M

information as their basis for selection. Partial report

1)
1

- performance in this condition was nevertheless better than
predlcteq at short cue delays. The findings converge to

suggest that sué?%ets can use the stlmulus attyibutes of

s

percei&ed size to selectlvely extract 1nformatlon from
iconic memory. As such, they imply that the information
that can be represented within this early visual store is

‘not, solely retinotopic. It is therefore proposed that a

* multicomponent view, encompassing bgth rétinal and post-
retinal céntribuﬁions to the icon, may provide a more
‘ adequate theoretlcal conceptuallzatlon of 1conTE memory

than ls presen@ly avallable. - . .
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possibly stored The earllest stage of processLng is-

' peféepti&ﬁlcan be attributed to the seminal work of N o s

- -

Chapter 1

TCONIC ‘MEMORY: A REVIEW OF THE STUDY OF A |
TRANSIENT VISUAL STORE

°

Introduction: -Sperling's (1960) Semlnal Contrlbutlon -

b

The Partial Report Paradlgm

Within the past two decades, a general metatheoretical
view of visual informatiﬁn ppocessipg has&emerged. fhis
view is based on the idea of sequentiﬁlly depéﬁdenz %taées
(e g.,"Haber, 196G, 1974, Lachman Lachman, and Butterfleld ,
1979 Lindsay and Norman, 1977; Massaro. 1975) or processes. S
@achnzf wh;gw,requlres a finite amount o? time -and by thch ' o
' 1

information abaut.a Stimulus is transformed,, encoded, and-

' generally referred to ‘as "iconic memory” (Neisser, 1967).“

and much of this concept's popularity in the currently

dominant information-processing approaches to visual

Jep—y

L4

Sperllng (1960) .
Sperllng (1960) demonstrated tha@ész'a sho¥t duratlon

~ following the physical termlnatlon of g brlefly presented

display of alph?betlc characters, more information 1s

« .
B

. avaxlaple to observers than they can normally report In

one part of Sperling's orlglnal work he dlsplqyed letter - | -

arrays of various sizes and configurations for brief, :

Ay

' ‘ Y
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" periods of
letters as

‘found thag

g

o
+

time and

asked observers to.report as many

posdible (the whole report procedure) . He

L4

observers could méximally >Tport féur or five

'letters from the entire .display. Sperling showed, however,

<

that this_limitation in report could be effectively
ciﬂﬁum&ented/by cueing obsprvers to selectively report .

only‘aisubset of the letters from the visual display (the

partlal report procedure) For example, stimulus® displays

e '

COhSlSted of either 3 x 3 or 3 x 4 arrays of letters that
~ ,

were presented fok 50 msec.-Following, the of set of the

d%splay by some/variaole interstimdlus interval (ISI), a

high, medium, or low tone was preserted which cued the

Iy

‘observer to report either fhe’top, middle, or bottom row

t

‘ . < :
of letters in the display, respegtively. Since the

observers did not know prior to stimulus offset which

-

particula} row woﬁid be oued for report, Sperling argued

that the proportion of letters in tHe cued 'row that.they .

t

were successfully able to report following the cue

-

reflected directly the proportion of information from the

entire displej that wés,potehtially "available® to them at .

™ the moment of the cue. Sperling found that' if the cue

R

,lmmedlately folloped the offset of the display, almost all

>

'of the.letters (i.e., 76% or 9.1 out of 12) were able to
be reported correctly. This- superlorlty of partlal report

performance over whole report performance. however,

8

't . I.‘ . " > /
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decreased rapidly with an iﬁcreese in cue delay{‘By apeut
one second delay between display offset and cue presentation,
partial nqpert performance had asymptoted to a level that
did not dlf%ér SLgnlflcantly from estlmates obtained with

the whole report progedure. Sperling hypothes1zed that this

-

. superiority of the partial repdért over the whole report and

the accompanying decrease in the effectiveness of the partial
report as the cue was-delayed depicted the rapidly decaying
amount of informatiqg‘évailablé*to the observer over time

from what he called the "visual information store" (Sperling,

" 1960, p. 22). This transient visual storage of information'

-was later thebdbretically elaborated upon and cqined,ﬁicohic

memory" by Meisser .(1967). . .
' In an often-cited parallel to)Sperling’s classic work,
Averbach and Coriell (1961) ehployed an alternate form of’

Sperling's partial” report procedure to assess various

'aspects and properties of iconic memory. They presented a

2 by 8 array of lettgrs and used a v1sual bar marker to

cue only one letter for report. Like Sperllng before them,

Averbach and Coriell found that the probablllty of correct

recall for the letter in the cued locatlon ‘was nearly

perfect with 1mmed1a§e cues, and decreased mbnotonlcally

with'increasing cue delays up to 250 msec.

The results of both classigc poststlmulus sampllng

experiments tend to complement one anofher rather well .\

»
i
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(ef. Dick, 1974). Both studies indicate that th&initial .

vistal persistence thaf produced the partial report .

L

superiority was of a-relatively Brief duration, and b
suggest that the information was immediately available but

decayed rapldly The finding of a partlal report’ superlorlty

‘ that diminishes as a functlon of increasing cue delay has

fforms‘of'informatioh that can be represented within this D

monograph, there have been numerous rgplications of- his-

begn th# principal évxdence for postulating the existence

LY

of 1con€c memory (see’ Coltheart 1975, for a rev1ew)

Forms of Lni‘é&tion in Iconic Memory, and.Empirical
. '1" . .
Findings with Sperling's Paradigm- - ‘ o O

e

Since the publication of Sperling's (1960) influential

R

findings, typically in the context of studies examining “
the effect of some variable or parameter on iconic memory.'

For, example, a lérge body of research has been concerned

with determlnlng the effectlveness of varlous stlmulus

-«

attrlbutes that can be used by observers to select infor-

Aowrr romomn s

mation from iconic -memory and, by inference theh, the

early visual store. In Spexling's expéfimentg, observers
wereigble to selectively process inforﬁhtien from the
Qisual displays on the basis of spatial location {(i.e., row .
p031tﬁon). suggestlng that spatial locatlon 1nformatlon is

presarved in 1con1c memory. Briley (1972) and Turvey (Note 1),

/\

Ande
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among oﬁHFrﬁv have since replicated this figglng.>§perling ‘

% o A 2w e vy

(1960) alééiattempted\to determine whether observers
¢ould utif}zb highér order or péstcategorical stimulus
attfibu?es\ggph as class or category (i.e., letters vs.
digits) to select information from iéon&c memory. Sperling
found that selection on the 5;315 of such stimulus attri-
bufes was generally iheffective; recall,performance was

no more accuraté with the partial report procedure'than it
was with ‘the whole report procedure. This finding, - which
has been replicated several times by other investigatorsl
(e.g., Dick, 1969, 1971; von Wright, 1970, 1972),~ha:s(
been uséd to argué for the unprocessed, precategoricél {

nature of the information that can be represented in

iconic mempry, ‘

- A recently published study by Merikle (1980), however,
has apparently‘ﬁroduded some evidipce,that is inconsis@gnt
with the precategorical conceptualization of iconic memory.
Merikle found that partial report cues based on categpry -
‘membership (f.e., letters vs. digits) ﬁroduced,a partial

report superiority which decreased with increased cue;

delay. This standard #ffect, however, was observed only

et

when the cued subset of letters or digits was qorreléted

M S < = ran = mo— it 55 e BT

with a physical dimension (filled or outlined items). L
. y .

Furthermore, in one insthnce, the partial report cues were

presented considerably before display onset (2,000-msec) .

4
il
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He concluded on the basis of this evidence that iconic

v,

memory should not be characterized as precategorical or
literal in nature. Given the rather unusoal methodology,
natupe of the data, and the amount of otﬂer data sopportiﬁg
the opposite conblpsion; judéement must be reservedlat
present‘on the interp?etation to be placed dh Merikle's
s dapa. =

Notwithstanding fhe arguments of Merikle (1980), the
conclusion tﬁat has'oeen,drawn by a majority of inveétigators
is that the extractlon of v1sual information from iconic
memory can be performed efficiently on the ba51s of simplie
physical characteristics and properties of the stlmulus,
but not 6n the basis of more'complex semantic or categorical
abstractions. This c0nclu81on is supported in part by the
kinds of selection crlterla that have resulted in a partial
report superiority in Sperling's (1960) paradigm. Although °
partial report cueing by spatial location_has geﬁerallyt

been found to be the most effective basis of selection in

Iconic memofy (e.g., Bongaftz and.ScheereQ, 1976 ‘von « }
Wright, .1968, 1970), partial report superiorities have

been obtained with a variety of visual selection cues. These

iﬁciude' color (Banks and Barber, 1977; Clark, 1969, )

e I

Coltheart, Lea. and Thompson. 197#; Turmey, Note 1, von .

Wright} 1968), brightness (von Wright, 1968). size (von e

.

Wright, 1968), shape (Triesman, Russell, and Green, 1975;

W

» 4
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-“Turvey and Kravetz, 1970), &irecﬁion of lineqr and rotary @
motion (Demkiw and Michaels, 1976, Triesman et al., 1975),
flicker (RuSSe;l, cited in Coltheart, 1980a,b), and
rectaﬁgular pattern ‘information (Mgrzi, Di Stefano, -
'Tassiqari. and Crea, 1979).

Research on iconié memory has not been limited only to #
studies investigating the effectiveness of various sglection:
.cues'in Sperling's (1960) partial report péfadigm. Indeed;
research on ilconic memorylhas been extremely diversified.

For example, a ngmbef—of stugées have examined the effects
of repetition of display items on-partial report perforﬁance
“(e.g., Me;luzzi and Johnson, i97h; Standing and‘DaPolito,
1968; Tu&gﬁy. 1967), and have found none. Other studies
- ‘ have found llmtle or no effects of approx1matlon-to—
English of the letters in the stimulus displays gMewhort,
1967), slight effects of visual field presentation (Marxzi
. o et al., 1979), but a very pfonounced left-to-right |
| diréctionqlity in procéssing information out of iconic
memory (Lefton.and Spragins, 1974; Lefton, Fisher, and
Kuhn, 1978; Mewhort Merlkle and Bryden. 1969). Other

representatlve studleS‘employlng Sperllng s paradlgm have

1
|
|

w wmem A v e a1, .

found lconlc membry to-be _very sensitive to stimulus
background levels (Sperllng, 1963) and extremely susceptible -
to visual masklng (Averbach agd Coriell, 1961; Averbach g ’

and Sperling, 1961, Spencer, 1969; Sperling, 1963).and

1

. .
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; dichoptic interference (Averbach and Coriell, 1961; Erwin
and Hershenson, 397@; Jacewitz;and Lehmann, 1972).'In
addition to these findings, Chow and Murdock (1975, 1975)
and Doost and Turvey (1971) have found that retention of
~. 1nformat10n within iconic memory is not 1mpa1red by .
concurrent or subsidiary tasks that have been shown to tax
processing capacity. Similarly, Scarborough (19y2) found
that information in the icon is not subject to auditory’ ‘ | | -’
inferference, while Wickelgren and Whitman (1970) have
shown that information in iconic memory deoes not exhiBit
any ;ssociative effects: In recent reviews of iconic
memory, Dick (1974) and Coltheart (19802,b) -have discussed
many of these, flndlngs within the extensive- partlal report
llterature. ] © ‘ ‘»0 e
The view that has emerged frohm this massive amount
of empirical work is.that itonic memory is a high capac;ty, o
centrally—iocated mémory,which‘contains a visual represent- |
g - at;on of the étimulus that i1s literal, pfecategorical.l

whollstlc, maskable, and subJect to fairly rapid, passive

decay (Coltheart 1975, chk, 1974). The estimated storage

NN

'tlme of 1con1c memory hasg been inferred to be on the cfder

S I

of 250-300 msec (Averbach and Coriell, 1961; Haber and : o o
. i ‘
Standing, 1969; Vanthoor and Elgkman. 1973) ¢ o

The conventional view of 1conlc memory as a rapldlyl ' :

decaying ‘visual ‘trace has been formalized by Rumelhart (1970).
a
F 3. - . .

A

¢
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and Nbfmaﬁ and Rumelhart (1970) in a mathematical model of :
letter recognition under‘tachistqscopic ;iewing conditions. j
S This model assumes that at’the onset of physical stimu-
lation, a répresentation of the physical stimulus is
Wregistered in iconic memory and that the clarity of the
information in this early visual store deoays‘away
exponentially with tim?. In late; stages, Gisual information
is éxtracfed'from‘this decaying trace.
It has been suggested that what decays in iconic‘ | ";
]

memory is information about such physical stimulus

attributes as spatial location or color, while information

I

abou% the identity/ of an item is also represented in
*iconic memory but dees not decay. Such a view has been
-endorsed by Dick (1969) and Townsend (1973). Theyyhave
’ ﬁindependently demonstrated that identity information .does
not degay.‘while spatial ‘information dpes;rgs cue deléy

.is,increaséd, more and more often what an observer knows

about a certain letter is that it wés in the display but

4

‘not where it was in the display. This conclusion is
, t supported by the finding that the rate of intrusion errors
) \ ‘
) (incorrect reports of letters nbtipréséﬁt in the display)# .

does not vary as a .function 'of cue delay, but that the

-

rate of transposition errors (reporting a letter which'.

.. - ”
e T Ty BN .
-

was in the‘display but not in its correég’serial position)

does increase with increasing cue delay. This finding has

1
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since been replicated by Di Lollo (1978) and Mewhort,

Campbell, Marchetti, and Campbell (in press).

‘Uhresolved Issues

The preceding descripticn has presented an ovec—
simplified and somewhat7misleadidg picture of the current
status of empirical research and knowledge about iconic
cmemcry. It appears fairly well established‘ﬁhat a brief
visual stimulus leaves a trace which decays rapidly

during a period of several hundred milliseconds, after its

physical offset. What ig not known is whether information

14

P

) in iconic memory decays probabilistically“or temporally,

e e

ﬂ : all-or-none or contlnuously. Despite the hundreds of . -
emplrlcal studies that have been conducted durlng the

past two decades. serious controversy and heé%ed’depate . :
still exist coccerning-numerous aspects of icdndc memory. - &

. \ . 4 .
These include, for example, the types of information that

can be represented or coded within iconic memory, its

I

sensitivity to various stimulus parameﬁérs, such as

e

e

luminance (e g., Adelson and Jonides, 1980; Sakitt, 1976a;

 Scharf and Lefton, 197Qf\or duration (e g., Di Lollo.

e SR P

' \ 1978 Sakltt 1975- Sperling, 1960), 1ts location w1thin‘

endod

the v13ual system (e.g., Adelson and Jonides, 1980; Banks
- 'and Barber, 1977; Sakitt, 1975..1976a), and its function : '

in general on perceptual taské.

. Y v
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This chapter has dealt with only those flndlngs that
have been obtaineqd with the partlal report paradlgm Thls‘
\procedure is by F s very nature, an "indirect" method for"

: lnvestdéafiZErxy

other more “"direct” experlmental procedures (e. g., Haber

1 persistence (iconic memory). Numerous

’and\Standing, 1969) have also been widely employed, a
review of which can be found in Coltheart (1976, 1980a.b).
There is good reason to suspect. however, that other
methodologies that have been used have not really aﬁined
(\ iconic memory pef se, but some otper form of visukl
. persistence effect, In two éecent discussions of the\
visual persistence(literature, Coltheart (1980a,b) ha
distipguished three disfinet senses in which a stimulus
may be said to persist after its pﬁysicel offset. First,
.the stimulus may'continue'td be visible of phenomenologically
present for some time after its physical termiﬁemion
- (vis;cle persisterice). Second, the neural‘activity in #he
 v;suel system evoked by the stimulus may continue after
stimulus offset (neural persistence). Finally, the visual
in%ormatieh“contained in the stimulus may continue to be
.availabie fer somé time after the physical termination of

the stimulus (informational persistence) Coltheart has

- : argued strongly and provmded compelllng eviderige to . .

suggest that each form of per81stence has its own empirical

support, that the three are often confused and muddled in

o v
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.general discussions of iconichmemory. and that the relation

among the thpee forms of visual persistence represents an
unsolvéd embirical ouestion. He has argoed extensiveiy

that informaggonal persistence is dgfingd by the use.of

the partial report procedure, and that the term "iconic
memory"” should QF uged to;describe bnly this form'of £
visual persistence (but see Long, 1980,w{$r'a critique of‘
Coltheart's conclusions). In line with Coltheart's cogent

arguments, it is belleved that the use of various

1ncomparable and nonequlvalent methodologlcal procedures

has contributed immensely to the often discrepant and

even contradictory results that one finds in the iconic
memory litcrature. ‘

The partial roport paradigm has not, howgver.'bgen
without its critics. Several strong objections have been
raiged, in the contexts of whether iconic memory ex1sts
at4ll, and whether the partlal report superlorlty effect
tfuly reflects iconic memory. Theséﬁzbjections have been
reG&owed elsewhere (Coltheartg 1975; Dick, 1974; Holding,
1975) . ther criticisms that have been leveled. against
the usg of the partlal report paradlgm lnclude its ’
susceptlblllﬁy to cue interpretation dlfflcultles-(e.g.,

Eriksen and Collins, 1969), 'its overesfimation of the ,

duration of iconic memory (Appelman, 1980; Sakitt and

' Appelman, 1978), its exclusive ude of alphanumeric stimuli

I3

L i’ 1
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(e.g., Haber and Hershenson, 1973, 1980; Kaufman, 1974),
and its.susceptibility to -output interferenee (Holding,
1970, 1975) and oue anticipation (Holding, 1970, 1971,
1973, 1975). The advocates f55 the partial report paradigm
have, for the most part, beeﬁ.able to contend adequately

with these potential confounding problems and criticisms

_(see Coltheart, 1975; Crowder, 1976; for reviews), and

this paradigm remaihs the most widely used sampling
procedure lnvestlgatlng iconic memory to date. The view-
point accepted here lS that the partlal report superiority

effect satisfactorily reflects the processes underlying

iconic memory.

Haviné outliried the properties of iconic memory .and
some of the objections that have been raised with respect
to the use of the~ﬁértial report paradigm, the following

chapters will examine the 1ssue of the suspected neural

locus of this early 1nformat10nal store in the visual

system. This issue has become of late a major focus of .

intensive research and a lively source<of serious

controversy that has yet to be adequately resolﬁed. 'S

P

Establishing whether the icon is located peripherally, at

_the level of the retina, or more centrally;°is an importent

4

question both in. its own right and bepéuse it providee

‘valuable information about the storage capacity and strength

" of the visual sysfem'ét its various stages or levels.

hd -
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Chapter 2
SAKITT'S WORK AND THE RETINAL LOCUS OF ICONIC MEMORY

The dominant view in the past has been that iconic
memory represents a céﬁtral bgt félat?vely early stage in
the visual system that serves to prolong transient visual
events (Coltheart, 1975; Dick, 1974), WitHin the last few
years, however, there hgs afisgn‘increasing evidence that

»

such a conceptualization of iconic memory may be incorrect.
Q. D .

In a series of experiments, Sakitt (1975, 1976a) demonstrated
the existence of a robust iconic storage in the retina in

the form of photoreceptor persistence. Sakitt has argued * .
that the jcon is a weak afterimage localizéd in the rod
phqtopeceptors, énd haé.proposed that these photoraceptirg
exhibit sufficient persistence effects (Sakitt, 1976Db) to
account for the-bulk of results generally considergd to
Supéort the notion of icbn;c memory. In a sense, this'vzew
"argues against the 'meﬁory' aspect of so—cFlled iconic
memory along the &ame grounds that afterimaggé are not
cShsidered true memory effects" (Long, 1980, p. 788) .
Despite the widespread nature of this claim, however, it
‘has hgver been investigated 6r dégbnded except by Sakitt .
"and her colleagues,bwhése work is discussed below. |

. Sakitt (1975, 1976a) conducted a series of Sperling-

type experiments with a rod monochromaé observer (who'ﬁas

R4
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normal'réd vision but no functional cone viéion) and wég.
able to obtain apﬁg}en¥ly normal,pérﬁial report results.
She showed that letters in a stimulus display that were
initially invisible to the observer, due to rod saturation,
became visi%le'after the rod monochromat closed her ayes.
Since the letters were eventualiy discriminable, Sakjitt
conténded that the information about the letters must have’
been stored prior to the first stage in the visual system
:fhat saturafes. Shelexplained this finding by arguing that
‘those rods that were exposed to both the letters and the
background had‘more’activity in them. and therefore,”
produced larger signals, than those exposed only to the,
background. This allowed the icon to emerge frdm the back- .
gppund when the rod monochromat closed her eyes. Sakitt
also found that the m?gnitude of the partial report
SUperiority"increas d with the intensity of the sfimulus.
and that the obtalne decay.functions were slower wheﬁ the
/’Lpre- and postadaptlﬁ fields were dark. Furthermore, when
"icon brléhtness was equated across visible wavelengths. the
spectral sen31t1v1ty data 'of the rod mOnochromat closely
gresembled those of normal observers for scotopic . (rod)
v1s1on. On the basis of these results, Sakitt hxpotheslzed

that most or all of the 1nformatlon about the 1con ls

stored withln the rod photoreceptors. 0
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q;l”Empifical Sﬁpport for a Retinal (Rod) Interpretation : i

Y

~and: Long (1978, {\\ 9) have alSO demonstrated that under °

'abparently normal conditions of light edaptatlon. ‘lconic

of Iconic Memorf . ' .;a, -
. . K . : . o )
Electrophysiological recordings by Whitten and Brown

(1973a,b,c) of the late receptor potential of rods. and

‘cones in the macaque monkey (whose retina is very similar - -

téﬂthat of the human), as well as in other species (cat,s

‘rat, mgdpuppyS by:Fain and'anling (1973), Peﬁn'end ﬁagins

(1972), and Steinberg (1969), respectively{~have'showh

%

that after Stimulus offset, both the rods, and the cones
contlnue to output signals for some tlme. The cone ,signal,
however, decays away rapidly, whereas the rod 8 gnal decays’
wrth a longesx tlme constant. Sakitt's hypothe31s that
icbnic memory is priharily a rod photoreceptor persistence
effect is consistent w1th these single- cell findings to

the extent that neural informatlon is apparently avallable‘

T
«

for a longer duration for the rods than it is for the cones. ) |

" . The eleetrophysiplogical findiﬁés discugsed above are |

*, , a . . " .
paralleled by several psychophysical results in the human. ‘&\ !

\

Sakitt's contentlon of a domlnanf rod COntrlbutlon to
iconic memory, is supported in part by Adelson s (1978)
flndlng that stlmull discriminable’ only by the cones do-

not' per51st for as long- as “stimuli. dlscrlmlnable by the.

rods. Long (1979a), Long and Sakitt (1980a). and Sakltt S i

44 ¢
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memory appgfdars to hgve a short cone component for ISIs

roughly up¢to 100-200 msec, and a¥longer lasting, more

! robust rod componentofor longer'ISIs. | \

Indirect support for a retinal 1nterpretat10n of

iconic memory has also come, from several studles examining
the relationship between saccadic eye movements and visual
masking. Using a backward masking paradigm‘with either ;\o
visual pattern mask or a metacontrast annulus, Davidson,
Fox, and-Dick (1973) found both types of masks to be most
effective when they stimulated the same retinal location
rather than the portion that was in the same location both
objectively and aﬁparently. Furthermore, maéking was.found
to be weaker when aﬁ eye movement intervened betwegn.the
’étimulus and the ask A subsequent experlment by Doerfleln o
and chk (Note Z)Wconflrmed that the 1con moves in “the

' dlrectlon of the eye movementl/These data suggest that an

- eye movement per se does not erase the icon; an eye

. ) ' o
movement merely "moves" the iconic representation relative

v on

to the physicalqurld¢

Both eye movement studies aré generally consistent -

% ,'ﬂu%r:-n'u.a,,"“,,w

* ", with Sakitt's hypothesis since they indicate that the icon ’
moves when the eye moves.-lnstead of remalnlng in the . . {

location where the stimulus was presented. This suggests ' .
3 . N .
that the.icon is stored at a levBl' in the visual systen

-~ L

" that has a retinotppicaliy-Organized\coordinate systemix\

" . >
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| rather than a spatiotoggcally-ofganized céordinate system
more typlcallfycharacterlsﬁlc of visual perception (where
images’ do not chande their perceived locatlon 31mply
because the eye moves). | .
If Sakitt's hypothesis 3§ correct, a photoreceptor
interpretation bf iconic:memory would be expected'to
demonstrate a predictable'sensitivity to maﬁipulations
in stimulus énergy Given the luminanée—duration reciproéity
(Bloch's Law) observed 1n retlnal processes up to a crltlcal
duration (cf Ganz, 1975, Graham, 1965), the effects of .
inéreasing’either stimulus luminance or stimulu; duration
on iconic memory should be identical: An increase in either
of fhgse energy variables would be expectedﬁto increase the
activigy.and duration of photoreceptor output (at least
up to a‘point). Such ‘positive, monotonic relatioﬁéhips
have been obsérvéd (e.g., Keele .and Chase; ;967;:Léng;
1979a; Long and éakitt, 1980a,b; Sakitt, 1976a; Sakitt and
Long, 1978, i9?9). and are’consistent wiﬁh'gn‘energy—
gepéndent conceptualization of iconic memory (see also\
Eriksen and Schultz, 1978, for a comprehensive review). .

.

.A significant number of other studies, however, have
e ,
}eported iconic memory to be eith%r independent of, or

- . . .. .
inversely related to,‘manipqlatfons in stimulus luminance
and stimulus duration. Such findings pose serious empirical

2 - L ”
and theoretical difficulties for the retinal interpretation

. Al - M i Snabniin e v
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of iconic memory, and will be examined next.

Evidence Against or Inconsistent with a Retinal (Rod)

Interpretation of Iconic Memory

A number of 1nvest1gators employlng the partlal report
paradlgm have reported the icoén to be rather 1nsens1t1ve or

1nvar1ant to changes in stimulus lgmlnance, provided of

course, that the luminance is sufficiently high to ensure

full and proper legibility of the visual display initially

(Adelson, Note 3; Adelson and Jonides, 1980; Eriksen and

Rohrbaugh, 1970; Scharf and Lefton, 1970; Sperling, 1963). .

For example, Adelson and Jonides (1980) recently found
that although stimulus luminance was varied from very dim.

(8.7 ml) to very bright (70 ml), partial report performance

"decayed at similar rates for each level of stimulus’

-

luminance, The results of this'study, along with those of
other studies reporfing similar findings, are inconsistent
with a strictly energy-dependent;‘réd-photofeceptor
coneeptualization of iconic memory. '

Several studies have also reported limited or no
stimulus duration effects on iconic memory. Sperling (1960
4) found that increases in stlmulus exposure duratlon

over the range of 15 to 500 msec produqed‘no ‘systematic

- changes in the level of performance in the partial report.

Similarly, Di Lollo (1978) investigated the effects of

A
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stimulus duration on partial report performance and found
that performance was essentially identical with.stimulu§
display éLfationé of 100 gnd 200 ﬁsec. Again, these
rgéults are inconsistent with SaRitt's photoreceptor-
intérpretafion‘of iconic memory s;ﬁcé they indicate‘that
C%r\\\< ipopic memory is largely invariant'to:changes in exposure
duration. If iconic memory were inf;mately related to
ongoing neural activity in the photoreceptors, onerwould\
" , expgct that as stimuluS'durafion increased, the dﬁration
of the icon would also increaSe,‘due toaprolonged,retinal

activity.

Interestingly, it should be noted that a numbér of

e et T A

reséarchers have also reported én~inverse relationship '
between luﬁinénce and du;ation?ﬁﬁ%ipulations and their
resultingléffebté on viéual persistence‘(e.g;, Béwen,:
P Pola, and Matin, 1974; Briggs and Kinsbourne, 1972 "
‘ Di.Lollo. 1980; Efron, I97Oa,b.c;HHaé;r and Standing, 1969, . ' ,
1570). A major brobiem with these studies, however, }é : 'E
that they all employed different @ethodologies for v
investigating visual persistence, and that these“méthodol—A g e
- ogies in paréicular éxhibit potentially serious weaknesses n
.or at.leagt pofentially confounding aspeéts that must
ﬂéerve to temper any concluéions about the form of visual»~
:persistence based upon them (see‘Coltheart, 1980a, for a

discudsion of-these problems). Furthermore, none of the

H
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studies thatLhayé found an ipverse relationship have

'employed the partial reporf paradigm. In line with
Cpltheart's:(1989a,b)'cogent arguments, these studies did
not invéstigate iconic memory and hence, the relevance of'
these studies ta a discussion of igonic memory'is equivecal
at bggtu ‘

Sakit?'g'hypothesis éhat the rods alone mediate iconic

memory has also been conteste& by‘Adelson\(19?8). Utblizing
the pa;tial report paradigm, he tested the hypothesis ;y— ~-
presenting letters of one color against ;?nonoverlgpping

. field’pf aﬁother color. The ébqfrs were chosen as to be

digeriminable only by t@e”cone§,ﬁﬁgcause the letters were
scotbpically matched to the backgrougaf. only by the rods

(a color-blind observer, a p}otanope} took part iﬁ the.

. experiment), o both. In 'all three stimulus cohditions,

the data reveaied a partiai report superiority which

* declined with increasing cue delay. Moreover, -the par?ial

report decay‘funcﬁions for the rods-onlynand the cones-

only conaitions were very similar. This‘suggests that the

rods are not neces%ary for iconic storage; stimuli discrimi-

. nable only‘by the cones yield appreciable persistence

times. The cones, however, are not necessary either,

since the results obtained with the protanope show that

. a

stimuli discriminable only by the rods dlso persist visibly

for considerable durations. Thus, the important point that

+
v
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.Adelson has”successfully demonstrated is that iconic
memory‘is a properfy of both ‘the rod and %he cone gystem.

- Recently, Banks and Barber (1977)'have also quesfioned
the validity of Sakitt‘s.hyp?thesis. They have  reported
compelling efidence for extensive color information in
.iconic memory lasting for hundreds of milliseconds, from
whibh the& érgue that iconic memory cannot be ‘primarily a
rod, and therefbre, colorléss,‘vigual phenomenon; As'sucH;
it need not necessarlly be of peripheral origin either. a
Banks and Barber fUﬁnd that when the letters and the
background .in Stlmulus dlsplays were scotoplcally matched

_ for differences in brlghtness, the letters could be
discriminated only by the cones. They proposed that iconic,
. memory, like normal vision{)obtdins most of its information
f/} from the rods in dimlight and from the cones in bright
light.'Thué, both systems appear to be involved.
Sakitt and Long (1979) have raised the possibility

that both sets of results are spurious and 1nconc1u51ve.‘

o

Specifically, they have argued that both Adelson and
‘Banks and, Barber made suff101ently large calibration errors

‘. such that the scotopic matches they.claimed to' have made

RO T - g

‘weére significantly off. Thus, tﬁe'selection of color
- -

information from iconic memory in their experiments might

have been accomplished on the basis of differentlal’ . v

.scotopic brightness discrimination.

N 4
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Mollon and Polden (1978) have also argued against
the conclusions of Banks afd Barber (1977) on the ground§

that both the rise and fall times of the tachistoscopic
lamps'they\psgd ar?.different for different wavelehgthé
\ of.the iamps“.luminous output wﬁen stimulushexposure'
duration is short. Therefore , Mollon and Polden claim
that scotopic dlscrlmlnatlon of tﬂe letters-from the
background may have been p0331ble w1th the 50-msec exposure
durgtlon that Banks and Barber used.in their study.
In a rebuttal tolbotﬁ these'serious‘accusations,
.Adelgon (1979) and Banks and Barber (1980) recently"
Qemonstréted in independent studies that small discfepancies'
from perfect scotopic matching of the letters and the ‘ R
*  background in a stimulus display afe dot sufficient tp:
‘mgke the letters visible to the rods. In addition, letters
under these stimulus conditions afe not visible'ta a rod
monochromat; even with brief stimulus exposure durations .
(Banks and Barber, 1980) | ,

In sum, it would appear that iconic memory can exist
for stimuli that the rods cannot dlscrlmlnate. It also
appe;;; unllkely that the rods are 1nvolved in itonic
memory experiments that ut;llze stimulus conditions of

[ high illumination. It iz known, for example, that thé

rod system saturates at roughly 1, 000 scotoplc trolands

(Angullar and Stiles, 1954; Blakemore and Rushton, 1965), o }
¢ ,\M ' " '9 3
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so that at intensities above this critical saturating
. - level there is essentially no rod icon (Sakitt, 1976a).
| In . the classxc study of Averbach and Coriell (1961), the
adapting fields were bright enough (70 ftL) to keep the .
rods saturated’ throughout their experiment. (In fact,
the luminance 1evel they used was approx1ma€ily 1,000 times /,
//”// » higher than the level needed 'to saturate the rods). It is
| very difficult to lmaglne how a pure rod afterlmage, in
Sakitt's sense, could have been the. source of the partlal

report superlorlty ;ffect observed in Averbach and Coriell's

study.

. Current St%tus of the Retinal Hypothesis

L

This chapter has focused exclusively on those studies
o whose. empirical findings are supportive of, of inconsistent
with, an iﬁ%erpretation of iconic memory based solely on
the ephemeral persistence of the rod photoreceptors.
AClearly, the bulk of the evidence reviewed in this ch§ptér

suggests that iconic memory can have a retinal locus. It

. s«

’ also suggests‘that both the rods and the.cones may Dbe
L . intricately involved. The crltlcal experiment determlnlng '
N ’ ) the exact contribution of each, however, has yet to be

performed. Furthermong and more importantly, recent work

©

demonstrating that the rods' output is inhibited by the

ioutput of . the cones (e.g., Makous and Boothe, 1974;

S
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the existence of an "unambiguous” rod or cone icon.

[
a
}
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Stabell and StabeIl, 1976, 1977) would seem td question

”

The fbllowing chapter will examine evidence from a
: ’ L
variety of other experiments that suggests the'ﬁsasib;e

contribution of.active postretinal or more éehtrai

" components in iconic memory. It is hoped that such a

. - ’ B ..
discussion will demonstrate the current §tate of empirical

and ‘theoretical uncertainty surrounding the phenomenon,

‘and help to clarify the perennial controversy concerning

the neural logus dixiconic‘memof& within the human visual

information processing system.

5
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Chapter 3 . |

s POSTRETINAL CONTRIBUTIONS TO ICQNIC MEMORY
, ‘ ’
JIhe.preceding chapter examined several lines of : Py

evidence that indicate that iconic memory can be peripher- \\\~<._
ally baged in the retina (gBth in the rod anq cone photo-

“ receptors). It appears very unlikely, however, that any
~2//// model of iconic memory based solely on ﬁhotoreceptor"

. ' Vperéistence can adequatelyqaccommodate all of the findings

P

L x that have been reported in the literature within the last
15 to 20 yéars. Therefore, this chapter will concentrate
'on.?hose studie;'whdse f;ndings suggest that, iconic mémory'.
.also involvés active‘contribw¢ions from comperients - “,

operating pdstretinally in the visual éystem. Iconic

P [ Ao

memory, like other visual phenomena, such as mask}ng; may

contain both peripheral and ¢éntral contributions (e.g.,

T e e el

‘Turvey, 1973, 1978); the particular stimulus conditions
may determine which is evidenced. The possibility of

X multipleé loci has been proposed previously (Crowder, 1976). ' g

\ L
Iconic Memory for Movement Information .
-

- Several investigators (Demkiw' and Michaelé; 1976 - 1

Russell, cited in Coltheart, 1980a, b; Triégmah et al.,

19755 have reported that the direction of linear and
rotary movement can be processed in iconic memory. They .

¥
]
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have shown that when a'visual display of moviﬁg stimuli is

presented and subsequently followed by a cue requestlng .
the report of the dlrectlon of movement of the cued stlmull, 5
typical partial repo;g rssu;ts'are obtgined. This finding A
of a decaying partial report superiority with increasing

cue delay f;r di}ectfgn of movement.strongly\suggests“that' ,
the representation of movement information in iconic meﬁory - (\

‘can occur at least at the level of feature detectors, which

for the monkey, and by 1nference, the human, is almost . ' 4

certainly postretinal (Hubel and Wiesel, 1960, 1968;

il v

Schiller, 1972). Physiological movement detectors select-'"

ively sensitive to the directicn of movement have also

o 2 oA e,

beenBobserved in the optic tectum of the  frog (Lettvin,

Maturana, McCulloch, and Pitts, 1959) and visual cortex of
the rabbit (Barlow and Hill, 1963; Barlow and Levick, 1965)
and cat (Albus, 1980) Prom these and cher representative

s1ngle -cell data, it would appear extremely improbable

© oy et oo SRR B, S

that a retinal”icon could preserve dynamic information
N .

. . F

. about the direction of movement.

. Central, Spatiotopic Processing of Eye Movement Information \\\

.

. , ¢ E
in Iconic Memory ‘ . Co ' \\\ "
. Al d . \

The saccadic eye movement studies of Davidson et al.

(1973) and Doerfleiﬁ and Dick (Note 2) were discyssed in

the previous chapter as préviding indirect support for .the




~/
retinal 1nterpreta,?tlon of iconic memory. In these two
stujies, masking was found to be depehdent on retinal

LY

lbcation; the effect of the visual mask was to suppress

1;he report‘of‘the letter‘ that stimulated the. same. retinal - . .
logatlon, but occupled a ‘different spatial pos1tlon ‘
w1th1n the letter array. They also found that the icon
moves with the eye.

These findings are in contrast with several re’sul'{:s
reported by Hall (1974) and Ritte‘r (‘19'76) . Employing the
partial report paradlgm, Hall (1974) found tﬁat observers
tended to move thelr eyes to the position in space tHat

corresponded to- that part of” the stimulus display ‘chat

was belng indicated for recall by an auditory cue. He

-

vinterpreted his results as indicating  that observers

spatially scan the icon by making an eye moverhent_. Ritter
(1976) .demopstrated that st‘imuli received prior and |
subsequent to a saccadic eye’/"/movem)eht are processgd in
iconic memory according to their veridicglly percei\;ed
location within the visual 'display. . .
White (1976) has also reported flndlngs that contrast
sharply with. those of Davidson et al. S 1973) and Doer%eln
and Dick (Note 2). He found that visual masking during
smooth pursuit-eye movements depends onpl‘che a:;;parent‘

position of the stimuli, not on their retinal position.

Maski:ng stimuli were more effective when they appeared in

« ~
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the same place.as the‘target stimulus but stimulated
@ifferent'pﬁrts of th; retina than when they stimulated

the same rétfnal loci but appeated displaced due to an |
intervening smooth pursuit éye movement. This finding
haé\since been replicated dnd confirmed with sac®adic

eye movements by White and Holtzman (Note 4) and White

and Wong (Note 5). These‘}esultsfsuggest that at least'
some varietiesd of visual masking ‘depend on apparent spatio-
topié rather than on retinotopic‘pfo%esseé..

_Thé findings of studies ﬁeported in this sectiog;
suggest a central location of iconic memory and the
processing of eye movemgnt informatioﬁ within this early
Qisua% store. The reasons for-the“unusﬁally large dis-

crepancies in the results across eye movement studies,

however, remain unclear at present.
Susceptibility of Iconic Memory to Dichoptic Masking

+ The suscepﬁ%bility of the decaying icon in one eye

“to masking by a stimulus presented simultaneously to, the

other eye (dichoptic masking) hag been used as critical

14

evidence for a postre%inal or gentral locus of iconic
memory (e.g., Erwin and Hershenson, 19?4 Jacewitz and
Lehmann, 1972) For example. Jacew1tz and Lehmann (19?2) :
presented *a t&plcal Sperl%ng (1960) partial report tasg

to.an observer's left eye while Vary{né the inpuﬁ to the

i 7 N T, . .
* -
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right eye from that of a homogeneous, datk fiekd (no

o

1nterference) to a stroboscoch train of, alternatlng light,
and dark flashes or grid flashes. "For the partial report
task. nine letters'in a 3 x 3 matrix were presented for

50 msed, followed at some brlef temporal delay by a
var1able~p1tched'tone that cued the -observer to report

>

the teop, middle, or bottom row of letters only. In

comparison with the na~interference‘condition, they found

that the level of partial report performance decreased
s

markedly with an increa@e in the complexity of the contra-

ocular signals Thig trend was clear at any. given cue
delay, but partlcularly,ev1dent and large at thd short

‘delays. Jacew1tz and Lehmann lnterpretéd their’ flndlngs

in terms of reduqed central’ proce331ng capacxty available,

»

Lfﬁ?&Jthus concTuded that-at least some portion of iconic

memory is oentrallyQSocated. -

Dick (1974) has argued that since dichoptig present-
ation produces masking, the results of these studies
1mply that the’lcon cannot be retinal, but must be .
cortlcal The valldlty of thls argument however, rests
‘on the assumption that dlchoptlc masklng effects occur
Wlth&n and not subsequent to lconlc memory as suggested .
by Turvey (1973). In the’ context of postulating the ,

- .neural basis(of'xconic’memory. Sakitt (197§a) made- the

°distinctioﬂ:betweeﬁ the physical location of iconic memory:

.
1 * '“
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and the locus of the perception of the icon itsélr; She
suggested that the pefiphera% locus of‘the iqﬁﬁ can be
recsnciled with the results of dichoptic masking experi-
henxs if if is assumed that a persis%ing visual signal

on ‘the reting}cdntinues to transmit ‘information o higher
visﬁ&l‘cegters throughout its existence. Given a persist-
ing néural'rspresentgtign of the target on the retina %n
one e&e, the prespntation ¢of .a mask to the contralateral
eyé withiq a suitable temporal intérval may interact with

information about the target at a site whe%g binocular

.interaction occurs, thus produding masking-like effects.

-

As such, the conclusion that icohic memory is necessarily

[

centrally located is not warranted or the basis of evi-

dence obtained from dichoptic masking studles.

AT

¥ ' v~ o

.Stereopsis and Iconic Mgmory.
‘ )

In reﬁenthyea;s, several stqdies have investigaﬁsd s
the possifle represenkationlof postrstinal informstion ;h
icédnic Hemor& by asSessing ths effgcti?eness of stereo- |
(1960) partial report baradiém. Essentially, the under-
'lyiné logic behind ‘thése experiments has been that if

information about stereoscopic depth can be processed

w1th1n iconic: memory, then this suggests that such stlmulus

attributes are represented w1th1n thls early v1sual store,

1
L3
e,

scopically perceived depth as a selection cue in Sperling's
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and implies that iconic memory cannot be ‘solely a retinal
persistence phenomenon. |

This view is consistent Qith a number of lines of ° ‘
evidence which suégest that the processing of sfefebscopiq
depth is accomplished by‘gentrélly—mediated mechanisms. “
Julesz's (1960, 1964) ear%y work with random-dot stereo-
grams démOnstrated that the binocular assessment of
perceived depth does not require the prior recognitioﬁ of
form, suggesting that disparity information is processed : .
centrally in the brain fairly early in vis;al perception.
‘The temporal course for the development ig;stereoséppic )
depth in random-dot stepeogréms has been inferred to be |
on the order of approx1mately 50 msec (Julesz. 1964, Uttal,
Fltzgerald and Eskin, 1975). . . )

Neurophy81olog1cal studles by Barlow, Blakemore, and
Pettigrew (1967) and Nikara, Blshop, and Pettigrew (1968)
have described a group of cells in the cat visual cortex

“that responds éeLectiveiy to horizontal disparate stimu-

Ao -

lation of the two retinés. Hubel and Wiesél,(lé?O)‘have
also pronded supportlng evidence for the existence of'
SLmllar cells in Area 18 of tHe macaque monkey cortex,
» and Bough (1970) has succeeded in p;oviding compelling ;
behavioral evidehce'fbr stereo;copic vision‘in macagque ‘ o j

monkeys. Fgrthemere. several recent psychophysical studies

have implieq the existence of disparity-specific neurons

- RS mma!|
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in the human visual system (e.g., Blakemore and Hague,
1972; Felton, Richards, and Smi%h, 19?2; Mitchell and
Baker, 1973) similar to;thJse’observed in the cat and
monkey visual cortex. Therefore, inasmuch as stereo-
scopically percei&ed depth cannot,be,baséd upon é single
proximal stimulus (i.e., retinal image), the ability of
dgsérvers to éffectively utilize perceived depth as a
selection cue fof recall would suggest more central pro-
cessing of information in iconic memory. 4 ’
Fox, Lehmkuhle, and Shea (Note 6) employed the
tgchnique of random-element sfereograms developed by
Julesz' (1960, 1964) to present brief 3 X 5 matrices of
letters that cou%g not be Aiscriminable withvmonbculaf

vision., Fqllowing the standard partial report procedure,

one of the three rows of letters was cued for report after

- stimulus offset. Fox et-al. found no evidence for partial

report superiority -at any cue delay for the stereoscopic
displays. They concludeé that information about stereo-
scopic depth is hot processgd within iconic memory.

The results of this study suffer from several diffi-'
culties. First, Fox-.et al. did not specify the extent to
which their observers were practiced in discriminating
stereoscopic forms in their random-dot stereograms, Julesz

(1971) has reported that with sufficient practice,

observers can readily learn to discriminate depth in such

[3
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stimulus' situations. Second, the task of identifying st;reo—
scopic letfers may have been vefy time cdnsuming. Given

that the repMNesentation of inforﬁation in‘the icon decays
raplqu, observers may not have had sufficjent time to
effectlvely decode the cue and subsequently utilize it

to report the letters. Thus, in their experiment, the

amount of information that could have been extracted from
the visual aisplay may have been so small as not to be
evident in a comﬁariso; of partial with whole feport
perfofmance. | h

»

Macleod (Note 7) als0‘éondUcted an'exﬁefiment'to
establigsh whether séereoscopically perceived depth could
cue a partial reporf superiority in a Sperling-type
situation. The stimuii‘&onsisted of fwelve letters in a
v \5 x 4 m;trix that were presented in stereoscopic depth'
for a duration of 100 msec. His observers were iﬁstructed
to report letters on the ba31s of thelr spatlal location
(top, middle, or bottom row) in one condition, and on the
basis of their respective pefceived aeptﬁ (near, plane,
or far row) in another condition, after the presentation
of an auditory cue.~M£cleod'obtained a partial report
superlorlty when the cues indicated spatlal location, but
i failed to obtain a 51m11a§’effect when ‘the cues signalled

. perceived depth. He concluded, therefore, that stereoscopic

depth information cannot be processed in iconic memory.

f
+

NI RERE B DU S, TN W

-WW%W




35

His results, however, are also open to é number of éerious‘
ﬁethodological'difficulties (see Mustillo, Note 8, for a
full discussion). |
Recently, Mu;tillo (Note 8) and Mustillo and Komoda

. . (Note 9) have reporfed several findings’that contrast
with the earlier results and conclusions of Fox et al.
{Note é)‘and Macleod (Note 7). In order to assess the
efficacy of stereoscopically perceived depth as a”se}ectib; -
cue, two rows of eight letters were constngﬁed such that ‘

they had different depth values. In one condition, observers

were cued accordlng to the percelved depth of the rows

v o Pemaamads

(nearer or farther), while in the second condition, they

were cued according to the spatlal location of thé rows
(top or bottom). Stimulus configurations were identical Ty

in both conditions, and the stimulus displays were pre-

PR I P

sented for 50 hsec} followed at some variable temporai

delay by an auditory cue. These investigators found some

gt S ek

promising indications that observers could utilize infor-
., mation about stereoscopically perceived depth to selecé
letters from iconic. memory, ‘although the magnitude of the “}
partial report superlorltles that they obtained was small
N ~ "in the stereoscopic depth condltlon. They hypothesized
| that this may have been due” to the adqltlonal processing
time: that is required by observers to decode the cues when

they signal perceived depth, and/or the appreciable
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amount of time it may take for stereoscopic depth to

-
.
Rl L NPT P

develop in such stlmulus 31tuatlons. L .
' The findings of Mustillo (Note 8) and Mustlllo and
Komoda (Note 9) suggest that retinal disparity 1nformat10n
may be proceséed within iconic memory,” and reinforce'the
view that the information that can be represeﬁ%ed within

iconic memory is not solely rétiﬁotOpic. Iconic memory

§
may also include significant contributions from more

>

central comﬁonents operating at higher levels in the
’ visual system where information from both eyes is integrated. -
Clearly, however, further research is negded in order to

s s
strengthen this conclusion, |

K ORI ity b 8 P T o

Conclusion ' \

It would appear from an examination of the studies §

-
presented in this chapter that iconic memory cannot be

conceptualized solely as a retinally-based persistence

Fkeanr oL

phénomenon. Those studies that have reported that infor-

TRERON R bt e o
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mation about the direction of movement is éubject to a

similar pattern of decaying partial repoft superiority .

U, oM iy

that Sperllng (1960) originally found with.static infor—

T

matlon are difficult to reconcile w1th a purely retlnal

it W e o v
\-

)b- locus of 1con1c memory. Slmllarly, the eye movement ( -
: studies descrlbed in thls ch%pter, along with fhe recent-

flndlngs that suggest that 1conlc memory may be able to

-
]
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&

pfééérve»stereoscoﬁic.depth information induced by ‘the
disparity between'tpe points @f stimulation in both. eyes,
‘also pose serisus empirical and theoreticai diffiéuities
for the view that iconic memory is merely a weak after-
image localized in the photoreceptors of the re?inq. Those -
sfudies that have shown iconic memory to be particularly
'vulnerable to dichoptic interference, however, may be

. open to a}ternative intgrpretations: The possibiliiy
exist§ that a peripheral icon, in Sakitt'é sense, could
still forward information to some more central locus whe;e
the interaction between the target and the mask could take
place. In all, the bulk of the evidence reviewed inltpis

’chaptqg suggests that iconic memory may contain postretinal

contributions. .
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Chapter 4
SELECTION OF INFORMATION FROM ICONIC MEMORY
ON THE BASIS OF STEREOSCQPICALLY PERCEIVED SIZE

Thg foregoing discussion has had three principal
objectiveé, each represented and developed in one of the '
three precediﬁg chapters. In chapter 1, an attemp? was
made to describe fhe semjnal work of Sperling (1960) and
the pivotal positiOn it has since occupied in the
information-proceésing'literature in initiating theé current
interest and serious research on iconic memory. The prop-
erties of iconic memory were described in thé context of
the massive,amount of empirica} evidence obtained with
the partial report paradigm, and methodologigal éritizgsms
aéainst its use wefe briefly reviewed. The first chapter

ended with a brief delineation of some unresolved issues

- related to the study of iconic memory.

. The rather lengthy second chapter cansisted of a

description of Sakitt's influential work and its impli—'

cations for, the neural locus of iconic memory. Evidence

from a variety of studies was presented which is consistent
with or difficult to account for simply in terms of the
conceptualization of iconic memory based solely on the

persistence of the rod photorecepfors in the retina. In

- thé third chapter, several lines of evidence were reviewed

that suggest the possible contribution of postretinal

¢ .
- - o
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‘ e
processing 1n 1conic memory.

The results of the studies examined in chapters 2 and - ;
3 need not be viewed as necessarily contradictory. While.
the icon may be, physically "stored" on the retina, as

Sakitt's work strongly suggests, postretinal or more

central processing of the information in the icon may etill,
. ,
. : .be reguired for its successful extraction. Indeed, a

number of recent discussions related to this issue (e.g.,

— Crowder, 1976; Long, 19795; Michaels and Turvey, 1979; ) *

Turvey, 1978) have iterated and expounded similar theofeti—

Y .-
e wre

' cal positions. The experiment to be reported in this

chapter will attempt to further substantiate this claim

i dmn

¢ by systematically assessing whether information about
stereoscopically perceived size can be processed within

iconic memory.

N

General Introduction to the Present Empirical ‘Study
. é : .

A substantial amount of Quént%tative evidence for -
. the existence of icenic memory has been accumulated since
‘ Sperling's'germinal ré?eérch 20 years ago. Despite this~
extensive empiricai effort, however, there is still’ g
serious controversy concerning sevéral'aépects of iconic
membry,'Particularly its physical location within the -
. ifsual systém. Although‘Sakitt's.work has Providedithe : -

ost compelling~evidence for a retinal locus of iconic

1
f
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memory, theregare.Several indepepdent linés of evidence
which suggest“poétrefipel contributionq~to the iconbas
well. Purthermore, the literatufe on iconic memory is
replete\with anomaious findings and failures to replicate.

L]

Sevefal'investigators (e.g., Coltheart, 1980a,b; Long,

'1980; Turvey, 1978) have recently argued that much of

¥

this widespread and unnecessary confusion has resulted

L
from. the use of nonequivalent experimental'procedures for
investigating iconic memory.

Another major shortcoming of research on iconic

memory has been the explicit failure to concern itself

g
with the perceived spatial attributes of stimuli, such as

perceived depth, 51ze, and distance, and their possibly

significant role in the processing of infdrmation in
icenic memory. With the exception of a few receﬁt studieel .
(e.g., Mustillo, Note 8; Mustiiio and Komoda, Note 9),
previous.investigators of iconic ﬁemory have been exclu-
gively concerfned with simple manipuiations of physicai
stimulus parameters, and accordirgly, the proximal stimulus
(i.e., retinal image) in investigating ‘the underlying
nature and degreé of encoding of the 1nformation that can  + Yw
' .

be represented 1n 1conic memory For example, in the

o

previous stuqies that have found parﬁial report‘superiori—

 ties with a variety of visual selection eriteria (i.e.,

color, size, spatial location), the attribute-denojed by

e
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. the cue was manipulated 'in the physical display. Thus,
differénceg in the critical Qttribute.were represented in
the proximal stimulus itself, and the selection of infor-
métion.from iconic memory may have been in terms of the
retinotopic charactefistics of the stimulus display. In .
that proxxmal stlmulatlon does not adequately specxfy the )
propertles of the distal situation, such manlpulatlons
prod\de little insight into the perceptual processes that
may underly the selection of information from 1con1c memory.
That is, they fail to provide any ckear indication whether

information in iconic memory is selected on the basis of

‘the retinotopic or pergeptual properties of the stimulus.

<

Rationale for the Present Empirical S}udy - ;

Récently, Mustillo (Note 8) and Mustillo and Komoda : .
(Note 9) reported some evidence which suggests that retinal
dlsparlty information may be processed within iconic memory.
‘They found that observers in a partial report task could
‘utilize, to some extent, the perceived spatial attributes.
of stereoscopic depth to-selectively retrie%e information
from iconic memory. This finding implies that the infor-

nation that .can’' be represenited in iconic memory is not

solelj retinotopjc.

U afcn s SKem AW Bt g S A o VEMMM I aeepd v T
‘

The present efpirical study was vonducted to assess

¢

Y

the effectiveness of stereoséopically perceived size as a
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selection cue in Sperling's (1960) partial report paradigm. |

Perceived size was chosen as ﬁhe variable of ‘interest since

its study provideg a logical exte;sibn tb the previous work

of Mustillo (Note 8) and Mustillo and Komoda (Note'9).

Furthermore, there are several psychophysical lines @f

evidence which indicate that the perceived size of‘a viéual
stimulus varies concomitantly with chaﬁges iﬁ retinal , .
disparity. Lawson and Gulick (1970), Lawson, Gulick{ and
Park (1972), and Gulick and Lawson (1976) have répeatedly
demonstratedrthét retinal disparity interacfs with perceived
size when retinal image size remains essentially constant.
These investigators have shown that increésing prossed‘
(ﬁositive? disparity makes a'plandr surface appear pro-
gressively closer and smaller to an obseryer. anversely,
‘increasing uncrossed (negative) disparity results in o
stimuli appearing,proéressively farther from the observer

‘ arid larger. Analogous findings have also been reported L

SN
I

recently in studies investigating the affects of depth
separatlon on metacontrast masking (Fox and Lehmkuhle,
Note 10; Lehmkuhle and Fox, 1980, Experiment 8). In all,.

the critical implication of these studies is that the
. o B

sperceived size of a stimulus cannot be determined.on the

basis of retinal image ‘size alone. They also converge to

suggest that there is a hierarchical analysis of stereo-

4]

spatial input such that the perception oflperceived size s
.
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resulvs from the previous extractlon and lntegratlon of

perce1Ved depth lnformatlon. ‘ | L !
In considepration of the findings that demonstrate

that perceived :?ze is directly related to retinal ‘ L

dispéfity, it does nbt seem unreasonable to posit’thét

the basis of perceptual size preocessing may ﬁe postrépinal,

fndeed, there is some neurophysiological work by Blakembre,

f .
Garner, and Sweet (1972) that suggests that perceptual

N linn et ot %

s}Zeuscaling occurs as a result of processing at some
postretinal stage'or level in the visual system, perhaps o
in the inferotemporal cortex. This notion is also consistent
with several fi;dings which indicate that the size of

humen receptive fields, measured at the yigﬁal cortex, ]
- %aries directly with the depth of yisual stimulli (Marg

and Adams; 1970),"and thgtvlesions in the inferotemporal
cortex abqlish the ability .of monkeys to make discrimi-
nations of the actual size of objects, regardiess of
~their distance in depth froé the animal (Humphrey and
.Weiskrantz, 1969) . Thus. the ﬁeurophysiological results

of these studies, along thh those indicating the eXlstence

of disparity-specific neurons in the visual system¥ support

tthe idea’ that.the~mechanlsms that-are responSLble for

[
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Experimental Hypothesis and Predictions

.ﬂ” “
H”

. The hypothesms belng proposed here is that while the
persistence’ of lnformatloq in 1conlc memory may be gener-
ate%/retlnally, as Sakbtt's work suggests, the perceptlon
6f stereoscopic depth and size must occur at some p01nt
in the v1sual system aftgr the lnformatlon from the two

»eyes has been combined. fn,essence, the hypothesis clalms
that.there are pdstfetinalgbomponents in iconic memohxl\"
that cannot be‘accounted for simply.in terms of fetyhal

. persistenceﬂ‘ ‘ | . ‘

In order to test this hypothesis, the present etqdy
investigated whether stereoscopically perceived size could

Y

be used.qﬁ a selectlon cue for ‘recall in iconic memory.

" Three stlmulus conditions were set up where retinal and 4

a™ oy 1

wperceptual sources of size information were congruent
(condltlen 1) or dlscrepant (condltlons 2 and 3). Inﬁ%
condltlon 1, the letters in two rows of a stimulus dlsglay
-were physically different in size; one row contained )
larger sized letters and the other row cohtalned smaller
sized 1etters. and both rows arWays appeared on the plane
@§ flxatlon (no depTW). In condition 2 both rows in the’

stimulus displays contained equally s1zed letters, and

-

K

>

each row had a different depth‘value_due to the ‘introduction

of retinal disparity. In condition 3, each row contained

£

[
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‘the larger on smaller sized letters. With the introduction
of dispérity in the appropriate direétion, th@ letters
" were perceptually adjusted suéh that they had:ithe same
B E \

\

perceived ?ﬁée irréspective of the 5epth of the row.

[y
-

Depending on'the theoretical pos}tion that one adheres
to, the.three stimulus cpnditions predict three specific
empirical outcomes. The etinal‘hypofgesis of iconic

.memory (e.g., Sakitt, 1975, 1976a) would predict thatl
retinal image size alone is the”critical factor in the
presehé'éxpeéiment. whereas the postretinal interprgtation
bginé proposed here.would predict that perceived si e is
also vi%ally important. The three idealized predicted
‘outéomeé according to béth hypotheses are summarized and
illustrated inh Figure 1. - ’ . ) y
. In condition 1 (Figure 1:1), both the retinal size

and the perceived size hypothesis would predict identical

outcomes, since’ the letters in, the rows are not only

retinally different but also perceptually different, and,
there is no disﬁarity in the stimulus displays. Both

- hypotheses predicf that cueing by size should result in a
decayingabartial report supefiority. Ideally, since retinal
and perceptual sources ofcsiZe information are perfectly
correlated, both hypotheses predict the same decay fﬁhction.

This stimulus condition also provides an opportunity to

~Teplicate von Wright's (1968) work. Von Wright demonstrated

’
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.

and perégived size hypothesis.
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thatiretinal slze can be used as an‘effiqient selection

. P . |
- cue for recall in iconic, memory. However, he only

examined this with a 5-msec cue delay. In the present
expériment six cuefdelays were included to provide a

»

more sen31t1ve and t€liable evaluation of the effectlve-’
ness of thlS gelection cue;/”\xcr‘“’/jm\

In condition 2 (Fi u{e 1.2), the retinal size hypothesis

would predict no partia eport superiority at any cue delay

for the size cue because the retinal sizes of the letters

in the two rows are identical. The perceived‘size hypothesis,
on the other hand, would predict a typical partial report
superlorlty effect that decreases as a function of. 1ncrea31ng
cue delay.,Lawson and Gullck (1970) and Gulick and Lawson
(1976)‘habe shown that changes in perceived depth are

invariably acé¢ompanied with changes in perceived size

when the visual angle of a stimulus is constant. THus, the .

‘occurrence of perceived depth in this condition will also

result in differences in the pefceived size of the letters
since the visual angles are held ccnstant.

In condition 3‘(Figure 1.3), both hypotheses again
generate different outcomes. The retinal size hypothesis
would predict that since the‘letters in both rows are »
retinaily different in size, observers should be ab}e to
use this stimulus attribute as an effigient selection cue

for recall. Conversély, the perceived size hypothesis

© AN L
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would predict that observers should not be able to effect-

ivély discriminate differences in the sizes of the letters - f
- since the legters'qre perceptually adjusted =0 that they

appear identical in size, régardlesé of the depth of the

row. Interestingly, the perceived siie hypothesis predicté

that if it is perceived size per se that is being used

to select information from iconic memory, then the selection

cue .of size should exhibit no partial report superiority i

effect at any ,cue delay, even though the retinal sizes. of

the letters differ.

© Method -

\

Subjects. Six males and six females, ranging in age
from 19 to- 36 yea;s.'afrved as pald subjects. All had ,

normal or corrected-to-normal visual acuity in both eyes,

,absence of any marked phoria, and adequate stereopsis and
fusion, as assessed with a Keystone Ophthalmic Telebinocular.
Stereoscopicbacuity measures obtained with the Keystone

‘ . B
Diagnostic Series (Aviators' ¥nit, D.C. 31 to D.C. 53)"

were equivalent to or better than 80 seconds of arq‘fqri
fach subject. All subjecté were naive with respect to the
pﬁrpose and design of the experiment, and none had previous
experieﬁée with ﬁultielemeﬁt tachistoscopic presentations.

Apparatus. The experimental viewing'apparatus consisted

of a four-channel dichoptic tachistoscope (two channels per

N
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eye), equipped with Mast/Keystone Telebinocular lenses.

These achromatic lenses have a converging power of +5.0 D,

o “ b
and were mounted 5.3 cm apart horizontally. Placed immedi-

ately in front of the lenses were a pair of 50 x 50 mm
beam splitters (one per eye) that rved to superimpose

the left and right eye fixation tatgets lying perpendi-

. cularly at either‘sideﬁoi\Phe subject's line of sight.

onto, the center of the visual field. A sheet of opal glass
(Edmupd Scientific Co., Stock No. 2149) was mounted on
b

filter holders in front of éach viewing channel to produce

a Homogeneously illuminated visual field. All stimulus

displays were rear illumiqated through the opal glass and

presenfed at an optical distance of 17.2 cm. The viewing
apparatus is schematically illustrated in Figure 2.

The light sources on the viewing apparatus consisted
of six 4-watt fluorescent lamps’(Sylvanié Corp.’, F4T5/CW)
that were driven by a three-channel Scientific Prototype
tachistoscope (Model GE) located in the, same room as thé
viewing apparatus. Two such lamps, operating in parallel,
lit the fixation channels, while the remaining fpur lamps
opérated in pairs to illuminate the two stimulus channels.
The luminance of all channels, as measured at the eyepiece
by a Spectra Brightness Spot Meter (Photo Regearch, Model

UBD - %). was equated at approximately 28 cd/mz. In

addition, the luminance of the testing room was low enough

A e At
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to necessitate the use of a small red light in order for

the experimenter to record data between trials; its

. . t
luminance was approximately 1.7 cd/mz. This light was

shielded from the subject andtextinguished during trials.

A Digital Equipment Corporation PDP-11/34 labor;tory
c¢omputer controlled all the temporal parameters in the
experiment (stimulus duration, tone duration, pre-exposure
delay, cue delay), and generated the partial report cues.
These cugs consisted of a high, 2,000-Hz tone or a low,
500;Hz tone that were‘délivered‘to the subject via ear-
phones. The computer was located/ in a rooﬁ ad jacent %o
the testing room,. .

Stimuli. The stimulus displays consisted of two rows
of six randomly selected uppercase, consonant letferé; the
letter Y was the only consonant not used. The vdwels ahd
the letter Y'dwere excluded to reduce the pronouncdability
of the letter sequences and to minimize the possiﬁility of
subjects' interpreting the letter arrays as Qords. No
letter appeared more than once iﬁ the same stimulus display,

and sufficient care was taken to ensure that visually

similar letters did not appear in c¢lose spatial proximity

of each other. A total of 120 stimulus displays were

¢

constrycted for each of the three experimental conditions.

All displays were constructed with black, dry transféf
letters (28 pt. Helvetica Light Letraset, No. 3023, for the
i : T .
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larger sized letters; 24 th Helvetica Light Letraset,
No. 3025, for the §mgller sized letters). The original ' :
stimulus &isplayé were photographed witﬂ Kodalith Ortho,
Type 3, 35-mm film to produce white letter arrays‘bn a

. ; black photographic background on the negatives, ang

reduced in size by a factor of four. They were subsequent-

- - 1 lyﬂﬁounted in pairs on black. flat-textured capds measuring

/( 1
20.0 x 10.6 cm. Each stimulus display card had a pair of

2.54 cm-diameter holes punched 8.6 cm apart horizontally.

These holes constituted the visual field to each eye, and ‘ L

' .,the stimulus displays were always céntered with fespect to

the entire' visual field. . .

i In condition 1, the stimulus displays always appeared' e

| -

| ' ~ on the pléhééof fixation, in the sense that there was no
'&&

retiﬁél &+sparity in the displays. Thus, each eye peceived'
identical stimulation. In condition 2, péirs of stimuli
were constructed such that when viewed stereoscopically,
one row of letters contained a crossed.disparity of ;
? . ‘approximately 20 min of arc énd the other fOW, an uncrossed
| disga}ity~of 20 min of arc, relative to the plane of
fi#ation. That is, depending on the direction of the
- ' disparity, one row of letters was perceived as being qearer -
and slightly smaller in size (crosséd disparity), or

farther and slightly larger in size (uncrossed disparity).

In the case of condition 3, such manipulations in the
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‘magnitude of the disparity was held constant across both

stimulqs

phe gsame

The

displays

rows, so

crossed disparity in the top row and the other half

contained an uncrossed disparity in the top row. The

disparity conditions, and was within the limiting range’

53

displays made the letters in both rows appear

in size.
L]

direction of the disparities within the stimulus

e

in conditions 2 and 3 was always crossed with

that one half of the displays contained a

1)

¥

i A i e e o o S

of disparity values necessary for a patent stereopsis.1 ‘ .

In condition 1, stimulus dgsylays were cdnstructed

-such that one row contained the larger sized letters and

L3

the other row contained the smalfer sized letters.: In

‘condition 2, the letters in both rows were identical in

linear size, and were made to appear different in perceived

size through an inequality in their disparities. In

.condition 3, the stimulus display dimensions were identical

displays contained a retinal d%éparity. The retinal sizes

e

to those of condition 1, with the exception that. the 8

of the letters in this condition were appropriately adjusted

so that they had the same perceived size irrespective of

the depth of the row.

< ' 3

1

After photographic reduction, each larger sized

letter had a vertical and horizontal dimension of 1.975 mm

and subtended apprqximately‘.66°, Each sﬁalle; sized letter

. " il

w

o S Spelahesiyniiagniong
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had a vertical and horizan%a} physical dimension of 1.625 mm
gnd sustended“apﬁroximately .54° of visual ahgle. The
entire laréer gized and smallef sized letter arrays subtended
a visual gngle of 5.61o and 5.50°lhorizontal. respectively,
and 1.530 vertical. (In conditipon 2, the vertical visual
angle subtended by the rows was 1.65O or 1.4%0. since

. both rows contained either the larger sized lé%ters or

r sized letter was .jjé, and between each smaller

. ]
the $maller sized letters). The separation between each
lar

sized letter, about;.uso. The 'spacing between the two rows
. of letters in the stimulus displays was .330 of visuél',

angle, irrespective of the size of the letters in the rows.

v ) ' . /
The vigual field to each eye was circular and subtended =~ =+ [
8_.&0o x 8.40°% in diameter. The angle of convergence formed /

by the two eyes with respect to the stimulus displays was

approximately 2.980.2 Representative examples of the :
stimulus displays used for each.condition are shown in ; .
Figure 3. '

The fixation target-consisfed of @& binocularly fuged

§

+1.50°%-diameter circle with corrésponding mdhodular.-vqptical
nonius lines. The nonius lines subtended a visual angle of
:pproximately .75°. The fixation target was constfuctéd‘

to allow proper aiignment of the ubper and lower nonius
lines seen inside the binocularly fused circle with the:

left and fight eye, reépectively. It also had accompanying .

. t
.
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LEFTEYE RIGHTEYE '

Flgpre 3. Representative examples of the stimulus displays . oy
used in each condition. Conditions 2 and 3 show displays ©C
which contain a crossed and uncrossed disparity in the top .,
row, respectively. Stimulus dimensions have been enlarged

.by a factor of two for purposes of J.llustratlon. !
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™

.75° horizontal and vertical lines that were arranged

900 with respect to one another. The fixation target always .

.appeared in the center of the stimulus displays, and

covered approximately the entire vertical angular subtense

of the two rows. Its basic configuration is illustrated
in Figure 4.
Design. Subjects were tested individually in each

stimulus condition following a repeated measures design.’

All subjects were required to complete three full sessions

" over a three-day period. Each session lasted approximetely

. s ' - ]
two and one half hours. Only one condition was run in each

<

. session, and only one session was run on each.day. Stimulus

éénditions were bresented to subjects in a completely

-

counterbalanced order. The sequence of stimulus presentatloﬂs

. and ﬁLe order of cue delays and tones on partlal report

trials were randomly selected and recorded-by a computer -
program, with the constraint that each possible'éombinaeion \
appeare& equally often across each session.

Procedure. There were two types of“trials based on
the type of report the subject'was required to meke. On
whole repert trials, no tone was presented at display

-

onget, and the subjects were simply instructed to report

‘aloud as many letters 5ﬁrbossible'f£§p'the entire stimulusv

dfspla&. independently of the size of the letters in -the

" rows. All letters were to be reported in their correct

.
fe ke
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! RIGHT EYE

>

BINOCULARLY FUSED .
FIXATION TARGET \ : ,

.

Flgure b ‘Baslc, configuratlon of the flxatlon targets' -

viewed by eac

eye. and a representation of. the

bancularly fu

ied fixation target with collinear.
'k\ vertical nonlu: Iines. Stimulus dimenslons have been

\\\; enlarged by a

‘:ctog of two for’ purposeg or‘illustrgtion..
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. serial positions in order to bé scored as correct. On
. . - H - s ‘ - o . .
v ’ these trials; theé score for estimating the -amount of

; T . informajion available to thé subjects from a particular

stimulus display was simply‘the number of letters reealled
initheir correct positions within the Qisplay. ' & : ?
On partial report trials. subjects were informed that
a hlgh or low tone of 50—msec duration would be: sounded,
and that thls tone would come on elther sllghtly before

stlmulus onset (- 56 msec delay), at stlmulus onset (0 msec

e g o 2o e

| delay), or‘gt varying delays after the onset of the stimulus
. ' -display (50 150 300, or 600 msec delays). If-the high-
tone was presenteﬂ, subjects were instructed to report ' ¢,

: aloud only those letters from a partlcular row that appeared
' ’smaller in percelved size; if the low tone was presented,
they were instructed to repont aloud onl& tﬁose letters v
from a partlcular roy, that appeared larger in perceived
® f“ size. Subjects were requested to report the letters from
< . the cued row in their correct serial positions as,aoon-as ‘- o
2 ‘possible after the presenﬁation of the euel_Thé§ were © ' .

b ) ' .=

o F- ' instructed to report something on each trial, but not to B

engage in guessing. Partlal report performance was assessed ‘

. v : & -
SN S by multlplylng the humber of letters. reported in their
1 B v correct_serlal pOSltlons by two (s1nce.the subject only .

B “ - reported one half of thé® total stimulus letters) to obtaln

the estimated number of “letters avallable .3
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,/// ‘-64 Stlmulus presentation duration was, akmays 50 msec.
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PRI

In addition to reporting the lgttefs‘on the partial-
‘ réporﬂ trials on the basis of their perceived size, subjects
were also requested to furnish gubjective size estimate
_reports., In conditiéns 1 and 2, they were simply asked
whether the cued row of letters abpeared.largef or smaller
in perceiveﬁlsfze. In condition 3, tﬁey were askedaahether
_the lefters in the stimulus display appeared identical or
.. different in perceived siie. All such subjective size 4 °
estimates were de after the subject had reported the
letters from the %ued row., All responses were recorded by
the experiTente§7 - : u' ' b
. fké rows were cued randomly. with replacement S0 that“
_on any given trial there was a .50 probability that a
bart' ular téne would_belprESented or that a particulgr
,row would be-gued. H;nce. there could be ﬁo‘advantaée in.
(Lue anticipation. Cue delays were randomized within each
/ block of piéﬁial repdrt trials with, the constraintpthat
each cue delaylwés presented equally often. The size. that
waS'cued was_completely coﬁnteébalanced across trials..
In each stimulus condltlon, each subJect received a
total of-320 trials; a block of'ﬁo whole report trials ‘
- \,\ 1§med1ately preceded and. followed 10 blocks of 24 partlal
_freport trials. Within each block of partial report trlals,
%each cue delay gppeared fquixiimes, and each row was cued

-‘ .
/ X . . ~ ! ’
|
P 8 i
| ' ,
| ‘ .

;

S & - s e
<
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v ' 12 times. Each subject received 20 trials for every

-
s

combination of cue delay and row in each partial report .
conditiog: Although each étimulusldispIAypwas randomly ?
presented twice to each subject in each cohdition. previous
research has effectivély'deﬁonétrated that repe%ition of
letter arrays affects neither the magnitude (Besner, Keating,
Coke, and Maddigan, ;97&; Me}luzzi and Johnson,‘1974):nor
the rate of éecline (Merluqziyand Johnson, 1974; éurvey,
1967). of partial report_pgrfo}mance; ‘ , o ;
In any ane session,.the.following'general}procedure '
® was employed: Subjects dafk adaptéd for about 15 minutes,

durlng whlch time they were famlllaflzed with the operatxon

of the experlmental viewing apparatus, informed about the

il et R e <P

nature of the Stlmull and task for that particular cdndltlon,

and given approprlate 1nstructlons concerning the inter-

N ’ pretatlon of the partlal report cues. Following these’ \ o

1nstructlons, they were shown representative examples of

SRR

— -

the stlmull in guestion, and given sufficient practice in ¢ 20
tone discrimination. Suﬁjeéts then vie&éd’thé fixation

target until the two vertical nonius lines seen inside the
“binocularly fused circle apéeared collinear, thus ensurig
correct initial vergence. When the fixation target was
' \é o properly in focus, subjects self-initiated.a trial by h
depressing‘a hand:held,button. After a pre—eiposure dark,

3 .
period of 500 msec, the fixation target was extinguished

a
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E *  and the stimulus display.was“Priefly'expOSed. Subjects
were notlinforme& on the nature of ‘the upcoming trial,
and no response feedback was giveﬁ. The reappearance of

I
the fixation' target indicated readiness of the next trial.

The interval between successivé trials was approximately

hd v

§ ' 30 .seconds. Figure 5 shows the relationships among the .
° E : : © . a * . -
.t ’ : o :

; temporal parameters used in the experiment.
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Results and Discussion ~ \\

For each subject, whole and partial report'perf§%mance‘

(i.e., letteré available) was computed on the basis of the

“number of letters that were reported correctly in their

| “ .
respective serial positions within the stimulus displays.
Such estimates of subjects' performance were obtained for
each condition.

I 4 : .
Table 1 shows the mean number of letters available

N

for rébort under each condition. In the computation of the
}esults depicted in‘éhis table, the data for both @he

whole and partia} réportlweré averdged ovér all triaLs for
each condition and collapsed across the %2 subjects. Given
that the levels of perébfﬁaﬁce on the whole report trials
pregented prior 'and subsequent to the partial reﬁoft trials

-,

did not differ significantly, all ts(11)< -2.08, p >.05,

. the whole report data for' the two blocks of trials were

combined to obtain a single whole report score for each
éondition. Furthermore, as ié evident from ari inspection-
of tﬂe data in Table 1, the combined indices of whole
report pe;fofmance Aid not d}ffer significantly across\the
three stimulus conditiong, all ts(11)< -.75, p>.20.

The partial report daté were also c&llapsed across
blééks of trials fér each condition and at eacﬁ cue delay

since the estimated mean number of letters awsilable

, A& .
remained relatively consw¥ant for each subject whew the |

“ . I ~

P

e
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Performance on thé partial report in each
+condition as a function of cue delay,. and

on the whole report

Condition
X
1
SD
X
Zn
SD
"X
3. X
'SD

-50

9.33
1.84

7.72

2,34

I
5.61
2.33

- . Table 1

~

‘Cue Délax (in mBec)

0 50
N .
8.38 7,22
1.89 1.85

.

6.59 5.88
2.33 2.%
LR
2.26, 2.18

A .

Note. Maximum mean score =

across subjects. Each entry in thé’partial
report is based on 480 trials; each entry

in the whole report. is based on 960 trials.

150 f 300
1,84 1,81
$:42 b.sb
2.20 2,32
4.22 4,13
2.15 2.11

12, Data are averaged

‘2WR refers to the wholé report.

é

L4

600

4,7k
1.78

L, ok
2,26

4.06
2.09

%

WR

4,29

- B.90

4,28
0.86

4
b.26

+0.91

-
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resulfs‘of the first and last blocks of partial“report
trials in each condition were subject;d to a Condition x
Subject x Bloék analysis of variance, all 23(9, 22) < 2.28,'
P >.05. This indicates that no apparent contributing
' practice trends were preéent. Additioqal analygié reveal;d
that the subjects did not perform significantly better :
dufiné‘the second presentation of the same stimulus displays;
all Fs<1. Thus, éhere were no significant indications of
a rgpetition;effect bf stimulus display letters. As a
result} partial report scores across egch condifion were
‘combined. a

A 3 x 6 analysis of variance with repeated measures _
was performed on the averaged partial report scores-to
evaluate the effects of stimulue condition and cue delay.
'The subject variable wgﬁrtreaﬁsd as random, and the
independent variables as fixed effects. The analysis of
va}iance fevealed that the main effects of stimulus
condition, cue deléy, and their interaction were significant
beyond the .001 level (see Table 2). Tzi‘significantl
interaction between stimuius condition"and cue delay suggests

different decay rates for the three conditions, and is

evidenced from a visual inspection of the partial repért

-

results in Figure 6. . .

3

Results of post hoc comparisons between treatment

means using Scheffé's procedure (Scheffé, 1953, 1959)

v

.
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. ' v ‘ - Table 2 .

Summary table of a two-way repeated ‘ ‘ 3
measures analysis of variance on

the averaged partial report results

Lo

Sottce - - ag Ss CMs
= Num  Den

Condition (C) 2 22 192,08 96.04 252, 7l
C x Subjects (S) 22 . 8.31 0.18 ‘ 3
; . Cue Delay (D) 5 - 55 250,36 50,07 . 625.88*
DxS ' ' 55, _ b.55 . 0.08
! S CoxD | 10 110 43,74 b.37 72.83*
: . CxDx8 110 . 6.47 0.06 ‘ o

S . . r11 6.97 | 0.63

L .
‘ . a
* ‘ LN
. p <.001, }
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Figure 6. Estimated mean number oé letters available in the
partial report as a function of cue delay, and mean recall
* ™ v -
performance on the whole report. The data are collapsed

across subjects.
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T

indicated that partial'report performance declined systema-

" tically with increasing cue delay at all cue delay intervals

in conditions 1 and 2, all Fs(5, 55)> 16.33, p <.05.4 The
partial report daté in condition 3, however, showed a ‘
significanf decline-in subjects'nperfofmance only at cue
delay intervals between -50 and 50 msec, all Fs(s, 55)>
21.43, p <.005‘(see Fooghote %) . Beyond the cue delay of

50 msec, there was no evidence for additional significant
decay of partial report performénce.‘

‘ Quantitative evidence for a partial report superiority

for the selection cue of perceived size in each stimulus

condition was -evaluated by the use of multiple t tests

with a corrected alpha lev'el.5 A superiority of parfial‘

a

- report performance over whole report performance was 4

observed at all six cue delays in condition 1, all ts(11)>
12.83, p <.001, at all cue delays in condition 2 except
g?p msec, 3(11)B=,3;14, ho) £.008;(see Footnote 5), and was
only pvident at cue delays of =50, t(11) = 7.22, p <.001,
and 0 msec, t(11) = 5.48, p <.001, in condition 3.

"It is clear from the”partial report results obtained
in conditions 1 and 2 ?hat the subjects did have information
available to them shortly after the.visuél display was v
termiﬁated %hat was not reflected in their whole report '

performances. Individual combapisqns between the partial

and whole fepoft scores at all six cue delays in both

11

“
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conditions lend strong confirmfation to this observatifn.
It is also evident that information about perceived size
was avallable to them but decayed with great rapidify aé
a function of increasing cue delay. The results of
condition 3, on the other hand, indicate that there was
little overall decliné/%n\pertial repdrfhperforﬁanée, ahg
that the partial report bgi& gave higher estimat;s of
information availability(&han did the Whole~report when"

the cue came slightly. before stimulus onset or at stimulus

P g
ot

onset ltself.
In all three conditions, there was a high degree of
response compatibility between the cueing tones.and the

‘

row of lettérs'they indicated for report; subjects had no

apparent difficulty in interpreting the auditory cues.

They, nevertheless, committed three basic fypesnof errors
on partiai report trials: (a) Sgbjects reported letters
from the wrong row, (b) they reported no letters correctly
from either row, or (c) they gave incorreét size estimate
judgements following the report of the letters. Table 3
shows the percentage of these errors in each condition as
a function of cue delay. The error data are collapsed
across subjects for ease of expositioﬁ.

It is clear from ‘the error summary analysis in Taﬁlea:
3 that the percentage of wriong-row réports and‘ze:o-

correct errors that were committed by the subjects in edch
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. . Table 3

Percentage of errors committed in each

y S

v comdition as a function of gue delay

) - ) Cue Deiay (in msec)
Condition Type of . -50 0 50 150 300 600
emel T ‘ | o
waa, 0.21 C0.21 0.21 0.63 0.83 1,0l
1 a 2c® © 0,00 0.00 0.00° 0.00 0.21  0.21
. SE® 0.00  G.00, 0.00 0.00 0,00 " 0.00
| WR 2,92 3.5% 3.33 2.71 2,50  1.88
2 g 0.00 0.21 1.67 3.13 5.83 6.57
| ©USE. L7500  7.92 583 3.75 3.13  2.08
® WR . 479 Mé.ou' 6.88 7.71 8.33 8.33
‘3 e . 0.42 , 1.0 2.50.2.29 2.92  3.75

. SE ' 62.92 60.63.55.42 54.17 L47.71 149,58

s .
Note. The data are éollapsed across‘subjecfs.‘ﬁach
entry represents the péréenfage of errors Dpased on.
480 trials. = - | . ’
2wWR refers to wron%grpw féports.d |

Py refers to zeré-cor}ect errors.

cSE‘refers to size estimate e;rorsnf»

"~
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condition were

tically with ingreases in .cue delay. Subjegts made hardly
any errors of these types in Qendition 1. In condition 2,
;hey committed‘ﬁ re errers, but the percentages of sucﬁ

errors‘did‘net e ceed’7%. This suggests-'that the %aek in

]

condition 2 was gomewhat more difficult than that in’

condition 1. Thie ﬁay be due, to the fact that stimul%g

.

displays in condition 2 contained a retinal disparity,

whereas those in condition 1 did-not;

“far, . concerns the large percentage of eize estlmate errors

made’ by. subjects in condition 3 It & ould be noted that

make~one of twoopos ible resp0nsesﬂ they eould say-that

every subJect made a ubytantl amount of these errors

in thiS‘condition, ey & though the occurrence of the other

two types of errors rﬁualned comparatlvely small. /This (
i /
flndlng suggests that he task of discriminating:the size

< #

of the letters rn—the WO rows was very dlIIlcuAt when

eived size of the letters were

vn
LS

: differepces in the per~

*

nty in subjects” subjective, estimates

1

minimized. This uncertai
4 . ¢

e

. -
gl X7
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¢ B - that theﬁpercelved size of the letterS'may not have been b

,‘5 - . extreme case. Her oVerall \¥ lts are deplcted 1n Flgure 7.
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‘i «1 of size .is amply apparent in the error analysis. ‘ C ‘

’ i’ \

It is also very 1hterest1ng to note that there Were
H t

real 1nd1viﬂual dlfferences among"subJects in thelr ablllty

L

. to make correct'size esttimate judgements in Yonaition 3. ' ' {

\Thls may have peen due to several reasons. {t ls\}gislble

oL approprlately equated for’ each subJect. As a result, some ﬂ
subjgcts may have underestlmated percelved size in the
- . N v1sual dlsplays and based thelr‘selectlon on the retlnal .

j . o 'SlZe of the letters. It 1is also concelvable that some e

. . 4 . .
LT o subaects may have percelved real phy51cal dlfferences in ., ,
pot S ‘the}slze of the letters.dFlnally. tHe possibility also

2

3r‘exisxs that subjects may have proceségd the digpatity .

:' -~ information iR the ﬁisual.displays to -different extents,

Al o - and as a consequence, perceived'size differences in the

4

ﬂnletters dlfferently Subgect C\C. represents such an ' - \\

&
e

- : Aff -~
o _Subject C.C.ﬂreported tha all the letters 1n the
!

R ‘ ‘stlmulus dlsplays 1n condltlon 3 appeared dlfferent in

b ’ pé%celved 31ze, and commltted no errors "of any kind. Her

data revealed a robust partlal report superlorlty at each ‘

gue delay 1n each condltlon, aécompanled w1th a- s1gn1f1cant v

L3

decllne in partial report Aerformance W1th 1ncrea51ng cue

elay. In "fact, her partlal report performance rn condltlons

sand 3 did not differ s?gnlflcanfly at ;Ry cue delay, ‘ _'\ . .

~
v

. ,‘ . . ° .
N ) . 1
. 1 ‘ \ -
. ' .
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~all Fs(5, 195) <1.19, p >.20 (Schef&é test). One can onl}‘ : ?\6T
speculate at present why this subject's partial report
data are so discrepant with those of the other subjects.

o ) “ In all, the results of t?e—p?esent experlment generally
conform to the predictions tﬁat were derlved from the
perceixed s1se hypothesfs. "The results of condition 1
replicate and extend von Wright's (196%) finding that size
can be used as an efficient seuection criterion for recall '
of information from iconic memory. The pattern of results
in' condition 2 indicates that when letters of canstant L S
angular subtense are mad$ to appear dlfferent in S}ZG due

to an 1nequallty in their disparities, subjects can effect- (\ i

ively retrieve information from 1con1c memory on the basis {

@ .

of thé perreived size of the letters The resu;}s
. condltlon 3 demonstrate that when letters of unequal ub-
tense/are made to gppear nearly 1dentlcal in size, subJects‘
perform predictably poorly when cued by size. This suggests
’that perceived size per. se was being usedfto select infor-
mation from iconic memory in‘this condition. The level of

partlal report performance in condltldﬁ 3, however, is

TR S e s v,

orvann e ¢ T4

T better than expected at the negatlve and short cue delays.

R A

. One possible ;nterpretatlonkof the present results is
thyt the time that is- required fo process the dimension in

the stlmulus that is being used as the selection crlterlon ' *;/‘

determines the effectlveness of the selection process. It

e Hon proge |
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may be that perceived depth, and accordingly, perceivedy
size, are processed within iconic memory but- take an -
appreciable amount of time tQ;ggvelop. Given that the
fepresentétion of information in the "icon decays rapidly,
subjects in condition 2 may not have had sufficient time
during the brief existence of iconic memory to effectively

process the selection cue and subseguently utilize it

i
to retrieve the appropriate letters. According to this

interpretation, pa}tial report performance in condition 2

would be expected to be lower than that of condition 1
‘ 8
where there was no disparity information to process in the

< $
gtimulus displays. The finding in the present experiment’
"%ﬁat subjects' partial report performance in?condftion 2
\ -
was consistently lower than?their partial report perform-

ance in condition 1 at all six probed cue delays lends

-

encouraging confirmation to this interpretation.

If this were the only factor involved, however, a

simple transpositien of the decay function in condition 2

along the temporal dimension onto the obtained decay

A\ k . ’ .

function in condition 1 should be identical. Unfortunately,
2" i

this does not occur. A simple transposition in time does

(
neﬁ result in an adequate superimposition or overlap of

~

the. two decay functions.4A close examinatio?‘of the partial
s

report results in Figure 6 indicates that the time constants

h 53 .
- in condition 2 appear tosincrease as cue delay is increased,
~ ™ o . .

‘l
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~prediq;¢d that the level of partial report performance in
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suggesting that an integirefation based solely omr the extra
time. it 'may take for ste eoséop;qally perceived size to

develbp is not sufficient to satisfactorily account fo# the ¢i

-

obtained results. Such a line of reasoning leads one to v e
suspect that additional processes may be involved.

According to the perQeivedx@ize hypothesis, it was

conditior’ 3 should not have been significantly different

from estimates derived from the whole report. Thus, subjects'

© stn e e e oA i e e =

pa;tia;vreport performance in this condition shculd have
exhibited no significanf decay or partial report s eriority‘

at any cue delay. The pre icfion was, to a fairly jﬁfge

extent, confirmed. Subjectgxshowed a partial report superi; .
ority effect and an accompanyihg signif%cant debiine in

partial rep?rt performance only at the shortest cue delays.

It is possible that when the cue came eérly% subjects may - H

have had enough time to effectively allocate their attention

* MUdh e g1

to the cue. When the cué arrived late, on the other hahd.

éhe iconic representation and clarity of the letters may have
been sufficiently degraded as to make the discrimination of
the size of the letters very difficult and time consuming. '
This interpretation is consist.em with the observation that
as cue delay was increased, subjects became very uncertain

s
and began to report fewer letters from the cued row. In

addition to reporting fewer letters in genefal, they alse

reported fewer letters correctly.

P
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General Discussion ' S |

The results of the presént‘study greatly corroborate
and extend the previous findings of Mustillo {Note 8) and
Mustillo and Komoda (Note 9). They‘indicate that it is
possible to use part;al report cues based on the spatial
stimulus attributes of perceived size to select information
from icoﬁip memory. These results suggest that steréoscopib
depth and size information can be processed within iconic !

memory, and imply that the information that can be

v

represented within this early visual store is not solei& d
retinotopic.

On the bésis of the findings reported in this thesis,
it 1s suggested that iconic memory should not 6nly 99 : g
defined in terms of the mechanisms of storage, but also in

[l

terms of the nature of'the information it can cqn%ain and

its interaction with subsequent stages or levels of visual i
information processing. Adoption of, the idea that iconic - g
memory may reflect an interaction of rgtinal and postretinal -

comp?nents allows for the empirical outcomes demonstrated
rin the present experiment, whereas an interpretation of
iqpn;c memory‘based exclusively on the persistence of
photoreceptor activity (é.g.; Sakitt, 19?5; 19764) implies
that the present results should not have occurred. Accord-
ingiy,‘it is proposed that a multicogg?nent view may provide .

a more adequate theoretical conceptualization of iconic
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memory than is currently available.

There are several’important questions, howevef,.that
are b&rne But of the present’ study that deserve to be
examined in greater detail. The first concerns the finding

‘t‘ . . . .
that the selection of information from iconic memory on

"the basis of perceived size is more efficient than selection

"

with pergeived depth. Mustillo (Note 8) and Mustillo dnd ,
Komoda (Note 9) previeusly found that their subjects could &
utilize information about the perceived depth of the

tetters in & stimulus display ad a cue fo; recall from

iconic memory. The magnitude of the ﬁartial report superi-
ority effect they found for perceived depth, however, was
much lower than that found in the present study for perceived
size. This finding is somewhat puzzliqg since perceived

Q

depth and perceived size are intimately related to.each
. . ¢
otheru\and the“perception of perceived size arises from

the prior processing of peféeived depth information (Gulick"
and Lawson, 1976; Lawson and Gulick, 1970).
It is possible that percé€ived size is a 'more salient

selection cue than is perceived depth,'oné that can be

more easily and readily associated with cueing tones in a

partial report task. In the present experiment, subjects

v

experienced no visibly-apparent difficulties in interpreting

the tones and thelr relatioﬁ;%;ps to the selection criterionﬁ

(perceived size), whereas in thﬁ,p}evious studies of

- ~ ES

L4
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Mustillo (Note 8) and Mustillo and Komoda (Note 9), their
subjects did encounter some cue interpretation difficulties.
This occurred even though the same'tones that were employed
‘1n the present experlment to cue perceived 51ze<were used

to cue percelved depth in thelr studies. However, the ‘ o

. difficulty may have been compounded in their studies

because the same tones that they used to cue.perceived

depth in one condition were also used tqQ cue spatial loca- ‘S

o

étion in another co§qition. In the present study, the tbnes.
always-cued the same stimulus attribute, namely, perceived
size. - . |
A further possibility for the differences in the mag-
"hitude of the obtained effects may be that separate input-
analyzing mechanisms with different léfencies underly the

= ' \ ™~ .
processfng of stereoscopically perceived depth and” size.

Substantive empinical/ evidence for the existence of such

’ ' mechanisms is, unfortunately, MXacking at present. ;

Secdndly, in condition 1, it was demonstrated that

when perceived size is peffectly correlated with retinal

e e e pme o e o

lmage size, subjects can effect;yg\y gelect letters on the
bas1s of thelr SlZf The present experiment, hbwever. does ¢ -
7 not adequately address the question as to whether subaeqps
' ‘in this"copdition based their selection on the perceived
! or tetinal sizes of the igtters in 'the stimulus displays.
i - It is poss}Ple that“suﬁjects_in this condition Tay have by

-

t s
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\

selected the letters on-the basis of either stimulus
dimension. Further quantitative investigation is needed
in order to determine the exact contribution of each.

A third question that is raised by this experiment
concernsg the possible confounding influence of having the

selection criterion of perceived size completely crossed

with rows of letters. In this study, subjects reported the

1
letters from a particular.row that appeared to be larger

or smaller in perceived siz%T It is possible that some
subjects may have utilized stereotyped scanning strategies
for processing the information in the displays. For example,
they, may have had emough time }o0 examine the first letter
in a row and subsequently report tﬁe rest of the letters in
that row if it was the correct row, or switch to the other

¥
row if it was the incorrect row. Such viewing strategies

H

\ﬁd§ have influeficed the amount and degree of information

v

Processing in the preseént eﬁp@rimental situaﬁion.
It would be valuable for future researc& concerned

with this question to ;xamiﬁe whether pa§{§§1 report

superiorities with the selection cues of perceived depth

and size caﬁ'bg obtained under different stimulus conditions

where possifle subject-scanning strategies are controlled.

One such possible avenue of investigation could be to use

" \ . .
a circular stimulus display and cue letters or digits

urandomlyvby perceived depth and size independently of %%§
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spatial location. If a robust partial' report superiority

effect is obtained with such a stimulus disp@@y configu-
ration, this would greatly strengthgn the idea that the
spatial stimulus attributes of perceived depth and size
can be used as efficient selection cues in:iconic memory .

Anothef question that urgeﬁtly deserves to be
addressed concerns the temporal course for the developﬁent
of sfereoscopi%/;epth and size perception. It is known, .
for example, that stereoscopic dgpth perception of random-
dot stereograms requires about 50 msec to develop (Julgsz.
196L4; Uttal et al., 1975).

Quantltatlve research relevant to thls issue in other
experimental §1tuatlons ig presently not available. It
would be very useful 1o de%ermine the time ip takes for
perceived depth and perceived si;e to develop in discrete
stereoscopic ¥timulus displays, since the processing of
stereoscopic’ contours in random-dot‘gtereograms may involve

a different mechanism than processing such contours in a

4

discrete stereoscopic situation. Shis could be-accomplished,

for example, &I%h a reaction time study where subjects

would be required to respond as quickly(as possible to

percelved depth and perceived size differences in a stereo-

b

scopic array of dots., —
Finally, it could be argued that while the findings of
Mustillo (Note 8), Mustlllo and Komﬁda (Note 9), and the

.\

'
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present study suggest that subjects can utilize the stimu-

lus attributes of perceived depth and perceived size to

— gselectively refrieve information from iconic memory, th?f
: LW

! . 3 L] 4
do not necessarily imply that these perceptual varlableé

must be processed within iconic memory. It could be’fhe

‘case that perceived depth and size are processed outside

. . \
iconic memory.

The present suggestion that iconic memory may reflect

L]

postretinal involvement requires additional empirical

»

suppogt. Triesman et al. (1975), for example, were able to

claim a’ postretinal locus for iconic memory for movement

information because retinal persistence cannot signal
motion. One way to strengthen the claim that iconic' memory
also involves postretinal contributions could be to have an

array of dots moving individually toward or away from the

"subject in depth. The subject would be required to report

the direction of &otion in depth for the cued row.

In conclusion, it is seriously suggested that fuﬁu}e
research should be designed to assess further the perqeivega
gspatial propertieé and cha%acteristics of iconic memory.

Such research may not only help to clarify the é;%iguity

and uncertainty that still plaéue the study of iconic

L SR

memory, but may also help to increase Present knowledge
about any interactions between the processes that may

underly human pattern recognition and visualAspace‘analysis:
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+ Footnotes

1 The binocular disparities in the stimulus displays

were within the limiting range of disparities for a patent

‘stereopsis. where " the disparities ra ge from about 10

minutes of arc at the maculas to 70¢minutes of arc at a

peripheral angle of 6 arc degrees"4(Ogle, 1952, p. 259).

As long as the disparities are within this regioﬁ, the

disparate points will be seen as a single fused image in

depth.
g

2 T}}\é‘ agigle of convergence formed/‘f)y the two eyes§

with respect to the stimulus displays was calculated by,

the following formula:
v (in degrees) v 57.3 28—6@ (1) -
! -

“where ]_Dhis the [virtual] distance to the fixated object

in meters. The values of 57.3 and 0.065 represént a trigo-

‘ nometrical constint and the average interpupillary distance,

respectively"” (Gulick and Lawson,® 1976, p. 251).

3 1rfa typical partial report paradigm, “when N letters
are presented and j are called for, the estiméted number of
'letters available! is given by A = § (N/j), where § is the
number of lette"rs,izeported in their correct seridl positions

for the response of length j. This calculation assumes that
: ¢
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