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Levels of Processing: A Framework for Memory Research!

I mrGUs [ M. Cralk aND RoserT S, LOCKITART

University of Toronte, Toronfo 181, Ontarie, Camada

This paper brieily reviews the evidence for multistore theories of memery and peinis out
some difficulties with the approach. An alternative framework for human memory research
is then outlingd in terms of depth or levels of processing. Some current data and argaments
are reexamined in the light of this alternative [ramework and Implications for further

research considered.

Over the past decade, models of human
memory have been dominaled by the concepl
of stores and the transfer of information
among them. One major criterion for distin-
guishing between stores has been their different
retention characteristics. The temporal pro-
perties of stored inlormation have, thus,
plaved a dual role: Besides constituting the
basic phenomenon Lo be explained, they have
also been used Lo generate the theoretical
constructs in lerms of which the explunation
is formulated. The apparent circularity has
been avoided by the specification ol additional
propertics of the stores (such as their capacity
and coding characteristics) thereby character-
izing them independently ol the phenomena
1o be explained. The constructs, thus formu-
lated, havec been used to account for data
across a variety of paradigms and experimental
conditions. The essential concepl underlying
such explanations is that of information being
transferred from onc slore Lo another, and the
store-to-store transler models may be distin-
guished, at least in teems of emphasis, from
explanations which associate different reten-
tion characteristics with qualitative changes
in the memory code.

In the present paper we will do three things:
(&) examine the reasons for proposing multi-

¥ This rescarch was supported by Grants AR261 and
A0355 from the National Research Council of Canada
to the lirst and second author, respectively. We thank
our ¢olleagues who read a preliminary version of the
paper and made many helpful suggestions.

Cop_\:'right 01 1972 by Academic Pross, Ine,
All vights oF repeaduction in any form reserved.

store models, {#) question their adequacy, and
(¢) propose an alternative framework in terms
of levels of processing. We will argue that the
memory trace can be understood as a by-
product of perceptual analysis and that trace
persistence is a positive function of the depth
to which the stimulus has been unalyred.
Stimuli may also be retained over short inter-
vals by continued processing at a constant
depth. These views offer a new way Lo interpret
existing data and provide a heuristic frame-
work for further research.

MULTIS ITORE MODRELS

The Case in Favor

When man is viewed as a processor of in-
formation {Miller, 1956 Broadbent, 1958}, 1t
scems necessary Lo postulate holding mechan-
isms or memaory stores at various points in the
system. For cxample, on the basis of his
dichotic listening studies, Broadbent (1958}
proposed that information must be held
transiently before entering the limrted-capacity
processing channel. [tems could be held over
the short term by recycling them, afler
perception, through the same transicnl storage
system. From there, information coold be
transferred into and rctained in a more
permanent long-term store. Broadbent’s ideas
have been developed and extended by Waugh
and Norman {1965), Peterson (1966), and
Atkinson and Shiillrin (1968). According to
the modal moedel (Murdock, 1967), it is now
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widely accepicd thal memory can be classilied
into three levels of storape; sensory stores,
short-term memory (8TM) and long-term
memory {L.TM). Since there has been some
ambiguity in the usage of terms in this area,
we shall follow the convention of using STM
and LTM io refer to experimental sitvations,
and the terms “short-term store” {STS) and
“long-term store™ (LTS) Lo reler to the two
relevant storage systems.

Stimuli can beentered into the sensory stores
regardless of whether or not the subject is
paving attention to that source: thal is,
scnsory stores are ‘“preattentive” (Neisser,
1967). The input is represented in a rather
literal form and can be overwritten by lurther
inputs in the same modality {Neisser, 1967.
Crowder & Morlon, 1969). Further lcatures
which distinguish the sensory registers from
later stores are the modality-specific nature
and moderately large capacity of sensory
stores and the transience of their contents.

Atlention to the material inasensory register
is cquivalent to reading it oul und transferring
it to STS. Here, verbal ftems are coded in
some phonemic fashion (Shulman, 1971) or
in auditory verbal-linguistic terms {Atkinson
& Shiffrin, 1968). The 8TS is further distin-
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guished from sensory memories by virtue ol
its limited capacity {Miller, 1956; Broadbent,
1958), by the {inding that information is lost
principally by a process of displacement
(Waugh & Norman, 1965), and by the slower
rate of forgetting (rom STS: 5-20 scconds as
opposed to the f-2-second cstimates for
sensory storage. While most research has
concentrated on verbal STS, there Js evidence
that more literal “*representational” inform-
ation may also be held over the shorl term
(Posncr, 1967}, although the relationship
beiween such modality-specific stores and the
verbal STS has not been made clear.

The distinctions between STS and LTS are
well-documiented. Whereas STS has a limited
capacily. LTS has no known limit: verbal
items are usvally coded phonemically in S18
but largely in terms of their semuntic features
in LTS {Baddcley, 1966); forgetting Irom
STS is complete within 30 seconds or less
while forgetiing from L'L'S 1s either very slow
or the material is not forgotten at all (Shiftrin
& Atkinson, 1969). In the free-recall paradigm,
it is generally belicved that the last few items
are retrieved from STS and prior items arc
retricved (rom LTS; il is now known that
several variables aflcct one of these retrieval

TABLE 1

COMMONLY ACCEPTED DIEFRRENCES BEITWEEN THE THREE STAGES OF VERBAL MEMORY (SkEE TEXT FOR SOURCES)

Featurg Sensory registers

Lntry of information
Maintenance of information

Preattentive
Not possible

Format of information Literal copy of input

Capacily Large
[nformation loss Decay

Trace duration
Reirieval

1-2 Scconds
Readout

Short-term store Long-lerm store

Reqguires attention Rehearsal
Continued atlention Repetition
Rehearsal Organization
Phonmemic Largely semantic

Probahly visual
Possibly semantic
Small
Displacement
Possibly decay

Some auditory and visual

No known limil

Passibly no Toss

Loss ol accessibility or
discriminability by infer-
lerence

Minulcs to years

Reiricval cues

Possibly secarch process

Up to 30 seconds
Prabably automatic
[tems in consciousness
Temporal{phonemic cues



LEVELS OF PROCERSING

componenls  without affecting the other
{Glanzer, [972). Further persuasive cvidence
for the STS/LTS dichotomy comes from
clinical studies (Milner, 1970; Warrington,
1971). 'FThe distingnishing features of the Lthree
slorage levels are summarized in Table 1.

The attractiveness of the “box™ approach
is not difficult to understand. Such multistore
models are apparcntly specilic and concrete:

information tlows in well-regulated paths
between stores whosc characteristics have

intuitive appeal: their properties may he
elicited by experiment and described cither
behaviorally or mathematically. All  (hat
remains, it seems, is to specily the properties
of each componenl more precisely and to work
out the transfer lunctions more accurately.
Despite all these points in their favor, when
the cvidence lor multistore models is examined
in greater detail, the stores become less
tangible. One warning sign is the progressively

grealer part played by ““control processes™ in
more  recent formulations {lor cxample,

Atkinson & Shiffrin, 1971). In the next section
we cansider the adequacy of multistore notions
morce critically.

The Case Against

The multistore approach has not been
without ils gencral critics {Melton, 1963;
Murdock, 1972). Other workers have objected
to certain aspects of the formulation. For
cxample, Tulving and Patterson (1968) argued
against the notion of information being
transterred from onc slore to  another.
Similarty, Shallice and Warringion (1970}
presented  evidence against the idea that
information must necessarily ““pass through™
STS to enter L.TS.

In our view, the criteria listed in the previous
section do not provide satislactory grounds
for distinguishing bclween scparate storces.
The adequacy of the evidence will be con-
sidered with relerence Lo the concepts of
capacity, coding, and hOnally, the retention
function itself.
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Cupacity

Although limited cupacity has been a major
feature of the information flow approach,
and especially a feature of STS in mullistore
meodels, the exact nature ol the capacity
limitation is somewhat obscure. In particular,
it has been unclear whether the limitation is
onc of processing capacity, storage capacity,
or is meant to apply Lo some interaction be-
tween the two. In lerms of the computer
analogy on which information flow modcls
are based. the issue is whether the limitation
refers to the storage capacity of a memory
register or Lo the rate ul which the processor
can perform cerlain operations. The notion ol
& limited-capacity channe!l (Broadbent, 1958)
appears to cmphasize the second interpreta-
tion while later models of memory, such as
that of Waugh and Norman (1965)., appear to
favor the storage interpretation. Both inter-
pretations are present in Miller (1956} but the
relationship between the two is not explicitly
worked out.

Altempts to measure the capacity ol STS
have leant towards the storage inlerpretation,
and considered number ol items to be the
appropriate  scale of measurement.  Such
altempts have provided quite a range of
values. For cxample, recent cstimates of
primary memory size (Baddcley, 1970 Mur-
dock, 1972) have yielded values between two
and four words. However, measures ol
memaory span (which huve been said to reflect
the limited capacity of the STM box) are
typically between five and nine items, depend-
ing on whether the items in question are words,
letters or digits (Crannell & Parrish, 1957).
Finally, if the words in a span test form a
sentence, young subjects can  accurately
reproduce strings of up to 20 words {Craik &
Masani, 1969). Thus. if capacity is a critical
feature of STM operation, a box model has Lo
account for this very wide range of capucity
estimates.

The most widely accepted explanation of
this varialion is that capacity is limited in
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terms of chunks, und that few or many items
can be recoded into a chunk depending on the
meaningfulness of the material. Apart from
the difficulty of defining a chunk independently
from its memorial consequences, this view
entails a rather flexible notion of STS as a
storage compartment which can accept a
variety ol codes from simple physical features
to complex semantic oncs.

From the standpoint of the present paper,
the concept of capacity is o be understood in
terms of a limitation on processing ; limitatlions
of storage are held Lo be a direct consequence
of this more fiundamental limitation.

Coding

Working with verbai maierial, Conrud
(1964) and Baddcley (1966) provided onc
plausible basis for distinguishing STS and
L'TS. They concluded that information in STS
was coded acoustically and that coding was
predominantly semantic in LTS, Further
rescarch has blurred this distinction, how-
ever. First, it has been shown that 8TS coding
can be cither acoustic or articulatory (Levy.
1971; Peterson & Johnson, 1971). Second,
recenl papers by Kroll and his colleagues
(Kroll er al., 1970) have demonsirated that
even with verbal material, STS can sometimes
be visual. Apparently STS can accepl a variety
of physical codes.

Can STS also hold semantic information?
‘The persisience of contradictory evidence
suggests either that the question has been
inappropriately formulated or that the answer
depends on the puradipm used. When tradi-
tional STM paradigms are considered, the
answer seems to be “no” (Kintsch & Buschke,
1969; Craik & Levy, 1970), although Shulman
{1970, 1972) has recently presenled persuasive
evidence in favor of a semantic §TS. While
type of coding may originally huave scemed a
good basis lor the distinclion between short-
term and long-term memory, the distinction
no longer appears satisiactory, A deflender of
the multistore notion might arguc that STS
coding is flexible, but this position removes
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an important characteristic by which one store
is distinguished from another.

We will argue that the coding question is
more approprialely formulated in (erms of the
processing demands imposed by the experi-
mental paradigm and the material 10 he
remembered, In some paradigms and with
certatn  material, acoustic coding may be
either adequate or all that is possible. In
other circumstances processing to 4 semantic
{fevel may be both possible and advantageous.

Forgetting Characteristics

Il memory stores are Lo be distinguished in
terms ol their forgetting characteristics, a
minimal requirement would secm 1o be that
the retention function should be invariant
across different paradigms and cxperimental
conditions. While this invariance has not been
rigorously tested, there are cases where il
clearly breaks down. We will give two
examples. First, in the finite-siate models of
paired-associale learning, the slale commonly
identified as STS shows forgeliing character-
istics which are dilferent from those esiablished
for 8TS in other paradigms (Kintsch, 1970,
p. 206). In the former casc, STS retention
extends over us many as 20 intervening items
while in the free-recall and probe paradigms
{Waugh & Norman, 1963), STS information
is lost much more rapidiy, As a second
example, the durability of the memory trace for
visual stimuli appears to depend on the mat-
erial and the paradigm. According to Neisser
(1967), the tcon lasts | second or less, Posner
(1969) and his collecaguees have found cvidence
for visual persistence of up to 1.5 scconds,
while other recent studies by Murdock (1971),
Phillips and Baddeley (1971) and by Kroll et
al. 11970 have vielded estimates of 6, 10, and
25 seconds. respectively. Estimales are even
longer in recognition memory for picturcs
(Shepard, 1967: Haber, 1970). Given that we
rceognize piclures, laces, tunes, and voices
alter long periods of time, it is clear thal we
have long-term memory for relatively literal
nonverbal information. Thus, it is difficult to
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draw a linc between “sensory memory™ and
“representational” or “pictorial” memory.

We will argue that retention depends upon
such aspects of the paradigm as study time,
amount of materiul presented and mode of
test; also upon the extent to which the subject
has developed systems 1o analyze and cnrich
particular types of stimuli; that is, the familiar-
ity, compalibility, and meaningfuiness ol the
malernial.

Although we believe that the multistore
formulation is unsatisfaclory in terms of ity
capacity, coding, and forgetting character-
istics, obviously there are some basic findings
which any model must accommodalte. [ seems
certain that stimuli are encoded in different
ways within the memory system: A word may
be encoded at various times in lerms of its
visual, phenemic. or semantic features, its
verbal associales, or an image. Biffcrently
encoded representations apparently persist for
different lengths ol time. The phenomenon of
limited capacily al some points in Lhe system
seems real enough and, thus. should also be
taken inlo consideration. Finally, the roles
ol perceptual, attentional. and rcheursal
processes should also be noted.

One way ol coping with the kinds of in-
consistencies we have described 15 Lo postulate
additional siores {see, Morton, 1970; Sperling.
1970). However, we think it is more useful 1o
focus on the encoding operations themselves
and Lo consider the proposal that rales ol
forgetting are a function of the type and depth
ol encoding. This view is devcloped in the
next section.

Levers 01 PROCESSING

Many theorists now agree Lhat perception
imvolves the rapid analysis of stimuli at a
number of levels or stages (Sclfridge & Neisser,
1960 Treisman, 1964; Sutherland, [968).
Preliminary stages are concerned with the
analysis of such physical or sensory lealures
as lines, angles, brightuess, pitch, and loud-
ness, while later siages are more concerned
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with matching the inpul against stored abstrac-
tions [rom past learning; that iy, [aler stages
are concerned with pattern recognition and
the extraction of meanmng. This concepiion
of a series or hierarchy of processing slages is
often relerred o as “depth of processing”
where greater “depth™ implies a greater degree
ol semantic or cognitive analysis. After the
stimulus has been recognized, it may vndergo
lurther processing by enrichment or elabor-
ation. For example, afler a word is recognized,
it may trigger associalions, images or storics
on the basis of the subject’s past cxperience
with the word. Such “elaboration coding™
{Tulving & Madigan, 1970) is not restricted to
verbal material. We¢ would argue that similar
levels of processing exist i the pereeplual
analysis of sounds, sights, smells and so on.
Analysis proceeds through a series ol sensory
stages to levels associated with matching or
pattern recognition and finally Lo semantic—
associative stages of stimulus enrichment.

One of the results of this pereeptual analysis
is the memory trace. Such [calures of the trace
as its coding characteristics and its persistence
thus arise esseniially as byproducts ol percep-
tual processing (Morton, 1970). Specifically,
we suggest that trace persistence is a function
of depth of analysis, with deeper levels ol
analysis  associated with more  claborate,
longer lasting, and stronger traces. Since the
organism is normally concerncd only with
the extraction ol meaning from the stimuli, it is
advantagcous Lo store the products of such
deep analyscs, but there is usually no need to
store the products of preliminary analyses.
It is perfectly possible lo draw a box around
curly analyses and call it sensory memary and
a box around intcrmediute analyses called
short-term memory, bul that procedure both
oversimplifies matters and evades Lhe more
signilicant issucs.

Although certain analytic operations must
precede others, much recent evidence sugpests
that we perccive at meaninglul, deeper levels
hefore we perceive the results of logically
prior analyses (Macnamara, 1972; Savin &
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Bever, 19700, Further elaborative coding does
not exist in a hierarchy of necessary steps
and this secms cspecially true of later pro-

cessing stages. In this sense, “spread™ of

encoding might be a more accurate descrip-
tion, but the term “depth™ will be retained as
it conveys the Aavor of our argument,

Highly familiar, meaninglul stimuli arc
compalible, by definition, with existing cogni-
tive structures. Such stimuli {for example,
pictures and sentences) will be processed 1o a
deep level more rapidly than less meaningful
stimuli and wil! be well-retained. Thus, speed
of analysis does not necessarily predict reten-
tion. Relention is a lunction ol depth, and
various factors, such as the amount of atten-
tion devoted to a stimulus, its compatibility
with the analyzing structures, and the pro-
cessing time available, will delermine the depth
1o which 11 15 processed.

Thus, we prefer to think of memory tied to
levels of perceptual processing. Although these
levels may be grouped inte stages (sensory
analyses, pattern recognition, and stimulus
elaboration, for example) processing levels
may be more usefully cnvisaged as a con-
tinuum of analysis. Thus, memory, too, is
viewed as a conlinuum from the transicnt
products ol sensory analyses to the highly
durable products ol semantic-associative
operations. However, superimposed on this
basic memory system there is a second way in
which stimuli can be retained by recirculat-
ing information at one level of processing. In
our view, such descriplions as “continued
atlention to cerlain aspects ol the stimulus,™
“keeping the items in consciousness,” “"hold-
ing the items in the rehearsal buffer,” and
“retention of the items in primary memory™
all refer to the same concept of maintaining
information at one level of processing. To
preserve some measure of continuity with
existing lerminology, we will use the lerm
primary memory (PM) (o reler Lo this oper-
ation, although il should be noted that our
usage is more restricled than the usual one.

We endorse Moray’'s (1967) notion of a
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limited-capacity central processor which may
be deploved in 2 number of diffcrent ways.
If this processing capacity is used Lo maintain
information at one level, the phenomena of
short-term memory will appear. The processor
itself is neutral with regard to coding char-
acteristics : The obscrved PM code will depend
an the processing moedality within which the
processor is operating. Further, while limited
capacily 1s 4 lunciion ol the processor itself,
the number of items held will depend upon the
level at which the processor is operating. At
deeper levels the subject can make grealer usc
of learned rules and puast knowledge; thus,
material can be more cfficiently handled and
more cun be retained. There is apparently
great variability in the ease with which inform-
ation at different levels can be maintained
in PM. Some types of inlormation ({tor
example, phonemic flealures of words) are
particularly easy to maintain while the main-
tenance of others {such as carly visual analyses
- -the “icon™) is apparently impossible.
The essential fealure ol PM retention is
that aspects ol the material are still being
processed or attended to. Our notion of PM s,
thus, synonymous with that of James {1890)
in that PM items are still in consciousness.
When attention is diveried from the item,
information will be lost at the rate appropriate
to its level of processing - slower rales for
deeper levels. While PM retention is, Lhus,
ciuivalent to continued processing, Lhis Lype
ol processing merely prolongs an item's high
accessibility without leading Lo lormation of
a more permanent memory trace. This Type [
processing, that is, repetition of analyses
which have already been carricd oul, may be
contrasted with Type Il processing which
involves deeper analysis of the stimulus. Only
this second type of rehearsal should lead Lo
improved memory performance. To the extent
that the subject utilizes Type [[ processing,
memory will improve with total study time,
but when he engages in Type | processing, the
“total time hypothesis™ (scc Cooper & Pantle,
1967) will break down. Stofl" and Fagle (1971}
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have reported findings in line with this
suggestion.

To summarize, it is suggested that the
memory trace is better described in terms
of depth of processing or degree of stimulus
elaboration. Decper analysis lecads Lo a more
persistentl trace. While information may be
held in PM. such maintenance will not in itsclt
improve subsequent retention : when attention
is diverted, information is losl at a rate which
depends essentially on the level of analysis.

ExisTinG Dara REEXAMINED

Incidenial Learning

When memory traces are viewed as the
preduct of a particular form of processing,
much ot the incidental learning litcrature
acquires a new significance. There are several
reviews of this ltcraturc {Postman, [964;
McLaughlin, 1965), und we will make no
attempt to be comprehensive. An important
characteristic of the incidental learning para-
digm 15 that the subject processes the material
in 4 way compatible with or determined by
the orienting task. The comparison of
retention  across  dillerent  orienting  tasks,
therefore, provides a relatively pure measurc
ol the memorial consequences of dillerent
processing activities. According 1o the view of
the present paper, and in agreement with
Posiman (1964}, the instruciion to learn
lacilitates performance only insofar as it leads
Lthe subject to process the material in a manner
which is more clfective than the processing
induced by the orienting task in the incidental
condition. Thus, it is possible, that with an
appropriate orienting task and an inappro-
priate intentional stralegy, learning under
incidental conditions could be superior Lo thal
under Intentional conditions.

From the point of view of this paper, then,
the interesting thing to do is to syslematically
study retention following dillerent orienting
tasks within the incidental condition, rather
than to compare incidental with intentional

learning. Under incidental conditions, the
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cxperimenter has a control over Lthe processing
the subject applics to the material that he does
not have when the subject is merely instructed
to learn and vses an unknown coding strategy.

We will consider several examples which
illustrate this point. Tresselt and Mayzner
{1960} tested free recall after incidental learn-
ing under three different orienting tasks:
crossing out vowels, copving the words, and

judging the degree 1o which the word was an

instance of the concept “economic™. Under
the last condition, the number of words re-
called was lour times higher than that of the
first and twice that of the second condition.
Similar results using the free-recall paradigm
have bcen obtained by Hyde and Jenkins
(1969), and Johnston and Jenkins (1971}
The experiments by Jenkins and his colleapues
showed that with lists of highly associated
word pairs, frce recall and organizalion
resulting from an orienting task which required
the use of the word as a semuntic unit, was
equivalent to that of an intentional control
group with no incidenial task, bul both were
substantially superior to an incidental group
whose task involved treating the word
structurally (checking for certain letters or
estimating the number of letters in the word).
These results are consistent with those of
Mandler (1967) who showed that incidential
learning  during calegorization ol words
vielded a similar recall level to that ol a group
who performed the same activity but who
knew that their recall would be tesled.

Experiments involving the incidental learn-
ing ol sentences (Bobrow & Bower, [969;
Rosenberg & Schiller, 1971) have shown that
recall after an orienting task that required
processing the sentence to a semantic level was
substantially superior to recall of words ron
cquivalently exposcd sentences which were
processed nonsemantically.

Schulman (1971) had subjects scan a list
of words {or targets defined either structurally
{such as words containing the letier A) or
semantically {such as words denoting living
things). After the scanning task, subjects were
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given an unexpecled test of  recognition
memory. Performance in the semantically
defined tarpet conditions was signilicantly
betler than that in the structurally defined
condittons although scanning time per word
was approximately the same in mosi cascs.

These results support the general conclusion
that memory performance is a positive func-
tion of the level of processing required by the
orienting lask. However, beyond a certain
stage, the form of processing which will prove
optimal depends on the retrieval or trace
utilization requirements of the subsequent
memory test. There is clear evidence in the
incidental learning literature that the relative
value of different orienting tasks is not the
same for all tests of memory.

This conclusion is supported by compari-
sons of the differential effects of orienting
tusks on recognition and recall. Eagle and
Leiter (1964) Tound thal whercas [ree recall
in an unhindered nlentional condition was
superior to that of an mcdental group and
to a second Intentional group who had also to
perform the orienting task, these latter two
conditions showcd superior reccognition per-
formance. Such a result poses no difficulty
provided it is assumed that optimal processing
does not take the same form for both memory
tests. In the Fagle and Leiter (1964} experi-
ment, the orienting task, while almost
certainly tnvolving some degree of semantic
analysis, might have served Lo prevent the
kind ol claborative processing nccessary for
later access Lo the stored information. On the
other hand, such elaborative coding might
hinder subsequent discrimination  between
target words and the associatively related
distraclors used in this experiment. Results
consistent with this kind of analysis have also
been reported by Dornbush and Winnick
(1967) and Esics and DaPolito {1967).

While the orienting tasks used by Wicker
and Bernstein (1969) in their study ol in-
cidental patred-associate learning all required
analysis to a semantic level, they did not
facilitate subsequent performance to the same
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degree. When the orienting task involved the
production of mediating responses, perform-
ance was equal to thal of unhindered inten-
ttonal learning and superior 1o when the
orienting task was rating words for pleasant-
ness. In single-trial free recali, this latler
orienting task produces performance equal to
that of intentional lcarning (Hyde & Jenkins,
1969). Identical orienting tasks do not seem to
have equivalent cllects across different para-
digms. The interaction between initial en-
coding and subsequent retricval operations is
worth emphasizing. Although the distinction
between availability and accessibility {Tulving
& Pearlstone, 1966} is a usclul one, the
effectiveness of a refricval cue depends on its
compalibility with the item’s initial encoding
or, more generally, the exienl to which the
retricval  situation reinstates  ihe
conlexl.

learning

Selective Anention and Sensory Storage

Moray (1959) showed that words presented
to the nonattended channel in a dichotic
listening test were notl recognized in a later
memory test. Similarly, Ncisser (1964) has
shown that noentarget items in a visual search
task left no recognizable trace. Thus. if stimuli
are only partially analyzed, or processed only
to peripheral levels, their record in memory
is extremely fleeting. This point was neatly
demonstrated by Treisman (1964). When the
same prose passage was played to both ears
dichotically, but staggered in lime with the
unattended car leading, the lag between
messages had to be reduced o 1.5 sceonds
before the subject realized that the messages
were identical. When the aliended (shadowed)
ear was leading, however, subjccts noticed the
similarity at a mean lag of 4.5 seconds. Thus,
although the subjects were not trying to
remenmber the malerial in either case, ihe
(urther processing necessitated by shadowing
was sufficient to treble the durability of the
memaory trace. Treisman also found that
meaninglulness of the material (rcversed
speech versus normal speech, and random
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words versus prose) affected the lag necessary
for recognition, but only when the attended
channel was leading. I the message was
rcjected after carly analyses, meaninglulness
played no part: bul when the message was
attended, more meaningful material could be
processed further and was, thus, retained
longer. The three estimates of memory per-
sistence in Lhese experiments (1.5 seconds for
all nonattended material, 3 scconds for altend-
ed reversed speech and attended strings
of random words, and 3 scconds for atiended

prose) can be attributed to the functioning of

differcnt stores, bul it is more reasonable, in
our view, to postulate that persisience is a
function of processing level.

While further studies will noi be reviewed in
such dclail, it may be noted that the findings
and conclusions of many other workers in the
area of semsory memory can also be accom-
modated in the present framewerk. Neisser
{1967, p. 33) concluded that “longer exposures
lead to longer-lasting icons.”” Studies by
Naorman {1969), Glucksberg and Cowen
(1970), and Peterson and Kroener (1964) may
all be interpreted as showing thal non-
attended verbal material 15 lost within a lew
scconds.

Massaro (1970) suggested that memory for

an item is directly relaied to the amount of

perceplual processing ol the item, a statement
which is obviously in line with the present
preposals, although his  later arguments
(Massaro, 1972), that echoic memory inevil-
ably lasts only 250 milliseconds, are probably
overgeneralizations. Shafler and Shiffrin con-
cluded from an experiment on piclure recogni-
tion that “it might prove mere [ruitful to
consider the more parsimonious view that
there is just a single short-term visual memory.
This short-term visual memory would decay
quickly when the mformation content of the
visual field was high und more slowly when the
information content wus greatly reduced”
(Shaller & Shiffrin, 1972, p. 295). Plainly this
view is similar to our own, although we would
argue that the continuum extends to long-
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term retention as well. We would also suppest
that it is processing level, rather than inform-
ation ¢entent, which determines the rate of
decay.

The STS{LTS Distinetion

The phenomenon of a limited-capacity
helding mechanism in memory (Miller, [956;
Broadbent, 1958) 15 handled in the present
framework by assuming that a flexible central
processor can be deployed to one of several
levels in one of several cnceding dimensions,
and that this central processor can only deal
with a limited number of items at a given time.
That is, items arc kept in consciousness or in
primary memory by continuing Lo rehearse
them at a fixed level of processing. The nature
of the items will depend upon the cncoding
dimension and the level within that dimen-
sion. AL deeper [cvels the subject can make
more use of learned cognitive structures so
that the item will become more complex und
semantic. The depth at which primary
memory operates will depend both upon Lhe
usefulness to the subject of continuing to
process at thal level and also upon the amen-
ability of the material to deeper processing.
Thus, if the subject’s task is merely to repro-
duce a few words seconds after heuaring them,
he need not hold them ut a level deeper than
rhonemic analysis. If' the words lorm a
meaningful - sentence, however, they arc
compatible with deeper lcarned structures
and larger units may be dealt with. 1t seems
that primary memory deals at any level with
units or “chunks” rather than with inform-
ation (see Kintsch, (970, pp. 175-181). That
is, we rehearse a sound, a letter, a word, an
idea, or an image in the same way that we
perceive objects and not constellations of
attributes.

As pointed oot earlicr, a common distine-
tion between memory stores is their different
coding characteristics: STS is said to be
predominantly acoustic (or articulatory) whilc
LTS is largely scmantic. According to the
present argument, acoustic crrors will pre-
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dominate only insofar as analysis has nol
proceeded toa semantic level. There are at least
three sources of the lailure ol processing to
reach this level: the nature of the material,
limited available processing capacity, and
task demands. Much ol the data on acoustic
confusions in short-term memory is based on
material such as letters und digits which have
relatively little semantic content. The nature
of this material itself tends to constrain pro-
cossing to a structural level of anaiysis and it
should be no surprise, therefore, that crrors
of a structural nature result. Such errors can
also occur with meaninglul material if process-
ing capacily is diverted to an irrelevant task
{Liagle & Ortoll, 1967).

A Turther set of results relevant to the
STS/LTS distinction are those that show that
in free recall, variables such as presentation
rate and word (requency, aflect long-term but
not short-term relention (Glanzer, 1972). Our
interpretation of these findings is that in-
creasing presentation rate, or using unfamiliar
words, inhibils or prevents processing Lo Lhose
levels mecessary to support long-term reten-
tion. but does not allect coding operations of
the kind that arc adequate for short-term
reiention. It [ollows from this interpretation
that diveriing processing capacity as in the
Eagle and Ortoff {1967) cxperiments shouid
resull in a greater decrement in long-term
than in short-lerm retention and, indeed,
there is good cvidence that such is the case
{Murdock, 1965; Silverstein & Glanzer,
L971).

Conversely, manipulations that influcnce
processing at a structural level should have
transitory, but no long-term, effects. Modality
differences (Murdock, 1966) provide a clear
cxample. Finally, long-term recall should be
lacilitated by manipulations which induce
deeper or more claborative processing. We
suggest that the cncoding variability hypo-
thesis as it has been used to account for the
spacing effect in lree recall {Madigan, 1969;
Mclion, 1970) Is Lo be undersiocod in these
Lerms.
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The Serial Position Curpe

Serial-position effects have been a major
source of evidence for the STS/1.TS distinction
(scc Broadbent, (971, pp. 354-361; Kintsch,
1970, pp. 1533-162). In Iree recall, the recency
ellect is held to reflect output from STS while
previous items are retrieved from LTS
(Glanzer & Cunitz, 1966). Several theoretical
accounts of the primacy effect have been
given, but perhaps the most plausible is that
initial items receive more rehearsals and are,
thus, better rcgistered in 1.TS (Atkinson &
Shiffrin, 1968; Bruce & Papay, 1970). We
agree wilth  these conclusions. Since the
subject knows he must stop attending Lo
initial items in order to perceive and rehearse
subscquent ilems, he subjects these first items
to Type I processing; that is, deeper semantic
processing. Fimal list ilems can survive on
phonemic encoding, however, which gives rise
to excellent immediate recall (since they are
still being processed in primary mcmory)
but is wiped out by the necessity 1o process
interpolated material. [n fact, it terminal
items have been less deeply processed than
initial tlems, the levels ol processing formula-
tion would predict that in a subsequent recall
attempt, final items should be recalled least
well of all list items. The finding of negative
recency (Craik, 1970} supports this prediction.
An aliernative explanation of negative recency
could be that recency iiems were rehearsed
fewer times than eachier items (Rundus, 1971).
However, recent studics by Jacoby and Bartr
(1972), Watking (1972, and Craik (1972) have
shown that it is the type rather than thecamount
ol processing which determines the subse-
gquent recall of the last lew ilems in g list,

In serial recall, subjects must retain the
first few items so thal they can at least com-
mence their recall correctly. The greatly
enhanced primacy effect is thus probably
altributable, in part at least, to primary-
micmory  retention. The degree to which
subjects ulso encode initial items at a deeper
level is likely 1o depend on Lthe material and
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the task. Using a relatively slow (2.5 seconds)
presentation rate and words as  visually
presented stimuli, Palmer and Ornstein (1971)
lound that an interpolated task only partially
climinated the primaey  effect. However,
Baddeley (1968) presented digits auditorily
at a |-second rate and lound that primacy was
entircly eliminated by the necessity to perform
a lurther task.

Repetition and Rehearsal Effects

One suggestion in the present formuilation
is that Type | processing docs nothing (o
enhance memory for the stimulus; once
attention is diverled, the irace is lost at the
rate appropriate to its deepest analyzed level.
Thus. Lhe concept of processing has been split
into Type | or same-level processing and Type
Il processing which involves (urther, decper
analysis of the stimulus and leads to a more
durable trace. Similarly. the cflcets of repeated
presentation depend on whether the repeated
stintulus is merely processed Lo the same level
or encoded differently on its further present-
alions. There is evidence, both in audition
(Moray, 1959: Norman, 1969), and in vision
(Turvey, 1967), thal repetition of an 1em
encoded only at a sensory level, does not lead
to an improvemcnt in memary performance.

Tulving (1966) has also shown that repcti-
tion without intention to learn does not
lacilitate learning. Tulving's explanation of the
absence of Icarning in terms of inleritem
organization cannot easily be distinguished
from an explanation in terms of levels of
processing. Similarly, Glanzer and Meinzer
(1967} have shown that overt repetition of
items in free recall is o less effeclive strategy
than that normally uscd by subjects. Although
both Waugh and Norman (1965), and Atkin-
son and Shiftrin (1968) have suggested thal
rehcarsal has the dual function of maintaining
information in primary memory and trans-
terring it to secondary memory. the experi-
ments by Tulving (1966) and by Glanzer and
Meinzer {1967) show thal this is not necessarily
s0. Thus, whether rehcarsal strengthens the
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trace or merely postpones lorgetting depends
omn what the subject is doing with his rchearsal.
Only decper processing will lead to an
improvement tn memaory.

CONCLUDING COMMENTS

Our account of memory in terms of levels
of processing has much in common with a
number of other rccent formulations. Cermak
(1972), for example. has outlined a theoretical
framework very similar to our own. Per-
ceptually oriented attribute-cncoding theorics
such as those of Bower (1967yand Norman and
Rumelhart (19707 have a close affinity with the
presenl approach as does that of Posner (1969)
who advocates siages of processing with
different characteristics associated with each
stage.

If the memory trace 15 viewed as the by-
product of perceptual analysis, an important
goal of Milure research will be to speeity the
memorial consequences of various Lypes of
perceplual operations. We have suggested
the comparison ol orienting tasks within the
incidental learning paradigm as one mcthod
by which thc experimenter can have more
direct control over the encoding operations
that subjects perform. Since deeper analysis
will usually involve longer processing time,
it will be extremely important to disentangle
such variables as study time and amount of
elfort from depth as such. For example, time
mauy be a correlate of memory to the extent that
time is necessary (or processing Lo some level,
but it is possibic that further Lime spent in
merely recycling the information after this
optimal level will not predict trace durability.

Our approach docs not constitule a theory
of memory. Rather, it provides a conceptual
framework-—a set of onenting  attitudes--
within which memory rescarch might proceed.
While multistore models have played a usetul
role, we suggest that they are ofien tuken too
literally and that more fruitful questions are
generated by the present formulation. Our
position is obviously speculative and far from
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complcte. We have looked at memory purely
froam the input or encoding end; no atiempl
has been made to specily either how items are
differentiated from one another, are groupcd
together and organized, or how they are
retricved from the system. While our position
does not imply any specific view ol these
processes, it does provide an appropriate
framework within  which they can  be
understood.
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