butler and Currie
(1986) have shown that order of report is a major factor
with errors in tachistoscopic recognition and the differ-
ences between the scores in Table 1, and the scores in
Table 2 show that order errors were common in the pre-
sent task. The value of tau ranges from + 1 (order of report
matching the order in the display) to — 1 (order of report
opposite to order in display). It was calculated by taking
all pairs of items reported and assigning a value of +1 to
each correctly ordered pair and a value of —1 to each in-
verted pair of items. If less than two items were correctly
reported in a trial, that trial would not enter into the tau
score. The tau scores, averaged over subjects, are shown
for each experimental condition in Table 3. A one-factor
analysis of variance was carried out on this data.

.Overall, the presence of a mask caused some confusion
with order of report. The mean tau scores for the no eye
movement mask condition and the two eye movement
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Table 3. Mean tau scores for each condition

Experimental condition

No EM EM

No SP/RET meta No SPAT RET
mask mask control mask mask mask
0.50 0.34 0.43 0.51 0.42 0.38

mask conditions were significantly lower than the mean
scores in the other conditions, F(1,11) = 10.000, P <0.01.
In the no eye movement segment of the experiment, the
mean tau score was lower for the mask condition than for
the no mask and metacontrast control conditions, F(1,11)
= 8.20, P <0.02. There was no significant difference be-
tween the no mask and metacontrast control conditions,
F(1,11) <1.0. In the eye movement portion of the experi-
ment, the tau scores for the two masking conditions were
lower than the tau score for the no mask condition but the
difference did not quite reach significance, F (1,11) =
4.09, P <0.07. The analysis showed no significant differ-
ence between the spatiotopic mask condition and the reti-
notopic mask condition, F(1,11) <1.0. The difference be-
tween the no mask condition with eye movements and the
retinotopic mask condition approached significance with
an Ftest, F(1,11) = 3.37, P <0.07, and reached signifi-
cance with a one-tailed #test, £ (11) = 1.83, P <0.05. The
difference between the no mask condition and the spatiot-
opic mask condition, however, did not reach significance,
F(1,11) = 3.05, P= 0.11, t(11) = 1.75, P <0.1

Discussion

Mewhort et al. (1984, p. 288) have pointed out that “mask-
ing provides prima facie evidence for iconic memory” and
this is the strategy that we have used to determine whether
information in the icon is coded retinotopically or spatio-
topically. The present results demonstrate masking effects
in three different conditions, one of which involves no eye
movements. Masking in the no eye movement condition is
hardly surprising; it has been found using a paradigm such
as this in many different studies. Because the eyes remain
stationary in this condition, masking is occurring in a situ-
ation in which the retinotopic and spatiotopic coordinate
systems are completely confounded. In the other two
masking conditions, however, an eye movement interven-
ing between the stimulus and the mask effectively sepa-
rates the two coordinate systems.

The present results show masking effects when the
mask overlaps both spatiotopically and retinotopically
with the stimulus. The statistical support for retinotopic
masking is not as strong as the evidence for spatiotopic
masking but the data are probably as good as any that can
be obtained, given the delay of mask necessary to allow an
eye movement. The two forms of masking seem to indicate
the existence of two data representations, one arranged
spatiotopically and another arranged retinotopically. The
data gathered by Davidson et al (1973) also seemed to
point to the existence of two icons. Just as in their experi-
ment, masking in retinotopic coordinates was found while
no subject reported any apparent movement of a mask.
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Spatiotopic masking effects were not found by Davidson
et al., possibly because of the time parameters. They used a
70 ms ISI, while the present study used an ISI of more
than twice that, 153 ms. The two studies combined may in-
dicate a transition from retinotopic to spatiotopic coding
over time.

The above interpretation is based on the assumption
that masking occurs only when the mask overlaps the posi-
tion of the letters, either spatially or retinally. If the mask-
ing stimulus produces a decrement in performance regard-
Iess of where it occurs in the visual field, that is, if the de-
crement is simply produced by the onset of a second stim-
ulus, then masking cannot be used to determine whether
the information in the icon is represented in spatial or reti-
nal coordinates. To ensure that the position of the mask
was important, we incorporated the metacontrast control
in the no eye movement trials and the results, especially
those in Table 2, confirm that the position of the mask is
crucial. In this condition, however, the mask was always
peripheral to the letters. One reviewer (A. H. C. van der
Heijden), has suggested, quite astutely, that metacontrast
might still produce a decrement in performance if the
mask was foveal and the letters were peripheral. These
conditions would resemble those which we interpreted as
yielding spatiotopic masking in the eye movement condi-
tion.

To examine the effects of foveal metacontrast, we ran a
short experiment with 12 subjects using conditions similar
to the no eye movement conditions in the present study.
Subjects saw four letters, followed after 153 ms by either
no mask, a mask at fixation, or a mask over the letter posi-
tions. Accuracy of reporting the letters was lower in the
third condition, compared to the first two, F(1,11) = 7.05,
P <0.02, but there was no difference between the no mask
and the foveal metacontrast mask, F(1,11) <1.0. We are
reasonably confident, therefore, that the decrement in per-
formance caused by the mask occurred only when the
mask was perceptually aligned with a representation of the
target letters.

The claim that we have obtained both spatiotopic and
retinotopic masking is also based on the assumption that
subjects shifted fixation as instructed in the eye movement
conditions. Given the nature of our equipment, we were
able to record when an eye movement to the right occurred
but we could not record the exact point of fixation. Under
these circumstances, it is possible that subjects made some
fixation errors by overshooting or undershooting their ob-
jective on some trials. The stimuli were designed to comp-
ensate for minor fixation errors because the mask ex-
tended one character beyond the letters at each end of the
row. A more serious concern, however, is whether our in-
terpretation could be negated by larger errors of fixation.
Given the results, it seems unlikely that evidence for the
two types of masking could be produced by either spatio-
topic or retinotopic masking alone. If all masking were
spatiotopic, the eye movements would have been irrele-
vant and we should have obtained the same results with or
without eye movements; the results in Figure 2 show that
this was not the case and that some aspect of masking is
retinotopic. The relative weakness of our evidence for
retinotopic masking, however, may be due to variability in
fixation.!

Conversely, it seems unlikely that these results could
be due to retinotopic masking alone. If the subject made

an eye movement of more than 1°, the retinal trace of the
Ietters would have moved beyond the position of the mask
over the letter position and the mask would have had no
effect (as our additional research showed). With an eye
movement of less than 1°, some portion of the retinal trace
would have aligned with the mask and this would have
yielded an interaction between masking and serial posi-
tion, that is the mask would have affected only the left-
most letters in the row. Given that we are certain that eye
movements did occur, if all masking were retinotopic then
the spatiotopic mask should have yielded a weak effect of
masking and an interaction with serial position, which is
not what we found. The present results are most compati-
ble with the assumption that masking can occur in both re-
tinotopic and spatiotopic coordinates.

The present results differ somewhat from the studies
examining the effects of eye movements on the integration
of dot patterns. These discrepancies may be due to the dif-
ference between visible persistence and informational per-
sistence (Coltheart, 1980). Yeomans and Irwin (1985,
p- 167) defined visible persistence as the “phenomenal vi-
sibility of a just-extinguished stimulus” while informa-
tional persistence is characterized by “knowledge about
the visual properties of a just-extinguished stimulus”. In
the dot studies, temporal integration of visible persistence
was measured. However, the length of time required to
plan and execute an eye movement is long. In the dot stud-
ies mentioned above (Jonides et al., 1982; Breitmeyer et al.
1982), time parameters may have been too long for tempo-
ral integration to occur?.

For some time, researchers have been attempting to
segregate what was once collectively referred to as iconic
memory into two different constructs or processes. A find-
ing such as the present one obviously lend@#iself to this
type of theorization. Coltheart (1980) proposed that a very
important distinction is the one between visible persistence
and informational persistence. With respect to the present
experiment, it seems likely that the icon in retinal coordi-
nates corresponds to a form of visible persistence that has
much of its basis in neural persistence at or near the retina
(Sakitt, 1976). On the other hand, a buffer providing infor-
mational persistence would involve spatial tags and,
hence, essentially work in spatial coordinates. It may be
responsible for spatiotopic masking in the present results.
This may also correspond to the dichotomy between a fea-
ture buffer and a character buffer proposed by Mewhort,
Campbell, Marchetti, and Campbell (1981). These authors
have proposed a dual buffer system in which character
identification is carried out at a feature buffer level, while
these identified items and the spatial relations among them
are stored in a character buffer. It seems reasonable that a
buffer, with the essential function of holding information

I Ideally, this research should have been conducted using equip-
ment that could record the exact point of fixation and provide in-
put to the display routine so that the position of the retinotopic
mask could be adjusted appropriately. Unfortunately, such equip-
ment is beyond our resources and, we suspect, beyond the re-
sources of many other experimenters

2 Prior to the present experiment, we attempted to examine tem-
poral integration using two groups of consonants separated by an
intervening eye movement but were unable to get phenomenologi-
cal integration across the time intervals needed for proper eye
movements



for an identification mechanism, would have no need to
reside in spatiotopic coordinates; retinal coordinates
would certainly suffice. However, a buffer preserving spa-
tial information would certainly reside in the coordinates
of real space.

The visual system may include two buffers in order to
form a system that can integrate images across saccades.
Without a system to carry out this function, we could not
possibly make sense of a world that we view via successive
fixations. It is possible that the icon in retinotopic coordi-
nates acts simply as a buffer in which the original visual
information that enters the system is stored. At the time of
a saccade, the spatiotopic buffer must become important.
There must exist a mechanism that maps successive retinal
images onto a nonvarying spatiotopic representation. It
seems that the spatiotopic buffer that was revealed in this
study would be fundamental to this process. Breitmeyer et
al. (1982, p. 175) have stated that:

Based on extant experimental data we tentatively identify two
general types of visual persistence: one resides in activity
along the afferent visual pathway and is retinotopically orga-
nized; the other resides at central levels and is spatiotopically
organized. Moreover, whereas the former afferent persistence
is eliminated via saccadic suppression mechanisms in order to
separate successive, retinotopic frames of pattern informa-
tion, the latter, central one, in contrast, is generated and en-
hanced via extraretinal signals accompanying saccades in or-
der to preserve phenomenal continuity of a stable spatiotopic
representation of the environment from one fixation to the
next.

It is obvious that, since masking across saccades occurred
in retinotopic coordinates, the “former afferent persis-
tence” is not totally eliminated via saccadic suppression
mechanisms. However, the present results certainly sup-
port the notion of a spatiotopic buffer that follows a reti-
notopic representation.
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