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Cil AR RERS

Sensory and Perceptual Storage
Data and Theory

Dominic W. Massaro
Geoffrey R. Loftus

illiam James’s opinion that everyone knows what attention is, we all
we know what sensory storage is. Pashler and Carrier’s introductory
r in this volume set the foundation for the prototypical information
g model. Preperceptual (what we also call sensory) storage is usu-
esignated as the first box in the information processing chain. The
- and a half beginning about 1960 was concerned with the properties
initial storage structure. A variety of paradigms were brought to bear
> issue and a reasonable convergence of opinion was established.
r (1967) and many others to follow envisioned an iconic store of
1 a quarter of a second and an echoic store of several seconds.

withstanding our understanding, one limitation was that the theo-
were not clear about what they meant by sensory storage. Neisser
for example, envisioned auditory sensory store as functional for the
er who is told, “No, not zeal, seal.” The listener would not profit
is feedback if the /z/ was not maintained long enough to compare
e /s/. If this were what was meant by sensory memory, however,
e should not have been so concerned with its time course. We must
auditory perceptual memory that allows us to recognize not only
ference between the recently spoken “zeal” and “seal,” but also a
‘word we have not heard for years. In this review, we make a clear

© 1996 by Academic Press, Inc. All rights of reproduction in any form reserved.

67



68 Dominic W. Massaro and Geoffrey R. Loftus ‘ ‘ 3 Sewsoryund Permpmel Sumge 8

distinction between sensory storage and perceptual memory. Sensory stog.
age is the initial maintenance of a stimulus event for immediate processing_i
Its duration sets the limit on how much time is available for processing,
Perceptual memory is one of the outcomes of processing the sensory stop.
age. Its life span is orders of magnitude longer than sensory.storage.

In Section I in this chapter, we review the literature aimed at describing
characteristics of initial visual storage and briefly sketch early conceptualiza-
tions of iconic memory. In Section II, we present an analogous treatment of
initial auditory storage. In both domains, we use a semichronological orga-
nization to present findings from the three major tasks that have been used
to study both visual and auditory sensory storage: partial report, backward
masking, and subjective estimation of phenomenal presence. In Section II]
we address how the early conceptions of the icon have changed over recent
years in response to certain seemingly contradictory results about its nature
and, in Section IV, we discuss a new linear-systems approach for thinking
about iconic storage and visual information processing that reconciles these
apparently contradictory results within a unitary framework. In Sections V
and VI, we review the evidence for multiple types of perceptual memories
as opposed to stores for more abstract or symbolic information and discuss
the issue of how such perceptual memories or stores should be represented,
if at all, within models of information processing. ‘

d study the extraction of information from the iconic image and its
ment into short-term memory. In a typical partial-report experiment,
timulus might consist of a 4 (columns) X 3 (rows) array of letters in
», only a single row was to be reported. The to-be-reported row (top,
jdle, or bottom) would be signaled by a tone (high, medium, or low
iency) that occurred sometime following stimulus offset. Total avail-
. information Was estimated by multiplying the number of reported
s per row by the number of rows in the stimulus array. Sperling found
‘much more information was being held in a sensory store that decayed
ily after stimulus offset. Before this hypothesis could be accepted, how-
. Sperling and other investigators realized that both short-term memory
Joss of location information had to be eliminated as possible influences
he results.

s with any task, no matter how simple, performance in the partial-
task is multiply determined. Specifically, a performance decrease
2 cue-delay increase could be a simple function of loss of information
 short-term memory (STM). Sperling (1960) recognized this possi-
7 and tested it with a different kind of partial-report cue. Two rows of
items each were presented with two digits and two consonants ran-
ly mixed in each row. In this case the high or low tone cue indicated
h category (letter or digit) to report. Performance in this condition was
better than that occurring in a whole report. This experiment and many
ollow indicated that a decrease in partial-report performance with in-
ses in cue delay could be demonstrated when a loss of STM was not
onsible for the results.

here is no doubt that performance decreases with increases in the delay

B

L. VISUAL SENSORY STORE r

It has been recognized for centuries that the perceptual experience of ;
briefly presented visual stimulus outlasts the stimulus itself. This phenome- . .
non can easily be demonstrated in any perception laboratory; one need only I Jisplay and. the partizl-report cue, Truditionally, it was
present a visual stimulus very briefly (e.g., for 10 ms) and follow it by med thgt the decrease in performance reflected the time to encode the
darkness. The resulting experience is that the stimulus fades away over : e the display. When the partial-report cue came early, there
eriod of porhaps 300 ms. Indeed, naive observers believe it to be Hhe Id be plenty of time to switch attention to the cued row and selectively
physical stimulus that is fading, supposing perhaps that the bulb in the s Qo fias wldls ey wite siill in the wisal sensary
projecting device is extinguishing slowly rather than abruptly. Such an & With increases in the delay of the cue, subjects become limited to
et is surprised to learn that the fading is a mental rather tHil t Wogld normally be given in a whole report. In this interpretation, it is
physical event. Neisser’s (1967) dubbing this visual sensory memory “ico n- entity of the letters that is critical for performance.
D rves adopted by the g fev hort and colleagues (Mewhort, Campbell, Marchetti, & Campbell,
) on the other hand, argue that most of the subjects were making errors
e location of the critical letters, not on their identities. This interpreta-
assumes Fhat the letters have been recognized and that the delay in the
presentation leads to poorer performance because of the participant
tting the location of the test letters. The important influences that have
uncovered between identity and location information and the relation-
between the two were not in the literature at the time of Sperling’s
) and related investigations. We now know that location and identity

4

A. Visual Partial-Report Task 3

The first person to use this task was George Sperling in his seminal 196
study. He realized that a whole report of a visual display of test character
was limited by the number of items that could be held in short-term memo:
ry (Miller, 1956). Bypassing this limitation using a partial report, Sper ing
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are processed by somewhat independent channels in the visual system, ang ated the findings from a plethora of studies carried out with alpha-
these two dimension.s must be integrated (Treisrpan, 1986;, Treisman g "c test items, and they showed an impressive correspondence betvseen
Gelafie, 1980). Certainly, accurate performance given a partial-report ey " estimate of visual sensory memory and the estimate reached in the
requires that both of these dimensions be accurate. al-report tasks. Even more striking is the fact that the results from these
Lupker and Massaro’s (1979) study, however, showed that resolving th M studies are exactly analogous to those from studies investigatin
identity of the test letter is a time-extended process, and the partial-repoy v information processing, as detailed in the next section pane
advantage cannot simply be due to 2 loss of short-term memory or locatioy i )
information. They presented a display of four items positioned on the cop. ] : .. .
ners of an imaginary square centered around a fixation point. A single targg stimation of Visible Persistence
letter, chosen from the set E, I, F, and T, was presented. The other ¢ \
characters in the display were either all zero or all a hybrid letter highly
confusable with the target letters. The 10-ms display was preceded or fol
lowed by a cue indicating the position of the target letter. The cue was eithe
an arrow pointing to the target or a pattern mask positioned at the sam
location as the target. 1
The arrow cue improved performance if it was presented within 200 m
of the display. As often noted, the advantage of performance in the cuing
condition could simply be due to less forgetting from short-term memory
Similarly, the location-forgetting hypothesis would state that this advantag
is due to the forgetting of location information with increases in arrow u
delay. Given these alternative hypotheses, performance with the patter
mask cue is central to the experiment.
If the decreased performance with increases in cue delay were simply du
to 2 loss of short-term memory or location information, the pattern
cue should be an equally effective cue. Given that the items would be in

symbolic form, performance should be better with a shorter interval b
tween the test display and the cue. However, the pattern mask cue w ted for a (somewhat arbitrary) duration of 40 ms, and depicts what is

found to disrupt performance rather than to improve performance. Tk to as “magnitude of perceptual event” as a function of time since
pattern mask cue actually produced a masking function: performance in onset. As is evident, the putative “perceptual event”—the percep-
proved with increases in cue delay. Thus, it is reasonable to conclude th sponse that occurs as a result of the physical stimulus presentation—fzs
letter identification is a time-extended process that can be facilitated by a otualized to begin at stimulus onset, to remain at some constant level
arrow cue but interfered with by a pattern mask. 2 stimulus presence, and then to decay following stimulus offset. The
umption was that decay is exponential; accordingly, exponential
lpcprporated in Figure 1.
it in the representation of Figure 1 is the idea that perception of a
O] csen'ted stimulus invokes two sets of perceptual events. First, “nor-
erception takes place “when it should,” that is, while the stimulus s
lly present. Second, perception also takes place during a brief period
ng stlmqlus offset, that is, during the iconic-decay period. Given this
n, basic question addressed over the years is: Why did evolution
e this perceptual appendage; that is, why does perceptual activity
¢ past stimulus offset, and what role does such processing play in
perceptual activity? A conclusion that we shall eventually reach in

» second perccptual event around which the concept of iconic store was
aately entwined was phenomenological appearance. Aside from an ob-
’s ability to extract information from a stimulus, the stimulus appears
jously present to one degree or another, and stimulus appearance, like
ble information, fades gradually following stimulus offset. The dura-
f phenomenological presence following stimulus offset can be mea-
[ in various ways: the most simple and direct is a synchrony-judgment
dure in which a stimulus is followed after some ISI by a salient signal
as an audible click. The ISI is under the control of the subject, whose
s to set the interval such that the stimulus seems to have phenome-
rically disappeared at the exact instant that the click occurs. The mag-
» of the ISI is then taken to be the iconic image’s duration.

f]y Conceptions of Iconic Memory

eneral conception of iconic memory that emerged from these three
of studies is presented in Figure 1, which assumes a visual stimulus

B. Visual Backward Recognition Masking i

Loftus and Hogden (1988) studied visual backward recognition mas i
(VBRM) in a picture memory task. Subjects studied naturalistic, color
pictures presented for 40 ms each. The pictures were presented alone
followed by a noise mask after some blank interstimulus interval (ISI). T
mask was a jumble of black lines on a white background. Perceptual peft
mance was assessed by memory performance in a later recognition (€
Performance improved with increases in the ISI out to about 300 ms
which time it reached the level of the no-mask condition. These rest
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) of letter position (e.g., report | i i
C , etters in the third
: | reported based on other physical ch isti b o e can 240 be
; | A . aracteristics, such as color (e
: : . all t_he ue letters) or size (e.g., report all the large lett e
g 1| | ubject cannot select letters by characteristics basegd - e (s
. : | subject cannot select all the vowels in a letter array). I OIL'meamng e
h " subject canr .Int i
: | qon in :icomc memory was thought to be precategzrical tfists'ens'e,fmforma-
E m : ‘ , that 1s, infor i
5= ER that had not yet been pattern recogn i i e
% g 1|3 I: ; .. gnized and assigned meaning.
: | 5 e mz image can be destroyed if the stimulus is followed not b
| | ' . lank field but by a visual mask of some sort e
g \ Icon present 6. Varl hni ‘
] | | | | : \ arious te; niques for measuring iconic memory’s duratio
0 - -+ -+ - - al report and synchrony judgment) were all thought to measun' (C.gh‘,
ring the

me entity; that is, decaying available information and decaying phe
nome-

ogCa appearance were tllought t 1 fI()]ll t]le sa u y
1 I O 1ssue 1 i
'-“ ' l’nC, nitar f lntCrnal

t = Time since onset

FIGURE 1 Assumed perceptual events surrounding a brief visual presentation.

this chapter is that this question is not 2 meaningful or interesting one. Th AUDITORY SENSORY STORE

ordinate of Figure 1, “magnitude of perceptual event,” is deliberately vague,
as it came to refer to two separate aspects of perception. When applied to
information extraction, the “perceptual event” of Figure 1 would refer tc
«,mount of information available to be extracted and placed into short-term
store” (e.g., Averbach & Coriell, 1961; Sperling, 1960); see also Averbach &
Sperling, 1961, who characterized available information as measured in
bits). As indicated in Figure 1, a1l stimulus information was assumed to b
available during stimulus presence, while available information decayed fol
lowing stimulus offset. When applied to phenomenological appearance, &
“perceptual event” of Figure 1 might be operationally defined as “apparel
luminance” (e.g., Weichselgartner & Sperling, 1985), the implicit assumf
tion being that a fading icon is literally equivalent to 2 physical stim I
fading in luminance. This early work resulted in 2 general conception of :
iconic memory having the following characteristics.

e visual experi i i

N Pmduclian etr}llie, s%ne auditory experiences appear to outlast the
oo facgt thainéo n(; argument for an auditory sensory store is
d ¢ und is continuously changi

e : y changing. How coul
;- 1:£og?at1ve segments of speech if the system did not hoiid ‘(])VC
. difect ° a segment until the later part occurred? Research in thIl
1 ed at measuring the duration of this storage. We brieﬂ;

W the same thrCC taSkS 1 Stuc ly [e] h
b - f 1conic mCmOI‘y and the

uditory Backward Recognition Masking

of the most successful tasks in studyi iti

. es : ying audition has employed i-

e mCeC;%}rllil(t)}rll mazlgng (ABRM). As stated earlier,pN (z,lisseéru:rilld
i e aud ltory sensory storage lasted on the order of

il existed in the empirical trenches, however, as the
i o Ssalilo (1970a, 1972), who extended the ba’ckward
B orfp td§ visual wor!d. and from auditory detection to

. tau 1tory recognition. In auditory backward recog-

; 'mulu; o masirget stimulus is followed after a variable ISI byga
Bailble in prc er), and the amount of time that the target informa-
B duratfo Ce[}_)]tl_lal memory can be carefully controlled b

B ot n. Using this procedure, Massaro found the accu}—,
o 1910f1 to increase as the ISIincreased out to about 250

‘ , 1984; Hawkins & Presson, 1986; Kallman & Massaro

1. Iconic memory constitutes the first mental representation of visual
presented information.

2. Iconic memory is of large capacity (possibly including all inform ati
encodable by the initial stages of the visual system).

3. Iconic memory begins to decay immediately following stimulus ¢
set, disappearing entirely after approximately 200-300 ms. )

4. Information in iconic memory is such that it can be assessed by pi¥
cal characteristics. Thus, for example, a subject engaged in a partial-r€
task can select letters from a letter array based on the physical charactet
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hother tone (820 Hz), and the subjects identified the test tone as high

5.0 + MK_T y in pitch. Although there are individual differences in Figure 2, all
v v ubjects asymptote at roughly the same interval of 250 ms.
¢ NS _formance is measured in d’ values rather than percentage correct be-
481 e CB ‘,’ values have been shown to be less contaminated by decision biases

s task (Massaro, 1989). Larger d" values signify better discrimination
n the two test tones, and the masking function shows the changes in
tcrimination. The functions in Figure 2 can be described accurately by
atively accelerated exponential growth function of processing time,

d = ol — e %), (1)

Performance: o

Bthe parameter o i the asymptote of the function and 9 is the rate of
h to the asymptote. This function can be conceptualized as represent-
rocess that resolves some fixed proportion of the potential informa-
at remains to be resolved per unit of time. Thus, the same increase in
ssing time gives a larger absolute improvement in performance early
to late in the processing interval. Zwislocki (1969) has offered a
account (see Cowan, 1984, 1987).

ilar masking functions have been observed for a variety of auditory
tual properties, including loudness, timbre, duration, and location, as
s speech distinctions (Massaro, 1975b; Massaro, Cohen, & Idson,
Massaro & Idson, 1978; Moore & Massaro, 1973). In an unpublished
subjects identified three properties of 20-ms test tones: pitch, loud-
ad location (ear of presentation). The test tone could be followed by a
ng tone after a variable ISI or no mask would be presented. For each
y, the difference between the two alternatives was adjusted to give
age performance of 75% correct. The identification of all three prop-
wed the prototypical masking results. Performance improved with
s in ISI, reaching an asymptote at about 250 ms. Thus, these results
e additional evidence for an auditory sensory store of about 250 ms.

0.0 t t t 1 1
0 100 200 300 400 500

Stimulus-Mask ISI (ms)

FIGURE 2 Identification of the test tone measured in d’ units as a function of the siley
interval between the test and masking tones. Results for three subjects. (Data from Massar

1970a.)

These backward masking results were explained within the frameworl
of 2 model of auditory information processing in which the target sound
transduced by the listener’s sensory system and stored in a preperceptus
auditory store that briefly holds a single auditory event (Massaro, 1972
1975a). Processing of the target sound is necessary for perceptual recogn
tion. The mask replaces the target in the preperceptual auditory store an
terminates any further reliable perceptual processing of the target, buti
does not work retroactively. Masking does not reduce the amount of infor
mation that is obtained before the occurrence of the mask; it can onl
preclude further processing. Therefore, the terminology backward shoul
be taken to mean only that the mask comes after the test stimulus.

In backward masking studies, performance typically asymptotes at an
of roughly 250 ms and this interval has been interpreted to reflect th
duration of the preperceptual auditory store (Cowan, 1987; Kallman ¢
Massaro, 1983). That is, the mask no longer affects performance after abot
250 ms because the preperceptual trace is thought to no longer be avai
for processing. The three masking functions shown in Figure 2 represent :
performance of three different young adults in an early study of auditor
backward recognition masking (Massaro, 1970a). The two test alternativ
were brief tones (20 ms) differing in frequency (770 and 870 Hz), the mas

tection versus Recognition

Id be noted that detection of the presence of an auditory signal versus
ition of the signal are not equally susceptible to backward masking.
vn by Bland and Perrott (1978), who contrasted detection and recog-
nasking, detection of presence versus absence can occur much more
and becomes immune from backward masking after only a few tens
seconds. In their detection task, a 10-ms pure tone was randomly
ed on half of the trials, and nothing was presented on the other half.
cts indicated whether or not a test tone had been presented. In
gnition task, a high or low test tone was presented on every trial.
t's task was to identify the tone as high or low. In both tasks, the
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attern is necessary for recognition. Our perceptual world is

1.0
10N ofap
Task pot because W¢ detect change, but because we recognize patterns. The
09+ -~ Retection seructures of echoic and iconic memory allow this recognition pro-

—=— Recognition

o take place.

08T
ditory Partial-Report Task

Jand and Perrott (1978) study and numerous other studies of auditory
ard recognition masking have estimated the duration of echoic mem-
”ound 250 ms. This number, however, conflicts with estimates from
paradigms, notably the partial-report and the suffix tasks. Perhaps the
amous partial-report task was carried out by Darwin, Turvey, and
(1972), from which they estimated echoic memory to be on the

Proportion correct
o
\l

¢

05T
s about two seconds. Three lists of three items each were presented
, . . . left, middle, and right of the subject’s head, and following Sperling’s
04 } " . . f f e, subjects were cued to report the items in terms of either spatial
0 100 200 300 or category name (digits or letters). For some reason, however,

| Jocation information had to be reported as well in the category recall
ion. The observed advantage of location recall over category recall,
. could have been due to this confounding and thus not indicate
o about the availability of information in cchoic memory. (This
collaboration among these three superb researchers might have been
ate for the field. Each of the three seemed to have dissociated
f from the research almost immediately thereafter, but their erro-
onclusion has found its way into almost every introductory textbook
itive psychology; Greene, 1992, p. 11, is a recent example.)
vin et al. (1972) also found that partial report by spatial location was
ot to whole report and decreased with increases in delay of the partial-
‘ue. However, the difference between the partial-report condition
hole—report condition was embarrassingly small. Measuring per-
¢ in terms of items, the difference was actually less than half an
_partial report, in terms of the number of items available, there
9 items with an immediate cue and 4.4 with a 4-s cue delay. The
eport was 4.3 items correct. This small difference between the par-
whole report could easily have come from another process than
‘storage, most notably short-term memory. With a presentation of
s, We can expect some forgetting from STM when subjects are
for the partial-report cue, or when attempting to recall all nine
urthermore, when the partial-report task was conducted without
er confqunding present in the Darwin et al. study (Massaro, 1976)
s no evidence for a sensory holding of information on the order o%
, _hus, we reach the intriguing conclusion that visual and auditory
storage both have a lifetime of about 250 ms.

Stimulus-Mask ISI (ms)

FIGURE 3  Percentage correct detection and recognition performance as a function of

silent interval between the test and masking tones. (Data from Bland & Perrott, 1978.)

observation interval was always followed by a 150-ms masking tone a
variable silent interval. Given two alternatives on both tasks, accuracy
performance can vary between 50 and 100%. As can be seen in Figure
detection and recognition were found to follow two different time cours
Detection performance reached asymptote (the highest level of perf
mance) at around 50 ms, whereas recognition did not reach this level u
there was at least three times as much silence between the test and targ
tones. ;
A similar distinction between detection and recognition exists in Vis
information processing. Breitmeyer (1984), summarizing the field of vis
masking, provided evidence for different masking functions in dete
and recognition. Detection is primarily a function of peripheral, ener
dependent, sensory integration and does not improve beyond a target ol
asynchrony of about 100 ms. Recognition masking functions exten(
longer intervals on the order of 200-250 ms and are influenced by m
cognitive variables such as the allocation of central attention to the
items.

The masking results demonstrate the difference between detection
recognition. Detection of a change is sufficient for detection, whereas
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D. Estimation of Auditory Persistence

3 Sensory and Perceptual Storage 79
If our auditory experience outlasts the sound producing it, then we shoy]g o Silent 5
overestimate the perceived duration of the auditory event. This result

been documented in several experiments. Auditory persistence appears 3 |
function in an analogous way to visual persistence. An auditory stimulys jg ; :
presented followed by the onset of a light and the participant states whethe
the light occurred before the offset of the sound. Efron (1970a) found th,
subjects estimated the duration of a tone that was actually shorter than {
ms to be around 130 ms. Gol'dburt (1961) and Massaro and Idson (197
found that the perceived duration of a short tone was decreased by a follow
ing tone, with the influence of the second tone decreasing with increases j

1.0 1

the silent interval between the two tones. Von Bekesy (1971), influenced 0.5 T

similar results, stated that “If we assume that every stimulus starts a proces

in the brain which last perhaps 200 milliseconds, . . . and if we furth

suppose that this process can be inhibited at any moment during the 20(

millisecond interval by the onset of the second stimulus” (p. 530). Thus, 0 ’ ’ i }
0 100 200 300 400

results on auditory persistence are consistent with those on visual pe

sistence. Processing time (ms)

4 Identification of the test vowel /I/ (measured in d’ units) as a function of
g time during the continuous vowel presentation or during the silent interval after a
el presentation. The points are the observations and the lines are the predictions
Equation (1).

E. Inverse-Duration Effect

These same experiments, however, also found an inverse-duration effe
subjects overestimated the duration of a short sound more than that of
longer sound (Efron, 1970a). If auditory sensory store is simply a ix
appendage tacked onto the end of an auditory stimulus, then we wouldn
expect the overestimation of 2 sound’s duration to vary with its duration
order to describe this result, however, it is necessary to consider the perce capability of integrating sound across intervals of 50-60 Ind
tual processing of the sound stimulus, not simply its duration. One of| 7 of the stimulus information, however, the audit B _61-
early themes of the ABRM research revolved around the assumption time for perceptual processin’g This r,ocessin ot ot 6 S}Ell
continuity between processing during the test stimulus itself and duri e test stimulus itself or during. the silgnt rocesgsican t'occurfelt .
silent interval afterward. That is, the processing time in Equation (1) ¥ on. Thus, we obtain the similar maskinp funct'ng %mehé1 te‘i -
always defined as the total presentation duration plus the ISI. In an extrel ous processing conditions, as shown ir;g Figur 10: s e st
test of this idea, Massaro (1974) contrasted two conditions. In the stand s (1969) model of audito’ry information gr s
silent ABRM condition, a 26-ms vowel was presented and followed b annot predict the inverse duration effect ? Ot;e'ssmgfi:e owe
masking vowel after a variable ISI. In the continuous condition, the egrated over time. An auditor Stil’nuh.lsl;l gers & b ,.neural
processing intervals were used except that the test vowel was simply left onse. The response is largest at oiset decreai%gters A pep
until the onset of the masking vowel. 200 ms, remains at this level until the end of th: atn 3531’mpt0t§
Figure 4 shows that the time course of recognition is similar in the s exponentially. This model predicts, as do th d's .1mul us, an
conditions. The continuous condition benefits somewhat from the a ore, that the duration of the Echoic séore rem riri ltlfona r_nodels
tional duration, but the masking function asymptotes at the same time as Ild be independent of stimulus duration Boilllm;lg after stimulus
the silent condition. The overall advantage of the continuous condition d the ABRM results falsify this redi' ti ¢ inverse-dura-
be attributed to a difference of information. A vowel presented for a ¥ sults illustrating the Similarit}i,es i 251 dit:r;roirxll. formation proces
S=

ration necessarily has less information than a vowel presented for a
at longer duration because of temporal integration, the auditory
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ing during the stimulus presentation and the silent interval afterward
mostly unnoticed by the students of iconic store. Thus, they continye
make a distinction between processing during the stimulus and during
period after its offset. However, as we discuss in the final section ofl
chapter, recent developments have brought the view of visual proces;
much closer to the existing one for auditory processing. This conver

on analogous mechanisms for auditory and visual processing can be cop

ered to be an advance in our understanding of perceptual processing, -

jconic 1mage, the prevailing concept of the icon went largely
noed until Di Lollo’s (1980) research using an entirely different task,
oral-integration task, first introduced by Eriksen and Collins (1967).
¢ task, two visual stimuli, or frames, are shown in rapid succession,
d by some ISI. Each frame consists of 12 dots in 12 unique positions
inary 5 X 5 grid, and the subject’s task is to report the missing
tion. If both frames are presented simultancously, no matter how
chis task is trivially ecasy. Replicating previous studies, Di Lollo
_d missing-dot identification performance to decrease as the ISI
the two frames increased. The traditional interpretation of these
¢that subjects need perceptually to integrate the two frames in order
ive and report the letters: with a sufficiently short ISI, the iconic
£ the first frame is still present when the second frame is presented;
integration is possible. As ISI increases, however, the first
conic image presumably continues to diminish, thereby decreasing
ability that the two frames can be perceptually integrated. Creating
s for this interpretation, however, was Di Lollo’s new result that
ance also decreased as the duration of the first frame increased. This
strongly disconfirmed the conception of the icon as a passively
store; instead, it appeared that iconic decay was also tied intimately
aset, rather than to just the offset, of stimulus presentation. Based
. results, Di Lollo proposed that the visible persistence resulted not
Jassive informational store, but from perceptual activity that began
me of stimulus onset and diminished in magnitude as processing
.d. as in our analysis of auditory processing. We return to this

ng proposal in a later section.

F. Conclusion

Auditory information processing, like visual information processing, -
time-extended process that can be interrupted by a new auditory eve
Three different experimental paradigms converge on an estimate of af
250 ms for the duration of this process. The results aré consistent wit
model that assumes that properties of an auditory sound are represented
central sensory storage. Perceptual processing involves extracting infor;
tion from this representation and achieving a perceptual and perhaps
abstract representation. A second auditory event, occurring before th
traction is complete, will necessarily disrupt any additional processing. T
conceptualization is rewardingly exactly analogous to the conclusions
reach in our discussion of recent advances in the analysis of iconic mem
in the next section. ’

[II. CHANGING CONCEPTIONS OF ICONIC MEMORY

‘
The relatively simple conception of iconic memory that we have descri
began to change as a result of a number of influential articles that appe:
in the early 1980s. In particular, some new empirical findings cast doub
the icon as a passively decaying informational repository; a review by G
heart (1980) questioned the unity of icon-as-information repositoryl
icon-as-phenomenological experience; and a philosophical polemic
Haber (1983) questioned iconic memory as even being a suitable topic
scientific research. In this section, we discuss these issues in turn. '

Splitting of the Icon

' of an extensive review article, Coltheart (1980) strongly argued
the proposition (previously considered self-evident) that icon-as-
tion repository and icon-as-phenomenological experience issue
e same perceptual event. The central thrust of Coltheart’s argument
t while some techniques for measuring the icon’s duration (the
ny-judgment task and the temporal-integration task) showed the
bed inverse-duration effect, the seminal measurement tech-
e partial-report task—did not show such an effect. Accordingly,
t argued, the two types of tasks must be measuring different enti-
theart suggested that the concept of an icon be split into (at least)
cally distinct phenomena. He suggested informational persistence
m for icon-as-information repository, as measured by the partial-
sk, and visible persistence as the term for icon-as-phenomenologi-
carance, as measured by visible-persistence tasks.

A. Inverse-Duration Effects

The counterintuitive phenomenon, known as the inverse-duration ef
discussed earlier for auditory processing, was reported by a number
investigators including Bowen, Pola, and Matin (1974) and Efron (197
1970b), who found that the duration of the iconic image, as measured t
synchrony-judgment task, decreased with increasing stimulus duration.
though this finding was rather at odds with the concept of a passit

|
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C. The Icon’s Demise

Haber (1983) deftly finessed all extant difficulties having to do with investj-
gating the icon by arguing that it was an inappropriate subject for scientific
investigation to begin with. This unusual position issued from the “CCOIOgir
cal validity” perspective (see also Neisser, 1976), a central tenet of which
was that any alleged process should be studied only insofar as it had ay
obvious role in everyday, “real-life” activity. The icon, according to Haber,
did not fulfill this criterion, being useful only for the ecologically infrequeny
activity of “reading during a lightening storm.” :

Haber’s critique did leave investigators somewhat on the defensive, seeks
ing, in an attempt to provide themselves with a worthwhile raison d’etre, ;
purpose for the object of their investigation. During a time of some excil
ment, for instance, it was believed that persistence was instrumental i
maintaining the image obtained during a given €ye fixation long enough fo
it to be integrated with images of subsequent fixations, thereby providing
solution to the mystery of how a stable perception of an ever-retinally
changing visual world was maintained. However, this idea was shown to b
untenable (Irwin, 1991, 1992; Rayner & Pollatsek, 1983). The subsequen
fixation functions as a masking event for the previous fixation in the sam
manner that a following stimulus can mask an earlier stimulus in the back
ward masking task. (If anything, this finding supports the ecological valid
ty of masking experiments because normal successive eye movements G
be thought of as successive masking events.)

D. Informational versus Visible Persistence

Despite Haber’s broadside, research on persistence did not cease. In &
sponse to Coltheart’s (1980) suggestion, however, several recent resear
endeavors have addressed the issue of whether the icon-as-informatio
repository and icon—as-phenomenological appearance should be view
unitary phenomena. Intuitively, the case for conceptualizing inforrpatl
persistence and visible persistence as having a single basis seems quite cor
pelling. Furthermore, Coltheart’s (1980) arguments against this 1de'fl W
not airtight. His principal reason for postulating informational perst
and visible persistence as different entities revolved around the diffe
between the effects of stimulus duration on partial report (duration seer
not to have an effect on partial report) versus duration’s strong negat
effect on visible persistence as measured by synchrony judgment or temp
ral integration. Recently, this central distinction has been challenged in ;
ways. First, evidence showing a lack of a duration effect in partial report’
in fact been rather sparse, and recently Di Lollo and Dixon (1988, 1
Dixon & Di Lollo, 1994) have shown that under appropriate condi

RE 5 Results of Di Lollo and

eisarat
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difficulty by conducting experiments in which two tasks, temporal integr,.
tion and partial report, were directly compared with all other factors held 5
constant as possible. They found (as did Di Lollo and Dixon) that partj]
report performance, like temporal-integration performance, declined wjg
both stimulus duration and ISI. Even so, the over-conditions correlatig
between the two tasks was far from perfect; briefly, the negative effect g
stimulus duration was far more dramatic for temporal-integration perfor.
mance than for partial-report performance. F

Although stimulus duration affects temporal integration and partial re.
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entirely distinct and independent phenomena. Indeed, in the next sectior i npiksspenas 55 = |
we describe a new theory that integrates these phenomena. ‘ Eunctions N E\ [

® i Stimulus GoneX>

0.000 i ‘lcon" Present
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URE 6  Generation of a sensory-response function. (A) Response to an “impulse.” (B)
qulus wave form can be conceptualized as a train of impulses. (C) Individual impulse—
se functions sum to generate overall sensory-response function. (D) The sensory-re-
 function generated by a linear temporal filter applied to the stimulus wave form. This
should be compared to the corresponding curve of Figure 1.

In this section, we describe a recent conceptual advance in the study ¢
informational and visible persistence (Loftus & Ruthruff, 1994). We begi
with the physical representation of a briefly presented stimulus. Suppose
stimulus (such as a black-on-white letter display) is presented for a bri
time period, say 40 ms. The visual system’s reaction to this physical stimy
lus can be described as a linear temporal filter that maps the stimulus way
form into what we shall call a sensory response (see Watson, 1986, for a
excellent review of linear systems from a vision science perspective). Cor
sider first the system’s response to a very brief bright stimulus callecl‘
impulse. An impulse is assumed to produce what is referred to as an in
pulse~response function that relates the magnitude of some stimulus-sign:
ing neural event to the time since the impulse’s occurrence. A widely a
cepted form of the impulse—response function is shown in Figure 6A. Her
the impulse is shown as the vertical line on the left, while the system
response to it lags behind, rising to a maximum after about 50 ms, and th
decaying back to 0 after about 250 ms. ‘

Now consider a real stimulus (as opposed to an impulse), such as the
ms stimulus of Figure 6B. We can conceptualize this stimulus as divid
into a series of four successive 10-ms impulses, starting at times 0, 10,
and 30 ms following stimulus onset. Now cach impulse generates its 0
independent impulse—response function, starting at times 0, 10, 20, and
ms, respectively, as shown in Figure 6C. Finally—and this is the “li
part—the individual “impulse-response functions” are assumed to sun
provide the overall sensory-response function, depicted by the heavy lin
Figure 6C, and depicted again in Figure 6D.

he Diminished Status of “Iconic Decay”

sensory-response function of Figure 6D is analogous to the curve origi-
shown in Figure 1 in the sense that it is meant to show the entire time
e of some fundamental perceptual process that results from a brief
| presentation. Unlike the curve in Figure 1, however, this sensory-
1se function is derived from simple basic principles. In Figure 6D, the
imulus-offset and post-stimulus-offset portions of the sensory-re-
s function have been labeled analogously to Figure 1; again, the post-
1s portion of the curve has been labeled “iconic decay.” At this point,
ver, the entire concept of “iconic decay” starts to become somewhat
That is, the interest shifts to the entire sensory-response function;
offset is not a particularly important event and accordingly it
little sense to concentrate on only that portion of the sensory re-
that hgppens after stimulus offset. Earlier we noted that, since the
t Sperling’s original work, psychologists have viewed the icon as a
hat mysterious perceptual appendage, lurking around after stimulus
Crying out to be “explained.” With the conceptualization depicted in
6, the icon’s mystery evaporates: it occurs simply because the visual
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cases, the perceptual response remains at a relatively stable level

system, like most systems, has an output that lags behind and is tempg % and th less i diatel f
g us ends and then starts more or less immediately to aecay.

blurred relative to its input. stimul

his view of “iconic memory” makes no distinction between percep-
ents that occur before or after stimulus offset; rather, all that is
¢ subsequent processing is the height of the sensory-response
dless of whether it is established before or after the time of

B. Consequences of Linearity
ant fo
n, regar
] stimulus offset.

Any arbitrary stimulus wave form can be broken into a train of imp,
and the resulting impulse—response functions added to produce the a3
sensory-response function. Figure 7 shows the sensory-response funeg
to six different stimuli ranging in duration from 20 to 480 ms. Se
aspects of these functions are noteworthy. ' lications of the Linear-Filter Model to Visible Persistence

fly describe the applications of the linear-filter model to visible
ce as measured by temporal integration and synchrony-judgment
2 lier, we described the inverse-duration effect in a temporal-inte-
task by Di Lollo (1980) in which performance was found to decline
cally as the duration of Frame 1 increased. More recently, however,
nd Di Lollo (1992, 1994) reported another new and surprising find-
formance also declines as dramatically with increases in Frame 2
) 1 Even more surprising, Dixon and Di Lollo (1994) found an analo-
fect in a partial-report task. As in the earlier Di Lollo and Dixon
tial-report experiment, Dixon and Di Lollo used a circular array
etters presented for durations ranging from 20 to 320 ms. Imme-
following the display’s offset, a visual probe signaled which letter
e reported. The probe’s duration also varied from 20 to 320 ms. As
emporal-integration experiment, partial-report performance de-
yith both array duration and probe duration.

count for these various effects, Dixon and Di Lollo (1994) offered a

1. A major difference between the Figure 7 curves and the origina]
ure 1 curve is that the magnitude of the sensory response does not le;
some greater-than-zero value instantancously following stimulus g
rather it rises gradually. This makes sense; virtually no physical
responds instantancously to some input.

2. For a given intensity, the curve’s maximum value increases with
creasing stimulus duration.

3. Decay of the sensory response does not begin immediately at stim
offset, but rather at some time following stimulus offset. This is most e;
seen with short stimuli.

4. The sensory-response functions for longer duration stimuli ap
similar to the original conception of iconic processing depicted in Figui

0.120 that centered on the temporal similarity in the visual system’s re-
Duf‘:tri';:']'”; to each of two successively presented stimu'li. Althqugh this thegry
3 T — . 20 :d the results from a variety of temporal-integration and partial-
5 \ LR I 40 asks quite well, it is not clear how it would account for other visual
% 0.080 T Y \ T ?go nena, such as the inverse-duration effect obtained in a synchrony-
= 1 8 ‘\ \ — -85 nt task. On the other hand, Loftus and colleagues (e.g., Loftus &
2 \ \ — 480 1989; Loftus & Hogden, 1988; Loftus & Irwin, 1994) have applied
G 0.040 + | |/-. \ \ r-filter model successfully to both synchrony judgment and tempo-
2 O % \ ration, as well as to partial-report tasks. To do so, they envisioned
1 Tk B \\ \ N ; t to be extracting information at some instantancous rate, where
SN ETTIA L mitude of the information-extraction rate at time ¢ is determined by
0,000 ’ SRR AR luct of two things: the magnitude of the sensory response at that

0 200 400 600

| the amount of as-yet-to-be extracted information left in the stimu-
at time. The first influence dictates that rate depends on the sensory
. The second influence embodies a kind of “diminishing-returns”
n Equation (1): the more information that has been extracted from

t = Time since onset

FIGURE 7 Sensory-response functions resulting from six stimulus durations.
lines indicate stimulus offsets.
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the stimulus already, the less remaining new information. “Phenomepgj
cal appearance” is identified with this information-extraction rate; th
sumption being that the slower the subject is extracting information, the
the subject will be consciously aware of the stimulus.

Figure 8 shows how these assumptions successfully account for ghe

verse-duration effect in a synchrony-judgment task. The general idea ig
the subject will judge the stimulus as having phenomenologically ¢
peared at the time that the information-extraction rate falls below g
criterion level. The 40-ms information-extraction rate function falls f

tion. This is because there is less yet-to-be-extracted information at the t

of offset for the 40-ms than for the 20-ms stimulus. A consequence of
faster fall is that the 40-ms function crosses the same criterion soone
lowing its offset than does the 20-ms function. The times elapsing bety
stimulus offset and when the information-extraction rate functions f;
low the criterion are indicated by the double-headed arrows in the

(solid and dashed, respectively, for the 20-ms and 40-ms presenta'

This time is obviously longer for the 20-ms presentation, thus accous

(at least qualitatively) for the inverse-duration effect in a synchrony-j
ment task. This account also predicts that the perceiver would not beg

aware of the stimulus until some short time after its onset.

0.04
20 ms stimulus offset —d=20ms
T 5 40 ms stimulus offset |7 d=40ms
0 H
- g 0.03 + E
-(% Ll 1 \f i 40 ms criterion crossing time
£ % b . 20 ms criterion crossing time
S = 0.02 | i :
Lo : :
= § T ' <—> 20 ms subjective duration
T g 0.01 L l>- <-3 40 ms subjective duration
. :
T ¢ Criterion r(t) level
0.00 +—+ : ; :
0 100 150 200 250

t = Time since onset

FIGURE 8 The information-extraction rate theory’s explanation of the inverse-dur:
effect in a synchrony-judgment experiment. The two curves represent r(f) functions fo
ms and a 40-ms stimulus. The two left-hand vertical lines represent time of stimulus o
while the two right-hand vertical lines represent times that the #(f) functions fall below tf
criterion level. Two-headed arrows represent persistence duration, which is longer for th

ms stimulus than for the 40-ms stimulus.
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The correlation explanation of information-extraction rate theory of tempo-

ion performance.
‘v

count for the previously described temporal-integration effects,
Irwin (1994) borrowed the temporal similarity assumption from
ad Di Lollo’s theory; however, Loftus and Irwin applied the tech-
the information-extraction rate functions rather than to the senso-
se functions. Accordingly, their account of temporal integration is
nilar to Dixon and Di Lollo’s. Figure 9 shows the result of this
It is quite apparent that, as with Dixon and Di Lollo’s theory, the
»n between the two information-extraction rate functions decreases
eases in Frame 1 duration, ISI, and Frame 2 duration.

the linear-systems approach can account for the visible-persistence
ena. Now we describe the application of the approach to informa-
ction, and we also demonstrate a proposed theoretical relation

 visible persistence and available information. In a picture-memory

ent, complex, naturalistic, colored pictures were shown, one at a
a “study phase” to a group of subjects (Loftus, in preparation).
ture was shown in one of two conditions: Either it was shown once

ms, or it was shown twice for 50 ms apiece with an ISI of 250 ms.

of exposition, these conditions are referred to as the “no-gap” and

p” conditions. The amount of information extracted from the pic-

assessed by memory performance in a later recognition test.
portant results emerged. First, subjects were able to distinguish

10 the gap condition from pictures in the no-gap condition with
“curacy. In the gap condition, the picture appeared to flash twice,
1 the no-gap condition, the picture appeared to flash only once.

ater memory performance was identical for the two study condi-
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tions. Although the two conditions were phenomenologically diffe
they produced the same degree of information extraction.

Figures 10A and B show the a(t) sensory-response functions Corresp,
ing to the gap and no-gap conditions. As one would expect, the gap
tion has two distinct peaks resulting from the two separate presentat:
while the no-gap function has only a single peak. Although it may g
immediately obvious, a consequence of linearity is that, although the
and no-gap curves are of different shapes, the areas under them are jdey
(areas of 10.00 in both cases). F

Figures 10C and D show the information-extraction rate functions
gap function, like its sensory-response counterpart, is double pea
which, according to the theory produces the experience of two fiy
Correspondingly, the single-peaked gap function produces the one.
experience that occurs in the no-gap condition. Given that the areas g
the two information-extraction rate functions are identical and that the
area under any extraction-rate function corresponds to the total amoy
whatever it is that is being extracted, the amounts of extracted informa
are, according to the theory, identical in the gap and the no-gap conditi
Therefore, the theory correctly predicts memory performance to be id;
cal in the two conditions.

The point of this discussion has been to underscore the idea that.
information-extraction rate theory affords some degree of unity bety
the two important psychological events that we have been discussing: in

eraction and phenomenological appearance. Within this theory,
henomena are both direct consequences of the same information-
rate function. Phenomenological exp.erience corresponds to the
he function, while information extraction corresponds to the area
. function. Coltheart was correct that the two phenomena behave
hat different ways. According to the present theory,. this_ occurs
e shape of a function and the area under the function likewise
. somewhat different ways. But they are both aspects of, and
le from, the same unitary sensory-response function. We now turn

Y of perceptual memory.

“EPTUAL MEMORIES

he first decades of cognitive research, most of the field appeared to
Eed by the loss of information from the initial iconic store. There
concern for how the sensory information was processed and trans-
more stable perceptual memory. The birth of the suffix effect and
¢ industry appears to have been due to John Morton’s visit at Yale
heretical hypothesis that the modality of a list of items would have
at consequences for memory (Crowder & Morton, 1969). Percep-
"memory researchers tended to study either sensory storage or
\bstract) memory. Recently, only one investigator has stressed the
1ce of perceptual memory in accounting for information processing
. 1984, 1988). Massaro (1975a), on the other hand, devoted three
in his textbook to auditory and visual perceptual memory: After

= p,08) 28R Gondition A 0.0a)No-Gap Condition gy g how familiarity in perceptual memory is central to the recogni-
23 Total Area = 10.00 Jotal Area = 10.00| n event as one that has been experienced previously, the time course
§ §_ 0.04 0.04 erceptual memory for auditory nonspeech and speech signals and
=8 . vents was presented. We shall briefly illustrate several prototypical
“ 0.00 0.00 j aken from these chapters because they are as relevant today as they
0 100 200 300 400 500 0 100 200 300 400 500 1975 (if not more so).
(%]

€ > [Gap Condion C ©-%% No-Gap Conditon D litory Perceptual Memory
%5 0:0031  Total Area = 0.393 0.003 Total Area = 0.393| : . _ .
g@o 002 0.002 nt perceptual memory of a preceding au;htory event can remain
€5 extended processing of a new event. This phenomenon has been
58 0.001 G n several memory-for-pitch tasks. For example, Wickelgren
" %O'OOO 0 100 200 300 400 500 0.000 0 160 200 300 200 500 g a delayed comparison task in which a standard tone is followed

mparison tone after a variable ISI (see Massaro, 1975a, p. 478), and
erence tone 1s presented during the ISI, found that forgetting of the
Ltone followed a negatively decreasing exponential function but that
Nt memory remained after three minutes of the interference tone.

ier study illustrating the contribution of perceptual memory in

t = Time since onset t = Time since onset

FIGURE 10  The information-extraction rate theory’s explanation of the “gap”
ment described in the text. (A, B) a(f) Functions for the no-gap and gap conditions.
Corresponding r(t) functions. Phenomenological appearance is determined by the shape of
r(f) functions, while extracted information is determined by the area under the functi'



92  Dominic W. Massaro and Geoffrey R. Loftus 3 Sensory and Perceptual Storage 93

. | w ) .
verbal memory was carried out by McNabb and Massaro (described " ception, however, entails much more than simply an abstract

Massaro, 1975a, p. 508). They presented a sequential list of one-sy]jy} Bsion of the environmental event: It provides a perceptual represen-
words on a memory drum, and subjects repeated the words as they . ¢ supports behavioral action. This perceptual representation can be
presented either subvocally or vocally. The list was followed by a vigy] in a varicty of ways as described in the previous section. Cowan
presented test word and the recognition memory test required subjects. has also acknowledged the modality-specific dimensions of STM.
indicate whether the test word had occurred on the preceding list. Memg to abstract memory, modality-specific memories easily hold con-
benefited from the vocal reading of the test list and this benefit was indep ".,“ ormation. The initial sensory store of roughly 250-ms duration
dent of the number of items between the original presentation and test, ‘om the modality-specific (perceptual) dimensions of STM. As
this case, perceptual memory appeared to last at least 15 seconds or so, T ]_,. by Cowan, the perceptual and abstract dimensions of STM have
result and a variety of other results (see Greene, 1992, chap. 2) appe; re in common than either of these dimensions have with the initial
show that the life span of auditory perceptual memory is not limited to jy '
a few seconds. ]

sensory store.

plicit Memory

e respects, this earlier rescarch on perceptual memory anticipated the
‘ memory paradigm shift of the last decade. It has shown that percep-
cessing during study and the retention of these perceptual events
ed later recognition memory and recall. That is, this research had
strated that performance cannot be adequately described on the basis

B. Visual Perceptual Memory

Perceptual memory is not limited to auditory and speech signals, but
also been demonstrated for visual information. The last two decades ha
witnessed a revival of the positive contribution of visual imagery on mem
ry (Finke, 1989). Scarborough (1972) had previously found that less forg
ting occurred in the Peterson and Peterson (1959) task when the test ite  abstract symbolic representations. Rather, our sensory and percep-
were presented visually rather than auditorily. The interference task y eractions necessarily provide the groundwork for symbolic process-
counting aloud backward by threes so the advantage of the visual presen ‘memory.
tion mode is reasonable. Additional evidence for a variety of perceptt escarch on implicit memory during the last decade has awakened
memories has been documented by Massaro (1975a) and Cowan (1984) | to the importance of perceptual memory (Crowder, 1993; Graf &
‘ - 1993). Our perceptual experiences and perceptual memories pro-
- interface between sensory storage (our earlier visions of echoic and
ory) and some symbolic encoding. Roediger and Srinivas (1993)
a nice demonstration of how previous perceptual experience is cen-
ecognizing ambiguous figures, such as the famous dotted dalmation.
nce with ambiguous figures, such as the Street figures, the dotted
on, and the close-up view of a cow, makes these easier to see and
ze. Roediger and Srinivas (1993) describe these results in terms of
-appropriate processing. In extant memory research, participants
e largest influence of previous experience when the current situation
osely matches the earlier processing experience. The ambiguous
nd their recognition simply emphasize the important role of per-
rocessing and perceptual memory in prototypical behaviors such as
avigation, understanding speech and music, and reading.

C. Models of Perceptual Memory

Massaro (1970a) had concluded that the evidence for perceptual meme
and abstract STM could be described within the same information proce!
ing model. Baddeley and Hitch (1974) suggested that STM should
thought of as a working memory but with multiple subsystems control
by a limited capacity executive (see also Baddeley, 1986; Nairne, this v
ume, Chapter 4). They pinpointed two important subsystems: a visuos
tial scratch pad and an articulatory loop. However, there is nothing,
preclude other subsystems, such as auditory and tactile memories. Furth
more, the evidence Baddeley and Hitch brought in favor of an articulate
memory cannot account for the advantage usually found for an audit
presentation relative to a visual one, as phonological or articulatory enc
ing should be equally engaged for both spoken and written language.
Cowan (1984, 1988), in a thorough review, has provided evidence
two types of sensory storage, which parallel the preperceptual and synt
sized memories previously postulated by Massaro (1975a). The preperc
tual store holds information for the initial stage of processing called perd

olic Representation and Perceptual Memory

it is difficult to impose historical rationality on previous work, it
12 ble to blame the computer metaphor for the neglect of perceptual
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memory. Comp.uters.do their most intelligent work with abstr_act Symbg ucture versus Process: Can We Do with Stores?
why would not intelligent humans do the same? The prototypical infory ‘
tion processing model was therefore directed at transforming the conere
stimulus information into an abstract form as quickly as possible. T}
perspective resulted in the notion of a sensory store interfaced to an absty
STM. Psychologists seemed to forget that our sensory grounding coy
provide valuable support for information processing. Even much of spe
research was wedded to the symbol metaphor. Pisoni (1993) has recey
criticized speech research for slighting modality-specific phenomena, g
as the decrement in speech perception and memory when the perceive
confronted with multiple speakers (talkers) relative to just one.

The relative contribution of perceptual and symbolic processes can
appreciated in an ingenious experiment carried out by Epstein and Ry
(1960). Recency of experience and expectancy of events to come are fact
consistently used to explain performance variations. The authors were
terested in the relative influence of recency and expectancy in the percepg
interpretation of Boring’s wife/ mother-in-law figure. Subjects iden
the two unambiguous forms presented one at a time in a sequence of al
nations. Then at some point, the ambiguous version of this figure j
substituted for one of the unambiguous figures. Given that the last presen
tion had been the unambiguous mother-in-law, would the participantsid
tify the ambiguous figure in terms of what they had most recently exp
enced or in terms of what they expected? One might say there should b
symbolic anticipation of the wife but a perceptual memory of the mol
in-law. In favor of the perceptual over the symbolic, subjects identified
ambiguous figure as equivalent to what they had just perceived (the motk

in-law).

studies of perceptual memory appear to be relevant to the struc-
orocess issue. A well-worn psychophysical task that proved produc-
 the study of auditory perceptual memory was delayed comparison. A
ard tone is followed after some intervening event or activity by a
arison tone (Massaro, 1970b; Wickelgren, 1969). The participant re-
whether the comparison was the same or different from the stan-
‘With a roving standard that fluctuates from trial to trial and a highly
r comparison tone to preclude any value of verbally encoding the
rd, how do we describe performance without assuming some storage
. standard in memory? At some level, the current processing of the
rison must be compared to some representation of the standard. This
e task might convince most investigators of the need for structure as
s process in their description of perception and memory. Is it sufficient
» that a comparison tone is recognized as the same as the previous
rd because the comparison is more casily processed?

articulated by Freyd (1987), a structure process dualism remains cen-
many information processing theories. But she questions whether
atation in real time utilizes structures distinct from processes. To
7 this dualism, consider the classical view of a preperceptual storage
S jconic or echoic memory. This view implies a temporary representa-
f a stimulus presentation (the proximal form of the distal event). The
tual process, as described as some function of time, then “reads out”
this structure. For example, an exponential readout is commonly
ted because the absolute gain in performance diminishes with in-
in processing time. It appears to be more penetrating to describe
tructure and process rather than to reduce the description to just
s. The linear systems analysis of visual processing (described in the
ing section) provides a worthy example of the need for both structure
ss. The magnitude of the sensory event serves as the structure for
fferent processes: information extraction and phenomenal appear-

VI. MEMORY STORES AND INFORMATION PROCESSING

In his retrospective glance at iconic storage, Neisser (1976) asked the gj
tion whether it was in the observer or the environment. His justified ¢
plaint was that cognitive theorists treat the icon as if it were a p
independent of the perceptual mechanisms that “look at it.” With thel
sight of contemporary inquiry, we understand that any storage of inft
tion is inextricably bound up with the processing of that information

ers (1993) reminds us that delimiting a sequence of processing stages s €
a preliminary heuristic. Given this start, one can proceed to develop
precise process models. Horst Mittelstadt (personal communication)
vises that each box in the sequence contain a dynamic equation. By
view, information processing stage (box) models are acceptable as lon
there is an equation yoked to each box. The equation would natu
describe the processing of the “stored” information.

' e Models and Multiple Representations

fy the initial sensory storage as distinct from following processing
,M other perceptual representations, it is necessary to clarify the
tion processing framework. We have evidence that information can
ntained in memory at multiple levels and in various forms. This
torage Qf information does not negate the sequential stage model,
F What is important to remember is that transfer of information
1€ stage to another does not require that the information is lost from
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the carlier stage. Reading a word does not obliterate its visual represepy
tion. For our purposes, we now understand that the representation of
earlier processing stage maintains its integrity even after it has been “trap
formed” and transmitted to the following processing stage. Thus, it
entirely reasonable to have multiple perceptual and abstract representatig
within stage models of information processing (e.g., Baddeley, 1986;
saro, 1975a).
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