


ABSTRACT

This thesis is about the nature of a man's immediate memory
for a short sequence of verbal items. Two components of immediate
memory may be distinguished: an 'active' memory component, which is
progressively destroyed within a few seconds if, subsequent to pres-
entation of the sequénce, the man is required to perform a distract-
ing task which prQVents rehearsal of the items, and a residual
'inactive' component which is more peruwanent. My concern is with
behavioural cvidence relating to the question of how the attributes
of a verbal sequence are represented in.active memory subsequent to
identification of the constituent items. It is possible selectively
to probe the retrieval of differeni attributes of the sequence by
the use of appropriate tasks. Fvidence on the performance of normal
adult subjects in various short-term memory tasks, from the 1iter-
ature and from my own experiments, is extencively rcviewed. Therc

tasks: on the

o)
H:

emerges a fundamental contrast between two groups
one hand, tasks which require the subject to indicate whether a test
item was present in the memorised sequence (item recognition) or to
judge thé relative recency with which items have occurred; on the
other,tasks which require the subject to tase his response on the
order or precise position of items in the sequence. To account for
the nature of the contrast I put forward a generai hypothesis which
is an amendedrand el=borated version of parts of a general model

of memory described by Morton (1970). It is argued that subsequent
to identification of an item, representations of it may temporarily
be held in active memory by two distinct storage mechanisms. The
first is as a decaying trace ot the neural unit, called (following

Morton) a 'logogen', responsible for the identification of that item.
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This trace may be treated as possessihg a unidimensional 'strength'
whose magnitude is dependent on how racently the item has occurred.
Item recognition and judgements of recency are held to be mediated
by assessment of the test item's trace strength with respect to a
decision criterion located on the strength continuum. Secondly, the
item may also be represented as one of several maintained in a ser-
ially-organised limited-capacity storage mecharfism called (following
Morton) the 'response buffer'. This holds a small number of the
vergal responses recently made available by the logogens, coded as
a string of articulatory descriptions or commands. It has two
crucial properties. Firstly, items represented in it as potential
respenses may be fed back in sequencelto the logogens for re-identif-
ication (the process of sub-vocal rehearsal). Secondly, since the
serial order in which items enter the response buffer is retained as
an intrinsic property ofitssstructure,retrieval from it provides a

ready mode of access to the order or position of items in the memor-

ised sequence, which item-traces at logogens do not.

The thesis falils into two parts. The first three chapters
contain a theoretical review of the literature. 1n Ch.1, the active/
inactive distinction is introduced with some reference to the hist-
oricallbackground (1.1). Some points of technique are raised (1.2),
the aimsj of: the present work are outlined (1.3) and the two-
store hypothesis is described (1.4).

In Ch.2, eviaence is reviewed from short-term memory experiments
in which accuracy is the main dependent variable, beginning wifh exp-
eriments in which either cerial recall of the whole sequence or
probed recall ot a single item is required. The hypothesis that the

order of items is retained in active memory as an intrinsic property
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of the memory structure is contrastedeith theories (e.g. Wickelgren,
1972) emphasising the formation of temporary associations between
the representations of items adjacent in the list and/or between item
and position representations. It is concluded that inter-item ass-
ociations play no major role in active memory, and that item-position
associations cannot account both for the partia} independence of
order and item errors and for the relaticnship %etween order errors
and phonemic similarity. Conrad's (1965) model is introduced as a
precursor of my own. It is concluded that items are recalled prim-
arily from the (ordered) response buffer, but that traccs at logogeus
influence the availability of responses as guesses when items ave
wholly or partly lost from the response buffer (2.11). Some evidence
is then described which suggests that variables may be identified
which differentially influence retention of information about the
order of items and aboutwtheir occurrence (2.12). Experiments com-
paring the effectiveness of position, context or both,as cues for
recall are argued to imply that order and positicn are coded by~the
same mechanism, but that access to items retained by it may be more
direct given a position rather than a contextual cue (2.13). Ve
then turn to experiments on short-term recognition and judgements of
recency, which are discussed in relation to the trace strength theory
of Wickelgren & Norman (1966) (2.21). It is concluded that an item's
recent'identification is represented as an exponentially-decaying
trace located at a-unique permanent representation of that item, to
which access is difect (2.22). But order-recognition experiments
provide little evidence that associations between items are repres—
ented in active memory in the same way (2.23). The two-store hypoth-

esis is then applied to some gereral problews of the functions of

active mewory: in speech comprehension (2.31), as an 'addressregister'
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for inactive memory (cf. Broadbent, 1971) (2.32) and as a working
memory . Finaily, the logogen system is discussed in relation to
Sperling's (1967) 'recognition buffer' (2.34), and evidence for art-
iculatory as opposed to acoustic coding in immediate menory is
reviewed (2.35).

In Ch.3, I introduce the experimental paradigms pioneered by
Sternberg (1966), which invelve presentation on each trial of a
different sub-span list-for meumorisation, followed by a probe to
which reaction-time (RT) is measured. Several models are outlined
of the néture, dynamics and format of the repreéentations mediating
performance in Sternberg's item—recégnition paradigm (IRn), in which
the subject must indicate whether the probe was or was not a member
of the list. Predictions are derived from Sternberg's two scanning
models and two versions of a trace strength hypothesis and compared
te data available in the literature. The evidence favours the hypoth-
esis that subiects perform the IRn task by judging the strength of
the trace at the amodal representation {logogen) to which the pr;be
provides direct access (3.1).' Evidence from a version of the iRn
pacadigm in which the memory set remains constant from trial to trial
is then reviewed; it is argued that the results octained are necess-
arily equivocal with respect to active memory; nevertheless, the con-
cept of trace strength may be of use in this context also (3.2).
Next, we see that Sternberg's own experiments on contextnal recall
(CR), in which the subject must respond with the item following the
probed item in the list, yield a pattern of results very different
from that obtained in IRn. His own explanation is in terms of diff-
erent strategies of search within a sinrle store. In view of the
failure of thé exhaustive scanning model of IRn, the differences may

be better accounted for by the two-store model. Since these RT
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paradigms provide a relatively pure and sensitive way of probing the
retrieval of different attrilutes from active memory, a strategy is
suggested of looking for factors which differentially influence per-
formance in IRn, CR and related tasks. Evidence already available
suggests that these factors may inélude serial position, phonemic

similarity and the availability of a position cue.

The second part of the thesis describes my own experiments.
These emplcy Sternberg's varied-set IEn and CR paradigus and a task
in which the subject must indicate the location of the probe in tke
list presented on that trial (In). 1In Ch.#, I raise some methodolog-
ical issues inherent in the use of reaction time as a2 measure and
give details of the apparatus and geaneral procedure common to the
experiments.
In Ch.5 are described three experiments on the effects nf

phoncmic similarity between items cf the memory set on performance

in the three tasks. [Five-consonant lists were presented visuaily at
a fast rate; the probe followed immediately and subjects were inst-
ructed not to rehearse; vocabulary and other factors were held con-
stant across tasks. In Exp.I (CR) and Exp.III (Ln) phonemic simil-
arity increased both RT and error frequency. The relationship bet-
ween serial position and the effects of similarity in both tasks
suggested a slow forward scrial search through a tempcrally-ordered
phonemically-coded store, save perhaps for terminal items of the
sequence. The effects of similarity were in both tasks diminished
when the probed item was phonemically distinct from the list items
and, in CR, when the response item was similerly isolated. In Exm.

I, no comparable effects upor IRn performarce were fouwud. Moreover,
whereas marked increases with serial positicn probed were obtained in

botb CR and In, in the IRn task RT showed an accelerating decrease
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with serial position probed. The contrast between the two patterns
of resuits is argued to be incompatible both with Sternberg's acs-
ount in terms of two retrieval strategiec and with Wickelgren's
associative theory.

The first experiment describéd in Ch.6 (Exp.IV) demonstrated
that IRn was not lacilitated by a cue presented along with the probe
which informed the subject which half (in terms of ordinal position)
of the four digit memor& set was relevant to his decision. This
result is compatible with the proposal that access to the active
memory fepresentations involved in IRn is direct, and does not recu-
ire a search through an ordered store. Exp.V compared the effects
upon IRn and CR of giving with the probe a cue telling the subject
in which of four spatio-temporal positions the probed item had been
presented (if, in IRn, it was a positive probe). Experimental pesr-
ameters and subjects were the same for both tasks. Information
provided by the position cue had a marked facilitatory effect on CR,
none on 1Rn (as in Exp.IV). The difference is held to reflect the
fact that location in the list of the probed item and retrieval of
its successor,invCR,requires a serial search of the response buffer,
a search which may however be abbreviated if the subject knows at
what position to begin the search.

In Ch.7 I give an accouut of a single experiment (Exp.VI)
intended to test predictions critically distinguishing the models of
IRn outlined in Secticn 3.1. Memory sets of 1-4 consonants were
visually presented at a fast rate; subjects were tola not to rehearce.
Two variables were manipulated: 1) the recency of occurrencé, frior
to the present trial, of items presented as negative probes; 2) the
recency of items in the mcmory set. The latter was varied by pres-

enting the probe ecither immediately or following a short delay during
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which rehearsal was prevented by a vowel-naming task. It was found
that the more recently a negotive probe had occurred, the slower and
less accurately it was rejected; the effect increased with set sizc.
The introduction of a filled delay Setween list and probe reduced
the slopes vf the serial position énd set-size functions. The former
showed  monotonic recency effectg. These and other aspects of thz
data are incompatible with any scanning model and favour the trace
strength inspection hynothesis.

In Ch.8, two early exploratory experiments are described in
which tﬁe task was again 1Rn. Mixed memory sets of digits and lett-
ers were presented; the probe was randomly either a letter or a
digit. The question was whether the subject could use the semantic
class of the probe to restrict a search to thec appropriate subset of
the list; such a strategy would not be possible according to a pire
trace strength hypothesis. While Exp. VII provided no evidence for
such a 'directed search' strategy, the data from Exp.VIII, in which
the conditions were changed so as to maximise the possibility of
such a strategy, showed an increase in RT with thc size of the subset
of the same c¢lass as the probe. However, it transpires that given
the conditions of the experiment, this result does not rule out an
explanation in terms of the trace strength inspection model. Changes
are‘suggested which would make the experiment more decisive.

The last chapter is devoted to concluding comments,speculations
and plans. The necessity for exploring the adequacy of the two-store
model in relation to other areas of researchjis acknowledged; these
include speech production perception and comprehension, attention,
non-verbal! memory and the study of patients with memory disorders due
to brain damage. Further experiments are suggested to compare the

effects i1n the various short-term memory tasks of semantic similarity,
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rate of presentation, and interpolated material. In conclusion it
is suggested that a greater cmphasis on the rerresentaiion of motor
as well as perceptual events does much tc clarify the nature of

active memory.
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Preface

An abbreviated version of Chapter V of this thesis was read to
a meeting of the Experimental Psychology Society at University Coll-
ege on January “#th, 1973 under the title, "The effect of acoustic

similarity and the relation between immediate recall and recognition.'

A decimal notation is used to number the sections of chapters
to which cross-references are made. Thus 'Section 3%.21' refers to
the first sub-section c¢f the second section of the thira chapter.
The tables and figures for each chapter'are bound together at the

end of that chapter, and numbered accordingly.
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"This field of research is not, at the time of writing, in a state

which iends itself toc simple and tidy conclusions.!

(Broadbent, 1971, p.398, in a review of 'Primary Memory')

"Essentially nothing is known about the relation between cvent and
order memory.‘

(Wickelgren, 1970a, p.S2)
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CHAPTER I. Short-term memory: background and aims.

If a man listens to or watches a sequence of four or five words
presented to him at a rate comparable to thet of ordinary speech, the
chances are that he will be able immediately tc recall the words
and their order without error. His memory for the sequence may be
tested in & variety of ways. For instance, we can ask him to say
or write down the words in their order of presentation, or to
recall an indicated word, or to tell us if a given word was
included in the list, or to tell us about the position or context
of a word which he knows to have been pfesented. If between the
sequence and the test we have him perform a distracting task
lasting several seconds, we shall find that, on all these tests, his
performance is severely impaired1. It is evident that at least some
part or component of the stored memory representation mediati..g the
original perféct performanceris labile and progressively destroyed
or permitted to decay by any task which prevents the man from
attending to or 'rehearsing' the words. The greater the complexity
and duration of the distracting task, the less he will remember ztout
the list, save that after a period of the order of 15-30 secs., the
level of performance typically ceases to change much - suggesting a
small residual component of mcmory for the list which is net radically
influenced by the duration or amount of processing required by the
distracting task. 1t is widely assumed that these two components
of his memory for the list reflect two different mechanisms of
retention in the‘brain. I shall call the first of the hyﬁothesised
mechanisms 'active memory', the second 'inactive memory' (followirng

Sternberg, 1969a). The terms reflect the possible physiological

11t is assumed that the subject has already had several such trieis.
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basis of the two me~chanisms: it is probable that retention iz
actiiz memory‘is mediated by dynamic neural activity which is trans-
ient, fading away unless refreshed in some manner, while retention

in inactive memory depenas on a more permanent structural change

(in the 'neura) tissue"). However, neurophysiological evidence

lies outside the ambit of this thesis. My intention is to consider
L}

only behavioural evidence fi'om human subjects performing short-

term memory tasks, in the hope of elucidating the nature of active

memory for verbal material.

To give a strict behavioural definition of the distinction
between active and inactive memory at this point is not easy. A4s
is now generally realised, both mechanisms &are involved in most
'‘short-term memory' tasks. But there exist means of separating the
tvo mechanisms experimentally. These will be briefly reviewed at
the end of Scction 1.1. For the present we will make do with this
informal definition: active verbsl memory is tﬁat hypothetical
mechanism from which the traces representing a sequence of recently-
presented verhal items are lost in the absence of rehearsal,
rehearsal being prevented by any task which takes up all the subject's
capacity for verbal procescing; information represented in it is in
some sense readily available to the subject. I do not mean to imply
that active memory is a unitary mechanism -~ I shall in fact argue
that it is not - nor that there is no process of retrieval. Nor
do I meazn to suggest that ipactive memor& is not subject to inter-
ference from subséquent material;it clearly is (Melton & irwin, 1940) ,

but in this case soue similarity between the learned and interfering

material is probablyessential, while it is not so for loss from



active memory. Sore¢ further definitions may be helpful. 1 shall
follow rezent practice and use the terms 'short-term memory' and
'long-term memcry' in an operational sense, to refer not to hypo-
thetical mechanisms but to experimental procedures. 'Short-term
memory (recognition, recall).will be usead to refer te situations
where memory for small sets of items is tested‘rdthin seconds. The
term 'immediote memory (recognition, rccall)' will be used atheoret-
ically and loosely to indicate the general human capacity tested in
such situations. V‘hat I have called active and inactive memory are
by some theorists called 'primary' and 'secondary' memory and I
shall occa§ionally use these terms in the context of réviewing other
people's work, though to me they have undesirable connotations con-
cerning the sequential arrzngement of the two stores. By 'verbali'
material, I intend to indicate any events or objects with readily
‘available names. Lastly, the term 'recognition' is widely used to
indicate both the experimental paradigm in which subjects are asked
to indicate whether items occurred in a previously presented set, and
the process by which a man establishes that a particular concat-
enation of perceptual features is, say, his gfandmother. I shall
restrict my use of the term 'recognition' to the former sense, and

reserve the term 'identification' for grandmother- (or word-)

_naming.

A sequence of verbal items may logically be analysed into
componeni elements or attributes (Underwood, 1969), such as order and
content, relations betweer item and iteﬁ and between item and vosit-
ion, relative position cnd atsolute position, some of which are
alternatives in that various subsets cf them will serve absolutely

to spczify the sequence. Moreover, individual verbal items
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characteristically nossess visual, acoustic, tactual, articulatory
semantic »and ébstract (e.g. frequency of occurrence) attributes,
and may in principle be represented by any or several of these in
memory. A particular emrhasis will be placed on which attributes of
the seguence arce representéd in active meciory, how they are repres-
ented and retrieved, and to what degree the encoding and forgetting
of different attributes is independent. We should also bear in
mind that active memory may be active in a sense distinct from that
already discussed. The subject is not passive: he may exert coantrol
over what he stores anc how he stores it; he may be able to base his
response on one of several alternative representations; he may perform

transformations upon the stored material during the course of a trial.

1.1. The backgrouund.

Nineteenth century ideas on the nature of active memory were
limited to littlc more than awareness of the existence of a rapialy
fleeting record of recent experience. This was usually conceived of
as a fading image, specific to a sensory modality but distinct from
a purely sensory after-image. The 'primary memory' described on the
basis of introspzction by William James (1890), who quotes &lsc the
descriptions of Exner and Richet, appears to be what we would now
call ‘'icoric' memory for vision, or 'echoic' memory for audition
(Neisser, 1967) - a trace lasting not longer than a second or two in
a preattentional sensory butfer. In the classic experimental texibooks
of Titchener (1905) and Myers (1911) we find descriptions of experi-
ments on immediate vecail (e.g. the method of 'letier squares') in

the context of discussion of the modalities of memory; these are

supposed Lo be fairly directly related to sensory modalities. Ve
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may note that Myers anticipates Conrad (1962) in pointing out that
errors ir immediate recall, with visual presentation, are often
auditory or articulatory confusions; he also suggests means of
selectively facilitating or interfering with storage in the different
modalities. Apart from brief mention of ‘memory after-images' nothing
is said of differences between immediate and delayed recall. Nor do
later accovnts of memory such as that of Woodw;;th (1938) empnasise
the distinction, save to describe the standard digit-span experiment
and note that ''the fact that the memory spen is limited presents
something of an enigma". Woodworth was also impressed by the fact
that while lists shorter than the span ﬁan be learned in a single
presentation, when the span is exceeded, the time for memorising the

list takes a sudden jump.

Modern experimental work on immediate memory may be said to have
started with fhe work of Brown (1958) and Peterson & Peterson {1953).
They introduced the distractor technique: the interpclation of a
rehearsal-preventing task between the presentation on each triel of
a list and the subject's attempt to recall it. The distracting task
in neither case involved new learning; the rapid forgetting which
resulted seemed therefore to be the consequence of the absence of
rehearsal rather than the formation of competing associaticnus. This
dicccvery wac the basis for - major shift of emphasis away from
inrterference fheory (Postman, 1961), which had hitherto dominated
conceptions of memory (see Broadbent, 1971). This was expressed in
Brown's suggestién that forgetting in this task was by deéay from a
buffer storage system to which information could be recirculated by

a rehearsal process; this retention mechanism was limited iu terms

of informc*ional capacity. Meanwhile, Broédbent's (1958) dichotic
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digit span experime.:s led him also to accept the idea of a short-
term store to which information could be recirculated via a limited
capacity channel; this store, the 'S-system' in his model, was, like
James' 'primary memory', sensory, preattentional and located prior to
the proccess of identification or categorication, though its decay

time was of the order of several seconds.

Later developments have somevhat changed this picture. Iirstly,
interest‘in information theory as a metric for immediate memory has
proved transitory, partly as a result of Miller's (1956) classic
paper. Secondly, it soon became clear tﬁat while the existence of
a short-lived preattentional visual memory (now called 'iconic’
menmory, thanks to Neisser, 1967) may indeed be demonstrated by the
use of post-stimulus visual masking and pariial report techniques
-(Sperling, 1960, 1963; Averbach & Corriell, 1961), its decay time,
which appears’to be of the order of less than a second, was not
sufficient to account for the size of the digit span or the recency
effect in free recall, for visual material. On the basis of more
recent evidence (Massaro, 1970; Norman, 190Gn; Crowder & Mortonm, 19694
Morton, 1970; Morton Crowder & Prussin, 1971) a similar conclusion
may be recached for the auditory modality, though speech sounds may
be stored in what Crowder and Morton call 'precategorical acoustic
storage' (PAS) for perhaps ac much as two seconds. However, this
hynothesis is ﬁot yet universally acceptgd (see Murdock & Walker,
1969). Thirdly, the demonsiration that even with visual present-
ation immediate mémory errors tended to'be 'acoustic' in nature
(Conrud, 1962, 1964; Sperling, 1963) implied that recall was irom a

form of storage into which material was enroded subsequent io

ident” “icalion. Fourthly, that amount of decay was shown to be a
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function primarily .f number of subsequent items rather ilhan time,
for both rrobed recall (Waugh & Norman, 1965), and free recall
(Glanzer, Gianutsos & Dubin, 1969), suggested that fergetting was a
matter of displacement rather than pure decay. Recent theorists
have tended thecefore to propose an active memory whose capacity is
limited in terms of the number of items rather than of 'bits®, which
is post-categorical, coded phonemically, and f;Lm which information
is lost in the absence of rehearsal mainly through displacement by
subsequent items, though some pure decay mey also occur. This
minimal description may be said to characierise the current
'consensus' view, as expressed in influéntial papers by Waugh &
Norman (1965), who dis%inguish ‘primary' and 'secondary' memory, ani

tkinson & Shiffrin (1968) who posit a 'short-term store' separa:e
from both the 'sensory register' and the 'long-term store', and also
*in recent reviews by Craik (1971), Baddeley & Patterson (1971) and
Baddeley (1972). The consensus is far from universal; among the
dissenters may be numbered: Murdock (1972) who still prefers the
idea of short-term modaiity—specific sensory stcres; Wickelgren
(1972), who is even more old-fashioned, in a sense, in that while
accepting the existence of non-associative iconic and echoic stores,
he considers active memory to be merely a transient component in the
network of associations constituting inactive memory; and Broadbent
{1970, 1971) whe to his short-iterm senscery buffer has added somethirg

called 'the address register' (see Section 2.32).

Early in this saga, the postulate of a separate kind of memory
to account for short-term forgetting haa provoked a reaction from
those nurtured in the tradition of interference theory (Melion, 1963;

Postmzn, 7254), who argued that there were demonstrable similarities
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and continuities be.ween short and long-term forgetting. However,
these arguments could on the whole be countered by Waugh & Norman's
(1965) proposal that items might in the short term be represented in
both primary and secondary memory, and that there was therefore a
secondary memory component even in immediate recall. Also, inter-
ference theory as an account of long-term memony suffers from
numerous intecrnal weaknesses, and has in recent years been, if not
disproved, outnumbered by other approaches informed by the same view
of thc brain as an information-processor as characterises the con-
sensus model o1 active memory, (Kintsch, 1970; Norman, 1970;

Tulving & Madigan, 1970; Tulving & Donaldson, 1972). Nevertheless,
there remained a need for the positive demonstration of & clear
dissociation between ac;ive and inactive memory in terms of the
empirical variables which differentially affect them. This need has
now largély been fulfilled. The evidence for dissociation is
reviewed in detail elsewhere (Baddeley, 1972; Craik, 1971;

Baddeley & Patterson, 1971; Broadvent, 1970, 1971) and may be

oy

summarised riefly under the following headings
i) The recency effect in free recall. When a range of diff-

erent list lengths is used, this, corrected for the 'seccndary

memory component', yields a reasonably constant estimate of orimary

memorf capacity (Murdock, 1967). Only the recency portion of the

serial position curve ié'eliminated when recall is delayed by a

rehearsal-preventiﬁg task (Glanzer & Cunitz, 1966). On the other

kand, a number of variables such as presentztion rate, repetition

and frequency have veen shown to affect the level of the flat portion

of the curve, wlile leaving the r=cenc ortion unaffected
s P

(Raymond, 1969).
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2) Acoustic versus semantic coding. Baddeley (1966a,b) showed
that immediate serial recall of words was hindered when they shared
a common set of phonemes but not when they were near-synonyms, while
the reverse was true for delayed recall. Kintsch & Buschke (1969)
demonstrated the same dissociation using prcbed recall, and moreover
showed that it was congruent in extent with the recency effect:.

3) Two-comporent retention functions. If one prevents
rehearsal and varies the time/number of items intervening between
presentationof an item and its test by means of a probe technique,
the retention function relating p {correct) to time/items elapsed
shows two quite distinct compoﬂgnts: one showing rapid decay within
5-20 secs., and a later asymptotic portion showing no or very slow
decay. This has been sﬁown for both probed recall (Waugh & Norman,

P

1965; Norman, 1966) and item recognition (Wickelgren & Berian, 1971).

L) Capacity limitation. Active memory appesrs to be limited
in terms primarily of the number of items it may contain, inactive
memory by the low rate at which it can accept new information.
Baddeley et al. (1971) showed that the informational demands of =a
sorting task concurrent with input influenced the secondary but not
the primary memcry component of recall of a list of words. On the
other hand, loss from active memory is a tunction of the inform-
ational demands of a task interpolated between presentation and test
(Posner & Rossman, 1965), while there is no reason to believe that
this is true of inéctive memory.

5) Neurology. (Warrington, 1971: Warrington & Weiskrantz,
1973). Patients suffering from the classical amnesic syndrome
typically perform normally in short-term memory tasks (cigit span,
free recall, Brown-Peterson paradigm). Recently, Warrington &

Shallice (1969, 1972) have observed a patient K.F. who aprears to

show the inverse of these symptoms: that is, while his performance
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in long-term memory tasks is relatively normal, that in short-term
tasks, at least when presentationis auditory,is extremely poor. If
it is certain that this syndrome cannot be otherwise intervreted
(for examnle, in terms of aphasis) then this constitutes evidence for

an anatomical dissociation between active and inactive memory.

Moreover, Weiskrantz (1970) has drawn attention to a further implic-
ation: that entry of au item into inactive memory need not require
that it shall previously havec been represented in active memoryq,
as is supposed by both Waugh & Norman (1965) and Atkinson & Shiffrin
(1968). This suggests that active memorquust be conceived of as

essentially parallel to inactive memory, except in the sense that

the identification of items prior to storage in active memory must

require contact with pe;manent representations of those items.
Weiskrantz is inclined to go fu?ther &nd view such a short-term
memory mechanism as merely an overflow system for cases where 'the
long-term system is too hard pressed'. This seems to me excessively
iconoclastic. Some of the functions of active memory in human cognit-

ive processing will be discussed in Section Z2.3.

It may be concluded from this brief survey of the field that
confidence in the existence of post-categorical active memory as a
mechanism separable both from inactive memory and from purely sensory
storage is now general. As this confidence has grown, so attention
has been diverted to a more detailed coasideration ol the nature of
active memory. Here the consensus breaks down, and one is confronted
by a bewildering array of inconsistent evidence and conflicting
theoretical fermulations. Some theorists have responded by aband-

oning the idea of multistore models (Cermak, 1972; Craik & Lockhart,

1or at least that component of active memory which K.F. lacks
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1972). The theoretical construct they suggest is that of 'depth of
processing', the idea that there is a virtual continuum of levels to
which information presented to the senses may be analysed, and that
llere may remain temporary traces at all these many levels, with
characteristics specific to the level. To me this formulation seems
either n~xcessively abstract or excessively complicated. In the
remainder of this thesis I intend to attempt a rather different
approach and see if some of the difficulties may not be resolved by
the making of a single sub-division within post-categorical memory,
a sub-division which, as it happens, has already teen implicit in the

literature for eight years.

1.2. Techniques.

Among the changes that have occurred since the early experiments
on iwmediate memory, four important develcpments in technique may
be discerned:

1) DProbe techniques. Early experiments tended to require
complete recall of the presented iist. However, il was apparen
the time or activity involved in recalling the first itenis caused
forgetting of items later in the output secquence, (Brown, 1958).

This effect, 'output interference'; has been clearly demonstrated for
short-term paired-associates learning (Tulving & Arbuckle, 1963),
serial recall (Andérson, 1960) «nd recognition with several test items
(Norman & Waugh, -1968). The rcsultant confounding of the effects of
input and output position may be avoided by testing mermory in a
manner which requires onliy one response on each trial: thus,; wo may

cue rccall of one item only in P-A learning (Murdock, 1963a) and
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memory for serial lists (Waugh & Normen. 1965), « present a single
recognition probe (Norman & Wickelgren, 1965). This procedure has
an additional crucial advantage; it may enabie us to test independ-

ently the retention of different attributes of a list, corresponding

to the different relationships which may be specifien between the
probe and the response required. For instance, it is possible that
the retention of an item is tested independently of that of its pos-
ition in the sequence when we present an item as probe and ask for a
recognition response. Similarly it may be possible to separate
order retention from position retention'by probing fur recall of an
item with either the preceding‘item or a position cue. That these
differcnt attributes are logically separable does not of course imply
tuat their retention in active memory is independent, buti this fund-

amental questicn may be put to the test by the comparison of perform-

ance with these different classes of probe. If the same variables
had the same effect regardless of the probe type, then there would
be no grounds for supposing that the different attributes are indep-
endently represented. Evidence to the contrary will occupy a

large part of this thesis.

2) Recognition versus recall. A given variable, such as
acoustic similarity, may have its effeci at any of three phases of
memory: acquisition, time in storage and retrieval. A 'consolidation'
phase may also be required in long-term memory, but may be considered
instantareous for shori-term menory (Wickelgren, 1970a, 1972). 1In
attempting to Separate storage from retrieval processes, many resear-
chers have turned to the use of recognition paradigms or the grounds
that recognition largely bypasses retrieval processes, and in the
hope that the application of decision theory measures in recognition
(see Section 2.2) may provide a pure esitimate of amount of forgetting

independently of the subjeci's response bisses  (e.g. Norman &
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Wickelg=en, 1955; Bresdbent, 1971). We shall corsider the assumption
of direct access in recognition in det«il in later chapters. It
should be roted that a second assumption is commonly made: that the
memory traces mediating item recognition are identical to those under-
lying recall. The forepoing discussion on the separability of
attributes should have made it clear that this may not necessarily
be so.

3) Control of rehearsal. The early experimenters teﬁded to
use fairly leisurely presentation rates and leave subjects to their
own devices as regards what they thought about during presentation
and testing. However, the heavy emphasis placed by Atkinson &
Shiffrin {1968) on the distinction between 'memory structurc' and
'conirol processes' reflected the general growing awarcncss of the
crucial imporiance of subjects' ability to allocate the mechanisms,
processes and stores available in their brains in a variety of
different ways to the task in hand. In immediate memory experiments,
with single trials, immediate test or filled delay, and presentation
rates that permit little complex recoding or mnemonic activity, the
main strategy open to control by the subject is rehearsal. The
experimenter's problem may be seen as one of avoiding the possibility
that the subject is covertly (re)presenting the material to himself
at times and in an order not under experimental control; Three
solutions are possible: making rehearsal observable, controlling it
through instructions, or eliminating it altogether. Thus one can
instruct subjects to rehearse aloud (Runéus, 1970), or to attend at
any moment only tb the last item presented (Waugh & Norman, 1965) or
one can use immediate test and precentation rates which make

rehearsal difficult, unnecessary or both. Thcugh none of these lacks
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Aisadvantages, there is no longer any excuse for leaving rehearsal
entirely uncontrolled if one intends’to draw conclusions concerning
retention functions or the effects of serial position.

k) The use of reaction times. Until comparatively recently,
latencies had not generally been measured in immediate memory
experiments save as an cccasional adjunct tc accuracy measures (e.g.
Peterson & Peterson, 1959). As a result, little was known about
performance when sub-span lists are recalled immediately, since recall
is effectively error-free. However Sternberg (1966, 1967a, 1969a)
has combined the measurement of reaction times with the use of
precbe techniques in a series of pioneering studies on immediate
memory for sub-span lists. This work is part of a general
renaissance of interest in fhe use of reaction times as & tool for
the separation‘and isolétion of processing stages as first suggested
ty Donders (1969). This trend is due vartly tc incrcasing tech-
nological sophistication, partly to the influence of the computer
sciences on psychology and partly to the theoretical work of
Sternberg himself (1969b). As regards the immediate memory exper-
iments, since performance is largely error-free, the main theoret-
ical emphasis to date has been on retrieval processes. But it
shouvld be noted that the subjcct's ability to recall a sul-span
list correctly does not imply that nc decay, loss or transformation
of information has occurred. Information may initially be represented

redundantly, or with a 'strength' considerably in excess of what is

necessary for error-free performance.

In the later chapters of the thesis, experimental work will be

reported which employs reaction-time techrniques due to Steruberg in



both item recognition and probed recall studies. A major concern
will be whether these two classes of task do indeed tap the same form
of active memory. Rehearsal is controlled with the use cf fast

presentation rates, immediate test and appropriate instiructions.

1¢3. Aims and strategy.

A glauce at the journals that report research on human memory
reveals that the experimental paradigms introduced by Sternberg (1966,
1967a,0, 1969a), particularly item recognition, have been taken up
with scme enthvsiasm. One of the more bizarre features of this trend
is the apparent lack of contact between the resulting studies and
the somewhat older trad?tian initiated with the work of Brown,
Broadbent, ard the Petersons. Thus there may be distinguished two
lorgely separate bodies éf research on immediate memory: experimento
on'short-term forgetting', in which loss of information from memory
is deliberately induced by the uce either of distraciing extrancous
tasks or of super-span lists, and accur=cy is the chief devendent
variable; and 'memory-scanning'1 experiments, in which forgetting
is largely avoided by the use of short lists, immediate test and
probe techniques, and reaction time is measured. There have to
date been few signs that these two lines of reseurch are converging
on com&on theoretical conclusions about the nature of active memory.
For instance, the exhaustive scanning model proposed by Sternberg
(1966) for speeded'item reccgnition bears little resemblonce to the
icea of direct access in recognition which we find implicit in the

theory of Wickelgren & Norman (1966). Nor does the rate attributed

'The term 'memory-scanning', though derived from Sternberg's model,
is not here intended to have thzoretical comnotations.
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by Sternberg to the scanning process have any analogue in mocels
deriving from studies on short-term fergetting. This apparent schism
is surely‘distressing. If one is to have any faith in the existence
of active memory as a separate mechanism with describable properties,
these properties cannot be'allowed to dcypend on vhether the experimen-
ter hes chosen to measure errors or reaction times, nor on whether

he has chosen to ply his subjects with lists just shorter or just
longer than the memory span. Of course, the different classes of

paradigm may selectively emphasise different aspects of active memory;

for insténce, it may bc the case that RT serisl position curves will
primarily reflect differences due to retrieval processes, while the
corresponding accuracy curves may depeud rather more on differencec

in storage. DBut by and large the same picture should emerge from both
sorts of experiment. One of the motives behind the work reported

in this thesis is the itch of a2 synthesist to reconcile these hitherto
uneasy and distant partners, in the belief that each should more

sely inform the other than is the case at preseni. In pursuit of

this aim I shall pursue two partly indecgendent lines of argument.

One is developed in the context of a comparison between the
various models available to account for data from studies employing
Sternberg's (1966) item recognition paradigm. It has recently been
suggested (Baddeley & Ecob, 1970; Nickerson, 1972) that a satisfactory
alternative to Sternberg's exhaustive scanning hypothesis may be
found ir a model employing concepts of ‘trace strength!', unique
representations, and direct access without search. These postulates
are a1so characteristic or a model derived from experiments on

short-term forgetting by Wickelgren & Norman (1966), which 1 shall
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review triefly in i.e second part of Chapter 2. The first two sections of
Chapter » will be devoted to a critical review of the many studies
employing Sterrberg's item recogniticn paradigm; I shall elaborate

two 'trare strength' models, and compare thzir predictions with

those derived from other models in the light of data »eported in the
literature; experiments of my own germane to this issue will be

reported in later chapters.

Another argument develops when we consider in some detail the
relationship bctween fhe retention in active memory of order and
content information. It will émerge that models of activec memory
which suppose a unitary form of storage for these different attributes
are inadequatc to accouht both for short-term forgetting
(reviewed in Chapter 2) and for such data as we already have from

amemory~scanning studies, which are summarised in the third scction
of Chapter 3. A strategy for the investigation of the nature of the
differences between item recognition and probed recall is there out-
lined and experiments guided by this strategy are described in follow-
ing chapters. It will be argued that the differences which emerge
may plausibly be accounted for by a hypothesis assuming two forms
of active verbal memory. There already exists a general model of
memory which includes the two elements we need and has already
proved useful in a wide range of related areas of research. This
i, Morton's (1970) ‘'logogen' model. Since a long argument is
easier to follow if its goal is known, I shall, in the last section
of this chapter, articipate my conclusion by describing briefly the

relevant features of Morton's model and indicating the amendments 1
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shall find necessary.

In summary then, the two issues running through the discussion
will be:. the nature of the representations uvrderlying short-term
item recognition, and the felationship between these representations
and those involved in the immediate recall of a verbal item from a
short ordered sequence. The approach is eclectic; with the help of
Morton's (1970) framework, I shall attempt to combine Wickelgren &
Norman's (1966) concept of content-czddressable representations
possessiﬁg "trace strength' with the idea of active memory as an
ordered buffer or queue (Atkinson & Shiffrin, 1968; Reitman, 1970)
in 2 manner similar to that first sketched by Conrad (1965). The
experiments I shall describe employ reaction time as a measure,
but are suggested by and intended to have consequences for theorises

of short-term forgetting.
1.4, A model.

Morton's'logogen' model was originally developed as an account
of word identificat.on and other language behaviour (Morton, 165k4a,b,
1969a; Morton & Broadbent, 1967). It and elements contained in it
have since proved useful as an explanatory framework in accounting
for the Stroop effect (Morton, 1969b), object naming and comparisons
between printed words and pictures- (Seymour, 1973), and inter-
modal integration (Harvey, 1973). 1n his 1970 paper, Morton
elaborates the logogén model as a general functional model of memory.

From our point of view, it contains two crucial elements, the



'logogen system' and the 'response buffer'. I shall summarise
Morton's view of each of these and indicate where 1 wish to differ

from or add to his account, though the evidence for these changes must

be left for later chapters. Fig. 1.1 shows the principal structural

components of the model.

The lcgogen system: The starting point for tha model is that
when a verbal response such as 'chair' becomes available, the same
final unit in the brain is assumed to produce that response regardless
of whether the source of the information is visual (e.g. the actual
object, or the written word 'c@air'), acoustic (the spoken word
'chair') or semantic (as when one is asked to conmplete the sentence
'The teble is next to the ......', or associate to the werd *table’).
These units, of which there is one for every identifiable word, are
termed 'logogens' and may be viewed as counting devices for the
collection of evidence from both external (visual, auditory, etc.)
and internal (semantic, articulatery) scurces ; it maey also be help-
ful to view them as translation devices mediating between represent-
ations of the different attributes (visual, acoustic, articulatcry,
semantic) of a word. Logogens are held to be unique word-specific
terminal units in a passive identification system based on hierar-
chies of feature detectors; as a pattern-recognition system the
model has affinities with the models of Selfridge (1959), Norman
(1968) and Treisman (1969). As ir these models, the effects of con-
text znd expectancy on thresholds feor identification are taken into
account. A logogen's threshold, which is the level of the ‘'count'
(or amount of 9videnge'collected, or degree bf.artivation) necessary

for the response to become available, is altered:
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a) by context and expectancy, via the 'cognitive system' (the
rest of inactive memory) which stores and mediates the effects of
prior experience;

b) by frequent repetition, which permanently lowers the threshold;

¢) by the operation of the logogen itself. which temporarily
lowers its own threshold. Thus following identification of a word,
the threshold of its logogen is lowered, subseguent to which it
retvrns slowly (and non-linearly - Morton, 1968) to its base-line
level. This is intended to account for the facilitative effect of
the prior presentation of a word on iis subsequent identification
(Neisser,1954). I propose that tbis 'lowering of threshold', while
it lasts, serves as one form of post-categorical active memory rep-
resentation of the occurrence of an item. This suggestion is very
similar to Normzn's (1968) conception of the nature of primary
memory. I shall call this representation an 'item-trace'. Morton
himself does not make much of the possibility that traces at
logogens could have this kind ¢f active zemory role, though he ment-
icns that '"traces remairing in logogens, whether in the values of
the count or the threshold could be regarded as two possibie scurces
of information (with different time characteristics) for secondary
memory" (Morton, 1969a), and in the 1970 paper points out that it is
implicit in his {Morton 1968) results on/judgements of recency (see
Section 2.22) that information represented in a lowered threshold
can be utilised in at least one task. We should note that the
logogen itself is é permanent amodal or coﬁceptual representation,

and that it is content-addressable (Norman, 1968) - i.e. accessed

directly, without search, given the appropriate rhysical or semantic
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I shall want to amend and qualify Morton's account of the way
in which logogens function in several wayse.

i) I chall assume that as well as for words; logogens exist
for digits,letters and probably any familiar 'entities'. I shall
rnevertheless continue to refer to logcgens; in spite of the ety-
mologye.

ii) Mortoa's account of the activation of a lcgogen is very
comflex*' He proposes the following elements:

- the 'count', which reflects the number of relevant semantic and
sensory attributes currently aveilable, and is subject to rapid decay
when these are no longer available,

- a semantic thresnold, which is the level of the count a logogen
must achieve beforeitszx?tivation can influence that of other logo-
gens,

- a (higher) threshold for the word to becdme availsble zs a
response, both thresholds being internal to individual logogens,

- the lowering of the latter threshold foilowing response availavil-
ity (the ‘priming' effect); this decays more slowly back to the base-
line than does the count,

- a facility for lowering the thresholds at all logogens if nc

response beccmes available.

Part of the complexity is due to Morton's desire to avoid posit-
ing an external decision mechanism. Yetlin spite of his efforts, an
external decision process still seems essential. Firstly, according
tn Morton's own exegesis of the nature of recency judgements (Morton,

1968, 1970) the subject must be able to comparc the state of activ-
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ation in different logogens (Section 2.22). Secondly, on Morton's
account,; it seems possible that a numbc> of logogens could exceed
their upper thresholds simultaneously, in whicli case there must be
some means of choosing betwcen the responses thus made available.
Thirdly and most importantly, evidence from evyreriments on short-
term item recognition (Section 2.22, Section 3.1, et seq.) suggests
that subjects ore able to compare the degree of activation of a

logogen against an adjustable external decision criterion.

Fof our purpose, therefore, it seems simpler to propose that the
decision criterion is external-to logogéns. Activation of a logogen
will be szid to take place along a single and continuous dimension
of 'trace strength' (Wickelgren & Norman, 1966). The more semantic
and sensory attributes relevant to a logogen are preseﬁted, the
greater the increment in trace strength. Trace strength decays non-
lincarly. (The initizl rapid compcnent of this decay may be duve in
part to the rapid loss of activation by pre-logogen feaiure analysers

- see discussion of the 'sensory component of trace strength' in
Section 3.131). Given appropriate content cues for access to a
logogen (Section 2.31) its trace strength may be compared against an
ad justable decision criterion. Adjustments to such a criterion may
also be responsible for ensuring that only one response becomes
available, and may thus participate in the process of response

selection (see below).

The reSponsé buffer: Once a verbal response has been made
available by a logogen, Morton proroses that it semains available

for a while in a form of storage called the responsz buffer; tnis
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was originally introduced to account for the fact that in reading
aloud (Morton, 1954c) or in shadowing (Treisman & Geffcn, 1967)
subjects may lag by as much as five words between what they sre read-
ing or hearing and what they are saying. The response buffer in
many respec.s resembles Atkinson & Shiffrin's (1968) 'rehearsal
buffer'. It has a limited capacity of items (about five); these
are coded (purely) in terms of articulatory features. Items in the
store are ordered temporally - a crucial property. Forgetting is by
displacement; an item entering the buffer when it is full bumps out
an old item. The process usually called silent rehearsal consists
in the recirculation of items from the response bufier back to the

logogen systen.

Again some amendments:

(i) Morton assumes that forgetting frem the response buffer is
by displacement only. I shall want to assume that some decay may
also occur in that phonemic features of items may be lost independ-
ently (see Cn. 5), though whether this loss is all-or-none I
cannot say.

(ii) Morton assumes that when a verbal response is made avail-

able by the logogen system, it autcmatically 'captures' the response

buffer, so that the contents ¢f the response buffer are necessarily
the last few responses made available, encoded in the order they
become available (unless presentation is very fast). I consider

it necessary to propose that there is some selection of items for

entry to the response buffer (see Sections 2.11 and 2.32). This
selection is by omission: responses musi become available (i.e.

exceed & strength criterion) before they can be entered into the
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response buffer, but once available, they need not be entered.

(iii) Tre n&ture of access to items represented on the one hand as
traces at logogens and on the other as potential responses in the
response buffer is radiceally different. Logogens are content address-
able, and require a content cue for access (see Section 2.31). The
response buffer contains only a string of articulatory commands. To
locate an item in the response buffer given onl} a content cue
requires a process of search. The contents of thz response buffer
must be fed, in order; back to the logogen system, until the logogsen
of the ifem searched for is reactivated. This process of search,
wvhich is the same as subvocal relearsal is held to be slow, not
exceeding about eight letter names a second (Landsuer, 1962).

Though there is no direct access in terms of content, it is possible
that the subject may control the position in the sequence at which
Jhe starts the search process, given a position cue (see Ch. 6).

As a model ¢f active memory, Morton's model is almost entirely
passive. The changes I have suggested liargely involve ithe introduct-
ior. of hypothetical control processes. These are: an adjustable
decision criterion for response availability and *he evaluation of
trace strength; a process of selection of items for entry Lo the
response ouffer, and a facility for determining which locations in
the response buffer are to be read out first. Between them, these
provide the means by which information may be reorgaiiised in active
memory end give the key to how active memory may be used as a
working memory in cognitive processing (see Sections 2.31, 2.32,

2.%3). To try and cpecify these processes in any further detail

would be to go beyond present needs and available data. I offer
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them here as a heuristic. Our main concern will be to decide
whether, given the possibility of such control processes, the main

structural components of Morton's model are adequate for the jobe.
p g

Two distiuct forms of‘post»categorical ective memory are thus
proposed: decaying item-traces at logogens and items encoded as a
string of articulatory commands in the response® buffer. Of course,
in immediate memory experiments tliere may also be contributions from
inactive memory (which Morton czlls the 'cognitive system') and
from precategorical serzory stores, which are supposed to be located
prior to the lcgogen system as part of the hierarchies of modality
specific feature-znalysers (see Secticn 3.%31). Morton (1970)
particularly stress:s p.ecategorical acoustic storage (PAS)

(cee Crowder & Morton, 1969; Morton, Crowder & Prussin, 1971).

Hewever. since presentation in my own experiments is visual, PAS

need not greatly concern us here.

In the next two chapters I review evidence relevant to this
model: in the first, experiments on short-term forgetting, and in

the second data from studies employing ‘memory-scanning' paradigms.
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CHAPTER TIT. Short-term forgetting

In this chapter, I shall review a selecticn of studies on short-
term forgetting of verbal material. We begin in Sectiun 2.711 with
the problem of the represeﬁtation ol order in immediate memory.
Theories emphasising associative links will be contrasted with
theories according to which temporal order is retained as an intrin-
sic property of the memory structure, as is the case in Mofton's
'response buffer'. A counsideration of the relation between order
and iteﬁ errors, and of the nature cf order errors, will lead to a

conclusion first suggested by Gonrad (1965): that the second class

]

of theory is adeguate provided we assume an additicnal form of
actire memory with the property that it makes items available as
responses as a direct function of their recency of occurrence. It
will be claimed that 'item~traccs' in the logogen system may serve
this role. In Section 2.12 some experimental comparisons of item
recognition and tasks reguiring order retention will be described.
In Section 2.15 data from experiments conparing the effectiveness of
different kinds of probe for recall will be discussed in relation to

the hypothesis that probed recall is mediated by retrieval from

the responsz buffer.

In pursuit of enlightenment on tre nature of 'item-traces' we
shall turn, in Section 2.2 to a survey of gxperiments on short-term
recognition conducted within the context of ‘'trace-strength theory'.
The main assumptibns of this theory will be described andvevaluated
briefly. 1 shall argue that they anpear to be valid for item

recognition and for judgewents of recency. We shall also corsider
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comparable experiments on order recognrnition; here the picture is
more confused and this, together with previous evidenc~, will be held
to imply that short-term associations play no major role in active

memory.

At this point the theoretical position will have hardened into
a firm hypothesis positing two forms of post-categorical active
m2mery, as introduced in Section 1.4 .: items represented in active
memdry as temporary traces, subject to decay slong a strength
continuum, located at permanent content-addressable representations
which I have identified with Morton's ‘logogens'; items represented
also in a limited-capacity, temporally-ordcred store in terms of
their articulatory features - the 'response buffer'. In Szction 2.3
I shall attempt to show that this hypothesis sheds some light on
problems of the nature of active memory in relation tu its general
functions, I shall consider some arguments of Broadbent (1970, 1971)
for iwo forws of siorsge in short-term memory, and conclude by
rentioning some cvidence on encoding from sensory memory, and on

articulatory coding in immediate memory, which appears to be com-

patible with the hy»othesis.

2.1. The representation of order in iwmediate memory.

2.11., The recall of serial order.

Muny experiments within the tradition of research initiated with
the work of Brown (1958) and Broadbent (1958) have required immediate
serial recall of short lists of verbal items chosin from a small

vocabulary. Correct reproductiion of order has been emphasised;

L etirne 3 r—
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typically the total stimulus ensemble has been made available to the
subject either overtly or through the use of well-knowa ensembles
such as digits or letters. Retention of order is also required when
recall of single items is probed with a contextual or a position
cue. How i1s the order of é sequence of items represented in
immediate memory? The literature con the topic is labyrinthire.
Ariadne gave Theseus a ball of thread to guide him through the
Cretan maze; in spite of her subsequent fate, I shall try fo do the

same for the reader here.

Two extreme theoretical posilions may be discerned. According
to the first, the order of items is preserved by the same (and only)
store that records their occurrence: a pure 'slots' model. Accord-
ing to the second, information about the order of a sequence of
items is encoded separately from information about which itemns
occurred. I shall mention two versions of this viewpoint: the
informaticn-theoretic (which I shaii ignore thereafter) and the
associationist. Having introduced these theories, I shall go on
to review evadence on the relationship between errors of order and
errors of content; this yields difficulties for a pure slois mcdel,
as several variables influence transposition errors but not item
errors. Evidence for the associationist viewpoint will then be
presented: it will be argued that evidence for the short-term
retention of inter-item associations is not strong, but that there
is good evidence for item-position iinks. However, ihe latter
could also be interpreted in terms of a slots model, provided that

the first objection can be answered. At this point the Minotaur

wili make his appearance, in the shape-of Conrad (1965) who both



obtained evidence indicating that order and item errors are not
independent, and proposed a modified ‘'slots' theory, incorporating
an additional items-only store. His model will be discussed in some
detail, and then by a magical transformation shown to be a vrecursor

of the model outlined in Section 1.4.

The pure slots model: Perhaps the simplest system cne can imagine

is one in which the order of the items is preserved by the store

in the same way that a railway track preserves the order of the
trucks upon it, or a pack of cards the crder of the constituent
carés; that is, a system in which a sequence of items to be memorised
enters, remains in andlleaves the memory storé.in the temporal order
in which the items are perceived. This hypothesis dees not disting-
uish the storage of the items themselves from the storage of their
order. Neisser (1967) réfers tn it as a 'slots' hypothesis and

it appears to be implicit in Atkinson & Shiffrin's (1968) 'rehearsal
buffer' and Reitman's (1970) 'waiting room'.

The view from information theory: Brown (1959) and Crossman (1960)

approach the problem from an information-theoretic standpoint.

Order information is, they claim, encoded with less redundancy than
item information in a limited capacity storage space; a particular
amount of decay will on average produce a relatively greater loss

of order than of item information, and the two kinds of information
may be encoded and forgotten independently. However, the popularity
of the informationvtheory approach has wanéd, partly because the
metric of 'bits' has not provea strikingly helpful in the discovery
of underlying mechenisms and partly in the light of Miller's (1956)

classic demonstration that memory span is limited . not by
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the 'bits' of information theory »ut by the number of 'chunks' that
can be retained. Crossman (1960) atternts a reply, arguing that
the equation normally used to calculate the information content of
a list lacks 2 term for the order information, and thal if one is
introducea memory spandata;are better accounted for. But his data
ar unimpiressive and his argument is simply false: the suggested
equation includes order information twice cover, though in fairness
it may be argued that his 'random-adaress' model implies that order

is in effect represented twice over (Hitch, 1972).

The associationist viewpoint: The iwo classical answers to the

problem of the internal representation of serial order are those
framed in terms either of inter-item associaticnes ('associative
chaining') or of item-position associations. The former is illust-
rated by Ebbingaus' (1885) theory of serial learning which reiies

on forward, backward and remote associations between 1list items, and
the latter by its more recent opponents (Ebenholtz, 1963; Jensen &
Rohwer, 1965) "a current view being that voth forms of association
are operative in long-term serial learning (Young, 1968). The

same dialectic may be seen in physiologically-oriented discussions
of serial organization. Lashley's (1951) classic attack on associat-
ive chaining has been influential, though his concept of an indep-
endent 'schema' for the control of order is not very clear. Milner
(1961) has developed the idea of a schema in terms of item-position
links, proposing a 'neural scanning chain' to which responses become
linked. On the other hand, Wickelgreu (1969b) has attempted -
(unsuccessfully,'according to Macneillage, 1970) to answer Lashley's
arguments on associative links between phonemes with the concept of

'context-sensitive associations' or 'allophones'. DBryden (1957)
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moreover, considers that the influence on behaviour of long-term
inter-item associations cvan be incorporated into a version of Lashlcey's

schema.

The chief advocate for an associationisti theory of short-term
menory hes been Wickelgren, whose approach is elaborated as part of
a major theoretical system - 'multi-trace strength theory' (Wickelgren,
1970a, 1972). Among his theoretical distinctions is that beiween
two basic types of memory structure, associative and non-associative.
We may find his definition helpful:

"In associative memories, .each event or concept has a unigue
internal representative, and the internal representatives have
different degrees of association to each other depending on how
frequeritly they have been contiguously activated. In ncn-associative
memories, there is an ordered set of locations (cells, registers,
boxes, etc.) into which the internal representative of any event or
concept can b2 coded, and sequencers of evenis or concepts are stored
in order in this orderced set of locations."

(Wickelgren, 1972, p.20)

Wickelgren considers only very short-term sensory memory - e.g.

< [3 » v - . . - N
conic memory - to be non-associative. (Wickelgren & Whitman, 197C).

f=te

In short-term verbal memory, the recent occurrence of an item is said

to be represented by the temporary activation of an associative link

between the item's 'unique internal representative' and a'familiarity
representative'. The order in which recent items have occurred is
represented by the temporary activatioun both of ussociations bet-

ween the representations of items contiguous in the sequence and of
associations between item representations and position representations
- whichmay be labelslike 'beginning', 'miédle' or 'end'. All

three kinds of associations decay, but their strengths are indep-
endent. If a subject is given both a position cuve and a context cue,

the strength of the item-position and inter-item associations should

add (see Section 2.13 for evidence).
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Evidence on the differential behaviour of order and content errors:

Conrad (1959) showed that a large proportion of the errors made in
serial recall are transposition errcrs; i.e. mistakes in the ordering
of responses. In experiments in which the presented lists do not
exhaust the stimulus ensemﬁle, it is possible to scorc serarately

the incidence of errors of order (transpositions and semi-transpos-
itions) and of content {omissions and extra-list intrusions). Now

if the storage of both items and order in active memory is eatirely
by a 'slots' mechanism, then the incidence of these two classes of
error should be similarly influenced by any experime..tal variable.
This appears not to be the case for several vq;iables:

1) Seriul position. Marked differences in the serial position
curves for order and item errorcs have Vveen found botl with serial
recall (Aaronson, 1968) and probed recsll (Fuchs, 1969; McNicol,
1971b; Hiteh, 1972, Exps. 1 & 2). The typical bowed serial position
curve appears to be .typical only of order errors; item errors show
1ittic variation with serial position, and such a2s there is in these
studies is monotonic. (The lack of &« bowed serial curve for item
errors is contingent on the use of listsnot greatly in excess of
span.)

2) Probe type. Hitch {1972, Exps. 1 & 2) compared contextual
with position with double probes (see Section 2.73). Such diffe;ences
as he found were restricted entirely to order errors.

3) Acoustic similarity. Wickelgren (1965¢c) showed that acoustic
similarity between the items to be remembeged depressed serial
recall, but that if the data were scored purely in terms of item
errors, the effect was, if anything,reversed.

L) Grouping. Ryan (1969) presented lists interrupted by pauses
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splitting the list into groups. Grouping improved performance
comparei to ungrouped lists, but the difference showed only in the
order errors. Wickelgren (1967a) instructed subjects to rehearse in
non-overlapping groups of various sizes, and found that group size
significantly influenced order errors, threce bcing the optimal
size, while item errors were unaffected.

5) DPresentation rate. The use of presentation rate as a
variezble is complicated by the fact that wnile fast presentation may
allow inadequate time for initial acquisition, slow presentation may
simultaneously produce a decrement in recall resulting from time-
bacad décay and an increment as the result ofﬁ?ncreased opportunities
for organisation and rehearsal. There is =some evidence that item
ad order errors are differentially susceptible to presentation rate.
Aaronson & Sternberg (1964) and Matthews & Henderson (1970) found
that order errors increased more than item errors as presentetion
rate increased. But Aaronson (1967) argues that some order errors
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& Sternbecg (1967) showed ihat percepiion of the order of items may

be impaired zt rates which permit the identification of items. So
this evidence is equivocal with respect to memory.

6) The time course of forgetting. The fact that trarspositions
frequently occur in the absence of item errors (Murdock & Vom Saal,
1967) suggests the possibility that order information may be lost
before item information (though there is a problem of guessing
probabilities here). The data of Fuchs (1§69) and McHicol (1970)
suggest that as retention interval is increased, order errors may

become less frequent while item errors continuc to increase.
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On the face of it, such evidence is difficult for a pure ‘slots'
model to account for. It secms to suggest that items in adjacent

or even more remarkably, distant slots caun be exchanged, so that

confusions of order can occur without loss of items. Whether this

is to be accounted evidence for the separation of order and item

information in active memory clearly depends on the account we cau
give of the nature of transypositions, and why they are affected by
phonemic similarity. We shall return toc this problem below.

Evidence for inter-item and item-pocition associations: Wickelgren

(1972) aaduces two main pieces of evidence for the importance of
inter-item associations in short-term verbal memory. The most
striking is the occurrence,; during serisl recall cf lists contain-
ing repeated items, of ‘associative intrusions', that is: erroneous
recall of items following a repeated item, at a level greater thaa
chance (Wickelgren, 1965¢c, 1966d). For instance, in the list ABACD,
the subject will tend to recall C after the first A, and B after

the second. Associative intrusions are claimed to result irom the
representations of C and B both being associated to that of A; at

A the subject is faced with a choice between two pathways; a wrong
turn results in an associative intrusion. It should be noted huwever
that other effects of rather greater magnitude occur with repeated
items. Subjects tend to suppress recall of the second occurrence
(the 'Ranschburg effect' - Jzhnke, 1969) and Wickelgren's data
(Wickelgren, 1965e) show that lists contaiging ad jacent repeated
items are better recalled than lists with no repeats, nor is this
just a scoring artefact (McNicol, 1971c). Wickelgren's second
argument is that there is both'proactive and retroactive interference

from phonemically similar material on order retention (Wickelgren,
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1965a, 1966a), while within-list similarity may facilitate
item retention (Wickelgren, 1965c). The relevance of this evidence
depends on his claim that a list of letters is represented by
associations between their constituent phonemes. Thus, the order
of a pair of lciters sharing a vowel phoreme is represented by
associations between only their consonant representations, while the
order of a pair of dissimilar letters is carri€d by all four associ-
ations from and to adjacent consonant and vowel phonemes. As for
the retention of items, phonemic similarity has a facilitatory
effect because the common phoneme acts as a retrieval cue which is
itself certain to be recalled. A third line Qf argument, which
Hitch (1972) considers supports Wickelgren's position, is that there
exist several demonstrations of the influence of well-learned
relationships between successive items on short-term retention of
their order. His idea is presumably that short-term associations
of greater strengthskuld be set up where there already existed

long~-term asscciations than where there weré none. Baddelev {1954%)

v
O
o
in

and Baddeley, Conrad & Hull (1965) showod significant correlati
between letter-sequence predictability and immediate recall.
May7ner & Schoenberg (1964) and Kantowitz, Ornstein & Schwartz
(1972) showed that immediate serial recall. of high frequency con-
sonants was better when they were arranged in high-frequency digrams
than when the same letters were arranged in low-frequency digrams.
However, this argument is hardly critical since these data may
equally well be interpreted as reflecting fhe greater availability

ot high frequency and probable items as guesses during output.

Whatever the validity of Wickelgren's arguments for the existence



of short-term inter-item associations, they are certainly not

sufficient to account for serial recall. Firstly, associative

intrusions occur much less frequently thun would be predicted on the
basis of a memory structure consisting purely of inter-item associ-
ations (unless it be prOpoéed that subjects can distinguish the
strengths of associations early and late in the list). Secordly, an
associative chaining theory should predict that recall would improve
with the size of the rchearsal group, since the longer the group,
the more pairs of adjacent items thcre will be that arc rehearsed in
contiguity. But Wickelgren (1967a), who varied the group size frcm
one to five items, found three-to be the optimal size., Thirdly, a
pure associative chaining theory predicts serial position curves
exhibkiting pure primacy, rather than the bowed serial position
curves typically obtained. (Even with visuul presentation, a

small recency effect is obtained - Morton, 1970.) Fourthly,
Baddeley (1968, Exps. 5,6) showed that for serial recall of lists

in which alternale items were phonemically similar, performance was
worse on the similar items than on the alternating dissimilar items;
an associative-chaining hypothesis predicts more errors on the items

following similar itvems - since the role of similar items in produc-

ing intrusions is formally similar to that of repeated items.

Such evidence does, on the other hand,emphasise the importance
of item-position links. There is more dirgct evidence. Wickelgren
(1967a) found that when subjects were required to break the list
into groups, order errors tended to consist either of traﬁspositions
within a group, or iranspositions between items in the same position

in different groups. Wickelgren (1972) concludes from ithis result
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that items can have short-term associations both to group labels and
to positions within a group. Neisser (1967), emphasising the bene-
ficial effects on recall of rhythmic structure and grouping, seems
also to favour the idea of item-position 1inké, the advantage of
rhythmic structure being the increase in the aumber of reference
points tc which items may be linked. The most compelling evidence
for some form of item-position links in active memory is the occurr-
ence of 'serial order jintrusions' (Conrad, 1960, 1965; Fuchs, 4969)
- that is, intrusions in recall from =z given position in the list,
of the item which occupied the same poSition in the yprevious trial,
at a level well above tlhat predicted by chance.

So far the only direct evidence for inter-item associations in
active niemory hos been the phenomenon of associalive intrusions.
However, ther~ is considerable cvidence that items are linked to
positions ir some way. This evidence could be accounted for either
in terms of item—position associlations, or in terms of a slots

A~ 7 1 A +hnt 4
iICQEie we nave alreauy secn that the occurrence ©
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transpositions
and their relation to acoustic similarity are problematic for a

slots model. They are no less problematic for a thecry postulating
item-position associations. Why, for instance, should distant trans-
positions be rarer than adjwcent transpositions (Murdock & Vom Saal,
1967)% Moreover it is vital for the acsociationist account that

item errors and order errors should be independent. There is evid-

ence that this is not the case.

The relationship between transpositions and phonemic similarity;

Conrad's model: Conrad (1964) showed that when orly oue letter was

wrongly reported during serial recall of a visually presented list,

it tended to be substituted for by an accvustically similar letter.
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And Conrad (1965) also showed that items which were acoustically
similar tended also mutually to transpose in serial recall. The
implicntion is that the forgetting of order and of items is not
independent. How can this be reconciled with the evidence already
mentioned? At this point it is appropricte to turn te the model
proposed by Conrad (1965). Basically, this hypothesises a slots
mechanism, called the 'fixed-address store', (F%S), to which is
added a source of iiem information, called the 'response availabil-
ity store' (RAS). The TAS consicts of a fixed number of boxes rep—
resenting the serial pcsitions of the list, and items are represented

in the boxes in terms of their phonemic features.

"Items enter ilie boxes in the order of perception (which could
be different from the order of presentation). During recall, Ss
read the name of the item from each box in an order determined by
the experimental instructions. They may start anywhere in the
scquence (Kay & Poulton, 1951; Posner, 1964) but there is no way
in which the contents of the boxes can interchange."

(Conrad, 1965, p.168)

Transpesition errcrs are held to be due net to an exchange of items
but to two independent substitution errors. The a priori probabil-
ity of two single substitutions being reciprocal is of course far

too low to account for the proportion actually obtained without extra
assumpticns. The first of these is that the subject edits his out-
put in order to avoid repeating an item when he knows that the list
contains no repeats. Thus, if a subject, in recalling the sequence
**TP**, erroncously substitutes a P for the T, when he muves on tc
tne next box and finds P, will, provided that he can remember

that une has already said '?', say something else



instead. Conred's data dc indecd indicate a clear tcendency to
J

avoid immediate repetitions during oﬁtput, and while distant

repetitions do occur in recall even though there are none in the
stimulus lists, it is also the case that distant transpositions are
relatively rare. This is explained by the premise thet subjects
have difficulty in keeping track of their own responses. Whut
governs which items subjects will report in place of the ones they
supnress in this manner? According to Conrad, "all other things
being equal, items are available for response as o function of
their recency of occurrence'" (Conrad, 1965, p.167), a premise
supported by Murdock's (1961) demonstrafion that intrusions in
memory for single words, proactively innibited by previous words,
are most likely to be the immediately preceding words. The con-
sequence of this is that the suppressed item is likely to be

substituted for by an item presented on the present trial. Whoen

we add to this the third assumption that it will be & item acousti-
ically similar to the suppressed item, it will be clear that in our
example the probability of selecting 'T' as a substitute will now

be quite high. DNow in Conrad's description, the contents of the.
stecre of available responses are also determined by the subject's
knowledge of the total stimulus ensemble, as well as their recency
of occurrence, but the recency assumption is the crucial one, and,
as Broadbent (1970) points out, it is often overlooked in references
to Conrad's model; aside from present purposes it also distinguishes
Conrad's accourt of phonemic similarity erfects from the otherwise
similar model of Sperling & Speelman (197C), who assume that substit-
utions arc chosen at random from the total ensemble (zee Ch. 5 fc=

further discussion of this point).
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Conrad's model has not been entircely free from criticism.
McNicol (1971a) purports to test it By détermining whether the
observed frequency of transpositions was compatible with the assump-
tion of selection of substitutions from RAS, and finds that on his
calculatiors transpositions were tco frequent. But there are two
serious objections to this study. Firstly, McNicol's experiment
involved dichotic presentation with order of recall post-cued, and
secondly the assumptions he uses to derive his predictions appear
to take no account of the dependence of the contents of RAS on
yecency.‘ Hitch (1972) considers it problematic for the model that
though digits have a relatively lcw mutﬁal acoustic confusability
compared to letters, transposition errors are Still freguent in
their serial recall. But this criticism is mistaken; Ccenrad does

not and need not say that acoustic similarity is necessary for

transpositions to occur, only that if they do they are most likely
between acoustically similar pairs of items. The one remaining
serious problem for Corrad's account of order retention is the
rhenomenon of associative intrusions. One possible answer to this,
given their relatively low level of occurrence, is to attribute
them entirely to the secondary memory component in immediate recall.
This proposal is testable in at least two ways; firstly, they shouvld
appear with equal frequency in delayed recall; secondly, if one
asked subjects to recall sub-span lists immediately at a maximum
rate, and measured latencies for the output of each item (the
technique of Anders & Lillyguist, 1971), since recall would presum-
ably be entirely from active memory, items following repeated items
should on uy account be recalled no slower than other items, whilc

according to VWickelgren, respoase competition should produce delays

for these items.
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Conrad is not very specitic as to the properties of the response
availability store, save that its contents are determined by the
stimulns ensemble, the task requirements, and the recency with which
the items have been presented. There seems nothing, therefcre, to
prevent the identification of the response-availability store with
the logogen system, as described in Section 1.4k. It will be recalled
that item-traces at logogens infiuence availabi®ity as a function of
their recency. Morcover since Conrad (1972) now agrees that the con-

tents of the fixed-address store are articulatorily coded, it seems

very similar to the response buffer. There are, however two probleus
to this identification. Firstly, the capacity of the response buffer
is a fixed number of items (as is also the case for Atkinson & Shiff-
rin's rehearsal buffer) while Conrad's FAS appears to have as many
slots as there are positions; forgetting from the response buffer is
thus primarily by displaéement while items in the FAS are lost through
decay. Given the available evidence or decay versus displacement
(e.g. Waugh & Norman,’1965)the displacement story now seems preferable,

Moreover, the limited capacity of the response buffer suggests an

additional mechanism by which order and positiocn information may te
lost while item information is not. The second problem is that Mor-
ton (1970, p.233) insists that "if recall is serial, information
from the response buffer cannot be used by the subject, and will be
eliminated by.the act of recalling items at the beginning of the
list". This is a consequence of Morton's assumption that input to
the response buffe? is automatic (scaz Section 1.4). How:&er, i.f the
contents of the response buffer are assumed to be utilised in free
recall but not serial recall, then memory span should be four or

five items greater for free than for serial
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recall. Yet Crowder & Morton (1969) showed that running memory span
for digits under free recall instructions was not more than five or
six items altogether. Moreover, Morton rcites experiments by Posner
(1964) and Murdock (1968a) comparing serial recall with 'semiback-
wards' recall, in which suﬁjects recall the last few iteums first
and may therefore, Morton says, use the contents of the response
buffer; but the overall level of recall does not differ for the two
¢onaitions, save for slow presentation in Posner's study. It is |
for these reasons that in Section 1.4 I concluded that the subject
may select items for entry to the response buffer. It follows that
the act of recalling items which cccur at the beginning of the list
need not displace the contents of the responsé buffer. There is
additional pos}tive support for this proposal in the finding of
Waugh & Norman (1968) that in their probed recall task, a regularly
occurring predictable item did not appear to displace other iiems
stored in primary memory, while an unpredictable new item did. It
does not follow that nco output interference need cccur. It remains
possible that during output of the first part of the list, items
are lost from the response buffer by decay, and this may account,
for instance, for Murdock's finding of a smaller recency effect for

serial than for probed recall.

It may be concluded, then, that the hypothesis of two forms of

postcategorical memory, based on Morton's model as amended in Section

1.4, may be considered a more detaiied version of Courad's model.
Order retention in serial and probed recall is mediated by the
response buffer, which has a limited capacity for items coded as a

string cf articulatory features. When information sbout an item
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is lost from the response buffer, by decay or displacement , during
rehearsal or during recall, ihe item recalled in its place will
depend on which traces are most active i1 the logogen system, which
as a form of active memory does ndt appear to be subject to the same
capacity limitation as the'response buffer (Secticn 2.31). The
most active traces will be those of recent items - i.e. items
from the list. When no information about an item remains in the
response buffer and thc subjoct .guesses at random, suppressing
responses already made, then he will tend to recall an item from
the 1ist; rather than from the vocabulary as & whole. In additior,
1f any articulatory features of the item remain in the response
buffer,; when these are fed back to the logogen system the logogen
activated will tend to be that of en item phonemically similar
and from the list. Transpositions are thercfore inevitable, and the items
will tend to be phonemically related. Distant transpositions may
be rare for two reasons: a) the subject tends to lose track of
his own responses and thus repeats items (Conrad, 1965), and b) by
the time he tries to recall late items in the list, early ones will

not be very recent.

Of the remaining variables which were shown to influence order
but not item errors, grouping and type of probe would appear to be
factors influencing retrieval from the response buffer, and would
therefore not be expeocted to influence item errors. The differen-
tial effects of rate of presentation, if any, may be accounted for
by assuming that the maximum rate of input to the reSponsé buffer is
lower than that at which logogens may be activated (see Section 2.3k)

sc that confusions of order may occur at input.
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In summary, I have tried to make a case for the claim that data
on the nafure.of order errcrs, and on their relationship with item
errors,are at least compatible with a view of active memory which
supposes the existence of a) an order-preserving, phonemically-
coded, 'slots' mechanismn ahd b) a form of storage containing traces
cf items which influence the availability of these items as responses
during recall; as a direct function of their rébency. An associat-
ionist hypothesis according to which order is preserved entirely
by item-position links does not account for transpositions and their
relatioﬁship to phonemic similarity. A pure associative chaining
hypothesis is counter-indicated by evidence for item-position links.
Evidence on double probes which is difficult for a hypothesis
combining both kinds of association will be reviewed in Section 2.13.
Any hypothesis that item and order loss are entirely independent

p»st cope with Conrad's (1965) evidence that they are not.

P i ]

The task of serial recall presents an immensely complex provliem
of analysis, which is nct helped by the probable existence of a
contaminating inactive memory component. It was suggested in Section
1.3 that questions of the separability of attributes in active memory
are better tested with probe techniques. It is to these thal we

now turn.

2.12. Direct comparisons of order and item retention.

In the previous section I mentioned some evidence that the
incidence of item and order errors in serial recall is differentially
affected by evch variables as serial pocition, acoustic similarity,

grouping, rate cf presentation and retention interval. If this is



due to at least partial separatior between the storage of items
and of information about their order, £~ our model implies, then
similar differences should be appareint when we contrast the reten-
tion of order and content more directly. This may be cchieved by
the use of suitable probe fechniques: that is, we may compare item
recognition either with order recogaition or with probed recall.
Ideally this comparison should be made within a single experiment,
with all the other experimental factors, such as subjects, vocab-
ulary, presentation rate etc. identical; then, any differences that
do appeaf may definitely be atiributed to the fact tnat we are
asking the subject to retrieve -different 1list attributes. Unfurtun-
ately, relatively few evperiments have been done which fit this
description. There is one interesting attempt to test the independ-
ence of position and item retentior. directliy, by probing both on
each trial and attempting to derermine whether success on one class
of probe wes contingent on success on the other. This is a study
by Cumming & Coltheart (1965), who conclude from their results
that item and position information are stored as a unit and for-
gotten together. Howcver, it must be doubted whether their
experiment permits this conclusicn. The positions were spatial
rather than temporal, presentation was tachistoscopic (80 msec.),
followed by a masking field, and the success rate was only twenty
per cent. These conditions seem to implicate interdependence in
terms of acquisition rather than storage or retrieval; that is,

the economical explanation is that somz positions on the display
were simply not adequately encoded. Nevertheless, the principle

is ingenious and would bear following up with an oxperiment

involving serial presentation and a probe to which the subject is
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obliged to respond boin with & recognition judgerent and with the
position it occupied in the list; I wou.d predict that the perform-
ancc on thc latter would be contingent on the former, but not vice
versae.

Anotlier negative rcsult, in relation to the search for variables
to dissociate our two stores, is found in studies of Pi 'build-up'
effects (Keppel & Underwood, 1962; Loess, 1964) in the Brown-
Peterson paradigm. PI appears to build up over trisls in the same
way wneﬁher order or item information is required (Gorfein &
Jacobsen, 1972; Petrusic & Dillon, 1972). However, this is not a.
very critical findirg. Regardless of wﬁether order and item
information are stored indepcndently or not, it may well be the case
that both are slorcd regardless of the nature of the task. Moreover,
there is some doubt whether the PI build-up effect is really an

active memory phenomenon at all (see Baddeley, 1972).

Comparisons of order and item retention which do yield some
differences may be summarised under the following headings:

1) Retention interval. Donaldson (1971) presented twelve-~word
lists, -either visually or auditorily, followed by either an item or
an order forced-choice probe, using the technique of Donaldson &
Glathe (1969) (sece Section 2.23). There were no modality differences,

sition e¢ffects were ohtained. While recency

O

but mcrked serizl ¢
effects were apparent with both types of probe; they were much more
marke2 for order probes, such that performance on these was little
different from cﬁance for the first half of the list. Moreover, a
marked 'saw-tooth' effect was appasent in the serial position curve

for the order probe condition, which Donaldsou discusses in .erms
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cf Norman & Wickelgren's (1965) postulate of rehearsal in non-
overlappiuj paﬁrs of items.

2) Acoustic similarity. It will be recalled that Wickelgren
(1965¢c) demonstrated thal the deleterious effect of acoustic simil-
arity upon serisl recall wés restricted tec its effect on order errors.
Wo might therefore expect to find no effect of acoustic similarity
upon item recognition. Wickelgren (1966¢) perf;rmed an experiment
on recognition of a single letter followed by a string of twelve
distracting letters, whose acoustic similarity to the remembered
item add‘the recognition probe was varied. The amount of forgetting
did appear to be a function of -the degreé of similarity. But,
Ingleby(1969) has pointed out that negative probes in this experi-
ment were likcly to have served alsc as interpolated items, and
that Wickelgren's result would be obtained if subjects were inclined
fclsely to accept, regardless of acoustic similarity, any item
presentcd cn the current trizi. In his own experiments, Ingleby
avoided this problem by using digit shagowing as the interpolated
task. He presented two letters (or trigrams), acoustically similar
or dissimilar, to be memorised; after the digit-shadowing task, a
probe was presented. When the svbject had to say whether the probe
had been present or not, there were no effects of acoustic simil-
arity. But when he had to indicate whether the probe was the first
cr second item, there was a marked effect. However, effects of
acoustic similérity on item recognition have been demonstrated when
rather larger numbers of items are held in memory. Reicher, Ligon
& Ccnrad (1969) héd subjects shadow strings of up to twenfy words
follcwred by a two-cuoice recognition probe; acoustic esimilarity did

produce a decremant in d' (see Section 2.2 for a discussion of this
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measure). Moreover Hitch (1972), in a series of experiments on the
effects of acoustic similarity on immediate recognitioi., and recall,
did find effects on recognition with eight-item lists. However, his
experiments also suggest that these effecis differ in a complex
fashion frow those obtained in recall. Furiher discussion will be
postponed to Ch. 5, where my own experiments on acoustic similarity
are presented.

3) Presentation rate. Henderson & Matthews (1971) compared order
recognition and item receognition with eight letter lists at rates of
presentétion varying between a half and twelve items/sec. Alive
to the possibility of confounding memory loss and perceptual loss
when fast presentation rates are used; they also incluaed a compar-
able monitoring task, with a probe presented prior to the list. The
results showed that as presentation rate increased, p{correct) fell
off more sharvly with order probes for both the monitoring and the
recognition tasks. The suthors also calculate a 'pure' retention
function, by subtracting monitoring from recognition p(correct), for
each presentation rate (which assumes additivity). The result of
this manipulation is not particularly clear; there is some suggest-
ion that order retexticn is influenced more than item retention by
presentation rate. However, ithe assumption that the moniioring task
involved no memory load seems dubious: the two items of the probe
had to be retained in addition to any demands made upon memory by

the process of comparison.

None of these experiments, save perhaps for Ingleby's, leads to
strikingly clear contrasts between the retention of order and item

informalion. It will be suggested (in Section 4.1) thal part of the
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reason for this is the use of error rather than RT measures. Never-
theless, differences reiated to those Adiscussed in Section 2.17 are
apparent; acoustic similarity shows particular promise as a dissoci~
ating factor. Some further points of comparison betwe~n item and
order recognition will be mentioned in the context of trace strengtn

theory, in Section 2.23.

2.13. Probed recall: position and order.

I have suggested that the order of recently presented items
may be ﬁreserved for some seconds in a temporally-oidered store
which may tentatively be identified with Morton's response buffer.
This hypothesis has been contrasted with Wickelgren's (1972)
approacii, which emphasises the importance of both inter-item and
item-position assogiations. Memor; for the order of a list of
words may directly be probed:

-~ by vresenting an item from the list and asking for its
successor {s 'contextual' probe),

- by presenting an item from the list and asking for its
position (a’location' »nrobe), or

- by presenting a position (indicated by display position or a
nurber) and asking for the item presented at it ( a 'position' probe).
It is of interest to compare the effectiveness or these differenf
forms of probe, both singly and combined ('double' probe). On
Wickelgren's account, we might expect the pattern of performance to
differ with contextual and position piobes, since these should
selectively tap the two kinds of association. Moreover, é double
\probe consisting ot both should be more effective than either singly,

since the association stringths should add. According to the respouse
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buffer hypothesis, however, the storape of order and position inform-
ation are one and the same. A double probe would therefore not be
expected to be markedly superior to a single probe, since a context-
ual probe ana a position probe should represent largely redundant
information {to the subject; However, small differences in accuracy
might appear between two kinds of probe as a result of different
modes of aceess within the same store; I have suggested (in Section
1.4) that locations in the response buffer may to some degree be
accessed directly given a position, but not a content, cue. Any
differen&es found would therefore be expected to favour position
probes, though differences due to mode of retrieval arve more profit-
ably investigated using latency measurce (see Section 4.1 and Ch.6).

Murdock (1968a) used all three kinds of yrobe in different

experiments and found broadly similar bowed serial position curves,
with marked recency and a slighter primacy effect, for all, tr.ough
there were clight differences, particularly for shorter lists.
Woodward & Murdock (1968) directly compared the effectiveness of
contextual, position (numerically defined) and double probes, with
ten—-item lists presented visually at a brisk rate, and immediate
test. While a position probe was slightly more effective than a
contextual probe, a double probe did not differ significantly in
effectiveness from either. Nor could the double probe's lack of
advantage be explained by subjects storing only order or position
information, since it made no difference whether subjects had fore-
knowledge of the nature of the probe or not. Hitch (1972, Exp. 1)
performed a simiiar experiment with eight-consonant lists-presented
sequentially across a spatial array. Recall of an item was probed

with a light at its spatizl position, the preceding itea shown on a
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separate dicplay, or a double prcbe consisting of a light at itre
spatial position plus the preceding item-displayed at the preceding
position. He found that the double probe was slightly superior to
the position probe, which in turn was superior to the contextual
probe, thoush only the double versus contextual contrast reached
significance. However, he argues that his result is not inccmpatible
with that of Woodward & Murdock (1968) in that the slight superior-
ity of the double over the pousition probe could in his experiment be
an artefact: in the double probe condition, the preseniation of the

preceding item in the appropriate position would be likely to suppress

the subject's tendency (seen in the errér data. for the position probe
condition) tc produce as an erroneous reSponsé the preceding item;
allowing for this possibility on the basis of the error data virtually
eliminalés the difference. In 2 second experiment, Fitch (1972,

Exp. 2) again showed that a double probe was only slightly superior

to a contextual probe, and also that spatial position, when un-correl-
ated with temporal position, was & very poor retrievsl cue. The
latter result supnorts the premise that order is temporally coded,

and indicates that in the first experiment, spatial position
functipned as an efficient probe only via a translation into temporal/

ordinal vosition.

The evidence reviewed ahove is entirely compatible with the
response buffer hypothesis, according to which the storage of order
and position is not to be distinguished, though access via position
may indeed be mofe direct; moreover, temporal rather spatial repres-
entation of order is implicated. The general failure to find any
additiyity of the effectivenecs of position and contextual cues is

not congenial to Wickelgren's account in terms of inter-item and
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item-positicon associaticne, and again implies that associative
chaining has no important role in immediate membry. Of course, it
remains possible for Wickelgren to argue that some attentional
limitation prevents the subject from using both parts of a double
probe; but Mcleod, Williamé & Broadbent (1977) succecded in showing

an advaniage for a double probc in a long-term memory situation,

where presumably the same attentional demands were imposed.



2.2. Short term recognition and the concept of trace strength.

In the previous section, the discussion turned on how short-
term serial recall and probed recall could best be accounted for: a
theory according to which the temporzl crder of items was preserved
in active memory as an intrinsic property of the memory structure
was contrasted with an associationist viewpoint® emphasising assoc-
iative'chaining,.item-position associations or both. I suggested
that the former theory could account for the data on order and item
errors provided that we assumed the additional and independent
existence of a form of active memory influencing the availability
of items as responses, in a manner determined by their recency. In
the evid=2nce that ihe fuctors influencing order errors did not have
similar effects on item recognition, there was implicit the suggest-
ion that the latier task was also mediated by this form of storage.
We now consider this suggestion explicitly.

What is the nature of this 'availability' which is a function

wiiliz L

[44]

of recency? Tulving & Pearlstone (196€) point out that 'availabil-
ity' in memery, which is a function of storage factors, must be
distinguished from 'accessibility', which depends jointly on the
condition of the stored information and the difficulty of the
rétrieval process. It has been widely assumed that problems of
accessibility may be bypassed by the use of recognition tasks: for
instance, Wickelgren & Berian (1971) say: '"recognition appears to
provide a pure test of loss in storage......independent of retrieval
interference (competition)...(This is) so plausible an assumption
that most workers in verbal learning assume it to be true without

proof", Similar views are expressed by Murdock (1968a) Broadbent
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(1971) and Hitch (1972) with respect to short-term recognition, and
Kintsch (1970) with respect to long-term recognition. Such an
assumption implies a form of memory te which direct access is possible,
one in which the representations are 'content-addressable' (Norman,
1968, 1973). Wwe should notc that the adcquacy of this assumption
for long-term recognition has recently been questioned by Tulving &
Thompson (1971) and Mandler (1972), and that there is one major
dissenter in the field of short-term recognition, namely Sternberg,
whose work we shall consider in detail in Chapter 3. Theories of
recognition memory havc been dominated by the concept of ‘trace
strength' (and related concepts, such as 'fami;iarity' - Kintsch,
1970, and 'amount of information' - Freund, Loftus & Atkinson,
1969, tc name but two). The major exponents of a trace strength
theory for short-term recognition have been Wickelgren and Norman
a(wickelgren & Norman, 1966, 1971; Norman & Wickelgren, 1965, 1969;
Norman, 1966; Wickelgren, 1965¢c, 1967b, 1970a, 1970b, 1972; Wickel-
gren & Berian, 1971). I ghall describe briefly the major assump-
tions of their theory, and then consider the validity of the

acssumptions separately for item and order recognition.

2.2%. Trace strength theory.

The major assumptions are the following:

1) For every stimulus item there exists a unique and specific

representation in memory (cf. Wickelgren, 1972, quotation in Section

2.11)

2) Upon presentation of a stimulus, the subject has direct access

to its representaticn, witnout a search process.

3) Stored with or at the representation there may be considered

to be a unidimensional continuous variable, the 'trace strength'

which the subject is able to assess with respect to a decision
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criterion located on that dimensicn.
4) Strength is incremented on presentation or rehcarsal of an

item. Subsequently it suffers exponentiazl decay as a function of

time and/or the number of intervening items processed. Now an item's
strength is in fact held tb be the sum of several compouents with
different time courses, each of which chow exponential decay: a
short-term trace which is consolidated instantly and decays within
=20 seconds or so, and longer-term traces, of which Wickelgren (1970a)
now distinguishes two: intermediate-~term -and long-term memory. How-
ever, tﬁe latter have,; if any, only a minor effect in most short-term
recognition studies owing to their 1ong'consol§dation period (Wickel~
gren & Berian, 1971) and may for present purposes safely be ignored.
. __Thus the subject's decision in recognition is claimed to te
based on the value éf a single unidimensional variable which is e
direct function of the item's recency, thcugh it>may also be affected
by other variables such as the duration and clarity of presentation.
To this decision may be applied the machincry of statistical decision
theory, given certain assumptions about strength distributions (sec
Wickelgren & Norman, 1966, for details). This enables the empirical
separation of the memory process and the decision process. By
plotting the way in which the probability of making a falce positive
judgement varies with that of making a correct positive judgement
(the 'memory operating characteristic' or MOC), it is possible to
derive a pure measure of memory strength (d') uncontaminated by the
subject's bias towards responding positively, which is reflected

in the criterion parameter (8). The relative trace strength, 4',

is in these terms conceived as the distarce between the means of

the strength distributions of 'old'
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anéd of 'new' items. By obtaining a measure of d' at various values
of delay, etc;, with rehearsal controiled, it is possible to study
the mainer in which trace strength depends on recency and other

variables.

2.22. Trace strength theory as an account of item recognition.

I shal; consider the feour assumptions listed above in turn.

1) The assumption of direct access has been made almost entirely
without empirical backing. It is in fact difficult to test if one
uses oniy accuracy as a measure; I krnow of only one attempt - an
experiment pericrmed by Hitch (1972, Exp.7). ﬁitch reasons that if
some form of search process is necessary to locate the item in
menory even in recognition, then performance should be facilitated
i7, together with the probe, a cue is presented which tells the
subject where the item is located in memory. Accordingly he
compared recognition-performance when the}probe was presented with

o 4 » 2 PO I Y ~ @ 3 - ® y e « - ) - « 3y A
and without a spotial position cue, indicating the pesition it hw
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occupied if it was in the list, for eigiit item lists presented
sequentially across an array. The MOCs he obtained, and the variat-
jon of d' with serial position (which showed marked recency) were
essentially identical in the two conditions - only the critcrion
showed any effect. Note, however, that toconclude in favour of
direct access is to make two important assumptions:

a) that if search were necessary for retrieval in recognition,
it would be through a memory ordered in terms of position, so thai
a position cue would provide an effective shert cut. But, in spite
of the fact that pesitiocn is an adequate cue for rec2l). (Murdock,

1968a) it remains possible that tiie store normally mediating
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recognition is organised in terms of some other attribute, so that

position could be useless as a retrievel cue even if search were
necessary.
b) that if a position cue did cut short a retrieval process and

so speed access, a significant amount of decay would occur during the

time saved - so0 that a difference in d' would actuvally show up.

Hence latency would appear to be a more powerful means of testing
the direct-access assumption; we shall consider RT studies oi short
term recognition in Chapter 3, and the issue of search versus direct
access Qill prove crucial.

2) Evidence for strength theory in general, and the assumption
of unique representations in particular, comes irom experiments in
which subjects are asked to make judgements of the recency with
which an item has been presented. Yntema & Trask (1963) presented
lists of woirds and asked subjects to say which of two words from the
list was the later. Accuracy declined as both the spacing of the
two words, and ithe delay velween the second word and the test,
increased. The authors interpret their result in terms of a ‘time-
tagging'hypothesis , but Morton (1968) suggests that subjects base
their decision on a comparison of the two items' strength, which must
decay non-linearly. (See aiso Hinrichs,197C, for a detailed review
of judgements of recency in these terms). Mortou showed that if the
first of the two words was repeated in this paradigm, performance
declined to below chance, while repeating the second word improved
performance; Fozard & Yntema (1966) obtained a similar result using
picture stimuli. In like vein. Peterson, Johnson & Coatney (1969)

who required absolute rather than relative judgemenis or recency,

showed that repetition increased apparent recency, provided that
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repetitions were not too widely spaced (Peterson, 1967). It is
importaut that these resulte are not predicted by trace strength
theory unless it is assumed that the two presentations of the

repeated item increment the strength of the same trace: that is they

imply the validity of assuhption (2) - that the representations
underlying judgements of recency are urnique in the sense that they
are specific to ‘type' not to 'token'. Comparable efrfects of repet-
ition have been found for short-term recegnition (Wolf & Jahnke, 1968;
Jahnke, 1972).

3) Tﬁe assumption that recognition decisions are based on an
underlying continuous dimension of strength seems to be borne out
by the fact that if subjects are asked to rate the contidence with

which they judge the probe item to be old or new, the resulting MCCs

and a posteriori probability functions are of the form predicied by
statistical decision theory rather than by two-state threshold models
(Murdock, 1965; Norman & Wickelgren, 1965; Wickelgren & Norman, 1966).
Also, performance in item recognition and multiple-choice recognit-
lon experiments appears to be mutuaily predictable on the basis of
SDT (Norman & Wickelgren, 1969), though some discrerancies are
apparent. However, as Anderson & Bower (1972) point out, these are
successes for the technical macﬁinery of SDT, not for the basic
strength assumptions. For instance, it hasrbeen shown that the
results from these rating scale experiments may also be predicted by
a version of the low-threshold two-state model in which the non-
overlapping rule relating states and rating categories is relaxed
(Broadbent, 1966; Wickelgren, 1968). While this need not deter us
from the use of 4' as a bias-free measure (Broadbent‘ 1971) it

does reduce the force of the argument that the applicability of
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SDT justifies the assumption of an underlying continuous sirength
variable.

L) More impressive is the emergence of simple empirical relaticn-
ships between strength as measured by d' and retention interval, when
rehearsal is controlled - relationships which are ﬁot evident if the
data are plotted simply in terms of error rate. For instance, Wickel-
gren & Norman (1966), who presented a probe immediately after lists
of between two and seven three-digit numbers found that strength
decayed as a simple exponential function of number of intervening
items; Norman (1966) presented lists of digits, digit pairs and
backward digits follcwed by a recognition probe ané found the same
decay function; Norman & Waugh (1968) found exponential decline in
d' with both list and test position of probe; Wi~keleren & Berian
(1971) demonstrated exponcntial decay when the interval was filled
with a counting backwards task. Moreover, the rate of decay appears
to be unaffected by serial position (Wickelgren & Norman, 1966),
type of item (Norman, 1966), number of repetitions (VWickelgren &
Norman, 1971) and storage load (Wickelgre & Berian, 1971). The
effeci of these faclors may be attribuied entirely to diiferences
in initial level of acquisition. Decay rate appears to be a
function both of the number of intervening items and of time
(Wickelgren, 1970b); also decay rate seems to derend on the nature
of the intervening activity, being much smaller in studies employing
the 'distractor' design than in single list probe studies {Wickelgren
& Berian; 1971). However, the main point for present purposes is
that in all these studies, in which rehearsal is controlled both by
fast presentation rate and by instructions, the reterticon functions

over the first ten seconde or so appear to be simple exponeniials.
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The simplicity of the decay functions argues both for the appropriate-
ness of ¢é! as‘a measure, and for the assumption that the decazy of an
effectively single representation for each item is involved.

The application of trace strength theory to item recognition is
not without ditficulties. Droadbent (1971) points out that the data
of Wickelgren & Norman (1966) and the recognition data of Norman
(1966) provide very little information on items separated from the
probe by less than three or so items, since very few errors are made
at so short a delay; moreover, ior such data as are available for
recall of very recent items, MOC curves (plotted on normal probabil-
ity graphs) are not particularly well fitted by straight lines with
a slope of unity. When errors are rare, the only other sensitive
index is reaction time (see Ch.3).

4 second problem concerns the nature of irace strength. The
simplest way to conceive of strength is as a quantity intrinsic to
an item's representation in the same way that degree of resonance is
intrinsic to a bell recently sounded;the duration and intensity of
its resonance depend on the force with which it was struck. Given
thz dependence of trace strength on recency, an item recognition
task such as that employed by Norman (1966), in which a list of
items is followed immediately by a probe, is performed essentially
as a judgement of 1ecency.s If the strength exceeds a criterion,
then the probe item must have been presented recently enough to
have been in the 1list; if not, then it is new. (Of course, trace
strength is a function not only of recency, but also of the duration
and frequency of presentation.) Now, Wickelgren (1972) deviates
somewhat from this metaphor in that he considers strength to be
intrinsic not to the representation of the item itself, but to

m

that of its association to a 'familiarity representation'. To
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me this is both unclear and unparsimonious, but it really makes no
substantive difference and may perhaps be accounted merely an
associationist version of the same story. A more serious objection
arises when we consider ithe views of Anderson & Bower (1972), vho
have argued forcefully that in long-term recognition subjects cannot
ke basing their decisions solely on the value of a unidimensional
strength variable which is = function of recené}, frequency and
presentation duration. For one thing, subjects are able to differ-
entiate sets of items,which on these grounds are presumably equal
in streﬂgth,by means o1 other attributes; such as who said them
and how and where they were presented. For another, it does not
prove possible to *trade frequency for recency in a manner predicted
by their proposed functional equivalence (Winograd, 1968). They
therefore invoke the idea that in recognition subjects test not the
strength of the item, but the adequacy of the associative links
between the probe item and contextual cues or 'list markers'. The
claim that interrogation oi contextuai information is necessary ior
recognition is also made by Norman & Rumelhart (1970), who assert
that we do not store items at all (they are permanently stored
already) but rather store information about the context in which
they have appeared. The subject bases his reccgnition decision on
whether a sufficient number of attributes of the test item can be
matched with a consistent and appropriate context. To be sure, it
is possible to sum over these all-or-none 'véctors‘, and the result-
ing oveiall 'strength' measure will behave very similarly to that
of classical trace strength theory (see Norman & Rumelharf, 1970,pp.

47-.50), But the underlying cohception of the memory structure

mediating performance is very differeat: subjects judge the number
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and adequacy of associative links to the item rather then its recensv.
Therc aré at least three reasons why we need not apply this
approach to short-term recognition. Firstly, it would be surprising
if the brisk presentation rates typically used permitted the format-

ion of rich cortextual associations. Secondly, contextual cues
change very little from cne trial to the next and barely at all
during a trial; yet subjects are able to make éﬁite good judgements
of relative recency. Of course, it could be claiiied that list
position is a contextual cue, but Hitch (1972, Exp.7 - see above)

has shiown that presenting position context with the probe does not

facilitate recognition. Thirdly, it is‘possible to influence anpar-

»
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ent recency with frequency of presentation in both short-term receg-
nition and judgements of rccency (see -2- above). On the basis of
preseant evidence, there is no need to bring contextual information
irto short-term recognition: most experiments have enabled subjects
to base their decision on recency alone. In the rare studies where
the material interpolated vetween list and probe does contain items
which may also be in the list, (Wickelgren, 1966c; Norman & Wickel-
gren, 1965), the data presented do not permit one to determine
whether most false positive responses were made ou irterpolated
items which also served as list items; even if they were nct, it
remains possitle that subjects could be baSing their response on
vhether the strength of the probe item fell within a criterial
'band' of strength (Hinrichs, 1970).

A {nird problem arises from the question: what counts as an
iter? Wickelgren & Norman (1956, 1971) imply one pOSSiblé answer
te this question by treating three-digit numbers as items. It

would be just ac reasonable, a priori, to treat them as ordered
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setc of three items; in this connection it would be interesting
to know hew tﬁe exact relationship between negative probes and list
items in terms of shared digits or digit pairs affected performance
in these experiments. AL the other extreme, we find Norman &
Rumelhart (1970) following|Bower (1967) 1in treating even a single
digit as a collection of independent component attributes. Another
question is: do the items have to be familiar gb the subject as

items in order to have a 'unique internal representztive' (Wickelgren

1972). Norman (1966) apparently obtained similar decay rates for
digitc played backwards, which were presumably nct initially familiar,

and for natural digits, though-the acquisition parameters did differ.

In summary, there seem to be good empirical grounds for the
claim that the recent presentation of an item is represented as an
ircrement in a uvnidimensional variable located at a content-
addrecsable representation specific to that item (qua 'type'),
that this increment decays, when the item is no longer preseut,
exponentially as a function of time and/or intervening items to
an asymptote in roughly 10-30 seconds (or items), and that decisions
based on this 'trace strength' may underly short-term recognition
and judgements of recency. This conclusion is not yet well founded
for very recently presented items, nor is it necessarily the case
that this is the only way an item is represented. There are also
certain conceptuai problems outstanding concerning the degree to
which the representation is unitary, and whether strength is a
cnantity possesséd by an item's representation or by its éssociat—

ions to other representations.
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2.23. Trace strength theory and order recognition.

 We have éo far encountered very lLittle evidence for the propos-
ition that inter-item associations play a major role in short-term
memory. The comparison tetween single and double probes (Section
2.413) indicates the contrafy, and of Wichkelgren's arguments from the
naturc of order errors (Section 2.11) only that based on the phenom-
enon of associative intrusions bears any weighfﬁ however, as was
previously remarked, it 1s possible that associative intrusions
result from an inactive memory component in recall, rather than
from associations represented as such in active memory. The use
of recognition procedures and strength measures should yield more
evidence on whether associations between items are represented as
such in active memory.

Wickelgren (1967b) Fested the assumpticn that d' measured by

response probabilities in reccgnition of an inter-item association

was independent of competing associations to the same 'stimulus'
member. He prescnted twelve-digit lists in which only two items
were repeated, and probed with an ordered pair. The subject had

to decide whether the second item had followed the first in the
list, and theAfirst digit of the pair was sometimes a repeated item,
sometimes not. The results provided no evidence that d' for the
pair AfB was reduced by strengthening the pair A-C in the same list.
(In fact, there was some evidence that when pairs at the beginning
of the list shared a common first term, their strength was actually

increased.) However, it should be noted that this experiment does

not imply that there is direct access to the representation of an

association, only that, given both members of a pair, a subject is

not much influenced in his assessiuient of the probability that they



65.
were adjacent in the list by the participation of the first item in
an ordered pair elsewhere in the list. When we come to RT experiments
on probed recall of lists without repeats (Section 3.3 et seq.)
evidence will be presented which suggest that when a stbject is
required Lo recail the second member of a pair from the list given
the first, he does not appear to have direct access to the stimulus
member, as according to Wickelgren (1972) he should.

Are the MOC curves and a posteriori probability functioas

cbtained in order recognition experiments compatible with the assump-
tion of an underlying strength continuum for the repsesentation of
associations? An experiment by Norman & Wickelgren (1965) seeined

to suggest that they were not. They required subjects to judge
whether both members of a probe pair were in a list of digits,

after some interpolated digits, and, if they were, whether their
order was correct. They obtained discontinuous MOC functions for
order recognition which appeared to be composed of two straight line
components. 2ut Donaldson & Glathe (1969} argue that since-Norman

& Wickelgren plotted the conditions with two old digits against that
involving two new digits, they confounded order and item information.
Donaldson & Glathe repeated the experiment so that order probes

were always adjacent pairs from the memory lict and subjects had
merely to decide whether their order was correct. they obtained
smooth, continuous and symmetricai MOC curves for both order and
item probes (d' was markedly lower for order probes and d' plotted
sgainst serial position yielded serial position curves much more
bowed for order than for item probes). Norman & Wickelgren (1969)
performed an experiment using lists of four paired-associates (P-As)

always composed of the same four stimulus and resporse terms,
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probed with a P-A composed from the same stimulus and response terms

(so that subject had to judge whether the association was correct or

not), after three to six seconds of distracting activity. They also

found smooth symmetrical curves and monotonic a posteriori probabil-

ity functicns. Murdock (1965), whc fellowed six-item lists of P-2s
with a P-A recognition probe,also found that 4' was independent of
false alarm rate for the first four pairs of the list. But, for the
fifth item there was some evidence that d' changed with false alarm
rate, and the last item was, of courss, almost always recognised
correctly. So it is necessary to extend the caveat first mentioned
in the context of item recognition: firstly, these 2xperiments
provide no evidence on memory for very reccent associations, since
performance on these is almost error-free; secondly, for associations
separated from test by up to five to six items (if in the case of
Murdock (1965) we includé the test pair) evidence for the continuous
strength assumption is not particularly good. For older items,
however,; the data is compatible with the assumpiion of a strength
continuur for associations.

Does d' for associations suffer expcenential decay? The
evidence is meagre. Murdock (1965) found no change in d' over the
first four items, though the presentation rate may have permitted
some rehearsal, which would have obscured the retention function.
Wickelgren (1967b) claims that his data show exponential decay, but,
as he admits, the scatter introduced by the several conditions makes
this conclusion hiéhly teniative; ornly féur delay values were used,

and d' did not change between the longer two (six and eight inter-

vening items).

In conclusion, the evidence for the applicability of trace
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strength theory to inter-item associations in short-term memory is
equivocal. The possibility of all-or-none representation is not
ruled out for very recent items, A and for items retained
for longer periods, for whose associations the continuous strength
assumptions do seem to hold, there is not yet good evidence for the
exponential decay of those associationc that one could expect if they

were represented in active memory.

2.2k. Is a strength measure possible for recall?

In view c¢f the utility of SDT's strength measure d', it woulAd

be useful to have a means of computing it from recall probability.

The problem may best be appreciated in the context of Murdock's data.
He probed recall from five-, eight- or eleven-word lists with either
a position or a contextual probe, and enccuraged subjects to suess;
plotting plcorrect) against serial position probed he found marked
recency and mild primacy effects for both kinds of probe. But

when the data were plotted in terms of the serial position from which
the response had come, it could be seen thal though subjects respond-
ed less often with carly than with late items, they were more likely
to be correct when they did. Murdock (1966, 1968a) interprets this
as evidence for a shift in decision criterion in the direction of
greater risk for later serial positions. He therefore advocates the
use of a d' measure which he calculates separately for each serial
position, using as false alarm rate the probability of intrusions
from that position given other probes. Norman (1966) uses the orob-
ability of intrusions at that position, on the assumption that each

of the possibie incorrect responses is equally likely.

These procedures scem to me entircly dubious. Firstly omissions
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are ignored. Secondly and more seriously, in probed recali the
subject needs fo retain infermation about the order/positicn of the
items. If, as hes been repeatedly suggested in previous pages, the
occurrence of items is rctained in a form independent of the order-
preserving store, Murdock'é finding is predicted without reference
to changing decision criteria. For, if the subject guesses when the
correct response is not available, the likelihgbd of his guessing a
particular response will reflect its availability ac an 'ifem—trace',
which, it has been argued, is a direct function of its recency of
occurreﬁce (Sections 1.4, 2.11, 2.22). Thus incorrect guesses will
tend to be recent items, the tendency noted by Murdock. In any
case, there seems no good reason why subjects shouvld change their

decision criteria for different serial positions.

In the light of the possibility that the occurrence of items may
be represented in active memory independently of the form of storage
in which their order is preserved, attempts to obltain measures oi d'

from the number and/or source of intrusions at different retention

intervals in probed recall would appear to be fruitless.
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2.3. Active memory: capacity, function and coding.

The studies of short-term forgetting reviewed in the last two
sections have suggested two rather different conceptions of the
nature of representation in active memory. The cvidence on serial
recall and on comparisons between the different methods of probing
recall has given rise to the idea of active merory as a limited
capacity, phonemicalily-coded store, which retains a short string of
items in their order of input and thus retains temporal order inform-
ation as an intrinsic property of its structure. On the other hand,
data from studies of item recognition and judgements of recency,
together with the fact that the response buffer hypothesis cannot
by itself account tor tne nature of transposition errors, have seemcd
to require that the occurrence of an item is represented as an'item-
trace' - the temporary activation of a permanent content-addressable
representation (a logogen) the degree of activation being a simple,
probably exponential, function cf recency. The former conceptica is
implicit in Conrad's (1965) 'fixed-addi-ess store', Atkinson &
Shiffrin's (1968) ‘'rehearsal buffer', and Reitman's (1970) ‘waiting
roca'. The latter is represented in Norman's (1968, 1969b) descrip-
tion of 'primary memory'. I have suggested that the two may be com-
bined in a hypothesis of two forms of post-categorical active memory,
and that we may tentatively identify the first kind with Morton's
'response buffer' and the latter with Morton's 'logegens', with the

amendmerts described in Section 1.4. Armed with this hypothesis, we

now consider some rather general questions of the functions and

format of active menory.
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2.21. The capacity of active memory and speech comprehension.

Amons, the functions most commonly suggested for active memory
(aside from the temporary retention of telerhone numbers, a comparat-
ively recent human need in terms of the evolutionary time scale) are
speech comprehension (Neisscr, 1967 Craik, 1971) and speech product-
ion (Morton, 1969a, 1970). Without any very profound analysis of
comprehension, it is obvious that in listening %o or reading contin-
uous prose, a man must retain in memory at least the semanfic
'identity of the words that have recently occurred, in order to
understand the word cuirently perceived. He must do this in order,
for example, to understand the rcference of a pronoun, or of a
verb divorced frouw its subject, to disambiguate a present word by
using its past context, and to take advantage of the redundancy of
langvage when the speech stream is masked by coughs or low-flying
eeroplanes. Moreover, it is occasionally necessary for words thst

have already been seen or heard to be held in a relatively unanalysed

ontext. It is

o

because their disambiguation waits upon future
very striking how large is the span of intervening material over
which this retention faculty appears to operate, compared to conven-
ticnal estimates of the capacity of 'primary' memory. Also, if one
asks subjects te repeat continuous prose verbatim, their span (12-20
words)'is consideradply in excess of their span for unrelated
material. Murdock (1972) finds these discrepancies so hard to
swallow that he makes them the basis of his main argument against
the 'cornsensus' view of short-term memory, represented by Waugh &
Norman (1965) and Atkinson & Shiffrin (1968), of whom he says:

"Such models posit perféct memory for a very small number of
items, while the redundancy of language demands an STM system capable

of holding imperfectly a large number of items. To comprehend
written or spoken language, one must keep in memory fairly large
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segments of unprocessed or partly processed information before
making linguistic d2cisionSeceecess" (Murdock, 1972, p.91 )

Where do the estimates of capacity come from? Morton's (1970)
estimate of the capacity of the response buffer, four or five words,
is based on the observation that this is the upper bound of the ear-
voice span in shadowing and the eye-voice in reading (Morton, 196kc).
Also, order errors in reading may involve the prepositioning of a
word by up to five places (Morton, 1964c). Also, in running memory
experiments, subjects typically recall no more than five or six
items (Crowder & Morton, 1969). Atkinson & Shiffrin (1968) estimate
a 'lower limit on rehearsal capacity' from digit span experiments,
by identifying the series length at which the subject never errs,
which they say is in the range five to eight items. Sperling &
Speelman (1970) derive from the results of their partizl report
experiment an estimate of Qapacity which is, however, someyhat
dependent on the assumptions of their model. They claim that
tauditory short-term memory'can contain 7.5 acoustically different
letters, or 5 acoustically similar letters, plus
the two words of the partial report cue which are presented after the
memory listo.

Estimates of capacity derived from free recall experiments tend
to be somewhat lower than those we have already reviewed. Craik
(1971) reviews several methods of estimating 'primary memory' capac-
ity from the recency effect in free recall: Waugh & Norman's (1965)
correction for thg probability of recalling the item from secondary
memory, Baddeley's (1970) estimate from the difference between
immediate and delayed recall, and a method due to Tulving & Colotla

(1970). He concludes that "most workers now accept that primary
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memory can hold between 2.5 and 7.5 words", and that therefore the
immediate memory span must include a. considerable secondary memory
component. My own feeling is that these methods underestimate what
they attempt to measure; partly because they do not make adeguate
allowance for the effects of oulput interference, but more crucially
because it is probable that in free recall, subjects employ part of
their response buffer capacity to retain information from earlier in
the list (see Section 2.32 for further discussion of this point).

So these estimates may not in fact be incompatible with those we
have so far mentioned.

How are these estimates of cepacity, all derived from recall,
reflected in recognition performance? The data of Donaldscen (1971)
(Section 2.12) show recognition performance to be good after up to
twelve interve£5ng items, while a comparable measure of order recog-
nition declines rapidly ﬁo a level near chance after five or six
items. Norman & Waugh's (1968) results imply that decay of item
strength is still occurring after up to ten or twelve intervening
jtems. JA~cording to Wickelgren & Berian (1971), decay of the short-
term trace continues after wore than ten seconds of counting backwards
in threes. Moreover, as Tulving & Madigan (1970) point out, judge-
ments of recency are possible for items located on the flat portion of
the free recall serial position curve, and therefore presumably out-
side the compass of primary memory Qapacity as estimated above (Hin-
richs & Buschke, 1968; ¥Yntema & Trask, 1963). Thus it appears that
information upon wﬁich item recognition and judgements of recency may
be based remains available in active memory long after the 1limit on
capacity derived from recall measures would suggest.

The classical answer to this dichotomy would be in terms of
different 'thresholds of strength' for recall and recognition (Kintsch,

1970); but the data of Donaldson;(1971) suggest that the distinction

see Section 2.12
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between order and item information is the critical one. So the
dichctomy may more successfully be resolved by our hypothesis of two

~

forms of antive memory (Section 1.4), if we assume that the number
of intervening items required (at standard presentation rates) for
'item-traces' at logogens to decay to an effective asympteote is
considerably larger than the item capacity of the response buffer.
On these grounds, we should not expect item recogniiion and judge-
ments of recency to be limited by response buffer capacity, since
they are mediated by judgcments of the strength of 'item-itraces'
(Section 2.22). But this suggested resolution raisez another
problem: why is free rezall, which by definition does not require
the retenticn of order, spparently limited by response buffer cap-
acity? VWhy can the subject not use item information stored in the

form of item-traces? We must consider more closely the nature of

access to 'item-traces' at logcgens.

I have insisted that logogens are 'content-addressable' in
Norman's {1968) secnse, that is, they are sctivated directly by the
physical and/or semantic features of the item they represent. By
'physical' features I intend to refer to necessary features of the
item, like its visual shape, or auditory distinctive feacures or
articulatory description, not to contingent features such as its
location in time and space, its colour, pitch, etc. Semantic
features are intended to include context and expectancy. For the
item-irace at a logogen to influence behaviour, it is therefore
necessary that a 'query' (Norman, 1968) be put to the logogen
system fcrmulated in terms of physical/semantic features, not in

terms of contingent temporal or spatial properties. What this boils
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dowr. tc is the following. The query, 'Give me recent items.' is not
a legitimate one for the logogen system, save perhaps for the most
recent one or two logogens to have been activated. Thus in free
recall, the subject cannoi make direct use of item-traces. There
are, however, two forms oquuery which are legitimate:

1) 'How recent is (=what is the trace strength of) item X (i.c.

an item with features a,b,c,d,e.)?'

2) 'Give me any item with features a,b,cece..' In this‘case, the
first response to become available will be the item represented by
the mosf active logogen addressed by those features.

Queries of the first form are involved in item recognition and
judgements of recency. They are probzbly also invelved in a task
émployed by Shulman (1970). Shulman presented a ten-word list and
asked subjects to say whether a homophone or synonym of the probe
.word had been in the list. His data showed no recency-related
disscciation between the two kinds of probe: the relative efficiency
of the two kinds of probe was the same at all serial positions and
both showed a recency effect. Shulman feels that these results imply
both semantic and acoustic coding at all retention intervals and
are therefore incompatible with conclusions drawn by Kintsch &
Buschke (1969) from their experiment. They presented 16-word lists,
followed by a probe; subjects attempted to recall the item following
the probe. The list contained either synonyms or homophones of the
probe. The serial position curve showed a flat early portion and a
recency effect over the last few positions. When the latter positions
vere probed acoustic similarity had an adverse effect, while semantic
similzrity hed none. For earlier positions,.the reverse was true..
The authors interpret this discociation, congruent with the recency

effect, as evidence for acoustic coding in primary memory, semantic
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coding in secondary memory. However, the results of the two studies
are not in conflict. The test item in Shulman's study constituted

a recognition prcbe for a set of physical or semantic features, and

would therefore provide access to item-traces in the logogen system
whose strength could be coﬁpared against a criterion. In contrast,
Kintsch & Buschke's subjects had to recall an item, and for the
last five or six items this would chiefly be via retrieval from
the response buffer, which is, of course,; phonemically codéd.
Queries of the second form are involved in the account given
of the 6ccurrence of transpositions in serial recall in Section 2.11;
and explain how the logogen system can function as Conrad's 'store
of availsble responses',; from which responses are available as a
function of rccency. If nc phonemic information about an item
remains in the response buffer, the query may be simply: 'Give me
a letter', if some information remains, the query will be: 'Give me

2 letter with phoneme Y'. Essentially this provides a mechanism for

ensuring that guesses are recent items and often phonemically related

to the items they replace.

Finally, I should like to suggest that the yroblem of reconcil-
ing immediate memory span and sentence comprehension which initiated
this section is resolved, since connected prose will allow subjects
at least some access to information retained in the form of item-
traces, in that the redundancy of language will provide effective
queries of the second form. Thus, sentence span will be related
to the rate at which item-traces cease to be available, and need
not he limited by response buffer capacity.

An example may help. A test case for any account of the role
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of active memory in comprehension is the phenomenon of 'retro-active
disambiguation'. A classic example is the sentence, 'Rapid rightirg
wifh his uninjured hand saved from 1oss the contents of the capsized
canoe'. The problem posed by this sentence is that most people
nhearing it initially interpret the second weird as its homophone
'writing'. The fact that they are nevertheless able (on the whole)
to interpret and remember the sentence correctly may seem to imply
that some gggfsemantic representation of the word 'righting' must
be retained over a span of some twelve words. However, the follow-
ing informal account can be given on the basis of thc present model.
When the word 'righting' is heard, both the logogens [writing] and
[righting} receive an equal increment in trace strength. Since
the word 'rapid' will already have incremented tlie strength at
[writing] more than that at [rightingﬂ s, the interpretation 'writing'
will be dominant. The traces at both logogens now suffer decay, but
both receive a roughly equal increment from 'with his uninjured hand’',
whicl: is appropriate context for both words. The words 'capsized
cance' will scrve as semantic input only to the logogen [righting],
as a result of which its trace strength will preferentially receive
an increment causing it now to exceed that of [writing]. Hence the
interpretation ‘'righting' wili finally become dominant. Essentially,
the argument is that choice of the initial interpretation 'writing'
does not destroy the activation of the logogen [righting] . (There
may be additional processes at work - e.g. an inhibitory process
preventing any but the dominant logogen of a homophone pair or
triple from influencing the cognitive system.) This account is
obviously very simple-minded; I dip an ignorant toe into these

treacherous swamps only in order to suggest that given the account
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of active memory favoured here, Murdock's problem is not intractable.

2.32. Broadbent's 'address register'.

Broadbent (1970,71) has also argued recently that a single form
of post-categorical shorti-term memory store is inadequate. He has
eccoraingly proposed two. They are by no means homologous with the
two forms of active memory which I have been advocating. He calls
them: |
1) 'primary sensory storage' (the 'in-tray!) which, though distinct
from icdnic or echoic storage and post-categorical, is otherwise
sensory in nature and subject to decay, and
2) the ‘address register' (the 'desk-top'), which contains a fixed
number of items, subject to displacement, which function as the

addresses of locations either in primary sensory storage or in long-

term memory. All categorised items also pass into the long-term

store; but they tend to become inaccessible unless an appropriate
address 1s neld in the addéress register. The address register is
thus a store which functions primarily as a control or retrieval

system.

Two of the arguments put forward by Broadbert are critical for
this hypothesis. The first is that, if both the recency eifect in
free recall and the effects of acoustic similarity are attributed
to the same short-term memory component in recall, it is strange
that "experiments such as those of Baddeley (1968) chow acoustic
similarity effects to be just as great at the beginning of a serial
list as they are at the end" (Broadbent, 1970,p.345). Nevertheless
acoustic.similarity =ffects do die away after‘distracting activity.

This lack of congruity between recency effects and acoustic similar-
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ity effect implies, he argues, two forms of active memory;
since as we have already seen, acoustic similarity appears primarily
to affect recall rather than item recognition, Broadbent propcses
that thc store affected by acoustic similarity is the address register.
Broadbent's second argument depends on some evidence of Tulving &
Patkau (1962). They presented word lists considerably in excess of
span for free recall and scored recall in an unusual way. Any
sequence of responses contiguously reproduced was counied as a
'chunk' if the words had also been adjacent in the stimulus list.
The numver of ‘'chunks' reproduced appeared to be constant, at around
seven. Broadbent interprets this as indicating the existence of a
mechanism containing a fixed number of addresses, from each of
which access can be had to the locations in long.--term memory or in
the short-term store at which the items constituting a chunk are

stored.

Unfortunately, recent evidence implies that the first of these
arguments is mistaken. The experiment of Kintsch & Buschke (1969)
demonstrated an exact congruity between acoustic similarity effecis
and the recency effect (see Section 2.3%1). Then how are the data of
Baddeley (1968) which Broadbent quotes to be accounted for? The
simple answer would zppear to be that vhen six-letter lists are

presented at one item/sec. for immediate self-paced recall, reheargzl

is not adequately ccntrolled for Broadbent to draw the conclusions

he ywichec to draw; if *the subjects rehearse, serial position is
likely not to represent accurately the number of items or time
since presentation. The differential effects of acoustic similarity

on recall and item recognition are therefore better accounted for by
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our own two-store hypothesis, according to which vhonemic similarity
affects rqspoﬁse buffer retrieval but noﬁ decisions based on 'item-
traces’.

The argument from Tulving & Patkau's (1962) finding is more
convincing. Bu% it does not seem necessary to me to postulate an
additional store to serve as an address register. Inactive memory
appears to be largely content-addressable. If.%his is the case it
implies thaf items are addresses. Thus items stored in active
memory, in whatever form, may function either as items in themselves
or as refrieval cues or ‘addresses' for access to inactive memory
representations. In the experiment of Tulving & Patkau (1962), and
probably in most free recall experiments, it is prchable that subjects
retain items in active memcry from early parts of the list in order
that they may serve in this fashion as retrieval cues for related
.items stored in inactive memory. (Note that this implies an ability
to select items for retention in active memory: that this was
possible for ihe response vuffer was suggested in Section 1.4 and
argued in Section 2.11.) The more they do this, the less space
there will be in the response buffer for the retention of recent
itens. It was suggested in Section 2.31 that this explained why
estimates cof primary memory capacity from the recency effect in free
recall (Craik,1971) were so small.

In summary, Broadbent's arguments do not in critical respects

necessitate his two-store model, and provide no difficulties for our

OWne.

2.33. Active memory as a working memory.

I have mentioned the role of-active memory in speech comprehen-~

sion and in keeping track of information recently stored in inactive
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memory. Ancther function sometimes suggested is the organisation
and reorganisation of material currentl; being operated upon. For
instance, runter (1964) emphasises the need for a 'working memory'
in problem-solving. Posner (1967) speaks of an 'operaiional memory'
for organising material reéctivated from long-term storage. Some
form of temporary storage is also implied by the need to keep track
of one's progress during the process of retrieval.

Two schematic examples will serve to indicate the need for an
active {(as opposed to nassive) organisational role for active memory.
Firstly; consider all operations in problem-solving which require
the combination , or inversion ‘of the ofder of, two verbal elements
A and B of a sequence stored in active memory. The evidence reviewed
in this and the next chapter, and experiments reported subsequently,
make it clear that the elements of an ordered sequence in active
memory are not simultaneously &nd instantly available, but that
access requires a serial retrieval process whose rate is roughly
that of sub-vocal speech. This has the implication that when the
jtem A has been retrieved, it must be held in some other immediately
available form of representation while the item B is retrieved. It
is suggested that this is as the most recént 'item~-trace' at a logo-
gen. Consider alsc the problem of keeping track of one's own recall
from active memory. I shall in Section 3.3%4 mention evidence for
Conrad's (1965) claim that in order to recall a list backwards, the
gubject is obliged to run through the list forwards from the beginn-
ing for each item (or pair of jtems) retrieved. The question arises;
how does he keep track of where he has got to? Again, thére is &
necessity for some form of active memory indepenaent of the store

actually being searched.
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It is an important feature of the two-store medel of active
memory ir.iroduced in Secticn 1.4 that it permits this organizational
role. For this to be the case, the amendments made to Morton's
account are crucial. It will be recalled that I proposed that the
subjects could select whicﬁ items made available by the logogen
cystem were transferred to the response buffer, and could also
coentrol at which position in the response buff;} he started the
process of feeding articulatory descriptions back to the logogen
system (sub-vocal rehearsal or read-out). These control processes
provide'a means wherety information may be 'shunted' back and ferth
between the two forms of storage, 'reordered and combined. Moreover,
if cne postuletes only one storey; and if this store must be serially
searched, then the necessity to retain a retricval cue while onc
searcihes for the reguired it em generates a paradox: crudely, one
.hes to let the cue go, in order to find the item; but one does not
know whether cne has found the right iiem unless onc has the retrieval
cue available; but retrieving the cue requires one to let go of the
item again. The postulate of two forms of storage avoids the para-
dox (though other solutions are no coubt possible). Whether the
elements contained in the model provide enough flexibility for a

working memory (for verbal processing only, of course) must remain

a topic for future work.

We have seen that the model of active memory proposed in Section
1.4 permits it to fulfil three functions: a temporary store in ling-
vistic processing; an 'address register' for keeping track of inform-
ation recently stored in inactive memory, and a working memory with
a capacity for the reordering and combination of verbal iters and the

control of retrieval. In reality, of course, these functions are
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highly interrelated. We turn now to consider, briefly, some evidence
that representation in the logogen system is at the level of 'words',

and that items in the response buffer arc articulatorily coded.

2.34. Speriing's recognition buffer.

Sperling (1963) presented visual displays of letters for various
durations, terminated by a visual noise field. When the number of
letters reported was plotted against exposure duration, the resulting
functiocn consisted of two roughly linear components: as exposure
duratioﬂ is increased, the number reported increased very rapidly
(about one item per ten msec.) .up to about four or five items, after
which the rate of increase was very slow, with no more than one
item being added for every extra second. On the assumption that the
mask did indeed terminate the icon (for which there is now gcod
evidence - Merickle, Coltheart & Lowe, 1971) Sperling concluded that
display items could be scanned serially from the display at a rate
of ten msec. per item. However, he has more recently (Cperling, 1967)
indicated that the process may not be entirely serial, since when
report accuracy is analysed for differenli locations on the display
individually., location "n ris.seen to be reported will above chance
long before maximum accuracy is achieved on location n-1; this
implies either that scanning pattern varies from trial to trial, or
that the extraction of items is at least partly simultancous.

Recent models assuming simultaneous extraction of display
items (e.g. Rumelhart, 1970) have proved qjuite successful. Never-
theless the important point for present purposes is that however
items are extracted, they become available at a rate considerably

in excess of the highest estimates of rehearsal rate (Landauer,

1962, obtained a maximum rate of around eight letters a second) .
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Impressed by the order of magnitude of this discrepancy, Sperling
(1963, 1607) introduced into his model a component called the
'recognition buffer' between the scanning process, and the auditory
information store (AIS). Inputs to this component are conceived as
rapidly setting up programﬁes for the pron unciation of items (in
espite of the acoustic nature of AIS), which are then executed at the
rate of sub-vocal speech to transfer items to A&S.

1 suggest that we may identify Sperling's recognition buffer
with the logogen system, and AIS with the response buffer. Allpoit
(1973) has recently reported some evidence in support of the first
part of this claim. Using the‘Sperling-paradigm described above, he
showed that the rate of increase in number of items reported with
increasing exposure duration was similar for three letter CVC words
and for single letters, but much slower for CCC non-words. (Infort-

unately, he did not try CVC pronounceable non-words.) Moreover, the

same slope was obtained for two-syllablc as‘for one-syllasble worcs
of roughly the same length;nor 4id the slope depend upon word length.
Since the rate of acquisition is limited not by the number of visual
characters to be encoded; but by the number of names, Allport
concludes that subsequent in processing to the level of representat-
ion destroyed by the mésk, there exists a level at which the unit of
representation appears to be the word, rather than display location,

letter or syllable. He identifies these lexical representations with

Morton's 1ogogens.,

In summary,.processing up to the level of logogens, which are
1 .
lexiczl representations, is probably essentially parallel ; thus if

several items arc presented at orice,outputs from several logogens

1This is not intended to imply that there is no selection of input
prior to logogens.
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may become available very close together in time; however, the rate
at which fhey‘may be read into the response buffer is slow. Span
of apprehension is, according to our model, limited by a ccmbination
of response buffer read-in rate, response buffer capacity, and the
decay rate of item—traces,'in addition t¢ any limits there may be on

focal attentione.

2.35. Articulatory versus acoustic coding in active memory.

There is a wealth of evidence for the proposition that coding
in active memory, at lcast for ordered recall is phonemic. Within-
list phonemic similarity results in a recall decrement (e.g. Badde-
ley, 1966a; Conraa & Huli, 1664; Laughery & Pinkus, 1966; Wickelgren,
19650); intervolated items similar to memorised items cause more
forgetting than dissimilar items (Conrad, 1967; Wickelgren, 1965a);
intrusion errors tend to share phonemes (Conrad, 196k; Wickelgren,
1965d) or, perhaps, distinctive features (Wickelgren, 1965b, 1966b)
with the correct responses they replacc. However, ncne of this

evidence favours acoustic over articulsziory coding or vice versa

(Morton, 1970; Wickelgren, 1969a). According to Morton (1970) rep-
resantation in the response buffer is articulatory in nature. Since
theorists such as Sperling & Speelman (1970), who favour acoustic
representation in & form of storage particulariy compatible with aud-
itory presentation, may still be found, we must consider the issue
briefly. It should first be mentioned that experiments on this topic
which uce auditory presentation should include some form of control
for recall from PAS (Crowder & Morton, 1969), which being a sensory
store is necessarily coded in terms of acoustic features. Evidence
on the issue may be svmmarised pnder the following headings:

1) Error analysis. On the basis of the data of Conrad (196L4)
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and Miller & Nicely (1955), Hintzman (1967) argues that confusion
matrices compiled from recall data show the influence of place-of-
articulation errors more than do perceptual confusion matrices.

Dut the validity of his argument depends on the dangerous assumption
that memory 'noise' is 'white'.

2) The effect of variation in compatible articulation. Murray
(1966) had subjects mouth, whisper or read aloud the presented mat-
ericl, and found that increasing articulatory activity in this manner
improved recail. But since the availability of acoustic information
was also increased, the effect could be due to recall from PAS.

3) Minimisation of sub-vocal muscular activity. Glassman (1972)

sed an IMG recording technique to monitor sub-vocal activity (SVA)
and trained subjects to suppress their SVA with feedback from their
own EMG, in the Brown-Peterson paradigm, with visually presenﬁed
phonemically similar material. While a higher proportiion of errors
were 'acoustic' when SVA was not suppressed, the overall level of
performance was ncot affected. However, o fifteen second retention
interval was employed, and the involvement of active memory in recall
at this delay is dubious. Moreover, it mzy not be sufficient merely
to suppress articulatory activity; Gumenik (1969) found no recall
decrement when subjects were required to hold their tongues between
their teeth. What is needed is:

L) Competing articulatory activity. Murray (1967) had subjects
say 'the, the,...' during presentation of the list and did find a
recall decrement. -Levy (1671) gave visually presented lists accomp-
anied by compatible or incompatible silent articulation. Proued
recall performance was reduced almost to chance lzvel by incompatible
articulation, suggesting that articulation is necessary for immediate

recall of visually presented material. Fut when she accompanied tle
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lists with simultaneous auditory presentation, the decrement due to
incompatible érticulation almost disappeared. Levy therefore favours
a dual coding hypothesis. However, her experiment contains a small
flaw: since articulation was suppressed only during list presentation,
it remains possible that the subject may, in the case of auditory

rresentation, articulate the contents of PAS subsequent to presenta-

tion.

5) Visual presentation with auditory suffix. If visual inform-
ation is, as Sperling (1967) ang Sperling & Speelman (1970) suggest,
encoded into an acoustic store, then an auditory suffix should inter-~
fere with retention in the same way when the presentation is visual
as it does with auditory presentation. Morton & Holloway (1570)
showed that it did not, even when the subject was forced to process
tlie suffix.

6) Deaf people. Perhaps the most striking evidence for the
articulatory coding hypothesis is to be fouﬁé in Conrad's (1970, 1972)
findings that amcng profoundly deaf children, these who develep
‘acceptzble' speech also tend to find pnonemically similar seguences

of words and letters difficult to remember, and to show typical

Yacoustic! confusions in recall.

In conclusion, the effects of competing articulatior, the
dependence of acoustic errors on sub-vocalisation, and the finding
of similar errors in normals and the profoundly deaf all favour the
hypothecis of articulatory coding in active memory. However, the
possibility, when presentation is auditory, of some additional

acoustic coding, distinct from PAS, cannot on the basis of present

evidence be ruled out.
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Summary and conclusionse

In this chapter, I have surveyed a rumber of experiments on
short-term forgetting, conducted in the context of a variety of
theoretical issues. The first of these was the problem of the rep-
resentation of order. That the storage of order and content in active
memory is not mediated by a single mechaniém was implied by:'

- evidence of the differential effects on order and item efrors in
serial recall of serial position, probe type, acoustic similarity,
groupiné, and perhaps presentation rate and retention interval;

- evidence for contrasting effects of serial position, acoustic
similarity and presentation rate on short-term item recognition on
the one hand,and tasks requiring the retention of order on the other;
- Conrad's argument from the nature of transpositions for a 'stoxre
of available responses'.

That inter-item associations slone cannot mediate order retention

in active memory was demonsirated by various pieces of evidence which
did on the other hand favour the existence of some kind of links bet-
ween items and positions. Positive evidence for the existence of

any associative chaining in active memory was restricted to two points;
the occurrence of associative intrusions, which, however, may result
from an inactive memory component in immediate recall; and the
evidence for the applicability of trace strength theory to order
recognition, which was equivocal with respect to whether there is

an active,decaying component to the strength with which an associat-

ion is represented.

That item-position associations alone cannot mediate order

retention was implied by the difficulty of accounting foir trans-
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positions and their relationship to phonemic similarity.
It was therefore vroposed that order and position informaticn
are maintained in active memory primarily by the retention of items
in a limited-capacity, articulatorily-coded, temporally-ordered

store, the response buffer. This (and the inadequacy of Wickelgren's

hypothesis of inter-item plus item-position associations) was implied
by:
- evidence that position and contextual probes do not différ much
in effectiveness, except inasmuch as is compatible with access via
positioﬁ but not via content;
- evidence that adding a contextual probe to a position probe does
not facilitate recall;
- evidence that a (purely) spatial position probe is relatively
ineffective;
- evidence for articulatory coding in active memory.

Experiments on short-term item recognition and judgements of

recency conducted within the context of trace sirength theory sugge-

sted that items are also represented as temporary traces located at
permanent specific content-addressable representations or logogens,
and that in the absence of rehearsal these traces are subject to
decay along a single strength dimension as a simple, probably exponu-
ential, function of recency.

The hypothesis of two forms of active memory was further discussed
in the context of estimates of the capacity of active memory, and was
held to resoive the dichotomy between estimates deriving from recall
measures on the one hand, and item recogrnition and judgeménts of
recency on the other. This raised the question of why item-traces

at logogens are not accessible in recall. It was concluded that access

to all but the most recent item-traces is only direct via a 'query'
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framed in terms of content. This mode of access was claimed to be
adequate to answer the needs of spcech comprehension. Other functiors
of active memory were mentioned; use was made of Broadbent's 'address
register' concept, but his two-store dichotomy was rejected. 1t was
also argued that active memory could serve in an organisational rcle,
as a working memory. Finally, it was nointcd out that the logogen

system would fulfil the same theoretical need as the ‘'recognition

tuffer' proposed by Sperling.

The hypothesis of two forms of active memory (Section 1.4),

based on Morton's (1970) logogens and response buffer, is robust,

general and useful. The factors by which the two forms of repres-
entation may gmpirically be dissociatcd may include: acoustic simil-
arity, position cues as compared to content cues, rate of precentat-
ion and capacity/serial position/retention interval. In the next

chapter, we shall be concerned with reaction time experiments on

4y

or

n

immediate memeory ub-span lists. This line of rcsearch, initiat-
ed by Stcrnberg, has as a matter of history developed largely indep-
endently of the work reviewed in this chapter. ©So, in a sznse ve
start again at the beginning, but I hope to show that the same quest-

jons arise, in spite of differences of emphasis, and that therec may

be grounds for favouring the same answers.
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CHAPTER IIT1. Immediate mcmory anc rcaction time.

The aim of thié chapter is to review the results of some exper-
iments on immediate memory for short sequénces of items in which
reaction time is measured énd to consider their implications for
theories of the nature of immeciate memory. The experiments have
these characteristics in common: lists of items ('memory sets'),
chosen from a larger set (the 'stimulus ensemble'), are presented to
sﬁbjects for memorization; subsequently a further item is presented
(the 'prébe') to which the subject must make a speeded1 response by
reference to the memorized list} reactioﬁ time is measured from the
probe onsci, and is the dependent variable of chief interest; typic-
ally performance is relatively error-free, in that although perform-
arce is speeded, error rates are usually kept below 10%. In general,
by 'items' I mean constellations of perceptual features which are
familiar, which if they lack names are at least readily identifiable
end vhich may be treated as units; in practice this will involve the
use mostly of letters, digits and words, though in some studies line
figures, geometrical forms, faces (echematic or photographed) and well-
learned nonsense forms have been employed. The 'question' which the
probe item puts to the subject varies with the paradigm. Among those
I shall discuss will be ‘item recognition'2 (IRn) in which the subject
must make one response if the probe is contained in the memory set
and another if it is not, 'contextual recall‘2 (CR) in which the sub-
ject must name the item following the probe item in the memory set,
and 'location' (Ln) which requivec the subject to indicaté the ordin-
al position of the vrobe in the lict. Other possibilities exist and

have on occasion been used. As will become clear the bulk of published

2 .
1i.e. 'as fast as you can while avoiding errors'. Sternberg (1959a)
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studies have used the IRn paradigm. It is apparent that these diff-
erent tasks may require different attributes of the memory set to be
represented in and retrieved from memory, and may impose different
modes of access to the stored representations. A distinction which
I shall particularly stress, in line with the position argued in the
previous chapter, is that between tasks requiring the use of stored

order information and those that do not.

The chapter falls into three sections: In the first I shall
consider in detail that version of the IRn paradigm in which the
memory set is varied from trial to trial (Sternberg's ‘varied-set'
procedurc). Five models will be outlinéd, and their predictions
compared to data available in the literature. In the second section,
the implicatioﬁs for immediate memory of the 'constant-set' version
of this paradigm, in which the memory set remains the same over
large numbers of trizls, will be examined. In separating the two
I deviate from cther reviewers (Sternberg, 1969a; Rabbitt, 1971;
Nickerson, 1972) on the grounds that the constant--set paradigm is
unlikely to be a pure immediate memory paradigm. Now Sternvers
(1969a) has argued that the subject performs the constant-set task
as a (covert) version of the varied-set task in that he rehearses
the constant set and so maintains it in active memory. My object-
jon will be that while Sternberg's argument may hold for relatively
unpractised subjects, there now exists evidence of marked changes in
the pattern of perférmance with practicc on a particular memory set,
and since one cannot know a priori at what stage a subject is in
whatever progression underlies such charges, a sensible precautioi

is to make use only of that paradigm which one is certain involves
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active memory. (The grounds for this certainty will be discussed
briefly at the end of the chapter.) 'In the third section I shall
consider the relationship between the results obtained with the IRn
paradigm, and some of the other memory-scanning paradigms. These will
be argued to be compatible‘with the hypothesis of two forms of post-
categorical active memory introduced in Section 71.4. Some predici-
jons from the model, together with cthers derived in the first
section, are tested in eXpériments described in later chapters.
Exciuded from this review, which is otherwise intended to be
fairly comprehensive, are some*experimeﬁts in which several probes
are presented at once, (as in some conditicns of Nickerson, 1966,
and Briggs & Blaha, 1969), those in which the memory set consists of
connected discourse, and those in which 'multidimensional' items are
used in-an attempt to establish whether individual memory items aré
'processed' in series or in parallel (e.g. Checkesky, 1971; Dumas,
Gross & Checkosky, 1972). These seem to me to introduce extra com-
plications which have not so far enhanced our understanding of imm-

ediate memorye.
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Much research employing this paradigm has been published since
Sternberg's (1966) ingenious pioneering work. The exhaustive scann-
ing model which Sternberg proposed has exercised a powerful hold on
the imaginations of some authorsq, to the extent that in a few cases
its validity is so taken for granted that data are presented purely
in terms of the slopes of the linear regression lines that best fit
tﬁe set size functions and as such are assumed to represent 'memory
comparisén times'. Relatively few experiments have been directed at
testing the exhaustive-scanning model directly against well-articul-
ated alternatives. I shall describe five models: the two variants
of Sternberg's‘scahning hypothesis - 'exhaustive' and 'self-termin-
.ating'; two versionsof a 'trace strength' theory , which I have tried
to specify in sufficient detail so that clear-cut and distinctive
predictions can be made; and a mixed model, at present rather looécly
formulated, for reasons which will become apparent. Though 1 have
tried to formulate the models as precisely as is both possible and
reasonable, I have concentrated on predictions of a qualitative
rather than zn exactly quantitative nature, and have not tried to fit
models to data in order to estimate parameters; nor is it likely

that such attempts would prosper without data and grounds for estim-

ating parameters better than those we now poSSess-

3.11. Five models.

The two scanning models: these are well described by Sternberg

(1969a). He and others (e.g. Clifton & Birenbaum, 1970) have suggest-

ed that these two models may in some Sence represent

1 . . .
_probably because it is one of the rare cases in which Donders'
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slternative strategies available to the subject.

MODEL I. Exhaustive scanning.

As the items of the list are presented or rechearscd, they are

. . L .
represented in ‘active memory'. When the probe item is presented,

. » L4 L - ' . ‘
it is compared successively with each item in active memory. When

all comparisons have been made, a decisioun is made as to whether a
match has occurred or not and the appropriate response is emitted.
Reaction time may be partitioned into four components:

Rl =t +mt +t, +t ()
e C r :

d
te’ encoding time, is the time required for perceptual analysis of
the probe to whatever level is necessary for comparison to the memory
representations. tc is the time required for a single comparison.
m is the number of items in the list. (tcis usually supposed to b?
constant with respect to m,) t, is decision time, and t  the time
required to programme and execute the appropriate response.

Note some consequences. 'Active memory' must be a quasi-
ordered store; in that the subject is able to scan each item once
and only once, and knows when he has finished. Moreover, since tc
is independent of m, a relatively stable representation is assumed.
Were subsequent items to cause an item's representation to decay,
them presumably ccmparison time would increase with amount of degrad-
ation (cf. Sternberg, 1967b) and tc would increase with m. It is not
specified how forgetting takes place, save that a sufficient period
of distracting activity will displace the list from ‘'active memory'.
For a particular set of experimental parameters and responses,

(te + t, + tr) will be constant and the slopc of the set size

d

"Active memory', when in quotes, means whatever Sternberg means by
it. It is not necessarily to be confused with active memory as defined
in Ch. 1 and discussed there and in Ch.2.
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function1 may be taken as a pure index of comparison time. Variables
which affect comparison time rather than the other stages will affect
the slope rather than the intercept. To determine which of the
‘bther stages is influenced by which variables, further multifactorial
experiments must be done uSing the additive-factor method (Sternberg,
1969b). Broadly, we may expect that te will be influenced by stimulus
intensity, quality, etc., td by speedhccuracy instructions, tr by
response relative frequency, number of response alternatives and

S-R compatibility.

MODEL IT. Self-terminating scanning.

This is essentially the same as Model I save that the subject
stops scanning the list in ‘active memory' as soon as he has found
& match®. In consequence; the set-size parameter (m) in (1) must
be replaced by the number of items searched; for negative probes,
this will be equal to m; for positive probes, if a) the yosition of
the probe in the list is randomised and; b) the subject has no know-
ledge of its position , then since the subject must on average search
(m+1)/2 items the slope of the set size function wiil be half that

for negative probes.

Trace strength models: these share the assumptions that

a) each member i of the stimulus ensemble has a unique and spec-
ific representation Li in memory (in the sense that has already been
indicated for logogens in Section 1.4 and the representations assumcd
by Wickelgren & Norman - see Section 2.2).

b) the time elapsing since a given recent item i has been present-

ed is represented, at the time that the same item is presented as a

1. ) .2 . . X
i.e. mean RT plotted against m. see Scction 3.37 for a discussion
of the relative efficiencies of exhaustive and self-terminating scarch
strategies.
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probe Pi’ at Li,in the form of a variable Si’ continuous between
certain limits; which we may call ‘'trace strength'. While Si may
indeed be influenced by variables other than pure recency, it is
proposed that in most IRn experiments, the judgement of presence or
absence is in etfect a judgement of whether the item 4 has occurred
more or less recently than some criterion which the subject sets on
the basis of his knowledge of the underlying digtributions of Si

(in a manner similar to that assumed by signal detection theory).

¢) no search is necessary; Li is in some sense directly accessed

by Pi' Two versions may be distinguished:

MODEI, IIT. Trace strength 'inspection'.

This model is derived directly from Baddeley & Ecob (1970) and
the trace strength theory reviewed in Section 2.2.
a) Representation. When an item i is presented or rehearsed,
the representation Li has its trace strength Si 1) raised to a

4
ceiling, OR' 2) raised by a fixed increment, OR 3) raised b

y a

quantity determiaed by its and other representations' prior strength.
b) Forgetting. When the item is removed, the quantity &,

decays as an inverse monotonic function of 1) tims AND/GR 2) sub-

sequent items.
S. = f(’l/Ti) ~ the DECAY FUNCTION (2)
L .

T. is the time (items) since presentation of item i. The form of

i

the decay function is not specified, but a reasonable guess is that
the rote of decay is initially rapid and declines to an asymptote

¢) Nature of decision. When the probe P, is presented, the

1 .
These represent possible alternat-ves. The discussion wll} be
couched in terms of the first mentioned, without the intention of

ruling the others out.



96.
subject inspects the trace strength Sl at Li and responds positively
if it exceeds a criterion C, negatively if it does not.

d) Decision time. This is assumed to be inversely and mono-

tonically related to the difference between the trace strength and

the criterion, |S, - C|.
i

ty =1 (1/ 15,-C| ) - the Decision function. (3)

The form of this function is also unknown, save that it is assumed
to have an upper and a lower limit.

e) Reaction time. This consists of the time taken to encode the
stimulus to a point where the decision process can start - te, time
to decide - t,, and the time to organise and emit a response - tr.

RT = t_ + t, +t (4)

I do not, it should be noted, intend to imply that stimulus encoding
and decisién are necessarily separate and independent processes.
This will depend on precisely which decision model proves applicable.
For instance, the dependence of decision time on difference between
strength and criterion may be due to the fact thal when this differ-
ence is small the subject must sample stimulus information longer
before deciding than when the difference is large. However, I

shall not consider the relative merits of continuous, fixed sampling,
and other models of choice reaction time, since they do not affect
the major predictions. (See Laming, 1968; Broadbent, 1971; and
Audley, 1971, for reviews.)

Combinirg (2), (3) and (4) it will be obvious that reaction
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time can be expressed as some function of Ti’ th: time since the item

was last presented, and C.
RT = £ (Ti, C) + X -~ the Recency function, (5)

where X = (te + tr). RT will be a monotonic function of the recency
of the probe Pi; increasing as Ti increases fcr positive probes, de-
creasing ior negative probes. The exact form of the recency function
will depend on that of its two component}functions, the decay func-
tion and the decision function, and is therefore alsc unspecified.

f) Criterion. As in signai detection theory, the subject's
optimal criterion placing will depend on the underlying distributions
of Si’ and the probabilities and pay-offs. Fig. 3.1 shows a schema-
tic version of the distributions subsequent to presentation of lists
of various lengths. (Decelerating decay to a floor is assumed here,
but with appropriate transformations of the horizontal scale the
picture will serve for any decay function.) If positive and negative
probes are equally frequent, then for maximum speed the subject should
place his criterion midway between the means of the two compound
(memory set and non-memory set, positive and negative) distributions,
provided these are symmetrical. For accuracy he must place it some-
where near the intersection of the weakest positive item and the
strongest negative item distributions, that is, so as to make the
false positive/false negative ratio roughly unity. The shape of
the distributions will detérmine which side of the speed qriterion
it will lie, if indeed it is different at all. It is, of course,

possible that for some reason the subject may be unable to optimise

his criterion placing.

1 . .
the accuracy criterion.
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MODEL IV. The ‘'default' model.

This is derived from Nickerson's (1972) rather imprecise descrip-
tion. I shall describe only its points of difference from Model III,
the 'inspection' model.

a) Representation. As in Model III, save that in this case it
may be helpful to conceptualise the increment in Si as reflecting
an increase in sensitivity (or lowering of threshold) ratber than
an increment in some level of activityq.

b) Forgetting. As in Model III.

c) Nature of decision. When thec probe Pi is presented, the
subject determines whether some activity or count in Li passes a
criterial level K within a criterial time TC. The subject responds
positively if it does and as soon as it does, and negatively if it
does not (i.e. by default).

d) The iime taken for Li to pass some levelK given Pi is assumed
to be a monotonically decreasing function of the 'sensitivity' Si.
Hence for positive probes,

decision time t, = f ( S, K) (6)

d+

while for negative probes it depends purely on the criterion Tc:

decision time t, = Tc (7)

e) Reaction time. Rt =t_+ tg + t, (8)
where t represents the time elapsing between probe onset and the
starting point for timing Tc' This time is occupied by some form
of initial sensofy registration. In this model there is no distinct-

jon between an encoding stage and a decisior stage, in that basically

the decision is based on whether the encoding of the probe hes

1The inspection model could also be interpreted in these terms.
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proceeded to a criterial level wilhin a criterial time or not.

f) Criterion. A similar argument Ior the placing of the criterion
applies heve as did in Model III. The difference is now that the
distributions to be considered are those of the times to reach the
critical level K for itnmslof different levels of recency. Fig. 3.1
is again appropriate, but the Lorizontal scale is now time not
strength. The larger the value of K, the greater the spread of and
the distance between these distributions. The level of the criterion
time Tc does not affect vositive RTs, but decrease in negative RT.
can be traded for an increasing proportion of false negatives by

reducing the level cof Tc (i.e. 'moving the criterion to the right).

The essential difference between the two trace strength models
may perhaps be captureéd by the foliowing analoquz‘items are concept-
ualised as ringing specific 'beclls'; in the ‘'inspection' model, tﬁe
subject delermines whether the probe item was in the memory set by
checking to see if that item's 'bell' is still resonating loudly
enough for it to have been struck in the recent list; in the 'default®
model, the subject responds 'yes' a5 soon as any bell rings so long
as it rings within a fixed time after the probe onset, 'no' when
that time has elapsed silently.

An interesting point is raised by the question: how, according
to Model TIT does the subject 'inspect' the trace strength at the
logogen addressed by the probe? If the representations Li.....Ln
are logogens, terminal units in the identification mechanism, then
logogen Li must Be used to identify the probe Pi' In terﬁs of the
bells metaphor, how can the subject tell whether the resonance of

the bell exceeds a criterion if the probe confuses matters by

1borrowed from Nickerson (1972).
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striking the bell again? The answer may be that the bell is ruig
louder by the probe when it was alreédy fesonating than when it was
not, and it is the loudness that is judged. Rather than assuming
that the subject really 'inspects' the trace left by the item, it
may be preferable to assumé that the trace strength generated at Li
by the probe Pi adds to that already present, if any, and it is this

compound strength that is inspected (compared to a criterion).

MODEL V. iixed models.

The trace strength models are undoubtedly more complex than
the scanning models, but their 'scepe is‘greater in that they include
a forgetting axiom, and in that they relate closely to general
models of pattern-recognition and the models for accuracy (Section
2.2). The mixed model suffers from even greater complexity without
any marked advantage in generality. Such a model was first des-
¢cribed for a long-term recognition situation by Juola, Fischler,
Wood & Atkinson (1971). I mention it here because of recent sugg-
estions that such a model may apply to the IRn paradigm, (Sternberg,
1973; Darley & Arabie, 1972).

Briefly, the basic premises are these. The representation
and forgetting axioms are those of trace strength theories: on
presentation the.item's representation receives some increment in
strength or ‘'familiarity', which subsequently decays unless the item
is rehearsed. When the probe item is presented, the subject inspects
the 'familiarity' of that item. If it is higher than a high crit-
erion CH he respohds 'Yes', if lower than a low criterion CL e

responds 'ilo'. Responses having this basis are held to be fast,

and according to Juola et al. (1971) not dependent on the trace
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strength - that is, effectively constant. If the strength falls
between the criteria, the subject perfcrms some form of search.
This could be either exhaustive or self-terminzting and presumably
requires in addition to dynamic traces in logogen-style represent-
ations, an additional tactive memory' with the properties specified
in Models I and II. The resulting decision time and hcnce reaction
time will be a probabilistic mixture of fast 'femiliarity judgements'
and the slower outcomes of searches. The more recent a negative
item, and the less recent a positive item, the greater the likeli-
hood tha£ its familiarity will fall between the two criteria and
the longer the mean RT. (See Fig. 3,2)

I shall not attempt to work out the mixed medel in any greater
detail for two reasons. The first is its complexity relative to
the 'one-process' models. There are both a number of alternative
versions that could be specified, and a number of 'loose'paramefers
within those alternatives, which argues that the sheer effort should
be postponed until all the one-process models have vbeen shown.to
fail. The second is perhaps more substantial: without making very
strong assumptions, concerning the nature, parameters and error-
proneness1 of the two forms of retrieval, it seems to me that it
will make almost identical predictions to Model III, the inspection
model. To see why this is so, consider what I have called the
decision function in that model: decision time is held to be a
continuous monotonically decreasing (for positive responses) or

increasing (for negative responses) function of strength. The

1For instance, Darley & Arabie (1972) according to Sternberg (perconal
communication), base their parameter estimations on the assumption

that all errors are pure errors in the sense that they derive from

the tails of the strength distributions which fall the wrong side

of the appropriate criteria. In spite of the very pretty fit of
their model to their data, it is unlikely that their subjects are

not subject on occasion to erroneous anticipations, response blocking,
hesitations, distractions and other ills to which the C.N.S. is heir,
and overall error rates are very lov.



102,
decision function for the mixed model turns out to be no more tlan
the discrete-state version of this cbntiﬁuous function. On any
given trial the subject will be either irn the state in which a fast
'familiarity' decision is possible, or one in which a slow search
is required (which could cbunt as one or several states, depending
on whether search is exhaustive or self-terminating), and the prob-
ability of being in the former rather than the latter state is a
direct function of strength, which lies along the same underlying
scale in both models. Hence we are plunged into the difficulties
usually contingent upon attempting to decide between otherwise
equally adequate continuous and discreté-state models. So I shall
not, with an exception or two, spell out the predictions of a mixed

model separately.

The well-read reader may wonder why 1 have not discussed parallel
scanning models. Of course, Sternberg (1966) briskly rules out
simple parallel models, but Murdock (1971) has described a parallel
model which predicts linear increase in RT with set size, parallel
positive and negative slopes, and (almost any) serial position effects.
In fact the ‘default' model, Model IV, may be considered a self-
terminating parallel scanning model, if oune so chooses, in which the
comparison times are determined by recency in a manner rather less
ad hoc than Murdock's suggestions of a linear primacy component and
a logarithmic recency component. Corcoran (5971) suggests a 'limited-
power' parallel scanning mcdel, somewhat lacking psychological plaus-
ibility, in ordef to account for linear set size functioné; but
the function relating mean comparison time to set sizc, deriving

from this suggestion must be very similar to that derived by Murdock,



103.
who makes comparison time a function of distance from both ends of
the 1list, and so Corcoran's model may be considered merely as a

weaker version of Murdock's.

%.12. Precdictions from the five models and data.

3.72%7. The relationship betwecen set size and mean RT.

Predictions:

(i) Mean positive RTs. Models I and II predict that RT should
be a linear increasing function of set size. The predictions from

the trace strength models derive from the recency function.
l‘
Since RT, = f (T, C7) + X - (5)

then, if m is the set size, and the rate of presentation/fehearéal

is constant over and within set size, and each serial position

m m
_— . - A
RT, Z(Rri) + X )_£(T. , © + X (9)
1 1
m m

If RT is a monctonic increasing function of receocy, and the

initial dincrement in strength and rate of decay are assumed to be
independent of the number of prior items, then the set-size functiom
should be similar in form to the recency function, though less
markedly pnon-linear if the recency function is non-linear. Two im—

portant consequences follow. If the recency function (whose form

1
or K, in Model IV
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may be inferred from the effects of serial position with constant
list length, or by means of a continuous recognition paradigm - e.g.
Okada, 1971, provided that rehearsal is controlled in both cases)

is non~linear, the set-size function cannot be linear. Secondly and
more crucially, the slope of the set-size function should be
considerably less than that of the serial position function when
rehearéal is controlled. Both consequeances may however be avoided

if it be assumed that not only is amount of decay determined by

time and/or the number of subsequent items, but also the initial

increment in strength is intluenced by the strengths at representations
activated by prior items. This would be the case if, for instance,

the representations were linked by relations of mutual inhibition.

One way in which a linear set-size function could be predicted on

this sort of basis is, as Baddeley & Ecob (1973)l have recently
suggested in an elaboration of their 1970 formulation, to assume

that the system is so constructed that the total trace strength, sum-
ming over all representations, is roughly constant. Then, if the
criterion is placed midway between the means of the two compound dis-
tributions, and decision time is inversely and linearly related to
|Si—C|, decision time = a(Zm/ST) + b, where ST is the total strength
and a and b are constants. It is no doubt possible to devise comparable
sblutions which do not assume a linear decision functicn and constant ST.
While the set-size function is in Baddeley and Ecob's "limited capacity"
model determined by the total strength of the system, the serial pos-—

ition function will reflect how that strength is distributed over the

lBADDELEY A.D. & ECOB J.R. (1973) Reaction time and short-term memory:

implications of repetition effects for the high-speed exhaustive scan

hypothesis. Quarterly Journal of Experimental Psychology 25 229-240.
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representations of the memory set items. If each new item takes a
velatively large. share of the total strength, the scrial position
fimction will be relatively stcep: if a msll share, then shallow,
(ii) Mean negative RTs. Models I and II differ here in that
while both predict a linear increase in mean KT with increasing set
size, according to the exhaustive model the rate of increase should
equal that for mean positive RT, while if the search is self-termin-
ating the slope rati01 should be two. Any overall intercept differ-
enices between positive and negative RT are attributed to stages other
than comﬁarison. According to the inspection model, to maximise ris
speed for both responses, the subject should place the criterion C
midway between the means of the positive and negative distributions
(see Fig. 3.1). As set size is increased, this results in Si—C
gecreasing at the same rate for both response types, so that the
positive and negative set size functions must necessarily be naréllel.
A concomitant feature of parallel slopes in Model IIT is that since
the variance of the positive distribution of strength increases with
set size while that of the negative distribution does not change,
false negatives should increase at a greater rate than false positives
with increasing set size. On the other hand different placings of
the criterion, which may because of the particular distributions
involved lead to greater accuracy, will produce slope ratios other
than unity, so we might exgpect to find a ronge of slope ratios, on
In the default model, only negative RT is

either side of unity.

affected by the criterion Tc' For greatest accuracy the subject

should place Tc so as to cut off as little of the list and non-list

distributions as possible. Assuming that the latter remains

rclatively stable with changing set size, and that the distributions

e T

Tyene ratio = negative slope/positive slope, of the sel size function.
[y s
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are reasonably symmetrical, this may be achieved by placing the
criterion roughly midway between the means of the compound
distributions. It may be seen that this will result in negative
decision time increasing with set-size at a slower rate (about half)
than positive decision time - i.e. a slope ratio considerably less
than unity. Higher slope ratios would result if the subject placed
the criterion to the right (see Fig. 3.1) of centre for small set
sizes and to the left of centre for large set sizes. But a) it is still
unlikely that this would result in slope ratios as great as or greater
than unity and b) if slope ratios of this order were found,

a necessary consequence is that false positives should increase very
much faster with set-size than false negatives. On the other hand a

range of slope ratios above asnd below wnity is permitted by the
inspection model, with the restriction that if the ratio is unity,
false negatives should increase more rapidly with set size than false

positives,

The data:

Linearily: With the exception of two studies, I know of no

variable-set IEBn studies where marked deviations from linearity are

found. The exceptions are Smith (1967) and Nickerson (1966) both of
whom obtain distinctly logarithmic set-size functicne. However for
present purposes both zre flawed: Smitl.'s is a betlween-subjects design
and each memory set was used for severzl trials in a row; Nickerson's
is on exploralory experiment and designed so that each subject only
underwent some of the conditions. In general, though, it is the

case that linear trends are found to account for an impressively large
proportion of the variance (e.g. Sternberg, 19663 Burrows & Okada,
1971; Chase & Calfee, 1969; Wingfiéld & Branca, 1970; Baddeley &

Ecob, 1970; Klatzky & Atkinson, 1971). The slopes obtained depena

on the nature of the items, being about 33 msec./item for digits,

LO msec./item for letters and 50 msec./item for common words

(Cavanagh, 1972). Nevertheless, considering the data as a whole,
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certain small but cohsistent departures from linearity do stand out.
In the first place, there are quite consistent deviations of the
mean pcsitive RTs from the best fitting regression line, for small
set sizes (n=1,2): the velue for m=1 being often too low while
that for m=2 is sometimes tco high (Sternberg, 1966; Clifton &
Birenbagm, 1970). Secondly, there is very frequently a small neg-
atively accelerated trénd in the set size function, particularly for
positive RIs; in some studies (Morin, Derosa & Ulm, 1967; Corballis
et al., 1972) this results in a statistically significant quadratic
trend, and in others in which no test is made it is certainly evident
(Juola & Atkinson, 1971; Klatzky & Smith, 1972; Forrin & Morin, 1969;
Sternberg 1969a, Exp. 4). Such departures from linearity, if they
may be considered reliable, are difficult for either of the scanning
theories to explain. Supposing one were to introduce into the
.scanning models an assumption that representations in active membry
decayed, leading to slower comparisons: this would lead to positively
‘nduly fast pesitive
RTs for m=1 might possibly be accommodaied to the scanning wmodels by
merely supposing some special strategy for that case (Nickerson, 1972),
but without further evidence this argument is both casuistical and |
unconvincing. Trace strength theories, on the other hand are quite
compatible with non-linear set-size functions, and negative accel-
eration will be expected if the recency function from which the set-
size function derives itself decelefates to an asymptote. Moreover,
for smal) set sizes, or for cases vhere presentation is fast and
probe delay short (e.g. Morin, Derosa & Ulm, 1967), there may be
an appreciable sensory component to the decay curve (see Section 3.13

for full discussion) 1leading to more marked non-lincarity.
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There is other evidence for a non-linear recency function.

Okada (1971) using a continuous recognition paradigm found that if
RT was plotted against number of items since previous presentation,
‘the data were best fitted by an exponential Jdecay functior. Since
in this case we would expect the criterion to remain constant, the
resulting function should be a pure vepresentation of the eflect of
recency on RT. The combination of rcughlv linear set-size functions
and evidence for a non-linear recency function suggests that some
form of 'limited capacity" (or mutual inhibition) versioa of the

trace strength model may be necessary.

(

Slope ratios: In the bulk of studies (Stornberg, 1966; Sternberg,
1969a, Exp.lt; Chase & Calfee, 1969; Boddeley & Ecob, 1970; Juola &
Atkimson, 1971; Klatzky & Smith, 1972; Morin, Derosa & Ulm, 1967;

Swanson et al.; 1972) the mean slope ratio is close to unity. How-

+

ever, there is come suggestion that averzging acress subjects may

]

conceal quite large individual variations. For instance, Clifton &
Birenbaum, (1970) found that out of 12 subjects the data of 9 showed
a slope ratio of unity, while for the rest the negative slope was
twice the positive slope. Other studies also reveal slope ratios
greater than unity: Corballis et al. (1972) report two subjects with
a ratio of 2, Klatzky & Atkinson (1970) obtained a mean ratio of 1.75
and Klatzky, Juola & Atkinson (1971) found ratios ranging from 1 to
2.25 under different conditions. Large slope ratios are problematic
for Model IV, since the upper 1imit on slope ratios, given reasonable
accuracy, should be not much greater than one. Moreover éuch data
can be satisfactorily accommodated by Models I and IT only if it is

supposed that these describe plternative strategies, as Clifton &
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Birenbaum sﬁggest. Unfortunately for this suggestion, several studies
find slope ratios less than unity. Burrows & Okada (1971) obtained
ratios of 0.8 and 0.85, Corballis et al. (1972) a mean ratio of 0.68
(with 16 out of 20 subjects less than unity) and Forrin & Morin (1969)
0.57. I have argued that only Modcl III peruits such a wide range
of slope ratios; the actual values obtained will depend on the nature
and placing of the undcilying strength distributions and on response
frequencies, though it is also the case that by and large the cptimal
placing of the criterion for speeded performance will be such as to
give paréllel functions. Is there, then, any suppor* for the concom-
itant prediction in Model III that when the slope ratio is unity,
false negatives (FN) should increase faster than‘false positives (FF)
with set size? Error rates are rarely presented in sufficient detail
to answer this. Clifton & Birenbaum (1970), 9 of whose subjects
showed parallel siopes, present error data pooled over subjects,‘and

if one fits regression lines it transpires that FN increase by 0.87%
FP by 0.59% for each item added to the memory set. Nickerson (1966,
Exp. 4) with 4 well-practised subjects, but only 2 set sizes (m=1,4)
found that the difference in FNe between the two set sizes was
greater than the difference in FPs. Ideally one should look at the
relationship between RT slope ratios and error-frequency slope ratios
within individual subjects.

In summary then the slope ratio data appear to favour Model III,
and the set size functions generaliy obtained are also compatible
with this model. Nor is the success of this model so far due mercly

to lack of specificity in its predictions, as the point about error

frequenciecs demonstirates.
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3.122. Set size and the RT distributions.

(i) Variances. Quite strong predictions can be made:

Model I: The variance here will be the cumulative variance of
the successive comparisons, and since the variance of the sums = the
sum of the variances, RT variance should be a linear function cf set
size, with an intercept above the origin, for both positive and neg-
ative responses.

Model I1: The same prediction is made for negative RT as in
Model I, but since on average only (m+1)/2 comparisons need to be
made for a positive recponse, beyond m = 1, the slope of the posit-
ive response function will be approximately half that for negative
responses.

Model I1I: Though in general RT variance will be expected to
increase with set size, negative RT variance chould increase mark-
‘edly less than positive RT variance, since the underlying distrib-
ution of strengths for negative items is not changedq.

Model IV: Unless the criterion becomes more unstable with
increasing set size, variance for ncgative RT should not increace
at 211 .

Unfortunately I know of no data in the literature against which
to evaluate these predictions. Sternberg (personal communication)
found that in his data, RT variance increased linearly with set size,

but the intercept was below the origin. My own data will be discussed

in Ch.7.

(ii) RT distributions. There are two points of potential interest.
Firstiy, according to the strength models the fastest positive RTs

should not increase with set size; indeed, according to the inspectiion

L . . . s
However, in some circumctances, this prediction may have to be mod-
ified, depending on the nature of the decision function (sce Ch.?,
discussion) .
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model, they might be expected to decrease as the‘criterion is lowered.
(A related point will be discussed in the context of scrial position
effects - see Section 3.12k.) Secondly, detailed examination of the
RT distributions could in theory be one way of distinguishing Models
IIT and V.. According to a mixed model, thc RT distributions should
consist of two components, a stationary distribution of fast famili-
arity judgements, and a slow distribution whose behaviour should be
that predicted by one of the scahning models. The fastest and slowest
RTs could therefore be assumed to come from different distributions.
(A related argument is put forward by Lively (1972) and Lively &
Sanford (1972) who present 'fastest RT' data from a constant-set
experiment in an attempt to evaluate a strategy-mixture hypothesis.)

Unfortunaﬁely, unless clear evidence for bimodal distributions
were found, the sophistication of such analyses would probably be
excessive for the real world. The difficulties with argumentc based
on extremes of distributions are a) that there is a major sampling
problem, and b) that the extremes c¢f the distributions are almost
certain to be contaminated on the one hand with fast anticipations
(Yellott, 1967) and on the other with hesitations, failures to

depress the key first time, response blocking, etc.

3.123. Limiting set size.

What upper limit on memory set size would we expect in this
task? The scanning models appear io require an 'active memory' which
is a quasi-ordered store with a definite capacity; if this store is
what is conventionally described as short-term or primary memory,
then we would expect some discontinuity in IRn performance as set

size is increased beyond conventional memory span. Trace strength
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modecls, on the other hand, predict no sharp cut-cff, but presumably
a gradual increase in RT and error rate to an asymptote dependent on
the temporal characteristics of decay.  Wingfield & Branca (1970)
have shown thst, provided that the possibility of the subject coding
in terms of the complementéry set is avoided, mean RT continues to
increase smoothly up to set size = 12, with a concomitant rise in
error rate to only about 20%. (See discussion of capacity measures
in Section 2.31) |

Also, Cavanagh (1972) has demonstrated a highly impressive
correlafion between the slopes of the set size function for differ-
ent types »f material, as gleaded from fhe literature, and éstimates
of the memory span for the same material. This is easily accounted
for by a trace strength theory, since both memory span and slope will
be functions of rate of decay, which may well depend on type of
material. 7To accommodate the scanning models to this correlation
requires the addition of some rather strong assumptions (see Cavanagh,

1972,7.528) .

3,124, The relationship between pocitive RT and serial position probed.

(i) Serial position functions:
Predictions: Model I predicts no serial position effects. Model II
can accommodate any serial position effects on a purely ad hoc basis,
on the assumption that those positions for which RT is fastest are
those which are located first. As for strength models, since RTi

is a direct function of recency Ti’ provided that rehearsal is cont-

rolled (i.e. either there is nc rehearsal or the whole memory set is
rehearsed an integral number of times) pure recency serial position

curves are predicted.
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Data: Of the twenty-odd published experiments for which serial
position data are available, I know of only three in which serial
position effects are not obtained. These are those of Sternberg
(1966), Baddeley & Ecob (1970, Exp.2) - both of which were character-
ised by slow presentation rates, 2 sec. probe delay =nd set size
varying from trial to trial, and Wingfield & Branca (1970) who used
simultaneous presentation and highly variable set size. These con-
ditions are such that subjects would find it both necessary to rehearse
the memory set and difficult to time a fixed number of full rehearsals
before the probe item is presented. In general, however, strong
recency effects are obtained. ‘Nor is it the case that such a finding
is restricted (as Sternberg, 1969a suggests) to those cases where
presentation rate is fast and probe delay short. Baddeley & Ecob
(1970, Exp.1) with presentation rate and probe delay similar to
Sternberg's and list length constant at 4 items found significant
recency effects. Kirsner & Craik (1971) with similar parameters and
set size constant at 8 items found unequivocal monotonic recency
effects (even when the serial position data were 'corrected' for
any possible priming effect on identification of the probe item).
Clifton & Birenbaum (1970), using slow presentation and variable list
length found recency effects provided the probe delay was short. And
Kennedy & Hamilton (1969) and Burrows & Okada (1971, slow condition)
found bowed serial position curves even with slow presentation, long
delay and variable list length. Nevertheless, it is certainly the
case that recencyveffects are more pure, marked and reliable with
relatively fast presentation and short probe delay (Cortallis, 1967;
'et.al., 1972; Derosa & Beckwith, 1971; Forrin & Morin, 1969; Krueger,

1971; Morin, Derosa & Stulz, 1967; Morin, Derosa & Ulm, 1967).
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There are two ronsistent exceptions to the pattern of a deccler-
ating incrzase in RT with backward serial position?

1) In all studies cited so far in which recency effects are
found, with the exceptions of Forrin & Morin (1969), Kirsner & Craik
(1971), Corballis (1967, fést condition) and Derosa & Beckwith (1971,
short delays), there was a small primacy effect, in that RT to the
first position was faster than RT to the second.

2) Workers at Stanford (Klatzky & Atkinson, 1970; Klatzky, Jucla
& Atkinson, 1971; Klatzky & Smith, 1972) have reliably found that RT

ipcreases with forward serial position. The procedure used in these

studies is however unusual in that the items of the memory set vere

displayed simultaneously, for a short period of time or ad lib, and

the subject initiated the probe himself when he was ready. But
Juola & Atkinson (1971) used a procedure similar in all respects
‘save that the list was presented auditerily and then repeated aloud
by the subject before he triggered the probe, and they found recency
effects, with primacy on the first item only. So display position
appears to be the crucial determinant of the serial position effects
found by Klatzky et al.: perhaps items read first off the display

are rehearsed more frequently or intensively prior toc the probe.

The available serial position data may perhaps be summarised
thus: in experiments in which rehearsal is either minimised by fast
presentation fate and immediate test, or at least partially controlled
in the sense that subjects are able and likely to 'progromme’ a
wiole number of cbmplete rehearsals of the list on most trials, RT
is found to be a monotonically increasing and decelerating function

of backward serial position, wiih the exception of 'first item
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primacy’; in other experiments in which rehearsal is likely to be
random or idiosyncratic, serial positiorn effects vanish or are

controlled by other factors such as display position.

Such findings appecr to constitute powerful refrtation of an
unmodified exhaustive scanning theory. Model II can cope by supposing
a backward scan of the list, but this supposition is vitiated by two
features cf the data: the serial position effects are non-lineer,
and, more crucially, serial position effects of this form have been
obtained in experiments in which set size has also been varied and
in none of these studies has a slope ratio greater than unity bcen
obtained (Burrows & Okada, 1971; Corcoran, 1971; Morin Derosa & Stulz,
1967; Forrin & Morin, 1969; Corballis et al., 1972). In contrast,
the serial position findings are highly congenial to the strength
models, with the exception of the small primacy effects found. One
possible way of accounting for the lgtter is to suppose that the
first item to be presented receives a greater initial increment in
trace strength than the rest, as a result of the lack of activity,in
the identification mechanism,deriving from prior items. A redundant
but identified prefix should on this account eliminate the primacy
effect: Kirsner & Craik (1971), who probed positions 2-8 only of
their listg, found no primacy effect (and see also Exp.VI, Chapter
7).

" Can Model I be modified to account for the effects of serial
position? Burrows & Okada (1971) attempt to introduce an assumption
that an item can Se in a special state of 'high accessibility' or
attention, with a probability that Jdepends on its position in the

list, but any such model must predict that any RT differences due to
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serial position should be less thun the slope corstant of the set size
function; this follows from the fact that the advantage gained by o
position which is always highly accessible, over one which is never
s0, cannot be greater than the time for a single compariscon; this pre-
diction fails in most of the studies cited. Sternberg (1969a p.428)
hints that recency effects may be related to sensory matching (cf.
Posner, 1969) bul as recency effects a) are not limited to short

probe delnys, and b) are-obtained in cross-modal conditions (Kirsner

& Craik, 1971; Juola & Atkinson, 1971), any sensory component must
occupy a secondary role (see Section 3.13). There is one possible
modification1 which works: suppose that‘the 'flag' in the match
register (the mechanism which retains information as to whether a
match has been found until the end of the scan) decays rapidly to a
floor, and that the list is always scanned forward - then recency
effects are obtained, together with negative acceleration of the

set size function for positive RTs. But, for the present, this
hypothesis is rather too heavy with extra assumptions to merit

lengthy consideration.

(ii) The relation between negative RTs and serial position
curves. According to Model IV, mean negative RT should be quite
distinctly longer than the leongest mean positive RT characteristic
of a single serial vosition assuming that the response stare is
not faster for negative responses than for positive. Unfortunately,
there are practically no studies which combine the conditions necess-
ary for testing this (i.e. key-pressing responses, half positive
half negative, with response ailocation balanced across hands)
which report serial position effects as well os negative RTs. Cor-

ballis et al. (1972) appear to have fulfilled these conditions, and,

1I am indebted to Caro Williams for this suggestion.



1164
at least for the longer list lengths, negative RTs appear from their

data to be shorter than those for the -lowest serial position.

(iii) Interaction between serial position and set size effects.
On the basis of Model III; we would expecg'a slight decrease in RT
and error rate at any given backward serial position as set size is
increased, since the level of the criterion C should be correspondingly
reduced. Models II and‘IV predict no change in RT, but the latter
predicts a reduction in errors. There are two problems with testing

this prediction: firstly, rehearsal must be controlled absolutely;

secondly, it is usually the case that eéual numbers of trials per

set size are usually given rather than per combination of serial
position and set size, so that a practice effect may militate against
the effect predicted from Model IIX. There are two studies in which
the frequency of trial types were determiﬁed by the latter procedure.

The cdata cof Merin, Dercsa & Ulm (1967) indicate that RT for the later

serial positions increased slightly with set size, though errors
decreased markedly. But in the case of Kennedy & Hamilton (1969)
where subjects were given rather less practice, RT for the last

serial position decreased slightly with increasing set size. So

that although this is a possible point of difficultyfor Model III,
the evidence is so far equivocal and dependent for significance

on gaining absolute control of rehearsal which is probably impossible.

5.125. The effect of direct manipulation of recency.

(i) Recency of the probe. According to the strength models,
trace strength remaining from items presented on recent prior trials

would be expccted 1o be a factor influencing KT when those items are

unless the initial increment in strength is a function of the strenglths

of the prior items in the list -- sce p.103a.
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presented in the memory set or as the probe on the current trial.
While pro:ctiﬁe effects might also be predicted by the search models,
they would presumably be attributed to an effect upon the encoding
stage, and should therefocre be in the same direction for both posit-
ive and negative responses and not interact with set size.

Positive RT: Whether effects on these are predicted by the
strength models depends on which vérsion of th;'representation axiom
(a)qis assumed. If the presentation of an item in the memory set
rakes the strength Si at Li to a ceiling, then there can be no effect
of prior-activation. 1f on the other hand, the presentation of item
1 adds an increment to whatever value of Si the representation Li
already possesses, then the resultant trace strength will be greater
vhen the item i has occurred in a recent trial than when it has not,
and positive RT should be shorter. Sadly, though Baddeley & Ecob

.(1970) recommend the collection of appropriate data, none is avail-~
eble. Smith (1967) finds a facilitating effect of presenting a
probe a second time for‘the same list, but his design 1s such as
totally to confound recency with expectancy.

Negative RT: The predictions made here by the models are
distinctive and crucial. No model in which the decision is based
on a search of the memory set, be the search serial or parailel,
self-terminating or exhaustive,:can predict an effect of recency of
negative probes - unless the recency of the negative probe is held
to affect encoding time, in which case there should be no interaction
with set size. Model III predicts that since the strength of more
recent negative items will be closer to the criterion, more recent
negative probes should be rejected both slower and less accurately.

In Model IV, since negative RT does not depend directly on the

Tsee p.96.
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strength of negative items, but only indirectly via the criterion T

placing, ro RT difference is predicteld but subjects should make more

errors on recent negative probes. Zechmeister (1971) and Darley &
Arabie (1972) in experimenrts in which the memory set on each trial

was composed of novel words showed that it took longer to reject a
word vhen it had occurred in a recent trial than when it was novel,
which appears to favour Model III (or V, as Darley & Arabie wish to
argue) and there was an interaction with set size. My own data on

this point, together with further discussion, are presented in Ch.7.

(ii) Recency of the memory set. There are two ways in which this
could be manipulated. Reducing rate of presentation, since it spreads
the list out more in time, should, if decay is time-dependent, incr-
ease the slope of the set-size and serial position functions. How-
ever, as attempts to solve the problem of decay~vs-interference in

STM demonstrate, there is a considerable problem in equating level

A second possibility is to vary the delay between memory set
and probe by interposing a brief rehearsal-preventing task. (The
principle is that of the Peterson 'distractor' technique (Peterson
& Peterson, 1959), though in this case the task will have tc be
both highly controlled and brief enough for IRn performance to
remain 'error-free'. What do the trace-strength models predict?
If, as I have suggested, the recenéy function is such that the rate

of increase of RT decelerates . as time since presentation increases,

the consequence of a filled probe delay would be that the average
slope of the vportion of the recency curve tapped should be smaller

than when test js immediate. Hence a filled probe delay should
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reduce the slope of the sct-size and rerial position functions. Now
such a finding would be very difficult for the search models to explein;
if they predicted any change in slope of the set size function, it
‘would surely be an increase - due to longer comparison times produced
by deteriorating representétions in active memory. An attempt is
made to test this prediction in Experiment VI (Ch.?7). I know of no
other relevant data; Burrows & Okada (1971) and Connor (1972) report
a smaller slope with longer probe delays, but neither study controlled

rehearsal cduring presentation or delay.

(iii) The effect of repeating items in the memory set. Baddeley
& Ecob (1970) in an elegant pair of expsriments show that when items
which are repeated in the memory set are probed, RT is shorter than
for items from control lists without repeats whose backward serizl
position is the same as the most recent presentation of the repeated
item. Such a finding cannoct be explained by Model I. Model 1T is
counter-indicated by the finding of parallel positive and negative
set-size functions. Nor can thé results be due to a bias against
non-repeated items, or to a strategy of deleting the repetitioas
from memory (cf. Derosz, 1969) since RT to non-repeated items in
lists with repeats is unaffected. Either of the strength models
are sufficient to account for the results. (Note that were one
certain that subjects always rehearsed the list an integral number
of times, this finding would also argue against that version of the
representation axiom in which trace strength is raised to a ceiling
on presentation.- However, since the eerial position effeéts are
rather small, there are no grounds for such certainty.) It is

also worth mentioning that in a continuous recognition paradigm,
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both Hintzman (1969) and Okada ( 1971) found facilitating effects of

repetition on positive RT.

2.126. Practice.

A marked effect of préctice on the slope of the set size funct-
ion would be troublesome for the strength theories, since it would
imply that either decay rate, or the nature of Ehe decision function
could be changed by practice. VScanning models malte no strdng predict-
ions though it would be qﬁite surprising if comparison time were not
reduced By practice. But Nickerson (1966) practised 4 subjects for
17 days, with only two set sizes, and found no change in slope. And
Burrows & Murdock (1969) who practised two subjects for 15 days in
a multiple-probe experiment say that the effects of memory load were

not attenuated by practice.

3.127. The effects of probabilitv and isolation of the to-be-probed

Darley, Klatzky & Atkinson (1972) show that if the subject is
certain which item is to be probed there is no effect of set size on
RT. This is unsurprising according to any model; the subject is pre-
sumably able to rehearse the indicated item selectively. But Klatzky
& Smith (1972) manipulated the probability that an indicated member
of the memory set would be probed, and found that biassirg the
subject towards an item reduced the intercept of the set size funct-
ion, but not the slope, compared to control lists. Morin, Derosa
& Ulm (1967) showed that isolating an item spatially led to faster
RTs when it was probed, but only for longer lists. Model I can

presumably only account for such effects by supposing that isolation
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or probability affects the encoding stage, but then the interac*ion
with set size in the Morin et al. study is a problem. Model II is
obliged to say that the 'biased’ item tends to be scanned earlier
in the sequence. The strength models can accomnodate such findings
by supposing that the biaséd, item receives more rehearsal/attention

/time and thus a stronger trace is established.

%,128. The effects of response probability/bias.

As far as I know, this has not been systematically studied for
the varied-set paradigm. This is a pity, since some interesting pre-
dictions arise. The search theories prédict only intercept effects.
On the basis of strength theories, we would expect this variable to
affect the point at which the subject places his criterion between
the distributions. Without definite knowledge of their shape, precise
predictions cannot be made, but it remains that an effect of response
bias on the slope ratio would not be inccompatible with strength
theories, and according to Model IV any effect that is found should
be on the negative slope only, éince positive RT does not depend on

the location of the time criterion Tc.

3.129. Subsets.

There exists some. evidence which may seem to suggest that the
subject can use information specified in the probe to restrict a
search of the memory set to a subset within it. Kaminsky & Derosa
(1972), using mixed lists of digits and letters, obtained evidence
that with overall set size constant, RT increases with thé size of
the subset probed. (See also Exps. VII and VIII, Ch.8) Such evid-

ence clearly argues against a pure exhaustive scanning strategy, and
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nay pose problems for trace strength theories. This will be further
discussed in Ch.8 in the context of my own data, but there are points
worth making here. Firstly, the result does not appear to be highly
reliable, in that only about half of Kaminsky & Derosa's subjects
showed an effect of the size of the subset probed; also, for every
subject, RT increased at a slower rate with increases in subset size
than with the same increases in set size in pure lists. Secondly,
the available evidence appears to suggest that specification in the
probe of the relevant subset is only effective if the subset is def-
ined by semantic category. Burrows (1972, Exp.II) shows that specif-
ying the subset by modality of presentation does not help, and I
shall be presenting data in Ch. 6 which show little or no facilit-

ating effect of specifying the subset by spatial or temporal position.

3,1%. The nature of the representation.

The issue of the format of the memcrial representations under-
lying performance in the immediate recognition paradigm is to some
degree independent of the question of how they are accessed and what
their dynamic properties are. It remains that the necessity in the
trace strength models for a pre-existing, content-addressable repres-
entation Li for each item i of the stimulus enserble favours, on the‘
grounds of economy, an abstracténramodal representation of the form
of Morton's (1969a, 1970) 1ogogens§ the search models impose less
theorectical constréint, while a mixed model must require two formc
of storage.

Burrows (1972) suggest that fcur possible forms of memory

coding are possible in this paradigm: a) auditory (or articuiatory)
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(Conrad, 1964; Sperling, 1963 ), b) visual (Sternberg, 1969, appears
to favour thié, but perhaps for visual presentation only), c)bimodal,
that is, items represented in stores specific to their modality of
input (Murdock, 1972), d) amodal (Morton, 1969a, 1970). Before
considering the evidence, it may be worth risking a somewhat specul-
ative elaboration of a fifth, which we may call e) logogen + sensory

component.

2.131. The idea of a sensory component of trace strength.

Loéogens are conceived as essentially terminal units in a
Tpassive' (Morton & Broadbent,~1967)}redognition system based on a
hierarchy of feature analysers (cf. Selfridge, 1959; Norman, 1968;
Treisman, 1969; Morton, 1969a, 1970). They receive input from both
visual and auditory feature analysers. A logogen is activated there-
fore as the end result and apex of a particular 'pyramid' of activ-
ation spreading upwards through the hierarchy from the receptor
curface. I suggest that there may be a sensory component in trace
strength due to traces surviving for a obrief period in feature
anclysers, as well as the longer lasting traces intrinsic to logogens
themselves. Such sensory traces will facilitate the activation, and
therefore contribute to the trace strength, of any logogen provided
that and to the degree that the-probe activates the logogen through
the mediation of those feature analysers retaining traces. Thus
if the probe P, has the same physiéal form as the presentation in
the memcry set of that item i, the trace strength of that item will
(for as long as the sensory trace lasts) be enhanced by the sensory
component; if the physical form differs, as for example when the

probe is presented in a different.modality, there will be no enhance-
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ment. The net effect may be to change the effective rate of decay
in cases where the probe has the same physical form as the stimulus,
compared to cases where it does not.

The issue is complicated by the work of Posner (Posner, 1969;
Posner et al., 1969) which raises the possibility that, in the terms
of the present discussion, subjects may generate,\efferently: sensory
traces from a name code, provided that they have half a second or so
in which to do so. There may, therefore, be an effective sensory
component even where item and probe are not physically identical.
However, Posner (1969) presents data suggesting that the subject's
ability to generate sensory codes, of letters at least, simultaneously,
is limited to one or two items. Thus physical identity will in
general be expected to make a difference only with larger memory
sets. The net effect of physical identity of probe and list items
would on these grounds be smaller slopes of the set size functions,
than when probe and item were of different format.

These ideas correspond nicely with suggestions made by Kichel-
man (197C). In a serial naming task, using upper and lower case
letters, he looked at the difference between the facilitation of RT
due to repeating the same stimulus (e.g. aa) and that due to repeat-
ing the same response (e.g. Az) as a function of R-S interval; he
found that the difference decregsed as R-S interval increased from
200 to 700 msec. in a manner clésely analagous to the relationship
found by Posner's group between the advantage of physical identity
over name identity matches and ISI, (Fosner & Keele, 1967; Posner
& Mitchell, 1967; Posner, 1969). Eichelman proposes that the same
principle underlies both phenomena:

"o advantage of PI (physical identity) over NI (name identity) may
not be due to a terminal decision reached at a lower stage. Rather,
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wve ray think of the process as a sevings in the time required to
'read-in' the stimulus when it is physically identical to the immed-
iately prcceding one. It would be like regenerating a decaying trace
or organization of neural elements that correspond to the 'elements'
making up the physical event." Eichelman (1970, p.95)

Returning to the IRu paradigm, in addition to the effects on the
slope of the set size function mentioned zbove, a sensory component,
decaying relativeély rapidly compared to trace strength at a logogen,
nay account for part of the non-linearity of the set size function.
If this idea has any substance, we would expect set size fﬁnctions
to be most markedly non-linear when' the probe delay is short and the
probe of‘the same physical format as the list; the data of Morin,
Derosa & Ulm (1967) appear to -support this, and similar data of my
own will be presented in Ch.7.

What sort of decay time should we attribute fo the sensory
component? If we take Posner as our guide, decay back to baseline
.level would appear to occur in one to two seconds for visual letter
features (but may be delayed by 'rehearsal' or ‘attention). If
such traces are also the basis of iconic memory, Speriing's (1965,
1967) 'VIS', then Sperling's data would suggest a rather more rapid
decay. But it should be noted that traces which are not strong

enough to make respenses available (in the sense of Section 1.4) for recall

may nevertheless be adequate to facilitate the activation of logogens.

There is some evidence from a recognition study that visual informat-

>

jon survives for several seconds (Philips & Baddeley, 1971). As

for the auditory éystem, the work‘of Crowder & Mortcn (1969) suggests
that memory traces for speech features survive, in what they call
PAS, in a form which is adequate to make verbal responses-available
for a period of twc seconds or so, and the results of Norman (1969a)

on memory for the rejected message while shadowing, and of Treisman
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(1964) on the lags at which the identity of the shadowed and rejected
messages are hoticed, lead to a similar conclusion. We might there-
fore conclude that traces in PAS (below response threshold) may
contribute to logogen activation for periods considerably in excess
of two seconds. Thus the scasory componunt apparently has a slower
decay rate for auditory (Speech) features than for visual features.

One problem over which the argument above skates arises when we
consider the question of whether the sensory component is disrupted
by a masking stimulus. Posner (1969) fails to find an effect of
masking; and concludes that his form of sensbry storage is not the
same as Sperling's. However, it does not seem to have been remarked
that Posner used a checkerboard mask, while Sperling used a masking
stimulus consisting of letter features. Moreover, Morton et al. (1971)
found that the less similarity the suffix bore to the list items, in
_terms of features like pitch and timbre, the less it destroyed the
recall advantage, to the last items, of auditory presentation. It
therefore seems not unrcasonable to conclude that in both medalities
a masking stimulus will only be effective to the extent to which it
activates the same set of feature analysers as the masked stimulus,
and that Posner's and Sperling's sensory stores may well be the same
in the sense disccussed above.

This attempt {o inter—rela%e jconic and echoic memory, Posner's
hork, stimulus repetition effec£s and the immediate recognition
paradigm is perhaps dangerously sbeculative. However, bearing in
mind the present interpretation of trace strength as being located
primarily at amodal logogens, but possessing a relatively short-
lived sensory-specific component, let us turn to the evidence relev-

ant to memory format in the IRn paradigm.
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3.152. Evidence on the nature of the representation.

(i) Cross-modal experiments, in which the memory set is presented
in the same modality as or in a modality different from the probe.
The argument usually runs: if the probe item has first to be trans-
formed into a format compafible with the memory set items in storage,
an increasg in RT will be expected. In the context of the search
models it is further argued that if the probe is translated into the
format of the memory set, this will affect only the intercept, while
if the memory set items are transformed, the slope of the set size
functionvwill be increased. Chase & Calfee (1969), who used letters
and a rather long unfilled probe delay, found a small but significant
interaction such that the unimodel slcpes (LA, VU) were less than
those in the cross-modal condition (AV, VA), The more general find-
ing is however exemplified by Burrows (1972} who, using digits,
found that VV, AV and VA slopes did not differ, while in the AA con-
dition Rvaas shorter overall and the slope smaller. Kirsner &
Craik (1971), who used words and a constant list length, again found
that mean RTs were ordered: AA less than VV = AV = VA, and that the
slope of the serial position function. was slightly reduced for AA.
Goldring (1969) replicated Chase & Calfee's design using words:
unfortunately the data are reported only in terms of slopes - AA
less than VV less than AV less than VA.

The data seem somewhat contradictory; how do the various models
fare? The models postulating a single format predict no interaction
between list modality = and probe modality - only the latter should
be effective provided adequate time is given for encodingvthe list.
The bimodal model predicts that unimodal conditions should be super-

icr to cross-modal conditions, and also that mixed-modality lists



128.
should Ye harder than pure lists: Burrows (1972) included the approp-
riate condition to test the latter precdiciion and showed that it
failed. Burrows (1972) concludes in favour of a logogen model, supp-
lemented by PAS. I am inclined to agree: I have suggested above
that the presence of an effective sensory component may result in
smaller slopes. Why then the zpparent asymmetry in the results, in
that AA is superior to VV, which shows little advantage over the
cross-modal conditions? It is noteworthy that both Kirsnef & Craik
and Goldring used visually complex material (words) and a long probe
delay, while Burrows' probe delay was filled with a visual display
saying 'Probe'., Chase & Calfee, with an unfilled probe delay and
single letters found smaller slopes for both unimodal ¢onditions.

S0 that an advantage of AA over VV is only found when a visual sens-

ory component is likely to be minimised.

(ii) The effects of visual and acoustic similarity. The argu-
ment here is obvious: if a particular memory format is hypothesised,
then similarity of the material in terms of this format should have
a disruptive effect. Moreover, according to the search models, we
should expect an increase in slope. There are three problems in
investigating similarity effects. First, as Conrad (1964) points
out there is the problem of controlling for the effects of similarity
on perceptual processes rather than on memory, SO that ideally we
should test for the effects of, say,.acoustic similarity with visval
presentation and test. Secondly, there is the problem of rehearsal.
I have suggestedl(Section 1.4) that though the traces underlying IRn
are themselves located at amodal logogens, they uiay be revivified by
re-recognising the items from a response buffer in which items are

articulaterily coded - so that effects of phonemic similarity could
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arise during this rehearsal process. Thus rchearsal should be avoided
if one wishes to test the logogen model. Thirdly, if we select two
vocabularies which differ in similarity, there is also the danger
that they will differ in some variable confounded with similarity.
such as encoding difficulty. This nust be controlled for (see design
of Exps. I, 1I, III, Ch.5)

Now although these conditions have not simultaneously been met
in any published experiments, it remains the case that such effects
of acoust101 and visual similarity as have been found are both small
and equiroal. Chase & Posner (1965) found no effeci of acoustic con-
fusion in a recognition task with visual presentation and test. Chase
& Calfee (1669) with both visual and auditory presentation found a
small effect of acoustic similarity, unreliable in that it occurred
in only one of two experiments, and then mainly for negative probes.
They felt that their data justified the assertion that '"the Sternberg
(1966) reccgnition memory test procedure largely bypasses the acoustic
Jarticulatory processes that result in acoustic interference''. Wil-
cox & Wilding (1970) who used auditory presentation found a signif-
icant increase in slope with accustically similar lists, but their
data showed rather wide deviations from linearity in both directions,
and the slope difference was aue mainly to faster RTs for acoustic-
ally similar lists when m = 1 and 2. Connor (1972) who presents set
size slopes for negative trials only, showed no effect of visual or
acoustic similarity at short probé delays, and mixed and messy effects
at longer delays.

So far, evidence on similarity effects is adequate neither to
reject a hypothesis of amodal representations, ncr to support one of

a format specific to s particular modality.

1 _ _ . ey
by 'acoustic' similarity is meant no more than phonemic similasity
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(iii) 'Semantic' factors. If the memory representation had the
form of an acoustic or visual code, one would expect no effects of
any semantic features of the items on RT. Some such effects would,
in contrast, be congenial to a 'logogen' model, since there are
grounds for supposing that'logogens are in some sense associatively
related: Morton (1969a), in order to explain the effects on word
identification of context and redundancy proposes that the sensitiv-
ity of individual logogens is partially a function of the prior act-
ivation of semantically and syntactically related logogens, and also
accounts'for the effect of word frequency by-supposing a lower thresh-
old for high-frequency words (cf. Treisman, 1969). Iu line with
these premises, we would expect that the trace.strength of a given
item in the memory set would be enhanced when it enjoyed a strong
semantic relationship with other items in tlie memory set. Positive
RT should therefore be increased by semantic relatedness, while a
negative prcbe should be easier to reject the greater its semantic
distance from the memory set items.

The evidence is as follows. Morin, Derosa & Stulz (1967) and
Dercsa & Beckwith (1971) showed that wﬁen sets of four digits were
used as the memory set, if the digits formed a numerically consecutive
set a) RT was shorter b) the purity ond size of the serial position
recency effect at short probe dglays was somewhat moderated and c)
negative RT was faster the more remote the probe was numerically,
from the positive set. Also, at short pfobe delays, it did not make
much difference whether the consecutive set was presented forwards,
backwards or in a scrambled order. With the additiopal bﬁt reasonable
assumptior that numerically adjacent digits are the most strongly
associated, these data are entirely compatible with the above suggest-

ions. Krueger (1971) using sequentially‘presentcd memory sels of
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letters which did or did not comprise a word showed a marked facilit-
atory effect of this form of redundarcy on both RT and accuracy.
Smith (1967) has shown that high frequency words are accepted more
quickly than low frequency words and that this effect does not inter-
act with set size. This is unlikely to te a pure enceding effect,
in Sternberg's sense, as the effect does not reach significance for
negative probes. No one has yet manipulated sertantic similarity in
this paradigm in a manner analcgcus to formal similarity. This
would seem to be worth doing; does it, for instance, take longer to
reject a probe word and less time to accept'it, if the memory set
contains a synonym? A final peint on semanfic attributes: Smith
(1967) and Juola & Atkinson (1971) both find that the general pattern
of results obtained using memory sets consisting of category names
and probing with exemplars of the categories does not differ mark-
edly from that obtained with memory sets composed of words in the
usual manner. The latter authors discuss their results in terms of
various scanning strategies, but a notion that may be preferable, if
vague, is of categories functioning, like superordinate nodes in a
Collins & Quillian (1972) - style semantic memory network, as 'super-

logogens' with their own decay characteristics.

(iv) Translaticn experiments. By this I mean experiments in
which the probe itself is not, in the experimental conditions, in
the list, but the subject has to indicate whether an item associated
to the probe by some rule or by previous learning is. Tuat is, in
the control condition the probe is physically identical to its occ-
urrence in the list, while in the experimental condition some trans-
iation operation is required. Klatzky, Juola & Atkinson (1971) in

an improved version of the experiment of Klatzky & Atkinson (1970)
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presented memory sets of letters and probed with =ither a letter or
with a picture of an object ~ the firsi letter of whose rame was the
effective probe. In both studies the slopes of set size functions
were in general greater for the picture probes, which required trans-
lation, than for the physiéally identical letter probes. Swanson,
Johnsen & Briggs (1972) had subjects learn 2-digit numerals as names
for a set of random octagonal shapes; and then factorially crossed
the memory set form and probe form in an IRn experiment with visual
presentation. They found greater slopes for associational identity
than for physical identity. Cruse & Clifton apparently (Sternberg,
1973) obtained equivalent results in an éxperiment in which subjects
learned tc associate letters to digits.

Note that thece results are analagous to those obtained in cross-
modal experiments; a similar theoretical argument may be applied,
namely - with small memory sets, even when the physical form of the
probe and memory sets differ, the subject is able usefully tc prepare
himself for the physical form of the prote, by the 'generation' of
sensory traces; thus the facilitatory effect of the 'sensory compon-
ent', in conditions where probe and memory set have the same physical
format, is seen only at longer list lengths. Search models must
presumably account for the difference in slopes with and without
physical identity by the assumption that the subject translates each
item in the memory set before comparing it with the probe, rather

than vice versa.

(v) The range of possible stimuli. One possible difficulty for
a 'logogen' theory is the range of stimuli which have been found to
give 'typical' results in the IRn paradigm. ‘hile the notion of log-

ogen-type representations seems reasonable not only for words, digits
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or letters but also for any constellation of features which is famil-
iar es anr individual entity (e.g. the nonsense shapes usecd by Swanson
et- nl., 1972), Krueger (1971) used line figures and Sternberg and
Treisman (Sternberg, 196Ca, Exp.lt) used faces and nonsense forms, -
and in both cases 'typicai' results were fourd, even though the stim-
uli were initially unfamiliar and relatively little practice was
given. Of course, that logogens (if they exist) have associated
sensory attribute sets criterial for their activation does not imply
that a system cannot be built up for identifying (as a familiar
entity)‘a (disjunctive) set of sensory attributes without having as
its terminal unit a node representing a'gggg. But it remains an

open and interesting question how fast such a system can be built

up. It may be a relevant fact that one only has to see a face cnce

before identifying it, days later, as a face one has seen before.

3.14. The varied-set immediate recognition paradigm: summary.

This section has consisted of an attempt to combine a present-
ation of some models of performance in the varied-set version of the
IRn paradigm and the predictions deriving from them, with a review
of the existing literature and of some points at which more data is
needed. A brief summary of the argument may at this juncture be
useful.

I believe I have shown that thle all the models mentioned are
compatibtle with the typical set-size functions obtained, the trace
strength models can cope better with the small deviations from lin-
earity; moreover, the inSpectidn model has the advantage of permitt-
ing the wide rarge of slope ratios reported in the literature, tog-
ether Qith related error frequencies. The widespread finding of

marked recency in the serial position data is extremely problematic
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for either search model, and while limited ad hoc solutions may be
found, strength models are again favoured. The effect of the recency
of the negative probe is held to be crucial: existing data appear
incompatible with both the default model and any pure search model;
further data wiil be presented in Ch.7. Baddeley & Ecob's (1970)
repetition experiment is further evidernce against Model I. The
effects of practice and stimulus probability, and the gradual
nature of the deterioration of performance as set size is increased
to large values, while not decisive, is at least as compatible with
strength-as with scanning models. Turning to the nature of the rep-
resentations, I have suggested -that a trace strength model is most
easily combined with a hypothesis of amecdal representations like
logogens, and that there is evidence for this hypothesis in the
semantic effects found and in the failure so far to show any very
convincing effect of visual or acoustic similarity. To account for
the findings in cross-modal and transiation experiments of smaller
slopes when probe and memory set are of the same physical form, I
introduced the idea of a 'sensory component' of trace strength
which.may, for one or two items, be efferently generated. While
this is the most spesculative part of the argument, it has the advant-~
age of relating the present puaradigm to the stimulus repetition
effect and the various forms of_evidence for sensory memories. Nor
is the performance of the cther models in relation to this aspect of
the data impressive.

On existing evidence I am inclined to favour the trace strength
inSPeCtion/lOgOgén (+ sensory component) model, although I have
pointed out the difficulties of distinguishing the trace strength
inspection model (Model III) empirically from a mixed model (Model

V), to which it is however to be preferfed on the grounds of pars-
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imony. Among the possible difficulties for the favoured model are:
the small primacy effect in the serial position data, the apparent
facilitation resulting from information allowing the subject to
restrict his 'search' to a semantic subset, and the results obtained
with unfamiiiar non-symbolic material. Aspects of the data which
merit greater attention are: the relationship between RT slope
ratios and error rates, the effect of set size on RT variance, the
effects of directly manipulating the recency of the probe ahd the
memory set, response frequency, and the effects of semantic and
acoustic.similarity with appropriate controls. Some of these poirts
will receive attention in following chapters.

A final point: Sternberg (1973) was at pains to refute the
argument from plausibility which he had heard levelled against his
exhaustive scanning hypothesis, remarking that the engineers at Eell
Telephone Laboratories could see many advantages in such a strategy
for retrieval in an information-processing system. One takes the
point, but it remains the case that the brain is made of neurons
not ferrite disks and magnetic tape. In this context it is worth
menticning that the concept of trace strength has had some currency
in the neurophysiological literature (e.g. Konorski, 1961), nor is
the concept of a logogen without its physiological relatives (e.g.
the 'cell-assembly' of Hebb, 19&9, the 'gnostic' units of Konorski,
1967, and the 'grandmother cells' spoken of by Lettvin and co-

workers at M.I.T. - Teuber in lectures).



3.2. The constant-set recognition paradigm.

3.21. Sternberg's argument.

In this version of the recognition paradigm, in which the memory
set is presented only at the beginning of a block of trials or a
session, and the sequence of trials consists merely of a sequence of
probes to be evaluated with respect to this constant set, it seems
reasonable that the memory set has entered inactive memory. Stern-
berg (1969a) remarks that subjects who had roughly ten minutes prac-
tice with particular positive sets were able to recall them days
later. That the set is represented in inactive memory does not, of
course, necessarily imply that the inactive memory representations
mediate performance in this task. Sternberg (1969a, 1973) has argued
that they do not. His argument has two horns: the first is that the
results obtained using the two versions (c-s and v-s)1 of the paradigm
are similar in that he finds parallel and linear set size functions
of approximately the same slope and intercept in both, leading to the
claim that "even when a set is contained in long.term memory, it is
transferred into active memory and maintained there by rehearsal in
order to be used in the item recognition task". The second is a
"small preliminary experiment® (Sternberg, 1969a, Exp.5), intended
to test this idea by restricting the opportunities for rehearsal
immediately prior to the presentation of the probe. This was achieved
by presenting in the experimental.condition a string of seven letters
before the probe on each trial. Qn half the trials the letters had
to be recalled, on the other half a digit probe was presented for
classification with respect to a constant set of 1, 3 or 5 digits.
Compared to a control condition without the letter recall task, per-

formance was markedly slowed: the intercépt increased by about 130

I o . \ <
abbreviations: c-s = constant-set, v-s = varied-set.
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msec. while the slope increased to apprex. 105 msec./item, though
parallel and linear functions were still obtained. So it would
appear that '"the retrieval process is radically altered when the

“information to be retrieved is not being rehearsed and is therefore
not in active remory'.

This evidence is indeed persuasive argument for the contention
that in some circumstances the subject covertl;’turns the c¢-5 para-
digm into the v-s paradigm by rehearsing before every trial. (This
suggestion is independent of which model, exhaustive scanning or
trace st;ength, actually holds for immediate recognition.) It is
however the purpose of this section to Question the generality with
wvhich such a strategy may be supposed to underly c-s recognition
performance. To start with, there are several ways in which the

data now available show important differences between results obtained

in the two versions. I shall mention three examples.

3.22. Differences between the c-s and v-s versions of the IRn paradigm.

(i) Linearity of the set-size function and practice. In Stern-
berg's (1966, 1967b) c-s experiments, each digit was associated with
both the positive and the negative response during thLe course of the
experiment; also subjects were relatively unpractised. There is now
considerable evidence that when:the assignment of stimuli to responses
is consistent, practice rapidly leads to the development of markedly
non-linear set-size functions. Briggs & Blaha (1969) uzing random
shapes as stimuli, consistently assigned, and set sizes 1, 2 and 4,
fourd linear functions early in practice but later, RTs were as fast

for two-item positive sets as for one1. Usually, however, RT is

0

found to be an zpproximately logarithmic function of set size. Ros

1oddly, Swanson & Briggs (1969) who used,as far as one can tell, id-

entical procedure and design, plot their data, for the9retica} reasons,
on log. coordinates and obtain impressively straight lines - i.e. RT
varied as 10&2 (set size). They do not comment on the discrepancye.
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(1970) gave subjects extended practice in a c-s recognition experim-
ent on sets of 1, 2, It and 8 alphanumeric characters, which were
both consistently assigned and nested and found that even on the first
day, the set-size data were well fitted by a logarithmic function,
whose slope was continuously reduced by practice. Simpson (1972)
using non-intersecting but consistently assigned sets of 1, 2 and L
letters over 3 sessions also obtained a log. refiationship end in a
second experiment with set sizes of 1, 4 and 8 found a change within
the single session from a linear to a log. function. In both studies
error rates were comparable to Sternberg's. Marcel (1970) using a
between-subjects design for set size, so that response assignment was
necessarily consistent, found a similar, clearly non-linear set-size
function. Kristofferson (1972b), who practiced subjects for 36
sessions with positive sets of 1, 2 and It digits, both nested and
consistently assigned torresponses, found non-linear functions (of
approx. loge. form) from the first day; the slope decreased and the
non-linearity increased with practice. The rcle of consistent
response assignment is thrown sharply into relief by the fact that
in another study (Kristofferson, 1972a) identical in all respecis
save that non-nested sets were assigned igponsistently to responses
from day to day, she found no effect on slope of practice and linear
functions. That ccrusistent response assignment rather than the use
of nested sets is crucial is suégested by Simpsons(1972) results
(see above); also Burrows & Murdock (1959), who practised two
subjects for 15 seésions with nested sets whose members were not
consistently assigned to responseé, found in a multiple-probe exp-
eriment that latency was a linear function of memory set size. The
function's slope was not changed by practice. (This study is, how-

ever, unlile the standard c-s design ir various other respects.)
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It is clear that when responses are consistently assigned to
stimulus items, that is, when the subjcst is able to learn a partic-
ular stimulus-response mapping, non-linear and usually logarithmic
set-size functions are obtained (which is reminiscent ¢f the log-
arithmic relationship between set size and nurber of alternatives in
CRT experiments); also,such effects are progressive with practice.
In the absence of this condition, and in the v-s paradigm (with a
couple of dubious exceptions - see Section 3.121) marked deviations

from linearity are not found, and slope is not changed by practice.

(ii) The effects of probability/frequency/recency. Stimulus
probability is well known to be an important determinant of CRT
(Welford, 1968). 1In Sternberg's c-s experiments stimulus probability
is confounded with set size, as Theios et al. (19?1)1 point out.
There is now impressive evidence that in the c-s paradigm, when stim-
ulus probability is increased independently of set size, RT to both
positive and negative probes is reduced. Hawkins & Hosking (1969)
demonstrated the effects of stimulus probability within (presumptive)
positive sets, and Krueger (197C) found RT to both positive and
negative probes to be shorter the greater the relative frequency
of the probes; however since the positive and negative sets were of
equal size it is possible that subjects were coding in terms of the
complementary set, though they claimed the contrary. Theios et al.
(1971) in a study in which set size and stimulus probability were
varied in & partial factorial design, but again with positive and
negative sets equal in size, found that RT was monotonically dec-
reasing function of stimulus probability for both responses. It 1s
likely that in these studies probability was effective as a variable

via recency - i.e. the more probable the stimulus the more recently

1Theios' model will be outlined ancne.



140.
it must on average have occurred. The connection is well demonstrated
in an impressi§e experiment by Walter reported by Theios (1972). Walter
used Sternberg's (1966) design so that the negative set was always
larger than the positive set but in addition varied stimulus probab-
jlity, with two R-S intervals (0.5 and 2 sec.); also more subjects
were used and more sessions were given than in Sternberg's (1966)
experiment. Sternberg's parallel set size func%ions were replicated
though the departures from linearity were significant. Agein, RT was
found to be inversely related to stimulus probability. In addition
a stylish analysis of sequential effects reveadled a stimulus repetit-
jon effect extra to the effect of response repetition (c¢f. Rabbitt,
1968; Bertelson, 1965) and this effect was only slightly reduced at
the longer R-S interval.

These studies show clearly that in at least some experiments
using the c¢-s paradigm, a negative probe is rejected faster the more
recently it has occurred. This is in complete contrast to the results
obtained in the v-s paradigm (Section 3.125 aud Exp.Vl, Ch.7), in

which a more recent probe is rejected more slowly and with more errors.

(iii) Semantic factors. A tbird region of difference between the

¢-5 and v-s data is to be found in the effects of semantic features

of the stimuli. For instance, both Derosa & Morin (1970), =nd Marcel
(1970), who used positive sets éf consecutive digits in the c-s
version, showed that RT decreased-the more remote the negative probe
was numerically from the positive set. This result is found with the
v-s version (Section 3.132 iii). ‘But effects of numerical position
within the positive set appeared which are not a feature of the v-s
data. Derosa & Morin found longer RTs for items at the boundary of

the set, and Marcel,whose sets all began with the digit 1,found that
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the nearer to the upper bound of the set the probe was, the longer

the RT.

These pieces of evidence imply that a general claim for similar-
ity between the results from c-s and v-s versions of the IRn paradigm
may now ro longer be made. In addition, the evidence includes quite
contradictory features, such that no single model is likely to prove
adequate to explain performance in all constant-set experiments. For
instance, Sternberg (1966, 1973) showed no effect of the size of the
negative‘set. Yet, the smaller the negative set, the greater the
frequency of individual negative items will ve, which should lead to
results like those of Theios and his associates. On the other hand
the 'logarithmic' set size functions found pose obvious problems for
a serial scanning model as do the effects of frequency/recency.
Attempts to account for the latter in terms of an effect of recency
on encoding time in Sternberg's stage model are frustrated by an
interesting feature of the data from Walter's ocxperiment (Theios,
1972). Namely, the effects of stimulus probability on negative RT

interacted with positive set sizz. According to Sternberg a slope

change implies an effect on the comparison stage, notthe encoding

stage.

3,23, Strategies available in the c-s version.

Though the purpose of this discussion is primarily to exclude
most of the c-s studies as being of at best ambiguous relevance to
immediate memory, which is our main concern, it may be worth indic-
ating the lines along which possible solutions to the above problems

may be found. They lie, 1 suggest in the idea thal the use of the
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same memory set over many trials, and the consequent possibility of
its representation in several forms,.inciuding inactive memory, offerc
a range of strategies to the subject, which will be differentially
favoured under different circumstances. let us consider some that

may be possible.

3.237. Rehearsal of the set in active memory.

This has already been mentioned as Sternberg's preference. In
what circumstances would such a strategy be ineffective? If the int-
erval between successive probes were too short for complete rehearsal
of the;list then it would not be possiblé to base judgements on pure
recency (or for that matter on an exhaustive scan of the contents of
‘active memory! since 'active memory' would contain recent negative
probes). ~ In Theios' experiments the R-S intervels were typically
short (1 sec. in Theios et al., 1971, 0.5 and 2 sec. in Walter's
experiment) and it is in these experiments that data not predictable
from this strategywere obtained (effect on negative RT of frequency,
non-linear set size function). If the subject is given some task
which prevents him rehearsing the list at all, this strategy snould
again be disrupted or prohibited. Sternberg's (1969a) Exp.5 shows
that performance is markedly changed by a concurrent irrelevant
memory load, though one should note that since the subjects could

still perform the task, other strategies must be available.

3.232. MAccess to permanent representations (facilitated by recency).

Suppose that the subject accesses some permanent representation
of the prcbe item in inactive memory and is thus directed to a rep-
resentation of the appropriate response. What might the nature of

this access be?
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I shall describe first a model developed by Theios (Theios &
Smith, i970; Theioset al., 1971) and recently elaborated further
(Theios, 1972). As well as performance in the c-s paradigm it is
intended to account for stimulus probability effects in RT (Hyman,
195%; Falmagne, 1965) and stimulus sequence effects (Bertelson, 1955,
Remington, 1969). Theios et al. (1971) say:
"We assume that encoded representations of all the elements of the
set of possible stimuli are stored in memory with codes of their
respective responses, as paired associates. Further, memory is
conceived of as a dynamic stack or hierarchy in which representations
of the set of possible stimuli are changing position from trial to

trial,but are ordered roughly on the basis of the recency and
frequency of their occurrence." (Theios et al, 1971, p.2)

In order to determine the response, the probe item is searched for
in this 'stack' by means of a self-terminating scan, starting from
the top. The more recent and frequent stimuli will be higher in
the stack and so found first. The crucial feature of the model is
that negative items are included in the memory stack, thus account-
ing for the effects of frequency/recency on negative RT.

Now, Theios (1972) has elaborated this model consicerably.
Briefly, the following additions are important:
1) The serially searched memory stack is now held to be a short-term
bufi‘er1 with a limited capacity, in which only a subset of the S-R
pairs (the most frequent/recent) are stored. All pairs are also
stored in and retrieved from LTM (long-term memory), and may be
considered as occupying a termiﬁal slot in the buffer. Retrieval
from LTM, which is slow, occurs in parallel with search of the
buffer, and its speed determines the effective capacity of the
buffer since once the LTM representation is found, no further search
of the buffer is needed.

The point of this complication is to account for the fact that

choice RT is a non-linear function of numver of alternatives and

Jfor'buffer' do not read 'response buffer' (as used in Section 1.h
and Ch.2)
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tends towards an asymptote (ae Theios, 1972, demonstrated in a task
involving key-bressing to digits). The asymptotic limit ic determined
by the time required by retrieval from LTM.
2) Very familiar responses such as names are held to be in some sense
‘directly' avaijlable, and do not require a buffer search. Theios
(1972} in a serial naming task with parameters identical to the key-
pressing task just mentioned, found no effect o} number of alternat-
ives. Also he found no effect of stimulus probability in a serial
naming task (though a slight trend is discernible in his data).
3) There‘are now held Lo be two short-term buffers - one containing
S-R pairs as already mentioned,. the other containing the response
output programmes appropriate to each response. Though the latter
buffer can safely be ignored in the c-s recognition task, its function
is to account for the separate effects of stimulus and response fre-
quency, repetition or number of alternatives.

There is no doubt that this model accounts for Theios' data
better than Sternberg's exhaustive scanning model; it allso has advani-
ages of generality, in that a wide range of choice,RT phenomena are
encompassed. Aside from quibbles such as the fact that the estimated
capucity of the buffer varies rather widely when the model is fitted
to data from different experiments, the main disadvantage of this
model is its postulation of complex mechanisms for which we have no
independent evidence and which ere not strong in terms of psycholog-
ical plausibility. 1 should like to suggest that a simpler version
can be zrticulated which retains the formal properties of this model,
but relates closely to the concept of trace strength developed in
Section 3.1, and is compatible with the trace strength inspection

model derived for performance in the v-s paradigm.
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A trace strength model for the c~s paradigm: We make an assumption

identical. to fhat made in Section 3.7: namely that every stimulus item
has a permanent representation in memory which has the property that
subsequent to activation it retains a decaying 'trace' which may be
conceived of as an increment in sensitivity or increase in level of
activity. We assume also that when a subject has worked with the
constant set for a few trials, response represéktations, with similar
properties, become associated to the stimulus representations (logo-
gens) in that the former may be activated by the latter. (The resp-
onse repfesentation might in fact be a logogen - e.g. that for 'yes'.)
That is, activation of an associated response representation is an
output from a stimulus item representation when the latter is itself
activated to 2 criterial level by appropriate input. Suppose that
given a particular input state, the time taken for either kind of
representation to reach a criterial level is a function of its prior
trace strergth, and that the prior trace strength depends upon the
recency with which it has been activated (as well perhaps as other
factors like expectancy), as in the immediate memory model; then RT
will be a function of the recency of both the stimulus and the resp-
onse, independently, as in Theios' model. Now since Theios does not
specify the precise nature of the recency function, our model will
have identical formal properties to his, provided we assume an
asymptotic recency function, as we do for the v-s paradigm. To
summarise, in Theios' model, the éubject scans 'downward' through a
stack in which 'height' is a function of recency; in the trace
strength model stimulus representations are content—addreésable

without search from the probe, but the time taken for a particular

level of activation to be reachcd is the same function of recency.

The assumption of similar properties for response as for
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stimulus representations in our ancount answers the same needs as
moved Theios (1972) to propose two sepzrate short term buffers. But
why on this account should naming stimuli be different from classif-
ying them (as Theios, 1972, showed). One possible answer is that,
as in Morton's account, the articulatory features of the name are a
direct cutput from the logogen; and do not require the activation of
mediating response representations. Nevertheless we would still
expect some effect of stimulus recency: it is interesting that though
Theios' results from a serial naming task showed virtually no effect
of stimulus recency, Kirsner & Craik (1971) and Kirsner (1972) in
experiments which involved discrete trials did find a marked ‘priming'
effect on naming of earlier presentation of the item, which was dep-
endent on the recency of the previous presentation (which the subject
did not have to name), for both letters and words. Moreover, the
effect was greater for words than for letters, which Kirsner (1972)
attributes to the fact that letters come from a small set and are
over-used. Perhaps the conditions of Theios' (1972) naming exper-
iment were such (digits, short ISI) that priming effects were effect-
ively at a ceiling.

How does this use of the‘trace strength concept differ from
that proposed for the v-s paradigm? The trace strength models for
the v-s paradigm assume that the subject's decision is actually a
judgement about the magnitude of the active trace at the represent-
ation addressed by the probe. In>the c-s paradigm, it is suggested,
the subject retrieves the response from inactive memor& via the

same representatibn, and this retrieval is facilitated by any

active trace remaining from prior presentations cf the probe. The
nature of the active trace and its dependence on recency are the

same in both cases.
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3.233%. Feature-testing.

A third strategy which may be possible in the constant-set task
is for the subject to attempt to discover a small set of features that
differentiates the positive items from the negative . items,
or a disjunctive set of such sets. Rabbitt (1667) raised this poss—
ibility in the context of speeded visuzl search and stimulus class-
ification tasks, and spoke of the subject testing for a 'cue-set' of
critical features, rather than making any sort of comparison between
the item to be classified and items as such in memory.

Thefe is now substantial evidence that the development with
practice of a strategy of this sort is indeed predominant in visual
search and underlies what has often been spoken of as a transition
from serial to parallel processing in that task. Neisser's (1963,
1964) original data seemed to indicate that subjects could compare
display items to ten items in memory as fast as to one, after prac-
tice. But it is now clear that the result was dependent on the very
high error rate permitted by Neisser (Wattcnbarger, 1968), though
even with low error rates a decrease in slope and a marked non-
linearity appear with practice (Kristofferson, 1972c). Moreover
Rabbitt (1967) showed in a card-sorting version of the task the imp-
ortance of the nature of the negatiye set items, and Neiscer's own
data demonstrate that the degree of commonality of features between
the target items and the background items is crucial, while at the
Same time subjects have very little awareness of the background items
as identified items. The idea of a 'cue-set' is supported also by
Brand (1971) who showed that without prior practice, subjects could
search for any of the set of digits in a letter background as fast
as for & particular digit - a case in which subjects have already

had long experience in distinguishing the two classes of items.
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However, we cannot conclude from these results that even after prac-
tice the subject is basing his response purely on the outcome of a
test for the presence of certain combinations of physical features;
Graboi (1971) using a visual search task with a relatively high
proportion of targets and accurate performance gave subjects 11
sessions practice on positive sets of 1, 3, 5, and 7 words and found
the customary marked decrease in slope of the (negatively accelerated)
set size function. The introduction at this point of new target sets
returned performance to the initial level, which confirms that spec-
ific rather than general practice is necessary; but changing the type
face from upper to lower case did not slow performance nearly so
much, in spite of the fact that this should presumably disrupt any
strategy based cntirely on physical features.

Now, to what extent do thesevarguments apply to the constant-set
recognition paradigm? Kristofferson (1972b,c) showed that the patt-
ern of results obtained in the recognition paradigm is‘closely sim-
jlar to that obtained in a visual search task, provided that level
of practice, error level, positive set structure and response consisi-
ency are identical, and argued for a hierarchical feature-testing
model, as did Simpson (1972). Foss & Dowell (1971) carried out.

a version of the recognition paradigm in whick the subject had to

say whether or not a word began with one of a particular set of phon-
emes. They reported the usual linear increase in RT with set size
for positive sets consisting of dissimilar items. But when the

items of the positive set were similar in that they shared several
distinctive features, markedly non-linear functions appeared. Foss

& Dowell therefore suggested that subjects test for features common
to members of the set, though their results did not show the develop-

ment with practice of the pattern that one would expect. Ross
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(1970) after practising subjects Tor 20 days in & c-s recognition paradigm
task found (as did Graboi, using visual search) that changing the
stimuli to lower case increased RT, but only by a relatively small
amount compared to the overall effect of practice.

To conclude, it is prbbable that some form of feature testing
strategy is characteristic of performance in constant-set recog-
nition, given practice and appropriate material. But the relatively
small effect of changing the type-case of the probe (notwithstanding
the fact that upper and lower case letters do share some features)

seems to imply that such a strategy cannot be the whole story.

2.24. The constant-set recognition paradigm-: conclusions.

The three strategies I have discussed, rehearsal in active memory
retrieval from inactive memory and feature-testing, by no means exh-
aust the possibilities. Consider for instance a situation in which
the subject has no opportunity to rehearse the memory set and does
not have an unambiguous stimulus-response mapping established but is
able to retrieve the nemory set items from inactive memory (e.g.
Sternberg's 1969a, Exp.5). The subject could read the items into
active memory after the arrival of the probe, or read the items from
inactive memory checking them one at a time against the probe as
represented in active memory.

As a rule, we should perhaps expect a mixture of strategies,
across subjects, perhaps within subjects at different stages of
practice, conceivébly even within a trial - that is, it ié possible
that two forms of retrieval may occnr simultaneously. That retrieval
from inactive memory and judgement with respect to u set in active

memory may occur in parallel is suggested by the results of an
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important experiment by Forrin & Morin (1969) in which subjects were
required to evaluate probes by reference both to a varied set presen-
ted on each trial and to a constant set. {(The two sets never over-
lapped.) The most striking features of their data were these: although
adding thec constant set produced an increase in intercept for negative
and varied-set positive probes, there was no effect of the size of
the constant set. Nor.was RT to constant-set positive probes much
affected by the size of the varied set. The authors argue that the
two sets must therefore have been consulted independently and presum-
ably simultaneously. Can a feature-testing strategy be combined with
the other two? It does indeed seem to be the case that subjects may
reject probes on the basis of a feature test while other strategies
are beirg employed. Lively & Sanford (1972) in « constant-set study
with all-letter or all-digit positive sets and probes from either
category showed that while the set-size functions were standard for
trials in which the memory set and probe were of the same category,
negative probes of a different category were rejected faster, for the
larger set sizes. Ellis & Chase (1971) performed a varied-set exper-
iment in which it was possible to reject any probe of a different
size or colour without reference to the memory set. It appeared that
this feature-based rejection occurred in parallel with consultation
of active memory, in that performance was as good as on pure versions
of each task (i.e. a) IRn without probes of different form b) judge-

ments of size or colour).

This section has had a threefold purpose. The first was to
present some eviderce (on non-linear set-size functions, on the
effects of recency/frequency on negative RT, on the effect of seman-

tic feétures) to oppose Sternberg's contention that the data from
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the v-s and c-s versions of the recognition paradigm were so similar
as to argue mediation by the same process. The second was to argue
that the c-s recognition data contain elements irreconcilable within
the constraints of any single model, and that subjects can and do
use one or several of a range of strategies, depending on the circ-
umstances. The third was to discuss three strategies for which there is
evidence, and in particular to point out that Theios' impressive but
complicated model can be reinterpreted in a way that is more parsim-
onious than his model in terms of underlying mechanisms, relates
closely to the trace strength models developed in the previous sect-
ion, but preserves the formal properties and scope of the original.
As for the implications of data from the c¢-s paradigm for immediate
memory, it should by now be clear that although active memory traces
may be implicated in several of the possible strategies the manner
of their implication differs, and until we can establish with cert-
ainty what strategy a subject is pursuing, no clear conclusions can
be drawn with respect to active memory. 1 hope, however to have
shown that none of the results_obtained with the constant-set task

need contradict the trace strength models developed for the v-s

task in Section 3.1, as is sometimes claimed (Sternberg, 1973),
and that the trace strength concept may be of use in interpreting

some of the constant-set, as well as the varied-ret, data.
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3,3. The other 'memory-scanning' paradigms.

We have concentrated so far on the task of recognition. We turn
now to consider expériments whose parameters are similzr to the IRn
studies discussed in Section 3.1, but in which the subject, rather
than indicating the presence or absence of the probe in the memory
set, must base his response on some other aspect of the relationship
between the probe and the list. The main question I shall want to
consider is this: given that similar small memory sets are presented
to the éubject in the same way in all these paradigms, and therefore
might naively be expected»to be represented initially in active mem-
ory in a similar way, are we in fact able to claim that performance
in these tasks is based on a single form of representation accessed
in a set manner, or must‘we suppose different strategies of retrieval,
or even different forms of storage to explain the results obtained?
Experiments on short-term forgetting (see Ch.2) have indicated that
there is some difficulty in zccocunting for order and item retention
in terms of a single form of storage. It will be recalled that I
attempted to resolve these difficulties by the hypothesis of two
forms of postcategorical_active memory, item=traces in the logogen
system and articulatory coding in the responsc buffer (see Section
1.4). In reviewing the remaining RT data I shall follow a parallel
strategy and concentrate on the differences between the v-s IRn
data discussed in Section 3.1 and data obtained from those paradigms
which require the subject to use or report information about the
order or position of items in comparable memory sets. In one respect
the reviewer is fortunate: in contrast to the work on recognition,
the burden of relevant literature is relatively light and a number

of the available studies are somewhat thin in theoretical content.
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The majcr exception is, of course to be found in the work of Sternberg,
and the discussion may conveniently be focussed around an experiment

by Sternbery (1967a, 1969) which employed the contextual recall para-

digm.

3.31. Sternberg's contextual recall experiment.

On each trial the subject was presented a new random list of 3
to 7 cdigits, with presentation conditions and rate, and probe delay,
similar fo those used in his IRn experiments. The prube was always
randomly chosen from the digits.in the list, excepting the last, and
the subject's task was to report the digit that had followed the
probe in the list; vocal RT was measuréd. The salient features of
the data were these:

1) Performance was slow compared to IRn. This is perhaps un-
surprising in that the nature of the response and the émount of
response entropy differ across tasks. More importantly,

2) RT was a more or less linear function of set size. But the
slope of the function was very much greater (124t msec. per item)
than that reported .for IRn (38 msec./item).

3) The pooled serial position functions showed monotonic increases

in RT with serial position. This contrastsboth with the absence of
serial position effects obtainéd by Sternberg with IRn and more imp-
ortantly with the marked recency effects found by most researchers
(see Section 3.12L) using that paradigm. Moreover, the subjects
dividedinto two gfoups: one showing no serial position effects and
the other showing steep, reasonably linear and superimposed pure

Erimacx effects.

4) In contrast to IRn, errors increased very markedly with set
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size, such that wher m = 7, subjects made errors on 25% of trials.

How are these results io be accounted for? Sternberg’s ingenious
explanation incorporates an account of why scanning should be exhaust-
ive in IRn. The serial position data, it is argued, indicate a self-
terminating scan of the 1list to locate the probe item: some subjects!
data show no serialiposition effects because they start their search
at a random point in the list, depending on whé;e they are in their
rehearsal cycle when the probe is presented; others start ét the
beginning. The slope of the set-size function on this account gives
us a scanning rate of about 4 items/sec., which is approximately
seven times as slow as the rate indicatéd for the search process
proposed for IRn. Why this enormous difference? According to Stern-
berg, in both tasks the subject scans and compares the probe to the
same representations, but the difference in scanning rate derives from
-thie fact that in order to determine whether a comparison has yielded
a match., the subject (or an internal 'homunculus') must perform the
time-consuming operation of switching tc examine the contents of the
match register. This operation, or the process of changing to or
from it, is very slow compared to comparison. In the IRn task it can
be postponed to the end of the list - hence the search is exhaustive;
in CR, the pequirement to locate the probe in the lists necessitates
the operation after every comparison. (Sece Fig. 3.3 for flow-charts.)

Unfortunately for this account, the evidence reviewed in Section
3.1 indicated that the exhaustive scanning model is not an adequate
account of IRn performance. If this is indeed the case, Stern-
berg's eXplanatidn of the differences between IRn and CR ﬁust also
fail. What alternative account can be given? In a footnote in his
1969a paper, Sternberg acknowleldges another possibility.

"One interesting alternative (which exiétihg data cennot reject) is

that memory representations which can carry order infor@ation are
different from those tha: need only carry item information and that
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the observed differrnces in retrieval result from the fact that
different kinds of memory representation are being scanned."

(Sternberg, 1969a, p..447)
At this point, it is appropriate to recall that the essential dich-
otomy that emerged from tne short-term forgetting studies reviewed
in Ch.2 was alsov one betweén tasks requiring the recall of order and
tasks involving recognition (and judgements of recency). Apart from
the model jintroduced in Section 1.4, only one olher model exists
which makesa serious attempt to encompass performance in both kinds
of task - Wickelgren's (1972) multitrace associative theory. But
the 1attér cannot account for Sternberg's CR data. According to
Wickelgren, access to the probe item's répresentation should be direct,
ard the time taken to retrieve the rosponse, once the probe item is
accessed, should depend on the strength of the association linking
the two. Since the strength of the association should be greater the
.mcre recently the items were presented, the model cannot predict the
pure primacy serial position effects obtained, unless Qery bizarre
assumptions concerning rehearsal are made.{(Any such assumptions will
prove inadequate when we consider data from experiments in which reh-
earsal is prevented - see Exp. I, Ch.5) It therefore seems that we

must turn again to the logogen system/response buffer model introduced

in Section 1.k4.

%2.322. The hypothesis of two forms of post-categorical active memory.

The reader is referred to Section 1.4 for a detailed discussion
of the model, and to Fig. 1.1, which depicts the relevant structural
components. In the present context, the salient features may briefly
be summarised ac follcws. Whern a sub-span sequence is presented to

the senses, each item is represented in active memory,subsequent to
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identification,in both of two labile forms. The first is as a
decaying trace at a permanent amodal representation or logogen spec-
ific to that item. This trace is assumed to have the dynamic prop-
erties enshrined in the trace strength inspection model for IRn
described in Section 3.11. It is assumed that when a probe item is
rresented, the trace strength at the logogen addressed by it may be
compared against an adjustable criterion; this‘;rocess is assumed to
mediate IRn. Secondly, each  1item is represented, in order, as one
of a string of articulatorily coded items in the response buffer.

In order<to locate an item given as a probe, in the reSponée buffer,
jts contents must be recirculated, in the order in which they were
stored, back to the logogen system until the logogen of the searched-
for item is reactivated. It is proposed that this process mediates
retrieval of the probed item in CR, and that the response is then
.available as the next item read from the response buffer. Three
further properties of the response buffer are relevant. Firstly,
the search process, which is the same as sub-vocal rehearsal, is
slow. Landauer (1962) asked 'highly motivated and reliable subjects’
to say to themselves subvocally various well-known sets of items as
fast as they could, which turned out to be approx. k-5 digits a
second, 8-9 letters a second. Under normal circumstances, with
unpredictable and unlearned sequences we would expect a slower rate.
Secondly, the subject may be able to control the point in the sequ-
ence at which he starts the read-out sequence. Thirdly, it will be
recalled that there was evidence to suggest that rate of input to
the response buffér was limited, compared to that at which logogens

could be activated (Sections 2.11, 2.12, 2.34).

Now, it is important that this model iakes the claim that if a
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short list of items is presented at an appropriate rate and attended

to, it wiil be represented simultaneously in both forms of storage.

However, because of the differences in their nature and manner of
access, the two stores wiil differ with respect to their utility in
different taskec. For empifical purposes the two-store hypothesis
really has two parts:

a) There exist two forms of immediate memory representation.

b) Performance in Task A is mediated by one form of storage while
the other is the basis of performance in Task B.
Even if é) is true, it can only find empirical support if there are
two tasks A and B such that b) for the most part holds. It is my
centention that the v-s IRn paradigm and the CR paradigm will adequ-
ately occupy these roles. At the same time it is probably impossible
to find two tasks that are in this sense 'pure'. VWhile a strategy
.of trace strength inspection is, according to the model, the quick-
est and most efficient way of performing the IRn task,‘since the list
is also represented in the response buffer there is nothing save time
pressure to prevent the subject from searching the response buffer
as well, in order to check his response - indeed this may pay divi-
dends in accuracy. (Such a strategy would constitute a form of the
mixed model - see Section 3.11 - Model V.) Similarly while traces
at logogens are inappropriate as a primary source of information in
CR because they do not code order directly, the subject may be able
to make some use of them. For instance, the strength (i.e. recency)
of the probe item may tell the subject what part of the list to
search; or, the shbject may be able to set a criterion such that if
the probe exceeds il in strength he responds with the last item made
available by the logogen system, which would remove the need to store

the final item in the response buffer. Evidence for such mixed
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strategies will be irentioned in later chapters.
In the next section 1 shall indicate some of the points at which
comparison of IRn and CR performance may be fruitful, and discuss

existing evidence.

3.33, Evidence from the CR paradigm.

3.33%31. Serial position effects.

Ste?nberg's (1967a) finding of more or less linear increases in
RT with serial position probed, which provided the starting point for
this discussion, has in general found coﬁfirmation. Chi & Chase
(1972) using a fast presentation rate but self-paced probe delay
found RT to be a linear though messy function of set-size, and obtained
serial position effects; RT increased linearly with serial position.
Their data imply a scanning rate of about 6 items/sec., Derosa &
Baumgarte (1971) in a CR experiment in which lists of 5, 6 or 7 dig-
its were presented at a rate of 2 items/sec. with a 2 sec. probe de-
lay found strong primacy effects; some equivocal recency effects
were aiso obtained. Ideally, however, one would prefer rehearsal
to be more strictly controlled. Data collected under conditions
likely to prevent rehearsal will be presented in due course (Exp I).
It may be of interest that serial position curves exhibiting marked
primacy are also obtained when cimilar small memory sets are in in-
active memory (Kennedy, 1968), énd Sternberg (1969a, Exp.7) has shown
that degree of learning does not affeét the set-size function, but
dues cut down errérs. These results could imply either that well-
learned lists were, in these experiments, maintained in the response
buffer by rehearsal, or that the process of reading an ordered sequ-

ence from inactive memory involves processes similar to those
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involved in reading the contents of the response buffer.

2.3%32. Format of the representation.

I discussed in Section 3.1% some evidence for the claim that
the representations underlying IRn performance are amodal and abstract
in character; I pointed out that there were certain shortcomings in
the design of experiments on the cffects of acoustic similarity on
IRn and that in any evert the evidence for such effects was equivocal.
Chi & Chase (1972) have recently presented data from a CR expsriment
comparable in some respects to the IRn experiments of Chase & Calfee
(1969): their data show a marked decrease in inferred rate of search
when the members of the memory set were acoustically similar to one
another. However, this study is also susceptible to all three of
the possible objections raised in Section 3.132 (ii). Nevertheless,
acoustic similarity appears to be implicated as a possible factor
for dissociating our two stores. In Ch.5 1 shall present a set of
experiments on the effects of acoustic similarity on performance in
the tasks IRn, CR and Ln, with experimental parameters otherwise
matched, controlled rehearsal, visual presentation, and a design
intended to control for qther differences between vocabularies.
There is one feature of Chi & Chase's data which is puzzling: they
found faster inferred search rates_(smallef slopcs) when the list
and probe were presented in the same modality than when they were
not. They suggest that some sensory matching occurs, but this is
difficult to accept in view of the lack of any interaction between
the effects of presentation modality and of acoustic similarity,

since acoustic sencory matching should be adversely affccted by

acoustic similarity.
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3.323. The effects of information on where and what.

Acccrding to the model outlined above, in IRn logogens are
accessed directly from the probe, whereas in the CR task the response
buffer must be scannea to locate the probe. It was proposed that
the subject car vary the starting point of his scan of the response
tuffer's contents; this was prompted by the simple idea that if one
is searching a store ordered in terms of tempo;él sequence rather
than content, it might help to be told where in the sequence the probe
item had occurred, whereas one would expect no such facilitation in
the IRn'task. The validity of this idea is explored in two experim-
ents (Exps. IV & V) described in Ch.6, which compare the utilitj of
giving position information along with the probe in the two parsdigms.
Therc already exists a little evidence that in CR the subject can
vary the starting point of his search. Some of Sternberg's (1967a)
subjects appeared to vary their starting point, while others always
started at th; beginning. Derosa & Baumgarte (1971) introduced pauses
into half the memory sets in their CR experiment, splitting them into
two groups. Though grouping was not beneficial overall, there was
evidence for serial position effects within groups in that RT was
shortest for the first member of a subgroup, longest for the last.

But both these findings could depend on how the probe onset interr-
upted the rehearsal cycle, and do not require the assumption that
the subject need not start the search with the first iter in the
repsonse buffer.

If telling the subject where the item was in the sequence does
not facilitate IRh, then since logogens are held to be lexical rep-
resentations, semaniically associated, perhaps it may help to tell

the subject what the item is: for instance, what semantic category

it belongs to. BExps. VII, VIII are relevant to this possibility.
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3,%34, Rates of presentation.

It was suggested that the rate of readout from logogens into the
response buffer is limited. This raises the possibility of separati-
ing the two forms of storage with the variable of presentation rate.
In Ch.9 some preliminary experiments will be mentioned which suggest
that the limiting rate of presentation for adequate performance on
the CR task is lower than that for IKn. A traditional line of argu-
meni on this point would run: the subject must in the CR task trans-
mit more information than is required by IRn; thus he must take longer
to encode it to reach the same level of performance. This is not
good enough. It remains a real empirical question as to whether the
limiting rates do differ, and if they do, then it remains an import-
ant theoretica} question why it should take longer to encode the
order information; at least some single store models should predict
no difference, whereas here we consider the strong answer that the
subject must employ an additional storage system whosevinput rate is

limited.

3.3%5. Limiting set size.

The available evidence on IRn showed no sharp limit to capacity
(Section 3.123), which fact suited a trace strength model. The two-
store model outlined would imply that CR performance should, in con-
trast, reflect the limited capacity (5-6 items?) of the response
buffer. Now Sternberg (1967a) found an accelerating increase in
errors up to 25% and Chi & Chase (1572) up to 12%, for 7 item lists.
Unfortunately longer lists have not yet been explored, though we

may note that Waugh & Norman (1965) in an unspeeded probed recall

task found a very sharp fall-off in performance as lag increased

such that the success rate had reached a low asymptote by the time
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the lag was 10 or 11 items (cf. Wingfield & Branca's ,1970 , IRn data).
It is of course the case that since the CR task requires the retent-
ion of an ordered pair where IRn requires a single item to be remem-
bered, it can be argued that IRn will naturally be more accurate at
the same overall level of retention. So the absolute difference in
accuracy is indeed not very exciting; what is important is whether
the error rates change in the same manner with increasing set size,
and though the available data lend some support to the suggestcd

difference, appropriate experiments have not yet been done.

3,34, Evidence from other paradigms.

So far I have concentrated on the ways in which performance in
the CR paradism differs from that in IRn. The requirement for order
retention is of course not the only feature distinguishing the two
tasks (see Sternberg, 1969a, p..452). One would like to be able to
show that such features as vocal response, the increase in number of
alternative responses with list length, etc., are not critical. Thic

requires consideration of other paradigms.

3.341. Order recognition.

Sternberg (1969a, Exp.8) performed an experiment whose param-
eters and subjects were identical to his CR experiment, but in which
subjects were given as ﬁrobes pairs of digits that had been adjacent
in thc memory set and required to indicate whether their lieft-right
order matched their temporal order in the list. In spite of the
possible availability of a range of strategies, the sct-size function
was linear and identical in slope to that obtained for CR. lMoreover,

the serial position curves show an overall increase in RT with serial

position.
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3,342, Location (Ln).

In this paradigm, the subject is required to respond with the
position of the probe item in the list. This task makes demands
slightly different to CR, in that while the latter requires the sub-
ject to retain the relative position of two items, In requires the
retention of the absolute position of & single item. Were position
retained by item-position associations while order was coded as
inter-item associations (cf. Wickelgren, 1972) we might expect diff-
erences between CR & Ln, whereas if the above model holds, both tasks
may be abcomplished by searching the response buffer. Note, however,
that the subject may also be able to makelgggg use of a trace strength
strategy in this task: this depends on the extent to which he is
able accurately to classify the strength of the unidimensional trace
addressed by the probe with respect to a number of criterion values,
(i.e. he might be able to infer position from recency). On the
assumption that this faculty is fairly limited, so that only the
last few items of the list, whose strengths will be widely separated,
may be classified in this way, we might expect to find evidence for
a mixture of strategies: earlier items being responded to on the
basis of a response buffer search, later ones being categorised on
the basis of trace strength. Fuchs (1971) obtained bowed serial
position effects peaking at position three for S5-item lists. Moss
& Sharac (1970), using 7-item lists, show an increase in RT with
serial position up to positions four or five and then a sharp
recency effect. These authors do in fact argue for a dual retrieval
process (but not the duality suggested here). An experimént of ny
own (Exp.3, Ch.5) investigates the extent to which the acoustic sim-
ilarity effects found for CR (Exp.1) are also obtained in the Ln

paradigm, and provides serial position data.
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3.343. 'Metered memory search,'

Weter and associates (Weber, Cross & Carlton, 1968; VWeber &
Castleman, 1969; Weber & Blagowsky, 1970} have worked with a paradign
in which the subject retains in memory a 'circular' sequence of
digits or lectters. On preéentation of & probe from the sequence,
his task is to respond with the item a specified number of steps for-
ward in the list. The sequence is said to be circular because the
first item is to be treated as following the last. RT increases with
the size of the 'transformation' and the jnferred scanning rate is
found to be between 3 and 5 items/sec., which is entirely compatible
with Landauver's (1962) figures. The scénning rate is wnaffected by
whether the vocalization is covert or overt, but is affected by the
order of the items: i.e. arbitrarily-ordered digit lists are scanned
slower than lists in reverse numerical order while scanning is fast-
est for naturally-ordered lists. These results are entirely comp-
atible with the proposition that the limit on scanning rate is the

maximum rate of covert articulation.

3.344. Retrieval time in forwards and backwards recall.

I have suggested that retrieval from the response buffer is uni-
directional. An assumption of this sort has been fairly general with
respect to ordered recall from STM (Broadbent, 1958; Conrad, 1965;
Wickelgren, 1966a); Conrad in particular argues that backwerd recall
requires the subject to retrieve each item by scanning through the
list again in a forward direction. Anders & Lillyquist (1971) gave
subjects lists of4digits that approximated the memory span in length
and timed their responses while they recalled the lists either for-
wards or backwards as fast as they could. For forward recall the

rate of report was about 3 items/sec., which is well within the range
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with which we have becounie familiar in this section; backward recall
(average list length = 5-6 digits) was about half as fast,Given that
subjects reported retrieving items in groups of two, this is well

in line with Conrad's suggestion.

3.35 Summary of Section 3%.3.

In this section I have considered some 'memory-scanning' parad-
igms other than;recognition. These share the feature that they all
require subjects to retrieve i;formation about the absolute or rei-
ative position of items in the ‘memory sét. Such information may not,
it appears, ve retrieved from the representations which in Section
3.1 were suggested to mediate immediate reccgnition. Accordingly,
an additional form of representation in active memory was proposed:

a limited capacity 'response buffer' which contains the names of
items, articulatorily coded, in order of entry, and must be serially
searched for the probe item unless a position cue is given. The two-
store model accounts for the markedly different serial position
effects obtained in the IRn and CR paradigms, and unlike Sternberg's
two scanning strategies model, predicts that other variables will
differentially influence performance in the two tasks: it is sugg-
ested that these should include acoustic similarity, the utility of
position or semantic cues and rate of presentation. Some existing

evidence from CR and other paradigms was mentioned; my own will be

presented in later chapterc,
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3.k, Is this active memory?

Throughout tﬂis chapter, the assumption has been made that, at
least in circumstances in which a new memory set is presented on
every trial, performance ié based on active memory representations.
The differences postulated between different forms of storage have
been differences within active memory. Inactive memory is only
involved insofar as item-traces are held to be temporary sfates of
activation at the permanent representations, logogens, which mediate
identifiéation of the items. It is worth mentioning briefly some of
the evidence upon which this assumption is based. There are really
two questions to consider.

1) Does the memory set as such get into inactive memory? For
subjects to show perfect or even good retention over the long term
of verbal material after a single presentation generally requires at
least one of the following conditions: the material must be highly
meaningful or salient, the list must be the first or only one
presented, or the subject must have time to elaborate imagery or
other mnemonics (Bower, 1970; Paivic, 1971). To take these in order,
in many of the studies I have reviewed,and in all the experiments I
shall present, alphanumeric characters have been used; secondly,
many lists are presented in brisk succession, usually chosen from
small and well-known stimulus ensembles, a procedure that has gener-
ally been held to minimise the contribution of inactive memory to
immediate memory performance, owing to the rapid build-up of pro-
active inhibitionA(Keppel & Underwood, 1962); thirdly the studies I
shall describe all usel presentation rates in no case slower than 1
item/sec., which should greatly restrict the time available for the

discovery of mnemonically useful patterns or associations. In
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addition to these three points, . there are data which indicate that
if subjects kﬁow that they are going to be able to retrieve informa-
tion from active memory, they do not bother to code it into in-
active memory. A 'negative recency effect' has been demonstrated
both for free recall (Craik, 1970) and for paired-associates learning
(Madigan & McCabe, 1971): when subjects are given an unexpected
delayed test on material learned for immediate %est, they show very
poor long-term retention of the last few items presented, which is
of course the converse of the result found for immediate recall.

2) E§en if the list, or part of it, is securely represented in
inactive memory, does this representation mediate performance? I
have already mentioned evidence (Sternberg, 1969a, Exp.5) which
appears to deronstrate that even when it is certain that the memory
set i5 in inactive memory, subjects prefer, if they are able, to
employ an active memory strategy. Wattenbarger & Pachella (1972)
used a v-s IRn paradigm, with set-size varying bétween 1 and 5
items, and on half the trials,instead of a probe they presented a
stimulus for binary classification. Classification RT was unaffected
by memory set size, and they argue that this implies that IRn perfor-
mance is mediated by 'STM' since in those conditicns in comparable
studies where the memory span is exceeded (Shulman & Greeneberg, 1971)
or is expected to be exceeded (Sanders & Van Borselen, 1966) a con-
current memory load does affect CRT. Waugh (1969, 1970) showed that
in both a paired-associate task and a task using a form of probed
recall, latencies for items retrieved from primary memory (as oper-
ationally defined on the basis of Waugh & Norman, 1965) were much
shorter than for secondary memory items, and the data implied that
PM was searched before SM.

In conclusion, it seems safe for the present to conclude that
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these experiments do tap active memory in a relatively pure way.
Ideally experiments should be done to show that with extended periods
of distracting activity between list and probe, performance in the
'memory-scanning' paradigms does break down in the samc way as in
those short-term forgetfing paradigms for which the concepts of

short-term or primary memory were originally introduced.
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2.5 Conclusions.

Two themes have dominated this chapter: the possible advantages
of the concepts of trace strength and of amodal content-addressable
représentations in accounting for immedizte speeded recognition, and
in sore cases, perhaps, for constant-set recognition; and the intro-
duction of the hypothesis of two forms of active memory to account
for the empirical discrepancies emerging between IRn and comparable
"memory-scanning' paradigms requiring the retention of order inform-
ation. Two lines of empirical attack are thus implied. Much evid-
ence on IRn is already available but experiments are still needed
to test precise and crucial predictions distinguishing the various
models. In contrast, we have little evidence on how performances in
the different paradigms compare, and experiments must be carried

_out to identify factors which will produce a reliable and gross dis-
sociation between patterns of performance in the two classes of para-
digm when all other relevant parametcrs are identical.

As I have discussed them, the two themes are clearly related.
But they are logically separable. For, we may find differences
between the paradigms irreconcilable within a single store model
without any implications for the validity of a trace strength model
of recpgnition. Eqoally, it might conceivably prove possible, though
I doubt it, to account for, say, contextual recall data wholly in
terms of some strategy of retrieval from a memory having the form of
labile traces in logogens. Nevertheless, it is obvious that some
experiments will bear dual implications: an experiment which comp-
ares recognition and recail may provide evidence which relates to the
comparison between specific models of recognition. In Chs. 5 and

6, experiments will be described which were performed to compare the
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effects of, respectively, acoustic similarity and a position cue in
some memory scanning paradigms. Of these experiments, three (11, 1V
and V) employ the IRn paradigm, and yield some data relevant to the
models outlined in Section 3.71. More direct tests of those models
are provided by Exp.VI in Ch.7. 1In Ch.8, I describe some cxperiments
(VII and VIII) which were carried out to examine the utility of
specifying the semantic class of the probe in IRn. But some atten-
tion must first be given to methodological issues involved irn the
use of reaction times. This, together with a general description of
the appafatus and procedure used in the experiments, is undertaken

in the next chapter.
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Schematic illustration of the trace strength models. showing
of the stimulus enseémble

the states of the representations L1""'Ln
items subsequent to presentation of memory sets containing 1, 2 or
L items respectively.

For Model ITI, the distributions are those of the trace str-

ength (S ) at each representation L . C shows the optimal placing

of the crlterlon C midway between the mean. (MP) of the compound mem-

ory set distribution and (MN) of the negative set distribution.

For Model IV, the distributions are those of the time taken
(t.) for the representation Li to reach a critical level of activ-

ation K orn presentation of the probe Pi’

(Given the distributions shown above, the optimal placing of the

criterion TC would be very similar to that of CJ
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Figure 3.2. A mixed model for IRn (after the long-term recognition

model of Juola ot al.,1971). The two distributions shown are the
compound’strength distributions of the memory set items and the items
which constitute the neggtive set on that trial. Coupariscen between
(i) and (ii) shows that the less recent a positive probe (or the more

recent a negative probe) the more often a search is necessary and the

more false negative - FN (or false positive - FP) responses are made.
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Figure 3.2 Flow charts to illustrate Sternberg's account of the
differences between immediate recognition and coatextual recall.
The stage 'check .ihe match register', or the process of switching
from or to it is held to be extremely slow in comparison to the

time taken by the 'compare' stage.
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CHAPTER TV. Methodology and Method.

In this charpter, as a prelude to the experimental work to follow,
I shall consider briefly some of the advantages and difficulties
involved in the use of reaction times as a measure, and shall then
give an account of those features of the apparatus and procedure which

are general to all the experiments to be descrf%ed.

L.1., The use of reaction times.

There are three principal .reasons for my choice of reaction
times as a measure:

1) RT is the only measure we can use when performance is error-
free, or nearly so. We have already seen (Section 2.2) that the ass-
.umptions of trace strength theory may not adequately be tested for
very recent items using accuracy as a measure,siﬁce the ratio of
correct to false positive responses is too great to obtain a reliable
measure of 4d'.

2) RT is a much more appropriate meaéure than accuracy if one is
concerned to test hypotheses about the nature of access to a memory
- the nature of the retrieval process. Consider a hypothetical store
containing a number of locations from which information is lost,in
the absence of rehearsal,over a period of several seconds. Let us
assume that the locations represent positions in a list, and that
the subject has direct access to the item at a location given the
position as a retrieval cue.Assume also that the store is not content-
addressable, so that if the subject must say what position a given
item occupied in the list, he is -obliged to search serially through

the contents of the store. Suppose that search rate is of the order
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of 10 items/sec. and that six-item lists are given. Then the mean
difference in RT between the two types of probe, other things being
equal, will be about 300 msec.. The point of this example is that
in 200 msec., relatively little forgetting is likely to occur, so
that any difference in acéuracz due to probe type will be small; in
contrast a difference in RT of 300 msec. would constitute powerful
evidence for a difference in mode of access between the two kinds of
probe. It was for this reason that I mentioned in discussing some
of Hitch's (1972) experiments (Sections 2.13, 2.22) that in the con-
text of the questions they were designed to investigate, RT might be
a more appropriate measure than accuracy.

3) RT also has marked advantages over accuracy if one's aim is
to disentangle the properties of two memory stores with overlapping
retention periods. This is best shown by another hypothetical exam-
ple. Suppose that an item is initially represented in both of two
stores A and B. Let access to A be rapid and access to B slow. If
we either present lists longer than the capacity of either store, or
present shorter lists and induce forgetting with an interpolated
distracting task, then the accuracy of unspeeded recall will depend
on whether the subject can retrieve the item from either store.
Hence p (correct recall) will be a compound function of the factors
influencing both forms of storage. If, on the other hand, we present
lists within the capacity of both A and B, ask the subject to reépond
as fast as he can and measure RT, then since access to A is fast and
all the items are represented in A, performance will be mediated
purely or at least primarily by retrieval from A and RT will be a
function only of the factors ihflucncing store A,

There are at least two real-life applications of this argument.

Firstly, it is widely agreed that in immediate unspeeded recall, there
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is usually a 'secondary memory component' (Waugh & Norman, 1965).
However, in Section 3.4, I presented.somé argunents favouring the idea
that the memory-scanning paradigms were likely to tap only active
memory. Secondly, we saw in Section 2.12 that when the accuracy of,
say, item recognition was compared with that of probed recall in res-
pect of the effects of factors like acoustic similarity, the evidence
for our two-store hypothesis was not very clear. I shall hope to
demonstrate,by the experiments reported in the next chapter, that when
RT is used, a much clearer dissociation between the two forms of

storage emerges.

The use of RT to test a hypothesis that information is represen-
ted simultaneously in two stores, or that access to a given store may

be via two processes, must be distinguished clearly from the use of

RTs to separate functional 'processing stages' - as embodied in the

'additive-factor' method advocated by Sternberg (1969b). He assumes,
as do I, that the time elapsing between stimulus and response can be
divided into a number of successive 'processing stages' whose durat-
ions are additive components of the total RT. Spernberg proposes
that the stages involved in performance of a particular task may be
discovered by searching for experimental factors whose effects on
mean RT do not interact; such factors must influence independent
stages. It should be noted that the 'additive-factor' method is for

the discovery of successive stages in a single task. In contrast,

our concern will be to compare effects on RT,due to a given factor,
between tasks, or interactions which may be interpreted as being due

to alternative processes involved in a single task. As Sternberg

(1969b,p.309) points out, "the additive-factor method cannot distin-

guish processes, only processing stages'. If, for instance, we were
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to treat 'tasks' as a factor, then an interaction between tasks and
some other factor wonld lead only to'the.conclusion that they influ-

enced the same processing stage. We shall try to interpret such in-

teractions, so as to discover the processes occurring within what
the additive-factor method is obliged to term a single processing
stage. The general strategy will be to try and isolate the feature
distinguishing the two tasks that is critical to the effect of the

'‘tasks' factor.

The use of reaction times may have considerable advantages over
the use of accuracy, but there-are probiems consequent upon it, part
theoretical, part practical, to which we must seek at leas* ad hoc
solutions in arder to know what kind of experiments to design. We

will consider these problems under four headings.

k.11, RT distributions.

The acceptance of a general additive model of reaction time
entails that a difference in RT induced by varying the level of
some experimental factor is a difference in the amount of real-time
precessing required. A difference in RT of 50 msec. involves the
same amount. of extra processing after 1000 msec. as after 400 msec.
of previous processing. Since the underlying scale is thus already
specified by the nature of the measure, a logarithmic or a recipfocal
transformation will not be appropriate. As a measure of central ten-
dency, the arithmetic (rather than the harmonic or geometric) mean
should be used; the median should nct, since medians are nct add-
itive (Sternberg, 1969b).

However, empirical RT distributions are typically positively

skewed; that is, they exhibit a tail of long RTs. This raises two
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problems:

(i) Since we want tc use analysis of variance as a statistical
tool, we must be sure that the data conform to its assumptions.
Among these is the assumption of normality of distributions. How-
ever, this need not be a problem if instead of raw RTs we use as
observations the means of small samples of RTs; this has the add-
itional advantage that errors need not give rise to empty cells in
the data matrix. These observations will be distributed as tho
sampling distribution of means from a non-normal population distrib-
ution: the Central Limit Theorem assures ué/that the sampling dist-
ribution very rapidly approaches normality as the size of the
sample increases (Hays, 1963). Another assumption of the ANOVA is
that of homogeneity of error variance: unfortunately, there is some
tendency for RT means and variances to be positively correlated.
However, it appears to be current statistical opinion (e.g. Hays,
1963) that provided one is testing differences between means, and
provided ithat each cell contains an equal number of observations,
both the normality and the homogeneity—of—variancelassumptions may.
be violated without serious risk.

(ii) The second problem arises out of the guestion: what do these
long RTs constituting the tail of the distribution represent? This
is a theoretical nettle which no one has yet adejuately grasped, but
has a practical consequence that in the small sample of RTs typically
obtained for a given treatment combination and subject, one or two
long RTs may exert a disproportionate influence on the mean, thus
making it a less unbiassed and efficient estimator. Two contrésting
attitudes to this problem might be adopted:

a) It could be assumed that the occasional long RTs do not derive

from the same underlying distribution as the rest, but result from
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subjects hesitating, or rechecking their decisions, or ‘'response
blocking', etc.. Thus the skewed distribution may be compounded
from a symmetrical distribution representing the variability in 'pure’
RTs, and & second very broad distribution resulting from the insertion
of extra processes like rechecking. On these grounds we should try
to exclude long RTS from the main RT analysis, but could treat them
as a special class of error; the difficulty is: what exclusion prin-
ciple should one use?

b) It may,on the other hand be thought that (a) involves an
unaccéptably strong assumption on wnich to/ﬁase the discarding of
data; also there is no obvious‘criterion to choose. Furthermore,
even if long RTs do result from rechecking or other ‘'extra' processes,
it may still be argued that they should be represented in the mean
RT. The adverse effect of an experimental factor on, say, retrieval
may be due either to a change in the mean of the 'pure' RT distrib-
ution, or to an increase in the number ol times é subject must per-
form some rechecking operation. To attempt to discard RTs stemming

from the latter source is to prejudge this issue.

In analysing the data from the experiments to follow there are
usually insufficient daté from any given treatment-combination x
subject cell to specify the distribution adequately. In general, RTs
above a high ceiling (usually 2 sec. for recognition, % sec. for |
recall) are excluded. In a few experiments RTs more than three
standard deviationé from the mean are excluded. In practice, I have
found that using such an exclucion principle has little effect‘upon

the overall pattern of results, save that it reduces overall mean RT

by about 10 msec..
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L.12. Speed/accuracy trade-off.

It is wéll known that,other things being equal, subjects may
trade accuracy against speed in choice reaction time tasks. This may
be due to the subject varying either the amount of 'evidence' he
accumulates before making a response, or the proportion of trials
cn which he makes fast guesses (Yellott, 1967; Swensson & Edwards,
1971). It is general practice to guide subjec{é toward an optimal
balance between speed and accuracy with admonishments like: 'Please
try and respond as fast as possible while avoiding errors'. But
one musf remain alive to the danger that cémparisons of RT between
different conditions may be artefactualiy exaggerated or diminished
by differences in speed/accuracy trade-off. In general, in making
comparisons fcr which such a possibility exists, we should trust
differences in RT only if thefe are also error frequency differences

.in the same direction; in all analyses, 1 shall therefore report
the percentage of trials of a given type on which errors were mace,
together with the RTs.

One conclusion that does not follow from the existence of the
speed/error trade-off is that: for a true comparison of RTs between

two conditions, error rates should be equalised. Consider, for

instance, the set-size function for IRn in relation to Model III, the
trace strength inspection model (Section 2.11). As set size is in-
creased, the differences between the means of the list items' and non-
list items' sfrength distributions and the criterion decrease, 80

that RT is increased; also, the two distributions overlap more, so
that error frequency should also increase, even though the subject
remairns just as cautious. The point is, for many comparisons, error

rates should increase along with mean RTs.
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4,13, Reaction time and strength.

Murdock (1963b, 1968b) has called into question the use of RT
as a measure of trace strength in memory. Using Murdock's (1963a)
probe technique with paired associates, he had found that with an un-
limited recall interval, response latency covaried very nicely with
d' - i.e. the most recent items had the shortest latencies. However,
he found that curtailing the response interval permitted had a grea-
ter effect on recall of the last pair than earlier pairs. This
suggested to him the possibility that latency reflected not how much
time the.subject must take to respond, but how much ne chooses to
take; response latency therefore reflected the placing of some sort
of decision criterion rather than strength. In a later, somewhat
inconclusive experiment (Murdock, 1968b) he found no support for the

idea that latency reflected ad'.

However, Murdock's arguments need not trouble us greatly in
relation to the present experiments. Firstly, his (1963b) subjects
were not asked to respond as fast as they could, and the response
latencies were correspondingly of a rather different order to ours.
Secondly, and more importantly, the trace strength theories outlined
in Section 3.1 posit that RI reflects not absolute strength, but the

difference between the strength and the criterion; RT changes refl--

ect either changes in criterion or changes in strength; by and
large, criterion changes will only be expected to occur when the
subject knows what kind of trial he is going to have in advance of

the probe onset.

L,14., 1Individual variabilityv.

That there is considerable variation in absolute RT among
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individuals implies that, whenever possible, comparisons should be
made within subjects. The use of multi-factorial within-subject
experimental designs and the need to collect a number of RTs per
subject for each treatmernt-combination demand, even with on-line
control of experiments, a.number of experimental sessions per sub-
ject for the collection of sufficient data. Moreover, in the case

, .
at least of nailve subjects, there is usually a sharp decrease in RT
in the initial stages of practice; it is also desirable to allow
performgnce to stabilise,in the sense of eliminating inefficient or
ineffective strategies,before collecting data. Hence it is usually
necessary to provide several practice biocks (or even sessions).
These considerations lead inevitably to the use of smzll numbers
of subjects. The roie of idiosyncratic variations in performance
thus becomes rather important. This is a coin with two sides. On
* the one hand, we should not be(prepared to accept as conclusive a
difference or trend in the data unless it is shown by all or most
of the subjects; this is largely taken care of statistically if we
use analysis of variance procedures in which subjects are treated as
levels of a random variable in the mixed model, so that effects are
tested against their interaction with subjects. On the other hand,
individual differences in performanaé may be a positive advantage.
The more sessions served by each subject, the less we should be
prepared to interpret differcnces between one subject's perfermance
and another'svas the result purely of chance factors. This is part-
icularly important in the context of hypotheses emphasising the
possibility of alternative strategies underlying performance. For
instance predictions may often be made on the basis of the premise
that in a particular situation, though two strategies may be avail-

able (e.g. retrieval from stores A or B), one will be more efficient
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and faster and thus may be expected to mediate speeded performance.
However, occaSional subjects may nevertheless opt for the inefficient
strategy. If the hypothesis under consideration is adequate, it
should be capable of accounting not only for the way that most of the
subjects behave, but also for the manner of any idiosyncratic depar-
tures from the norm. I shall therefore report and discuss individual

data wherever apparently reliable variations appear.

Another inevitable consequence of the use of small groups of
subjects is the sacrifice of generality. It is aiready commonplace
that the typical subject in most human performance experiments'is
not randomly selected from the population at large, but is a young
adult of above-average intelligence. Moreover, constraints on the
availability of shared apparatus mean that one tends to use subjects
with previous\experience of RT experiments because one knas they
will not waste time, and one rejects subjects whé, through quirk of
personality, metivation or dissipation, fail to meet a reasonably
strict error criterion in the first session. Thus the demands of
methodology and technology combine to impel a trend, retrogressive
in some respects,;towards the 'elite' subject. It is true that we
may set criteria of adequacy that are more operational than, say,
Wundt's znd assess a subject's consistency by the variability of his RTs
rather than by assessing the quality of his introspections; but we
must nevertheless be on our guard lest, by training, we have made
him in some sense an abnormal subject. On the other hand, we
should also take advantage of his skill, and question him on his
strategy. It may even be possible to solve the problem of spurious
long reaction times by getting subjects to indicate those trials on

which they feel that they hesitate or that their performance
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is disturbed in some other way. (This was not attempted in the pre-

sent experiments.)

These methodological issues are in themselves a fit topic for
further research. For the present, one is ouliged to accept that
one's criteria for prgferring particular ad hoc solutions will have

a sociological as much as a logical basis.
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L,2. The Experiments: Apparatus and General Procedure.

A1l the experiments reported in this thesis were performed on-
line; a Digital Equipment Corporation LINC-8 computer was used to
present visual stimuli on a cathode-ray tube (CRT) and to time and
record both vocal and key-press responses. The sequence of trials
and of events within trials was under the control of one of a set of
inter-related programmes written by me for the purpose called MNEMON.

I shall describe here features general to all the experiments.

L.,21. Subijects.

These were young adults, 17 to 30 years old, who had volunteered
their services in response to public advertisements or personasl pleas.
They included secretaries, teachers, graduate and undergraduate stu-
dents, and were selected without regard to sex. They either had good
vision, or wore the corrective spectacles prescribed for them. They
were paid 25p (iater, 30p) a session. In most experiments, a mixture
of naive and experienced subjects was used. Subjects who exceeded

a reasonably strict error criterion were replaced.

L,22, Apparatus.

The subject sat in a 'quiet' testing room adjacent to that con-
taining the computer and its associated teletypewriter. The room was
dimly and indirectly illuminated with a heavily shaded LO-watt bulb.
The subject rested his face in a rubber mask at eye level, 4O gm. in
front of which was the CRT screen, whose dimensions were 11 cm. by
9 cm.. The screen was surrounded by a black cardboard surface which
extended to fill most of the suvbject's visual field, and was so arr-

anged that no distracting reflections were visible in the screen.



183.
On a table beneath the screen a keyboard was arranged so that the
subject could rest his hands comfortébly.upon it. Positioned under
each finger was a piano-style key operating a microswitch contact-
closure connected to the computer.

For the timing of vocal responses, a microphone was suspended
some 5 cm. in front of the subject's mouth and connected to a voice
key (Electronics Developments), which was adapted so that it could
be reset by the computer, and which operated a contact-closure con-
nected to the computer. For experiments involving vocal responses,
the experimenter sat at a table in the testing room in order to
record erroneous responses and to indicate via a second keyboard one
of four possible outcomes to the computer: a) Correct response, b)
Error, ¢) No response (e.g. 'don't know'), d) Rejected trial. The
last category was used when the voice key was either accidentally
triggered by the subject, extraneous noise or inherent instability,

or failed to be triggered at all.

L.23. Display.
The CRT (TEKTRONIX, 561 A/RM, modified) contains a very fast

phosphor (P15) whose rise time is 5 microseconds and whose decay

is rated as to 0.7% of its total brightness within 50 microseconds.
Points displayed on the screen appear as bright and greenish on a
dim, dark green, background. The computer possesses a hardware
character display system which permits the efficient display of any
subset of a 4x 6 matrix of dots. The display patterns chosen for
the alphanumeric characters are shown in Fig. 4.1. The individual
characters are 4 mm. high and 3 mm. wide. They therefore subtenaed
an angle at the eye of 27 minutes of arc horizontally, %6 minutes

vertically. The average luminance of the display points is impossiblc
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to control and measure precisely, and varied somewhat throughout the
series of experiments, but never within a session; in general, the

characters were bright enough to be ecasy to read without strain.

L.24, Procedure.

An effort was made to arrange that the several sessions required
of a subject should be on consecutive days, at a more or less const-
ant time of day. This ideal was rarely achieved, owing to the heavy
pressure of other users on the apparatus. At the start of the first
session; salient features of the apparatus were demonstrated to the
subject, he was seated comfortably and at a proper height, a display
of the whole character set was shown to him and the task explained.

A few practice trials were usually given to familiarise him with
the task and spparatus before the formal practice blocks. Instruct-
ions were read to him and questions answered. At the start of sub-

sequent sessions, subjects were reminded of crucial details of the

Sessions were divided into blocks containing 30-120 trials. At
the beginning of a block, the word 'Ready' was displayed until the
subject pressed a button to initiate the sequence of trials. During
a bloék, trials followed the responsesto previous trials automatically
after an interval of 2 or 3 secs.{see individual experiments for
precise values). However, in most cases, the subject was able, if
he so chose, to interrupt fhe sequence, between trials, by pressing
a ‘panic' button. The computer then displayed the word 'Pause' until
the subject pressed the same button again, when the seguence of
trials was resumed. The subject was instructed to use ihis facility
sparingly, but whenever he was overyhelmed by fatigue, dizziness,

fits of sneezing or other temporary disabilities. In practice he
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made use of it rarely morec than once a block, if that. At the end
of a block the word 'End' was displayed, and the subject was free to
emerge from the testing room while data were saved on tape and a
summary of the mean RT and errors for that block typed out. Sessions
usually lasted between BO.and 60 minutes. Subjects were encouraged

to report their introspections.

4,25, Trials.

Details of MNEMON, the set of programmes used to compile blocks
of triais, run them, record responses and analyse the data are not
necessary here. For the present, only fhe following features are
relevant. A 'display' consisted of a character (or group of charac-
ters) from a vocabulary of up to 30 characters, displayed in one
(or several) of up to 16 predefined locations on the screen, for one

.of up to 8 predefined durations. A display might or’might not expéct
a response; if it did, it might or might not be termirated by that
response. A trial consisted of a sequence of such displays, separated
by a preset inter~diéplay interval; a background display of up to 60
points could be programmed to remain on throughout the course of a
trial in order to serve as a reference frame for the display locati-
ons. In later experiments, a trial might be followed with a feed-
back display indicating whether the response(s) was(were) correct.

Thus, a typical trial.might have the following form:

1) Onset of background display, coupled with a warning signal -
an arrow pointing to the location at which the first character is to
be displayed.

D) Four or five letters, one after the other (perhaps at diffe-
rent spatial locations) comprising e 'memory set'.

3) A delay - the 'probe delay"consisting of no display.
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Further details will be given in descriptions of the relevant
individual experiments, to which the [ollowing four chapters are
devoted. The experiments are not presented in the chronological

order in which they were performed. The actual sequence was:

viI, viIii, iv, i, IIr, IIIr, v, vi.
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Figure 4L,1. The characters as they appeared on the

screen of the CRT.
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CHAPTER V. Exveriments on the effects of acoustic similarity.

Sternberg (1967a) showed, and later studies have confirmed, that
performance iu the IRn and CR paradigms is markedly dirferent (Sect-
jon 3.31). The slope of fhe set size function is typically very much
greater for CR than for IRn; moreover, for the CR task, RT incréases
more or less monotonicelly with serial position - a primacy effect
(Section 3.331). Sternberg (1967a, 1969) proposed that these diff-
 erences were due to different strategies of scanning ‘active memory':
a self-terminating scan to locate the item in CR, an exhaustive
(and therefore faster)scan to determinelits presence in IRn (Section
2,31). However, evidence against a scanning model for IRn has stead-
ily accumuiated (Section 3.1). Also, the serial position functions
typically obtainéd with IRn exhibit marked non-linear recency effects
(Section 3.124). I therefore proposed (in Section 3,3) that the
differences between IRn and CR were better accounted for by the
hypothesis of two forms of active memory outlined in Section 1.k
According to this hypothesis, IRn is mediated by decisions based on
the trace-strength at the logogen addressed by the probe item, while
CR requires a relatively slow serial search through the témporally-
ordered, articulatorily~coded contents of the response buffer.

Since items in the response buffer are coded in terms of their art-
iculatory features, one would expecl that phonemic similarity
between items stored in the response buffer would retard retr-
jeval from it; hence phonemic similaraty would be expected to have
an adverse effect on CR. No such effect would be expected on IRn,
since logogens are abstract, conceptual or amodal representatiocns.
In contrast, on Sternbérg's hypothesis, since the same store is

scanned in both tasks, phonemic similarity should affect both tasks
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equally, if at all. I therefore performed three experiments on the
effects of acbustic similarity, which I report in this chapter. (I
shall refer to acoustic, rather than phonemic or articulatory simil-
arity; in terms of the material used they are effectively synonymous).

Various data already exist suggesting a dissociation between two forms
of storage in active memory in terms of the effects of acoustic sim-
jlarity. It will be recalled that Wickelgren (19650) showed that
acoustic similarity increased order but not item errors (Séction 2.11)
and that Ingleby (1969) showed that, for small sets of items held in
memory,.acoustic similarity affected probed location but not item
recognition (Section 2.12); however, with longer lists, effects of
acoustic similarity on the accuracy of item recognition have been
reported (Hitech, 1972; Reicher, Ligon & Conrad, 1969). Turning to
reaction time studies; such effects of acoustic similarity on IRn
_as have been shown are both small and equivocal (Section 3.132 ii),
while Chi & Chase (1972) have recently found, in a CR experiment com-
parable in design to the IRn study of Chase & Calfee (1969) a marked
increase in the slope of the set size function when the items were
from an scoustically similar vocabulary (see Section 3.332). However,
in discussing these experiments I pointed out (in Section 3.132 ii)
that their interpretation is rendered difficult by certain problems
involved in the use of acoustic similarity as a variable:

1) Perceptual errors. If acoustic presentation is used, then
acoustic similarity may increase the occurrence of perceptual errors
or the difficulty of auditory encoding, and thus have effects which
may be confounded with possible effects on storage or retrieval.
Hence visual presentation wasused in the present experiments.

2) Rehearsal. According to the model outlined in Section 1.b,

rehearsal is the recirculation of items from the response buffer back
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to the logogen system. Acoustic similarity of the items could result
in more errors during readout from the response buffer, or in a

slower rate of rehearsal. Thus if rehearssl is not prevented, acou-

stic similarity could influence item recognition even though the
traces directlv mediating recognition judgements are, according to
cur hypothesis, not acoustic in nature. In the experiments reported
here, I hope to have prevented rehearsal by th; following means:

(i) No-rehearsal instructions (cf. Waugh & Norman, 1965)

(ii) The use of sub-span lists

(iii) Iﬁmediate test.

(iv) The use of fast presentation rates. This requires selection of
an appropriate rate - i.e. one that is slow enough for comfortable
identification of the items, but fast enough to allow no time for
rehearsal. The rate chosen, on the basis of a preliminary experiment
_or. CR, was 2 items/sec..

"3) The manipulation of acoustic similarity. Typically, resear-
chers have compaired performance on memory lists chosen from a vocab-
ulary of acoustically similar or confusing (C) items with that on
lists chosen from acoustically dissimilar or non-confusing (N-C)
items. Suppose that we found a difference in RT in such a CR exper-
iment. How would we know that it was due to a difference in acoustic
similarity, not to, say, a difference in voicing time, or some un-
known feature distinguishing C and N-C items? This may be controlled
for, at least as regards within-list similarity, by including both
C and N-C items in the same list. Accordingly, in the experimgnts
to be described, acoustic similarity was manipulated in the following
manner. The total stimulus ensemble consisted of twelve consonants,

half of which shared a vowel phoneme and constituted the C group,

half of which were acoustically dissimilar and formed the N-C group.
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Fach memory list contained five items, four chosen randomly without
replacement ffom one group, one from the other. This resulted in
two types of list:

- Acoustically similar (AC SIM), containiﬂg four C items and
one N-C item,

.. Acoustically dissimilar (AC DIS), with one C item and four
N-C items.
The 'odd man out' in each kind of list I shall call the 'iéolated'

item or I-item,; though only in the AC SIM lists was it acoustically

isolated;

This design has various advantages; in addition to looking for
any overall effect of acoustic similarity we can look at the inter-
action between list type and probe type. For instance, does it
help to locate the proﬁe item if it is acoustically isolated (the
I-item) in an otherwise similar list? (Note that the equivalent I-
item in an AC DIS list provides a control for any differences resul-

ting from probabilistic rather than acoustic isolation.)

At the time this series of experiments was begun, no experiment
had been published on the effects of acoustic similarity in Stern-
berg's CR paradigm ( a deficit since remedied by Chi & Chase, 1972).
In the first experiuent, I therefore investigated the effects of
acoustic similarity, manipulated as I have described, on éontextual

recall.
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5.1 EXPERIMENT T. The Effects of Acoustic Similarity on Contextual

Recallz

This experiment concerned the effects of acoustic similarity
on the time taken to recall an it;m from a five-consonant list in
active memory, presented visually and sequentially, given, as a probe,
the preceding item. Rehearsal was prevented by instructions, fast
presentation rate and immediate test.

On the hypothesis that CR requires the subject to search serially
the contents of a phonemically-coded, temporally-ordcred store (the
response buffer) in order to locate the probe item and thus retrieve
the subseqguent item, we should expect: |

1) Longer RTs and more errors with AC SIM than with AC DIS lists.

2) An increase in’RT with serial position probed.

3) An interaction between serial position and list type such
that the effect of acoustic similarity increases with serial position,
since the decremental effects should be cumulative as successive com-
parisons are made.

L) An interaction of list type and probe type such that:

a) access in memory to the probed item in an AC SIM list
should be facilitated if ;ither it or an item preceding it in the
list is the I-item.

b) an I-item should be easier to recall than a non;I item, in
an AC SIM list.

Wickelgren's (1972) associationist theory of the representation
of order-and the effects of acoustic similarity does not prediét 2),
3) and L4a). In an associative memory access to the representation
of the probe item should be direct, acoustic similarity should only

hinder retrieval of the response.
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5.11. Method.

Six subjects each served for six sessions, each lasting about

fifty minutes and consisting of two blocks of 84 trials; between the
blocks there was a five-minute break. The first two sessions were

practice, and data from only the last four scssions are presented

here.

A trial: was initiated by the onset of the background display
(which was visible throughout the trial). This consisted of six
dots arranged as the corners of two horizontally adjacent squares,
and served to define two locations abou£ 1° of visual angle apart.
The items of the memory set were dispiayed one after another at the
left-hand location, followed by the presentation at the right-hand
location of the pfobe item, which remained visible until a response
was made (or 4 sec. had elapsed). The subject received immediate
verbal feedback as to whethfr he was right or wrong, and another
trial followed after 21 secs.. The memory set items were displayed
for 400 msec. each, separated by 100 msec. of darkness. The back-
ground display preceded them by 600 msec. and served as a warning,

and the probe followed 250 msec. after the offset of the last item.

The vocabulary: consisted of twelve consonants. The~C-group
was BDG P TV, and the N-C group was F H K L R Y. These wvere
chosen pfimarily on the basis of the common vowel sound of the C-
items. An idea of their relative confusability may be obtained as
foliows. I define the ‘confusion ratio' of the vocabulary as:
the ratio of the average probabiliiy that a C item rather than a
N-C item will be substituted for a given C item, to the average prob-

ability that a N-C item rather thar a C item will be substituted
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for a given N-C item. If we abstract for our vocabulary (as Clarke,
1957, says we may) from Conrad's (1964) confusion matrix of listen-
ing errors in white noise, the acoustic confusion ratioc of our vocab-
ulary is 5.3:1.. We can derive a comparable measure of visual simil-
arity. However, visual confusion matrices are dependent to some
extent on typeface (Fisher, Monty & Glucksberg, 1969)and unfortun-
ately no confusion matrix is yet available for LINC-8 display charac-
ters. The best we can do, given the inadequacy of an overlap meacure,
is to take the average of the confusion ratios for several different
type faces. Using those of Hodge (1962), Pew & Gardner (1965) and
Fisher, Monty & Glucksberg (1969), for ordinary upper-case typefaces,
we obtain a (geometric) mean visual confusion ratio for our vocabul-
ary of 0.99: 1. Thus on this measure the two groups of items do not

differ in visual similarity.

The design: is a witﬂin-subject design, and alllthe possible
trial types were presented in a random order in every block. On
each trial a memory set was presented containing four items chosen
from emong the C-items (or N-C items), and one N-C (or C) item.
There were two list types (AC SIM, AC DIS), five positions of the
isolated item (I-item) and four positions probed (subjects never
had fo recall the first item). Each block contained two examples
of each of the 4O possible trial types, and the block was preceded
by four warm-up trials.' Selection of items was further constrained
only by the requirement that each possible letter occur equally
often as a response for each trial type. 2L blocks were generated,
each used once in each two sessions of the experiment. All the

blocks done by a given subject were different.
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The instructions: were, "Do not attempt to rehearse or go back

over the items in your head either during or after presentation. At
any moment attend only to the item most recently presented; try to
treat all the items the same and not to group themn. Pléase try to

respond as fast as possible while avoiding errors."

5.12. Results.

Raw data were pooled over blocks 5, 8, 9 and 12 and blocks 6,
7, 10 and 11 to give two observations per trial type per subject,
with the contribution of any practice effects to the error variance
minimal: each cbservation was based on a maximum of 8 trials. Over-
all error rate was 8.5%. and 0.9% of trials were rejected owing to

voice-key failures.

Correct reaction time data were submitted to a four-way analysis
of variance (mixed model, subjects random); the factors were: List
Type, Serial Position (of probe), Pcsition of I-item and Subjects.

In all figures, RTs are graphed and error frequencies given as bar

histograms.

1) List type and serial position. Fig. 5.7 shows mean RT
plotted against Serial Position, separately for AC SIM and AC DIS
lists.. Overall RT is 69 msec. slower when the list items are acous-
tically similar than when they are dissimilar. This effect is sig-
nificant at the p<’0.025 level (F (1,5) = 12.50), but interacts with
Serial Position probed (p< 0.05, F (3,15) = 3.39). A post-hoc-comp—
arison shows the interaction to be due to sgnificant (p<0.05) diff-
erences between AC SIM and AC DIS lists at positions 2 and 3, but

not at’positions 4 and 1. It may be seen that the serial position
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probed had a marked effect; RT is increased by about 180 msec. per
jtem over the first three positions. However, the effect of serial
position is significant only at the p<0.05 level (F (3,15) = 3.37):
this is the result of a highly significant interaction with Subje;ts
(p=<0.001, F (15,240) = 64.7). The subjects in fact fall tidily into
two groups: Fig. 5.2 shows the same data as Fig. 5.1, but separately
for the two groups. For four subjects RT was festest when the last
position was probed; for the other two, RT at this position was the

slowest. Moreover, for the latter pair of subjects the increase

in the effect of List Type continued to the last serial position.

2) Position of the isolated item. For the AC SIM lists, it does
appear to matter what position was occupied in the list by the
isolated item. This may be seen in the List Type x Position of I-item
interaction (p=<0.01, F (4,20) = 7.1) which is depicted in Fig. 5.3.

The effect of acoustic similarity was greatly diminished when the
isolated item was at positions 2 and 3. However, this interacticn
does itself interact at a lower level of significance with serial
position probed (p<0.025, F (12,60) = 2.2). The three-way inter-
action is plotted in Fig. 5.5. It may be seen that:

- At serial position (SP)‘1, such difference as there was between the
AC SIM and AC DIS lists was due entirely to a probably spurious low
RT for'AC DIS lists when the I item was at position k.

- At SPs 2, 3, and L, the effect of acoustic similarity was greatly
reduced when eithef the probe or the response was the I-jtem.

- At SP 3, the effect was also reduced when the item preceding’the
probe was the I-item.

Part of the sense of this complex interaction may be captured if we

compare the cases where: the prbbe was the isolated item; the response
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was the isolated item; and neither was the isolated item: this is
shown in rig. S.4t. (None of the comparisons plotted here reach sig-
nificance on a Sheffé'post~hoc multiple comparison, but since some
of the points summarise only a small number of observations, signif-
icance levels Lere are verj stringent.) It may be seen that the
effect of acoustic similarity was due largely to trials in which
neither the probe nor the response item wvere a;;ustically isolated.
It is interesting that it took longer to recall a C item from a dis-
similar list than an N-C item. Could this have been due simply to
a differénce in voicing time between the two classes of item? That
there was little difference between lisﬁ types at serial positien 1
ard (for four subjects) serial position & impliés\that it could not.
Certainly the whole effect of acoustic similarity cannot have been

due to a voicing difference, or the interaction in Fig. 5.4 would be

-entirely symmetrical.

Errors. Error percentages were subjected to an arc-sine trans-
formation and submitted to the same four-way analysis of variance.
The main effect of List Type is significant at the p<<0.001 level
(F (1,5) = 47.8). The error rates were 12.6% for AC SIM lists, b, 2%
for AC DIS lists. In addition there is a main effect of Position of
I-item (p<c0.05, F (4,20) = 3.24). As may be seen in Fig. 5.3,
subjects made considerably fewer errors in acoustically similar lists
when the list was interfupted by a dissimilar item than when the dis-
similar item was at either end.

Of all errors, only 11% were extra-~list intrusions or omissions.
For the remaining errors, the source of the substituted item is
shown in TABLE 5.1, as a percentage of the total transposition errors

for a given serial position of probe. It will be seen that substitution
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errors came largely from the positions immediately ad jacent to the
positions of the correct response and the probe. Also, all other
things being equal, an erroneous response was twice as likely to be
from the same class as the correct response, as from the other class,

regardless of list type.

5.13%. Discussion.

In relation to predictions 1, 2 and 3, the data show a clear
effect of acoustic similarity on coatextual recall RT and errors;
the RT difference increased with the serial position probed, save
for the terminal position in the case of four subjects; also, for -
the first three positions at least, RT increased with serial position
by about 152 msec. per item for dissimilar lists and 195 msec. per
item for similar lists. Thus with the exception of the fast RTs for
terminal items produced by some subjects, the data are compatible
with the hypothesis that retrieval involves a serial search through
a temporally-ordered store, at a rate of between 5 and 7 items/sec.
Acoustic similarity appears to increase the time per item by about
30 msec..

When the final item\was required as the response, some subjects
appeared to retrieve it in the manner just described, while others
appeared to have rapid access to it in a manner unaffected by acous-
tic similarity. How is this rapid access to be explained? I
suggest that subjects méy have made some use of the 'item-traces' at
logogens postulated in the two-stores model: that is, the subject
may have judged the strength of the trace addressed by the probe -
if it exceeded a criterion he would have known that he was required
lo recall the last item, which may still have been available from

the logogen system; hence no search for this item was necessary.



199.

In connection with prediction 4, retrieval seems to have boen
facilitated more or less equally when the probe item, and when the
response item, were acoustically distinci from the rest of the list,
though less errors were made when the resvonse item was isolated.
Moreover there is some sién that, at least at serial position 3,
acoustically distinct items prior to the position probed facilitated
retrieval. So in all major respects the data appear compatible with
our hypothesis of a serial search through a phonemically-coded
store, and incompatible with an associationist account.

Twé features of the data remain unexplained. The first is that
there appears to have been an effect of the position of the isolated-
item on both RT and errors which was partly independent of the serial
position probed, and therefore, presumably, of retrieval factors.
Subjects did remark that lists containing four rhyming letters in a
row were very difficult: perhaps this evaluation affected their mot-
ivatiocn on such trizals, or perhaps the effect is due to processes
occurring during time in store. The second question is, why did
it take longer to recall an item from a dissimilar list when it was
one of the confusing group of items? The implication is that the
effects of acoustic similarity were not restricted to within a trial,
but that there was a more general effect of the similarity of the
response (but not the probe item) to the whole vocabulary, over trials.

Having seen how acoustic similarity influences contextual recall,

we now turn to consider its effects on item recognition.
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5¢2+. EXPERIMENT II,_ The Effects of Acoustic Similarity on Item

Recognition.

If Sternberg (1967a, 1969) is right, and subjects perform the

IRn task by secrching theéame store as they search in CR, then since
search rate is apparently slowed by acoustic similarity in CR, we
should be able to demonstrate a comparable eff;;t in IRn.. Indeed,

if subjects perform an exhaustive scan for IRn, but a self-terminat-
ing scan for CR, then we might expect a greater effect on IRn, since
on averége more items must be scanned. The slower speed of a selfj
terminating scan is due, Sternberg suggésts,to the necessity for the
subject to insert an ‘'inspect the match registef' stage in between
each comparison; it is difficult to see how acoustic similarity

could influence inspection of the match register rather than the com-
parison process. According to the two-store hypothesis, however,
item recognition is mediated primarily by item-traces at logogens.
rovided that presentation is visual and rehearsal prevented, we
should expect little or no effect of acoustic similarity. We should
also expect that, in contrast to the primacy effect found for CR, the

serial position data would exhibit a non-linear recency effect (Sect-

ion 3.124).

I therefore performed an experiment comparable to the last in
all major respects save the following:

1) The subject was required to indicate by means of a key-
pressing response whether the probe item had or had not been present
in the memory set. This requifed that negative probes be presented.
What proportion of these should be of the same class as the majority

of the 1list items? If negative probes were chosen from the two
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classes in the same proportion as list items i.e. 4:1, then the
composition of the list could lead the subject to expect a particular
class of probe; such expectations could influence encoding so as to
mask any effect due to acoustic similarity. Negative probes were
therefore chosen with a frequency close to that which would have
resulted if they had been selected randomly from the remainder of
the vocabulary. In fact they were of the same ‘class as the I-item
twice as often as they were not. It remains possible that the nature
of the probe item could then bias the subject towards a particular
reSponsé, but at least the effects would be opposite for positive
and negative fe5ponses, and an.acoustic similarity effect could not
be masked.

2) The experiment was replicated with two different vocabularies:
in Exp. IXa, four subjects were tested with the vocabulary used in
Exp. I; in Exp. IIb, four subjects were tested with a different voc-
abulary.

3) Since key-pressing responses were used in this experiment,
we have no guarantee that subjects weie identifying the initially
unfamiliar computer-style letfers correctly. In the two practice

sessions, subjects were therefore given practice at overt naming

of the letters.

5.217. Method.

Eight subjects each served in six sessions, each lasting about
40.mins‘. In each of the first two sessions, which were considerad
practice, in addition to a block of letter-naming practice subjects
received two.blocks of 80 trials on the main task. In each of the
four experimental sessions, from.which the data presented here derive,

subjects received three blocks of 80 trials.
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A trial: was exactly as in Exp.I, save that the probe terminated
after 3 sec. if no response was made, and feedback was visual. Suk-
jects pressed the right index finger key if the probe was a member
of the memory set (a positive response), the left index key if it was

not (a negative response).

Vocabulary: as mentioned above, two vocabularies were used:

C-items N-C items
In Exp. ITa: BDGP TV FHKXKLRY (Vocab 'E')
In Exp. IIb: FL NS X Z DGHKQR (Vocab 'M')

The acoustic confusion ratio (as defined above) of Vocab 'M', on

the basis of listening errors in white noise (Conrad, 1964) is 8.3:1.
However, this is probably an overestimate of 'true' phonemic simil-
arity since vhite noise emphasises sibilant errors. Also the major-
ity of confusion errors with Vocab M is due to fewer pairs than is
the case for Vocab E, making it a less suitable vocabulary for
present purposes. The visual confusion ratio of Vocab M calculated

from the same source as before is 1.08: 1.

Design: Again, all possible trial types were presented in a
random order in every blggk, and the memory lists were composed in
the same way as before. Positive trials: there were two list types
(AC SIM, AC DIS), five serial positions of the probe and five pos-
itions of the I—item - making 50 trial types in all. One example
of each occurred in every block.

Negative trials: Fér each combination of list type and isolate
position (of which there are ten), the probe could be either the

same or different in class to the I-item. Two examples of the former

and one of the latter were presented in every block.
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Thus, there were 80 trials in each block, and the ratio of positive
to negative trials was 5:35. New blocks were generated for every

sessione.

Instructions: were as in Exp. I, save that it was emphasised to
subjects that while 'no rehearsal' did not preclude (silent) naming
at presentation, they were to stick to the names on which they had

been trained.

5.22. Results.

Raw data were pooled over blocks 5, 7, 9, 12, 14 and 16, and
blocks 6, 8, 10, 11, 13 and 15, to yield two observations per trial
type per subject; each observation was based on six t?ials (or, in
the case of negative trials where the probe was of the same class as
the I-item, twelve trials). Overall error rates were L.5% in Exp.
IIa and 6.6% in Exp. IIb. Data were analysed separately for the two
replications, lect the two levels of acoustic similarity were not
comparable. In Exp. IIb I excluded from the analysis all trials in
which the memory set contained a G and the probe was a D or vice
versa; the reason for this will be encountered in the description
of Exp. III. For preseng purposes, it should be noted that since
D and G are in facl acoustically confusible but were here part of
the N-C class, this exclusion should increase any effects due to

acoustic similarity.

Correct reaction time data were submitted to a five-way anal-
ysis of variance (mixed model, subjects random): List Type x Probe
Type (Same class as I-item or different) x Response Type (Yes or

No) x Position of I-item x Subjects.
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1) There was gg_significant main efféct of Iist Type with either
vocabulary. In Exp. IIa, RTs were on average 6.8 msec. slower with
AC SIM than with AC DIS lists (F<1). In Exp. IIb, RTs were on .
average 13 msec. faster with AC SIM than with AC DIS lists (F (1,3)

= 1.25). The 6.8 msec. difference in Exp. IIa was due to one subject,

Sq - and there is an appropriate Subjects x List Type interaction

(p<0.001, F (3,160) = 5.5).

2) List type does not interact significantly with any fixed
variable; in either replication. It is of particular interest to
inspect the List Type x Probe Type intefaction, insignificant though
it is (Exp. ITa: F<1; Exp. IIb: F (1,3) = 2.99). This is shown in
Fig. 5.6a and 5.6b, both separately for individual subjects and
pooled. If recognition were facilitated when the probe was from
the same class as the I-item, the interaction should have the form
indicated as A in Fig. 5.6a. On the cther hand there could be an
interaction due merely to one class of iigg being more difficult to
encode than the other, in which case it should have the form indica-
ted as B in Fig. 5.6a. In Exp. ITa only 54 shows arn interaction of
the type A. In Exp. IIb,‘though there are signs of an interaction,

for subjects 5 and 8 it looks like B, S_ fits neither pattern, and

7
only subject 6 shows an A-type pattern. In short, evidence for a
List Type x Probe Type interaction compatible with mediation by an

acoustic representation is restricted entirely to two subjects, Sl+

and S6.

3) The analysis also shows a main effect of Response Type (ITa:
p<0.025, F (1,3) = 20.6; Exp. IIb: p<0.01, F {1,3) = 66.1), and

significant interactions between Position of I-item, Probe Type and
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Response Type, but these are due to a confounding of Position of I~

item and serial position probed, which is best analysed more directly.

A four-way analysis of variance was performed with the factors: List

Type x Serial Position Probed x Position of I-item x Subjects (random)

L) In both replications, the main effect of serial position is
highly significant at the p<0.001 level (ITa: F (4,12) = 15.1; IIb:
F (4,12) = 12.6). Pooled serial position curves are shown in Fig.
5.7 and individual dataare shown in Fig. 5.8. A Tukey post-hoc
comparison shows the following~comparisdns to be significant at the
p<0.01 level Exp. IIa - positions 3 vs 4, and L4 vs 5; Exp. IIb -
positions 2 voc 3, and 4 vs 5. Save for a emall primacy effect on
the first item, there was a monotonic accelerating decrease in RT

with increasing serial position: a non-linear recency effect.

5) There is no interaction between Serial Position and List
Type. The small difference in the pooled data from Exp. IIa at

positions 2 and 3 may be seen to be due entirely to Sq.

6) In Exp. IIa, but not in Exp. IIb, there is a significant
interaction between List Type and Position of I-item (p=<0.01, F
(4,12) = 5.6). This reflects longer RTs, for AC SIM lists only, when
the I-item was one of the last two items. I have no explanation for
this interaction, but it is not reliable since it did not appear 1n

Exp. IIb.

Errors: There were too few errors for statistical analysis. In

Figs. 5.6, 5.7 and 5.8 they may be seen to follow a pattern roughly
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similar to RTs. Overall error rates for the two list types were:

AC SIM AC DIS
Exp. Jla: L, 49 L. 5%
Exp. IIb: 5.1% 8.1%

5.2%. Discussion.

There was no evidence of any overall effect of acoustic similar-
ity between list items on recognition reaction time or errors.
While there was some sign of a small interaction between list type
and proﬁe type in the data of some subjects, for most of them it was
not particularly compatible with the idea that recognition is facil-
itated by acoustic dissimilarity between probe and list jtems. A
marked and highly reliable recency effect was obtained in the serial
position data. Since the experimental parameters, for Exp. IIa, at
least, were in all relevant respects those of Exp. I, these findings
are incompatible with Sternberg's hypothesis that in IRn and CR sub-
jects are searching the same store (albéit in different ways). On
the other hand the lack of systematic effects of acoustic similarity,
and the marked recency effect in the serial position curve are com-
pletely in line with our two-store hypothesis, according to which IRn
is mediated by ‘'directly-accessed' item-traces at amodal logogens.
Of course, this puts us in the position of trying to prove the null
hypothesis: all we can say is that if there is an effect of acoustic
similarity on IRn, it must be very small or very unreliable; and
comparable neither in magnitude nor in nature to the effect on‘CR.

Why did one subject (Su) differ so markedly from the rest?
Subjects were asked to report on how they perforued the task. Most
said that, at least by the end of the practice sessions, their per-

formance had become ‘automatic'; as one subject remarked, 'You get
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the iden you have seen it (the prebe) or you haven't, it's familiar
or unfamiliar.' Some subjects also sa‘d that, occasionally, they
searched the list, 84 was one of these, and was also onc of the
only two subjects who said that lists with acoustically similar
letters were difticult. I suggest that Sbr was being hyper-cautious,
and that whenever she was uncertain about a "trace-strength decis-
ion' (e.g. for items early in the list) she checked it by searching
the contents of the response buffer. This suggestion is supported
by her extreme accuracy on AC DIS lists, her very long negative RTs
for AC SiM lists and her unusually marked primacy effect on the first
item (Figs. 5;6a, 5.8). This suggestion may smell of sophistry, but
it raises an important general point. According to the two-store
hypothesis, items are in general represented in both forms of stor-
age; while the claim is made that it is both possible and faster and
more efficient to use a logogen strategy in this task, it is only
the cmphasis on speed that prevents a subject from checking his
decision by searching the response buffér as a ‘back-up! store.

Some subjects' tendency towards caution may be strong enough to def-
eat the intention of the speed instructions. So the two-store hyp-
othesis must not be interpreted as implying that it is impossible to
obtain acoustic similarity effects in item recognition, only that

if subjects are encouraged to respond fast and rehearsal is prevented,
most will not show such effects. That is what the data from this

experiment demonstrate.
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5.3. EXPERIMENT TII. The Effects of Acoustic Similarity on Probed

Location.

In Exp. I effects of acoustic similarity on CR were demonstrated.
Exp. II showed no such effects on IPn. The difference was accounted
for by the hypothesis that the two tasks were mediated by the consul-
tation of different forms of representation in active memory: rep-
resentation in the response buffer and as item-traces in the logogen
system. The first task requires access to order information; the
jatter does not. However, it is conceivable that the contrasting
results might be accounted for on the basis of other differences
 between the tasks . For inétance, they might depend on the use of
a verbal response in CR, or (evidence to the contrary) on some
property specific to inter-item associations. Again, it might be
argued that both tasks are in fact mediated by the same store, but
that in recognition, the use of the item as probe bypasses the
ﬁroblem of retrieval that exists in recall, and that acoustic sim-

ilarity influences only retrieval of the item (cf. Hitch, 1972).

I therefore investigated the effects of acoustic similarity

on performance in a third task, probed location (Ln% in which the
subject was required to indicate with a key-preszing response which
position in the list was occupied by the probe item. Hence no verbal
response was required, position rather than order information was
requested, and the presentation of the relevant item as the probe
should, according to the third view, have bypassed any retrievél pro-
cess. On any or all of these views, no effect of accustic similarity
is expected. What does ??e two-store hypothesis predict? The order

and position of items is represented in the response buffer, to which
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access is via a serial search if only a content cue is given. Hence
the subject should be obliged in this, as in the CR task, to search
the response buffer, and we should expect effects of acoustic simil-
arity comparable to those obtained with CR. It will be recalled that
in Exp. I there was some evidence for subjecis using a 'trace stren-
gth' strategy for the recall of the terminal item in the list. Is
such a strategy possible in In? It may indeed be possible to alloc-
ate items late in the list to their positions on the basis of ctren-
gth. However, it is unlikély that the subject's capacity accurately
to judgé the absolute position of items on the basis of their traces'
strengtlis extends to the earlier items of the list, whose strengths
will be closer together. Hence we might expect a mixture of strate-
gies: a search of the response buffer, adversely affected by acous-
tic similarity, for items early in the list, direct judgements of
recency, unaffected by acoustic similarity, for items exceeding a
certain strength criterion - i.e. those late in the list. Thus we
might expect bowed serial position curves and maximel acoustic simil-

arity effects in the middle serial positions.

5.31. Method.
Exp. III was identical to Exp. II, including replication with
the two different vocabularies, Vocab & and Vocab M, in all respects

save the following:

Display: the background display is depicted in Fig. 5.9. The
items of the memory set appeared in sequence, successively, in.the
five positions of the spatial array. (Note: spatial position was
always correlated with temporal position.) The list was preceded by

a warning signal - an arrow pointing to the first display position
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for 00 msec. followed by 100 msez. darkness. The probe item was
presented 300 msec. after offset of the fifth item, in the box in
the lower right hand corner of the display. Presentation rate was
as before, but was slowed to one item per 600 msec. for the first

practice session.

Response. The probe was always a member of the memory set, and
subjects indicated the position it had occupied by pressing one of
five keys: the middle and index fingers of the left hand, and the
index, ﬁiddle ahd ring fingers of tue right hand were used to indic-
ate positions 1-5, in that order. No sﬁﬁject had any difficulty with
this mapping. Note that there was a complete confounding of serial

position and finger used.

Sessions. Each block contained 50 trials, consisting of one
example of each of the combinations of List type (AC SIM, AC DIS),
serial position of probe and position of I-item; in random order.
Each experimental session contained three blocks and lasted half an

hour.

5632« Results.

Data from the experimental sessions were pooled in the same way
as in Exp. II. Overall error rate was 8.8% in Exp. IITa and 4.7% in
Exp. IIIb. In Exp. IITb, subjects mentioned that they tended to find
the letters D and G confusing. Since these were members of what was
intended to be the non-confusinrg group of letters in Vocab M, it was
decided to exclude trials containing both these items from the anal-
ysis. It was for this reason that a similar oxclusion principle was

applied in Exp. IIb (g.v.).
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The correct RT data were subjected to a four-way analysis of
variance (mixed model, subjects random): List Type x Serial Positicn
of probe x Position of I-item x Subjects. The mean RT data are com-

pletely summarised in Figs. 5.10a and 5.10b.

1) For both replications there was a significant main effect of
List Type (IIla: p<0.025, F (1,3) = 20.8; IIIb: p<0.05, ¥ (1,3) =
11.9)« RT was in both cases longer for acoustically similér lists,

by an average of 62 msec. in Exp. II1Ia and 34 msec. in Exp. IiIb.

2) Serial position. The effect of serial position is highly
significant in Exp. IIIb (p<0.001, F (4,12) = 13.3), but fails to
reach significance in the case of Exp. IIIa (F (#,12) = 2.5); this
is—because of a highly significant interaction with subjects (p <<
0.001, ¥ (12,200) = 73.0). Inspection of Fig. 5.11, in which indiv-
idua) serial position functions are shown, reveals that the latter
interaction was due to 53' Otherwise a bow-shaped serizl position
curve was generally obtained, with the slowest RT at position L for
four subjects, and position 3 fer the remaining three. Of course,
serial position was confounded with response finger, and serial
position data must therefﬁre be interpreted with caution, but the
magnitude of the serial position effects is greavly in excess of

differences normally found between different fingers for simple RT

(Rabbitt, personal communication).

3) The interaction between serial position and list type in
neither replication approaches'significance; however, Fig. 5.12, in
which the difference betwzen RT for the two list types is plotied

against serial position, shows the effects of acoustic similarity to
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have been somewhat greater at middle vositions.

L) Position of the isolated item. The only other significant
effects in this analysis are a three~way interaction between the
fixed effects in Exp. IIIa (p<0.01, F (16,48) = 3.0) and an inter-
action between List Type and Position cf I-item in Exp. IIIb (p<
0.001, F (4,;12) = 16.2). Inspection of Fig. 5.10 shows the inter-
actions to be due to a reduction or disappearance of an acoustic
similarity effect when thékisolated item is probed or precedes the
probed item in the list. (In Exp. IIIa this effect interacts some-
what with serial position.) Most of the sense of these interactions
is retained if we abstract from the data the comparison between the
cases where the I-item was probed and where it was not, for both
list types. This is shown in Fig. 5.73. When the probed item wes
acoustically dissimilar to the rest of the list items, the effect
of acoustic similarity was greatly reduced. That this is the result
of acoustic isolation is implied by the lack of a comparable effect

for AC DIS lists.

Errors. In Exp. IIIa, the error rates were 1%.9% for AC SIM
lists, 3.8% for AC DIS 1igt$. In Exp. IITb, the comparable frequen-
cies were 6.9% and 2.5%. Analysis of erroneous responses from Exp.
IIIb, whose RT was generally longer than that of correct responses,
shows that erroneous responses tended to indicate positions adjacent
to the correct position. (Unfortunately, the data or Exp. IIIg
was accidentally wiped from tape before a detailed error analysis

had been performed.)
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5352« Discussion.

Experiment III clearly demonstrated an adverse effect of acous-
tic similarity between list items on both RT and accuracy in probed
location, an effect comparable in magnitude (at least for Exp. IIla,
where the same vocabulary.was used) to the effect on contextual
recall found in Exp. I. Thus the effect on CR cannot have been due
to the use of a verbal response, to the testiné’of order rather than
position retention, or to the non-presentation of the item to be
located in memory at the £ime of test. It seems to be due, rather,
to the fequirement to base a response on the order or position of
items in the sequence. This is entirelj compatible with our two-
store hypothesis.

Moreover, there was evidence of the mixture of strategies sug-
gested in the introduction to this experiment. Bow-shaped serial
position curves were obtained, acoustic similarity effects were grea-
ter in the middle of the list, and several subjects remarked that'
while they were obliged to search the list most of the time, their
decision was 'automatic' when the probe was the last item in the
list. The serial position data of Sj (Fig. 5.11) is instructive,

He appears to have relied more on a trace strength strategy than
other subjects: hence the recency effect and the ridiculously high
error rate on the first positions. It would appear that after two
or three intervening items, the rate of decay of 'item-traces' slows

to a point at which absolute list positions may not reliably be dis-

criminated on the basis of strength.

A final point needs mentioning before we summarise the general
implications of these experiments. Subjects were closely questioned

after each experiment as to whether they had successfully avoided
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rehearsal (they had) and whether they thought the composition of the
memory sets was entirely random or had discerned the siructure (i.e.
L4 from one class of items, 1 from the other). While many subjects
noticed that some lists were more acoustically similar than others,

none of the subjects thought that the sets were not entirely random.

It is therefore not possible to explair away the effects relating to
the acoustically isolated item by the claim that subjects strove to

spot it on each trial and give it special attention.
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5.4, Conclusions and general discussion.

The results of Exp.I and Exp.III appear to demonstrate a
marked effect of within-list acoustic similarity on both reaction
times and errors in conte#tual recall and probed location; Exp.II
indicates that Sternberg's item recognition task can, under comparable
experimental conditiéns, be performed without adverse effects from
acoustic similarity of thg;items. I have interpreted these recults
as rejecﬁing Sternberg's hypothesis that CR and IRn are mediated by
different strategies of search through the same store, and as favour-
ing a two-store model. The finding of @arked and reasonably linear
primacy effects in CR and Ln compared to the non-linear recency eif-
ect in IRn, the interaction of serial positibn and list type in CR
and Ln, the effects due to the acoustic isolation of probe, response
and preceding items, and the apparently rapid access for terminal
positions in CR and Ln - have all proved readily interpretable with-
in the framework of the two-store model outlined in Section 1.k.
According to this, IRn is mediated primarily by judgements of the
strength of 'item~traces' at amodal logogens, while CR and Ln are
mediated primarily by a serial search of a phonemically-coded resp-
onse buffer, though it seems that recall at location of the last one

or two items of a list may also be based on item-traces.

It remains only to consider what implications these experiments
have for theories of the way in which acoustic similarity influences

recall.
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1) Within-list versus within-vocabulary similarity. Sperling
& Speelmzy: (1970) propose that items are stored phonemically in short-
term memory, that phonemes are retained or lost independently, and
that if at recall only one of the two phonemes of the letter is
avallable, the subject chdoses at random from among those letters of
the whole stimulus ensemble that contain the retained phoneme in the
same position. The last of these basic assumpggons carries the
strong implication that recall of a given item should not be influen-
éed by how many other acoustically similar items there are in the
list, bﬁt only by how many similar items are contained in the vocab-
ulary. The results of Baddeley (1968) and Hiteh (1972) implied the
contrary: they showed that, with a constant stimulus ensemdble, as
the number of similar items in a list increaéed, so the probability
of correct recall of a similar item declined, the one for serial,
the other for probed, recall. The data of Exp. I are slightly am-
biguous in this respect: if we compare recall of a C item, given as
prcbe a N-C item, when the list is AC SIM and when it is AC DIS
(the appropriate comparison is between AC SIM + Probe is I-item and
AC DIS + Response is I-item in Fig. 5.5), morc than twice as many
errors were made when 1isﬁ similarity was high, which agrees with
the evidence of Baddeley and Hitch. However the force of this evid-
ence is somewhat ‘weakened by the fact that there is a slight RT
difference in the opposite direction.

Other feétures of the data suggest that if within-list similar-
ity is importént, it is not the only determinant of the cffects, at
least as regards retrieval of the response: a C item takes longer to

recall, but not to find, than a N-C item when embedded in a dissimi-

lar list.
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2) Storage or retrieval? At what stage do acoustic similarity
effects occur~5n recall? Posner & Konick (1966) proposed an 'acid-
bath' theory, according to which forgetting occurs during storage as
a function of the number and similarity of other items stored.
Other theorists (e,g, Broadbent, 1971; Wickelgren, 1972) have emphas-
jsed the role of retrieval factors. The views of Conrad (1965) and
Sperling & Speelman (1970) =also implicate retr{éval as the locus of
the acoustic similarity effect. They hold the rate of forgetting to
be the same for similar aﬁd dissimilar items; as a result of the
smaller.phonemic redundancy of similar items, a given amount of for-
getting will produce more errors during their retrieval. Baddeley
(1968), using the distractor technique, was unable to show any diff-
erence in rate of forgetting for similar and dissimilar material.
Hitch (1972) attempted to test the storage hypothesis by using an
jtem recognition task, on the grounds that retrieval is bypassed
thereby. But the experiments reported in this chapter have carried
the implication ihat different forms of storage mediate recall and
item recognition, so this test may be inappropriate. How else can
the storage hypothesis be tested? I have suggested (Sections 1.4
and 2.13), and data presented in the next chapter will support, the
idea that given a positio; cue, the subject may have access to a
location in the response buffer without, or with an abbreviated,
search. So that if recall is probed with a position probe, then, if
the storage hypothesis is wrong and acoustic similarity effects are

purely & function of retrieval, then the effect of acoustic simil-

arity should be small or nonexistent, as it is for the first item in
contextual recall (see Exp. I). Hitch (1972) in his first experiment
on acoustic simjlarity effects, did in fact use a position probe.

His eight-item lists contained 6 or 2 similar items. He found no



effect of acoustic similarity on zcca
ent using a location probe (cf. Exp; III) he did find an effect.

Thus retrieval rather than storage is clearly implicated as the locus
of acoustic similarity effects. However, in later experiments, in
which a higher level of acoustic similarity was used (i.e. all 8
items were similar or dissimilar) Hitch did find an effect of acous-
tic similarity on recall probed with a position. He also found an
effect of acoustic similarity on item recognition, but again only at
high levels of similarity. He therefore concludes that there is
also an effect of acoustic similarity on loss from storage, but only
vhen a relatively large number of similér items is stored. Unfort-
unately, as regards this conclusion Hitch's experiments have a major
flaw: subjects were entirely free %o rehearse. I have suggested that
acoustic similarity should result in less efficient and accurate
rehearsal. Given the evidence that item recognition and proted rec-
all are mediated by different forms of active memory it scems at
least as plzausible to conclude from Hitch's data that it is the eff-

ects of acoustic similarity on rehearsal (rather than on rate of

forgetting) that are apparent'only when large numbers of similar
items are held in memory. So, though there is evidence that acoustic
similarity is disruptive at retrieval , there is not yet good evide-
nce for the view advanced by Posner & Konick (1966).

2) The associationist view. According to Wickelgren's (1972)
theory the pfocess of accecsing the stimulus representation (the
probe), given that the probe is presented visually, should net be
influenced by its acoustic similarity to other items in the list;
only response similarity should have an effect: Exp. IIL quite

clearly demonstrates the contrary and in Exp. T it appears that



219.

acoustic isolation of the probed item had at least as strong a facil-
itatory effect on RT as acouvstic isolation of the response. The
present data are thus in line with the results of Baddeley (1968)

who showed that more errors were made on similar items than on the

dissimilar items following them in serial recall.
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CHAITER VI, . The u+ility of a pcsition cue.

The experiments to be reported in this chapter are prompted by
the question: does information given with the probe about its ordinal
position in the memory set facilitate either IRn or CR? The ration-
ale is simple: if the items of the sequence are represented in a
store whose contents are arranged in their temporal order of input,
and if a search is normally required to locate z given itea, then
access to an item might be expected to bec more efficient if its tem-
poral pésition is specified. If either prcmise is lacking, then
there 1s no reason to expect any faciliﬁation from a positioq cue.

Cur interest in this question is aroused by the hope that it
may supply an additional basis for the distinction between two forms
of storage in post-categorical active memory hypothesised in Section
1.4 and supported by the evidence on the effects of acoﬁstic simil-
arity. The basic predictions made by the two-store mcdel are clear.
Logogens are content-addressable. Hence access by the probe to the
item-traces mediating IRn would not be expected to be facilitated by
a position cue. That there is no fucilitatory effect of position
information on short-term recognition accuracy is imrlied by an
experiment by Hitch (1972, Exp.7), who compared recognition with
and without a position cue and found no d' difference (see discuss-
jon in Section 2.22,ii). I know of no comparable study cmploying RT
as a measure. It may also be recalled (Section 3.129) that the
finding of an effect on IRn RT of information given with the probev
which enables the subject (at least logically) to rcstrict his
‘gsesrsh' to a subset of the memory set, has been restricted to stud-
jes where the subset is specified by semantic class (see Ch.8). The

response buffer, on the other hand is a temporally-ordered store.
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Moreover in Section 1.4, I added to Morton's description the premise

that there exists some capability for direct access to locations in

the response buffer, but not, of course, to items,in that the subject
may select a starting point for reading a sequence of items from the
response bvffer., Hence, since the process of serial scanning of the
contents of the response buffer is held to be a slow process proceed-
ing at not faster than about eight items a second, position inform-
ation should enable considerable saving of time in retrieval, and

we would expect a marked reduction in RT to result from the giving

of a position cue along with the probe in CR. A certain amount of
evidence already exists for this proposition in the finding of

Hiteh (1972, Exps. I & II) that recall was more accurats with a
double (contextual + position) cue than with a contextual probe alone
(see Section 2.13). However, as explained in Section 4.1, RT is

a more efficient measure-for tackling this question; I know of no
clearly relevant RT study to date (Section 3.333). Thus, the two-

store model vredicts no facilitatory effect of a position cue on IRn,

ke

a marked effect on CR.

What do other theories predict? According to Wickelgren's
(1972) account (Section 2.71), there is no difference in the nature
of access in the two tasks, IRn and CR; it is held to be direct in
both cases. However, position information would be expected to have
a facilitatory effect on both RT and accuracy in contextual recall,
on the grounds thaf the strength of the position-item association
should add to that bf the item-item association. The present exp-
eriments will therefore not be critical in testing Wickelgren’é
account against our own. But it will be recalled that the studiec
described in Section 2.13 failed to show au appropriate advantage in

accuracy ‘or a double over a single probc, and that the findings of
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Exp. I were not congenial to Wickelgren's theory.
Any theory vhich postulates that item recognition ani contextual

recall both necessitate searching the same store in the same way must

predict that the effects, if any, of position information on the two
tasks should be identical. According to Sternberg (1969a), however,

IRn and CR are mediated by different strategies of search in the

same store (Section 3.31). A self-terminating, and hence slow, scan
is held to be necessary for CR because the subject must continually
monitor the outcome of his comparisons in order to stop searching at
the apprépriate point. Whether or not a position cue will be help-
ful depends on the separate question of whether the subject is able
and/or willing to vary the starting point of his search. Stefnberg
(19692a) clearly considers active memory to be an ordered store - it
must be for CR, and even for IRn it must be at least quasi-ordered
in that the subject must 'know' which items he has scanned and which
he has not. Thus, if the subject is able to start his search part-
way through the sequence, even if in IRn he then searches exhaust-
ively to the end of the list while his CR search is self-terminating,

the position cue should have a facilitatory effect in both tasks,

though the time saved would be smaller in the case of IRn.
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TVYDT'RT ML e .
6.1. EXPERIMENT IV. The effects of a position cve in IRn.

In this experiment, the memory set on each trial consisted of
four digits, presented sequentially. The list was split into two
pairs, one preserted at one display location, the other at another.
The subject was required to indicate by pressingone of two keys
whether the probe item was or was not a member of the memory set.
There were two conditions. In Condition P, the probe item was always
presented at one of thc same two display locations used for the mem-
ory set items, and the subject knew that if it had been in the list,
the probe was one of the pair presentedvat that location. In Con-~
dition N, the probe was presented in one of two different locations,
and ithe display location of the probe carried no information as to
which portion of the memory set was relevant. If the subject is
obliged to search active memory and is able to use a position cue
to determine the starting point of his search, then he should resp-
ond faster in Ceonditicn P than in Condition N when the second pair
in memory is indicated. If in addition he is able to use the pos-
ition cue to stop searching when the relevant subset is exhausted
then he should also be faster when the first pair is indicated.
However, which pair in memory is 'first' will depend on whefher
the subject rehearses the list an integral number of times; as it
happens rehearsal was not controlled in the present experiment. In
view of the results obtained, this does not matter. Another conse-
quence of the fact that this experiment was conducted before I_had
started to use fast presentaticn rates and instructions to control
rehearsal is that serial position effects will not be very meaning-
ful.

There is one other feature of the experiment that requires
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explanation. At the time it was performed, I favoured a scanning
model for IRn, and was inclined to aftribute recency effects (see
Section 3.124) to some (rather unspecified) form of sensory matching
for recent items. In order to ensure that no sensory matching took
place in this experiment, I interposed a half-second mask of dynamic
visual noise between memory set and probe. (It may be worth mention-
ing that a later informal experiment suggested that the mask had
little effect on the serial position curve when the probe delay was
2 sec. It did however reduce RT at all serjal positions; this
appeared to Le due to its offset serving as a warning signal which

allowed 7 sec. preparation for the probe onsect.)

6.11. Method..

Eight subjects each served for two sessions, one practice, one
experimeﬁfalg Each sessionylasted about fifty minutes and was divi-
ded into two halves. In one half, subjects were given three blocks
of 36 trials under Condition P, in the other, three blocks under

Condition N. Between the two halves, a five-minute break was given.

Procedure: A trial was initiated by the onset of the background
display, which remained on throughout the trial. It consisted of a
large X, subtending a visual angle of some 50 horizontally and vert-
ically. This served as a reference frame for fouc display lccations
each located centrally in one of the four quadrants - left and right,
top and bottom. One second after its onset, twc of the memoryAsetv
items were displayed in one of the quadrants one after the other,
followed by the remaining two in the opposite quadrant. Eaéh item
wos displayed for 750 msec. and followed by a dark interval of 250

msec.. 250 msec. after the offset of the last item, a mask of
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quasi-random dense visual noise, covering the area defined by the
background X, chasiging every 50 msec., was displayed for 500 msec..
(Subjects were encouraged to fixate a blob at the centre.) 250 msec.
later, a probe was presented. In Condition P it was displayed in
one of the .wo quadrants in which the items of the memory set had
appeared. In Concdition N, one of the cther two quadrants was used,
randomly. Subjects responded with their right index finger for a
positive response, left index finger for a negative response. The
response terminated the aisplay. No feedback was giver until the
end of a'block. The next trial followed after an interval of 3%

5eCsS.

Design. The order in which the subjects underwent the two con-
ditions in practice was :eversed in the experimental session. Half
began with P followed by N. For half the subjects in each order of
conditions the memory set items were presented in the top and bottom
quadrants, for the other half, in the left and right quadrants.

Each block contained 32 experimental trials and was preceded
by L warm-up trials: 16 positive trials, including ocne of each of
the combinations of serial position of the probe item, presentation
order - i.e. left-right (up-dcwn) or vice-versa, and, in Condition
N, probe display location; 16 negative trials, eight for each probe
display location.

The four items of the memory set were sampled without replace-
ment from the digits 1-9.

New blocks were generated for each session.

Instructions. It was carefully explained to subjects that,

while in condition N the display locatiou of the probe meant nothing,
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in condition P, if the probe was a member of the memory set it would
always be displayed in the same quadrant as in the memory set, so
that there was in principle no need to check the probe against the
two memory set items displayed in the other quadrant. The instruct-
ions were thus clearly biassed toward a 'directzd search' strategy.
Subjects always knew which condition held for the block they were

doing. They were asked to respond as fast as possible while avoiding

errorsSe.

6.12. Results.

Correct RTs from the experimental session were pooled over the
three blocks given under each condition. Overall error rate was L4.8%.
A further 1.8% of trials were excluded from the analysis because the
RTs were more than 3 standard deviaztions from the mean of the relev-

ant (subject x response type) cell.

The correct KT data were submitted to a four-way analysis of
variance: Conditions x Response type x Presentation order x Subjects
(random); each of the two observations in a cell was based on 12
trials. Only the main effect of response type reaches significance:
positive responses were 63 msec. faster than negative responses (p<

0.001, F (1,7) = 57.2).

1) There was effectively no overall difference in either RT or
errors between the two conditions. This may be seen in TABLE 6.1,'
where mean RTs are shown for each response type and condition. It
may be seen that individual scores show a differcnce in the direction:
P slower than N, at least as often as in the other direction. Posi-

tion information appears to have had no facilitatory effect at all
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upon IRn in this experiment.

2) The only other effect remotely to approach significance in
this analysis is the Conditions x Presentation Order x Response Type
interacticn (F (7,7) = 4.7). This interacticn is summarised in

TABLE 6.2.

3) Correct positive RTs were submitted to a four-way analysis
of vgriance: Conditions x Serial Position x Presentation order x
Subjects (random); each observation was based oﬁ only three trials.
The interaction between Conditions and Presentation order is signif-
lcant at the p<0.05 level (F (1,7) = 5.87) - sece TABLE 6.2, posit-
ive trials; no other effects approach significance. Serial position
data are summarised separately for each condition in TABLE 6.3.
There is clearly very little effect of serial position, save perhaps
a hint of the4effects of pair-wise organisation in the slightly lon-

ger Pls at positions 1 and 3.

6.13, Discussion.

The outcome of this experiment was quite straightforward. A cue
which, when presented with the probe, potentially restricted the set
to which reference was necessary to a subset defired by spatio-tempo-
ral position, neither benefited nor hindered IRn performance. Of

course, faced with a negative result, we lack statistical certainty

in accepting the null hypothesis, but some comfort may be derived

from the exactness of the result.

The virtual atksence of serial position effects implies, accord-
ing to a trace strength hvpothesis, that subjects did indeed rehearse

(Section 2.124). That there is a small significant interaction between
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Conditions and Presentation order for positive trials but not for
negative trials suggests no more than that patterns of rchearsal and
their depexndence on presentation order may have differed somewhat
betweer the two conditions. Nor do the serial position data provide
any further information beyond a hint that the memory set pairs were
indeed rehearsed aé pairs.

May the main result be interpreted in any way other than as
demonstrating that subjects are unable to make use of position infor-
mation in IRn? There is at least one possibility. Suppose that a
search process is involved in immediate recognition, but that there

is & certain delay involved in selecting a subset (or 'finding' the

appropriate starting point). It is conceivable that the experimen-
tal parameters were such that this delay either exactly cancelled
out the saving of time achieved by restricting the search to a sub-
set, or, so exceeded it that subjects deliberately avoided the use
of a 'directed search! strategy. However, that the first possibil-
ity is unlikely is implied by this consideration: it is very improb-
able that the delay involved in selecting a subset should both be
exactly cancelled out and be exactly equal for both of the subsets
- yet there is no sign of an interaction between conditions and
serial position. Another possibility is that the cue used may

have been an inadequate means of specifying the subset. Temporal
position was cued by spatial position in a manner that varied from
trial to trial.‘ Also, it might be rather more helpful to restrict
the rolevant subset to a single item rather than two. Both these
points were taken account of in the next experiment, in which the

utility of a position cue in IRn ard CR was directly compared.
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6,2. EXPERIMENT V. A comparison of the effects of a position cue

in IRn ard CR.

In this experiment, four consonants were presented one after
the other in a spatial array, with a given display location always
corresponding to the ordinal position of the item in the list. Again
there were two conditions: in Condition P, a positive probe item
always occurred in the same display location it had occupied as a
member of the memory set; in Condition N, the display location of
the proﬁe was entirely random. There were two parts to the experim-
ent: in part (a) the task was recognition, with subjects pressing
one key if the probe was a member of the memory set, another if not;
in part (b) the task was contextual recall, and subjects had to res-
pond with the item following the probe in the list. The same sub-
jects served in both parts, half doing the two tasks in one crder,
half the other.

Before describing the experiment, it is worth mentioning briefly

6)]

the results of an earlier version of it on which four subjects were
tested. In that version, five-item lists were used, displayed seqg-
uentially across five positions in a horizontal row. In the CR task,
only probes from positions 1-4 were presented; in the IRn task all
five positions were probed. Presentation rate was 600 msec./item.
The results were very striking, showing a vast difference between
the effects of a position cue in the two tasks. In CR, mean RT was
1096 msec. in condition N and 815 msec. in condition P, a difference
of 281 msec., significant at the p< 0.025 level. The corresponding
error rates were 14.1% and 4.7%. 1n IRn, mean RT was 678 msec. in
condition N and 648 msec. in condition P, a difference of only 28

msec., which did not approach statistical significance. Error rates
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were 5.8% and 4% respectively. Hewever, this experiment was flawed
in certain important respects. In the CR task, the first item was
never recalled. One.subject pointed out that in condition P, it was
not necessary to remember the first item at all, since the display
location of the probe was adequate merely as a position probe. In
condition N this is not the case, as the display location of the
probe is random. Hence, the large difference in RT and errors bet-
ween the two conditions might be due not to the position cue being

superior to a contextual cue in terms of access (2s the response

buffer hypothLesis requires) but merely to effective memory load diff-
ering between the two conditions. Secoﬁdly, that there was a diff-
erence {(albeit small and non-significant) betwecen the two conditions
of the IRn task was puzzling. However, two of the subjects had unus-
ually long RTs for IRn. Moreover, there was some suggestion of &«
facilitatory effect of presenting the probe in the same location as
it had occupied in the list even in condition N, when it conveyed no
position information: but the design of the experiment was inadequate
to allow the evaluation of this effect, and its relationship with
recency could not be established as rehearsal was uncontrolled.

Thus, in designing the present experiment, the following changes
‘were made. Recall of the first item was required in CR whenever the
last item was presented as a rprobe,so that in both conditions the
subject had to remember all four items. Four-item rather than five-
item lists were used to reduce the error rate. No-rehearsal instru-
ctions were given. In an sttempt to reduce the variability in RT due

to display location, = circular display array was used.

€.21. Method.
Eight subjecis each served for four sessions, each lasting about

45 minutes. Every subject performed one task for two sescions,
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followed by two sessions on the other task. Half the subjects <id
the IRn task first, half the CR task. Iﬁ each half of each session
there was one block 6f trials under condition N, one under condition
P. For half the subjects the order of conditions in all sessions
was PNNP, for the other half NPPN, balanced across order of tasks.
The first two blocks of the first session in each part of the éxp-
eriment served as practice, and data from them were discarded. A

five-minute break was given nalf-way through each session.

A trial. The display locations and background display were as
depicted in Fig. 6.1. A trial was initiated by the onset of the |
background display, and by a warning arrow, prcsented for ? scc.,
pointing to the first display location. Thne four items of the memory
set were then displayed in the sequence shown, each for 500 msec..
The shaded square at the centre of the display was then displayed for
100 msec. (This was intended to help guide the subjecl's eyes back
to the centre of the display.) The probe item then followed in one
of the four display locations: note that the probe display locations
were slightly displaced with respect to those of the corresponding
list items. All displays were separated by 100 msec., so that pres-
entation rate was 600 msec./item and probe delay 300 msec..

In the IRn task, the subject pressed the right index key if the
probe was in the list, the left index key if it w=zs not.

In the CR task, the subject spoke the name of the letter foll-
owing the probe item in thc memory set, or the first item if the
last was presented as the probe.

The response terminated tﬁe display; visual feedback was given
for 1 sec. followed by a 2 sec. intertrial interval.

The four items comprising the memor; set for each trial were
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chosen randomly (without replacement) from the set: BDFGHJKLNRSZ.

A Dblock:

Exp. Va, IRn. In each block there were 52 trials, of which the
first 4 were warm-up trials, subsequehtly discarded. Of the remain-
ing 48, 32 were positive trials. Of the 8 trials for each serial
position probed, 2 were, in condition N, allocated to each display
location of the probe. There were L negative trials for each disp-
lay location. DNew blocks were generated for every session.

Exﬁ. Vb, CR. In each block, there were 51 trials, of which the
first 5 were warm-up trials, subsequentiy discarded. Fach serial
rosition was probed 12 times; in condition N these 12 trials were
distributed equally among the 4 display locations. & bleccks were
generated for each condition,each used 4 times, once in each half

session, always with different subjects.

Instructions. Subjects were instructed not to rehearse and to
respond as fast as possible while avoiding errors. They were told:

"In condition P, if the probe item was in the list, it will
always appear in the same quadrant of the display as it occupied in
the list. You may find this helps yoUses.e.
(in CR) - to find the item,
(in IRn) - since you have only to decide whether the probe is the
same as the one that occurred in that quadrant or not.
In condition R, the display quadrant of the probe tells you nothing,
and is entirely random."

The subjects were shown examplcs, questioned to be sure they
understood, and were reminded of the nature ol the condition before

each block-



6.22. Results.

Mean correct RT for each trial type was extracted for each
block of trials. These values were then pooled in the analyses that
follow. The results of each of the two parts of the experiment will
be discusced sepcrately. Since the analysis is somewhat complex, the

salient features of the results are summarised at the end of the ana-

lysis for each task.

Exp. Va, IRn.

In this part of the experiment, the overall errcr rate was 2e%%.
Mean RTe for each combination of condition and response type are
shown separately for individual subjects and for blocks in TABLE
6.4. An overall comparison between the two conditions shows that RT

was on average 13 msec. shorter in condition P than in condition N.

1) The overall effect of the position cue. A four-way analysis
of variance was performed: Conditions x Rlocks X Response Type X
Subjects (féndgﬁjj There are main effects of both response type
(p<0.001, F (1,7) = 31.1) and blocks (p< 0.001, F (2,14) = 28.0).
There is no main effect of Conditions (F<1) and though TABLE 6.4
shows a slight increase in the effects of conditions with practice,
the interaction of Blocks and Conditions does no<- approach signif-
icance (F (2,14) = 1.6). No other effects are noticeable save an
interaction between Conditions and Response type, which is signif-
icant at the p=0.05 lavel (F (1,7) = 6.2). The interaction is
shown in Fig. 6.2. It may be seen that it is due largely to an adv-

antage of some 24 nsec. for condition P on positive trials only.

2) The effects of display location. In order to understand the
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Conditinans x Response Type interaction, we turn to a more detailed
analysis of the positive trials of condition N. In a sense, the true
controls against which to compare thé positive trials of condition P
are those N trials on which the probe was (by chance) displayed at
the same location as in the memory set. The two classes of trial in
condition N were therefore separated into two sub-conditions, mean
RTs from which are also shown in Fig. 6.2. When a positive probe
item was displayed in the same location as in the memory set (sub-
condition NS), mean RT was 584 msec. When it was not (sub~-condition
D&)mean ﬁT was 621 msec.. Mean positive RT in condition P was 579
msecC.. Thus the small difference in pdsitive RT between conditions

P and N does not appear to have been due to the subject making use

of the display location as a cue in conditicn P, It appears rather
to result frowm some facilitatory effect when the probe was presented
in the same quadrant as it occunied during presentation of the list,

regardlecss of condition. Is this facilitatory effect significant?
[ &)

Oy

The data from condition N {(pooled across biocks to obtain an obser-
vation based on at least six trials) were submitted to a three-way

analysis of variance: Sub-conditions (N ND) x Serial position

S’
probed x Subjects (random). The effect of Sub-conditions is indeed
significant at the p=0.025 level (F (1,7) = 10.9). Neither Serial

Position nor its interaction with Sub-conditions reach significance.

3)" Serial position. Serial position data for condition P and

sub~-conditions N and N_ dre shown in Fig. 6.2a. They are, however,

D S

virtually meaningless: serial position is confounded with display
location, and, mecreover, diffefent]y confourded for NS and ND. The
mean RTs for cach display location, collapsing across serial position

probed, were computed for the positive trials of condition N and
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used to correct the serial position data from the sub-conditions NS
and ND for the effects of display location. The corrected serial
position deta are shown in Fig. 6.3b. It is clear that, if the corr-
ection procedure is acceptable, the facilitatory effect of present-.
ing the probe in the same location as in the list (which I ehall call
the effect of 'location congruence') was most marked for the terminal
item.

Unfortunately, the serial position data from condition P cannot
be corrested in this way. An analysis of the negative trials from
both conditions showed a significant interaction between Display
Location of the probe and Conditions (p=0.05, F (3,21) = 3.07),
implying that attentional strategies differed in the two conditions.
Nor may the data from negative trials of condition P be used to pro-
vide a correction. If, jn conditicen N one compares the effects of
display location for positive and negative probes, the pattern diff-
ers. (Conceivably, the decision criteria or bias are different for
individual display locations.)

The significance of serial position effects in condition N was
evaluated by collapsing the data across display locations and perfor-
ming a three-way analysis of variance: Serial Position X Blocks x
Subjects (random). The effect of Serial Positicn just fails to reach
significance (F (3,21) = 2.7). The effect of Blucks is significant
(p<0.01, F (2,14) = 9.0), but there was no interaction between the

two (F<1).

The main findings from Exp. Va may be summarised thus:

a) IRn performance wasneitheriﬂmrdvednor}ﬁﬁderaibycueingthe
subject to the relevant c-dinal position of the memory set with a
temporal and spatial position cue.

b) There was, however, a small but significant facilitatory
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effect of 'location congruence' - presenting a positive probe in the
same display location as it had occupied'during presentation of the
memory set.

¢) The facilitatory effect of location congruence was consider-
ably more marked for the last item in the 1list.

d) There was an effect of serial position which, though not

quite significant, showed the usual recency effect and primacy on -

the first item.

Em.WﬁCR

Overall error rate in this part of the experiment was 3e%ba
2.9% of trials were lost through voice-key failures. Mean correct

RT for each condition is shown separately for subjects and for blocks

in TABLE 6.5.

1) The overall effect of the position cue. Mean RT was 306 msec.
longer in condition N than in condition P. The correct RY data were
subjected to a three-way ahalysis of variance: Cornditions x Blocks
x Subjects (random). Each observaticn was based on 48 trials. The .
difference between “he two conditions is significant at the p=<0.001
level (F (1,7) = 5%2,7). The e¢ffect of Blocks is also significant
(p<0.01, F (2,14) = 10.2) but does not interact with Conditions

(F (2,14) = 1.7).

2} The effect of location congruence. The correct RT data from
condition N were subjected to a four-way analysis of variance: Blocks
x Serial rosition x Display location of probe x Subjects (random) .
(Fach otservation is based on only 3 trials.) There arc significant

main effects of Blocks (p=0.01, F (2,14) = 8.5) and Serial position
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(p<0.001, F (3,21) = 9.5). No other F-ratio exceeds unity save that
of the interaction between Scrial position and Display Location which
is highly significant (p=0.001, F (9,63) = 5.3). The interaction
is plotted in Fig. 6.4, It is quite evident that RTs in Condition N
were shortest when the probe was displayed in ihe location it had
occupied during presentation of the memory set. As in Exp. Va, one
can separate the data from condition N into two sub-conditions. In
condition NS y when the location congruence holds, mean RT was 1013
mseC. . in condition ND’ when it does not, mean RT was 1198 msec.,
a differénce of 185 msec.. Is the effect of location congruence cuf-
ficient to explain away the difference between conditions P and N?
The initial three-way analysis of variance was repeated; with the
data from sub-condition NS replacing those of condition N. The diff-
erence (157 msec.) in mean RT between condition P and sub-condition
Ny is still highly significant (p=<0.01, F (1,7) = 22.9). Thus the
effect of conditions may not be accounted for merely by the effects

of location congruence.

3) Serial position. In conditien P, serial position is ineluct-
ably confounded with display location. In condition N it is not, and
the four-way analysis above showed serial position to have a highly
significant effect. Serial position data are plotted for sub-condit-

jons N, and N_ in Fig. 6.5, corrected for display location effects

S D

in the same way as in Exp. Va. The un-corrected data of condition

P are also shown. There is a hint of a slight increasc in the eff-
ects of location congruence with serial position, in that the diff-

erence between NS and ND increases slightly.

The main findings from the CR task may be summarised as follows:
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a) CR was greatly facilitated by cueing the relevant position
with the display location of the probe. The difference in RT was of
the order of 300 msec..

b) There was also a large effect, within condition N, of dis-
play 'location congruence', such that RT was 105 msec. faster, when
the display location of the probe was that at which it had occurred
as a list member,than when it was not.

¢) The effect of location congruence was not nearly sufficient
to account for the overall effect of position cueing (es the much
smaller effect in Exp. Va was). Hence, we can conclude that subjects

were genuinely using and being aided by position inrormation in con-

dition P, in this task.

d) That the effect of location ccagruence was so much greater
in Exp. Vb than in Va implies that it was not necessarily the same
effect. However, there were some signs of - an inver-
action with serial position of the same order in both tasks.

e) There wes a highly significant effect of serial resition.

6.23. Discussion.

In Exp. IV there was no effect on IRn of a position cue restric-
ing the relevant subset of the memory set to two out of four items.
In Exp. Va this finding was confirmed and extended. There was no
overall effect on IRn of a cue telling the subject which one out of
the four items of the memory set was relevant to the recognition
decision. In this experiment, unlike Exp, IV, display locations were
consistently associated with particular serial posi£ions. Of course,
it is still possible to argue that the time taken to 'select' a sub-
set for directed search, or 'find' the starting point, may, in this

experiment also, have cancelled out the RT advantage gained by a
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directed search - but that the cancellation should be so exact in
two ratier different experiments is less than likely.

In contrast to the absence of any effect of a position cue on
IRn, there was a very marked effect on CR in Exp. Vb. The size of
the effect was moreover of an order compatible with the idea that the
position cue enabled the subject to shert-cut an otherwise slow
search through the items of the memory set (see Section 4.1 for =
Lypothetical example). Hence the differential effects of providing
a position cue on IRn and CR, and the direction and nature of the
effects; were in complete accord with the predictions made by our
two-store model. They werédalso, it seems, antithetical to Stern-~
berg's position as interpreted in the introduction to this chapter.
Ii does perhaps remain possible to argue that it is more efficient
to start scamning the list from the beginning, ignoring any pssition
cue, than to use the position cue, when the search is exhaustive but
not when the search is self-terminating, but there seems to be no a

= 4 P 5 P 3 s ~
priori reason why this should be the casc.

Three features of the data remain to be accounted for.

1) The small difference between conditions P and N, on positive
trials only, in Exp. Va turned out to be attributable entirely to a
curious effect due to what I have called 'location congruence'. The
effect was most marked for the final serial position. This suggests
a facilitation of sencory encoding. I outlined in Section 3.1371 the
idea of a 'sensory component' of trace strength: the idea that feat-
ure-analysers intermediate between receptors and logogens might rem-
ain active for a brief period after the removal of the stimulus, and
facilitate recognition ir a sensory-specific manner. The present

data suggest that it may be necessary to add the premise that the
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sensory compenent is partially location-specific. Since subjects
certainly movéd their eyes in this experiment, I do not mecan specific
to retinal location, but location defined with respect to background
contours. Sensory after-effects specific to objective location are
not unknown - the phenomenon of visual persistence is one. The
rresent finding would bear following up.

2) The effect of location congruence in Egi. Vb was, however,
of a different order. The explanation seems quite simple. It is
probable that at least some of the subjects,some of the time,carried
over info condition N the. strategy that they employed in condition
P - that is, starting their search (of fhe contents of the response
buffer) at the position indicated by the probe. In condition N,
this would not have benefited them overall, but would have the result
that their RT would have been shorter the nearer the display location
wes to the original position in the memory set -~ as Fig. 6.4 shows.
This explanation does not deny the possibility that a2 small compen-
ent of the location congruence effect in CR may not also have been
due to the same (putatively sensory) facilitation postulated for IRn:
there is a little support for this in that the location congruence
effect in Exp. Vb was some 30 msec. greater for the last two than
for the first two serial positioms.

3) The overall shape of the serial position data in condition
N of the CR task is in rough accord with previous evidence. Ignor-
ing the case where,the last item was presented as 2 probe, the shape
is reminiscent of the serial position effect found for four subjects
in Exp. I - with evidence for repid retrieval when the last item was
required as a response. That RT was relatively slow when the first

item was required was presumably due to the fact that the probe and

response were not adjacent in the response buffer: the subject had
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to discover that the probe was the last item and then go back to the
beginning. Bﬁt there is on2 puzzle - if in condition P, kI was fas-
ter because the subject had some form of direct access to locations
in the response buffer, wny was the serial position effect found in
condition N not entirely eliminated in condition P? The serial pos-

ition effect was in fact attenuated quite considerably, and it must

[ ]
not be forgotten that serial position was confounded with display

location. However, since the latter is not adequate to explain the
remaining effect away, there are two possibilities. One is that
accesc fo locations in the response buffer is either not very precise
or difficult, so that subjects were in fact obliged to search some
of the time even when a position cue was given. The cther is that
some part of the serial position effect reflects storage rather than
retrieval factors. The present data cannot distinguish these poss-

ibilities.
Summarz.

Two experiments were performed to test whether access to repres-
entations in active memory is facilitated by a position cue. In Exp.
IV, four-digit lists were presented sequentially in two pairs, each
pair at a different spatial location. A recognition probe was pre-
sented which in one condition indicated by its display lccation the
relevant pair or subset of the memory set, and in the other did not.
No difference in RT or error rate between the two conditions was
found. In Exp. V, the effectiveness of a position cue on IRn and
CR was compared, the subjects énd 211 rclevant experimental para-
meters being identical for the two tasks. Four-consonant lists were

presented sequentially in a spatial array of four locations, each
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location being consistently associated with a list position. The
probe in one condition always occupied the same lééation as during
presentation of the list (if it was in the 1list), and in the other
occurred randemly in one of the four locations. Again there was no
effect of a position cue on IRn. There was evidence for a small
facilitatory effect when the probe was presented in the same display
location as in the list irrespective of whether it conveyed position
information - which was interpreted in terms of the possible locat-
jon- or background-specificity of a hypothesised sensory component.
In contfast to the absence of effect on IRn, a position cue markedly
rgduced RT and errors in CR. This difference was argued to generate
difficulties for a model assuming that the same active memory rep-
resentations are consulted in both tasks, but to be completely in
accord with thie hypothesis of two forms of active memory. Access
to logogens, which are content-addressable, is not expected to be
facilitated by a position cue. CR however requires access to the
contents of the response buffer, which is held to e more direct

given a position cue than when only the item is given as a probe.
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CHAPTER VIT. Tummediate .recognition and recency.

The five experiments reported in the previous two chapters have
provided & firm basis for preferring the hypothesis of two forms of
post-categorical active memory to any available single-store hypoth-
esis. It has been shown that the provision of a position cue facil-
itates contextual recall, and that acoustic similarity influences
both contextual recall and probed location; neither factor had comp-
arable cffects on iitem recognition. The nature of the effects on
the former group of tasks, whose common charecteristic is that they
rgquire reference to stcred order information, were largely in accord
with the premise that the order of items is represented in a non-
associative short-term store with the properties proposed in Section
1.H for the response buffer. cwever, the lack of effects on item
recognition provides only negative evidence on the nature of the rep-
resentations mediating this task. In the remaining experiments to
be reported, I attempted tc investigate this gquestion mere directly,
in relation to the theoretical issues raised in Section 3.7. In
the present chapter, I shall deccribe a somewhat ambitious experim-
ent on the dynamics of the reprecentations underlying immediate
recognition. In the following chapter, the question of their format

will be considered.
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7.7. EXPERIMENT VI. Immediate recognition and recency.

In Section 3.11 (to which reference may be necessary) five
models of immediate recognition were outlined and discussed in some
detail. On the basis of evidence availatlie in the 1iterature, I con-
cluded tentatively in favour of the trace-strength inspection model

)

elaborated from that proposed by Baddeley & Ecob (1970). According
to this model, recently-presented items are represented at permanent
contentfaddressable representations (which I have identified with
Morton's'logogens') as item;traces whose strength declines as a
decelerating function of the time/items since presentation (the
‘recency function'); RT is an increasing, but otherwise unspecified,
function of the difference between the strength of the 'item-trace'
addressed by the probe, and a decision criterion. That both the
‘trace strength models have a 'forgetting axiom' - the assumption of
non-lincar decay - distinguishes them sharply from the scanning
models, which include no explicit assumptions about ihe dynamics of
the representations. Predictions based on this axiom are therefore
crucial and may be tested by manipulations of recency (see Section
2,125). In Exp. VI I attempted to manipulate independently the
recency both of negative probes and of the items of the memory set.

The points to which the experiment was directed may be summarised

under the following headings:

1) The recency of the negative probe. In Section 3.125(ii) I
pointed out that the effects of manipulating the recency of the
negative probe provide e crucial test between the models.

a) Models I, II and parallei scanning models: Acccerding to any

model which posits a search, serial or parallel,of items only of the
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positive set, the recency of a negative probe should have no effect
on thc search process. No 2ffect on ihe slope of the set-size func-
tion is therefore expected. Should there be an effect on the inter-
cept? 1t might be argued that the more recent the probe, the more
rapidly it should be encoded, so that RT should be shorter for arecent
negative probe through a reduction in intercept. On the other hand,
it might conceivably be claimed that the subjed% might not expect a
recently presented item to appear as a negative probe, so that RT
could be longer for a recent probe. Either way, there should certa-
inly be ho interaction with memory set-sizec.

b) Models III and V. The trace strength inspection model clearly
predicts that, provided the subject does not know in advance what
kind of probe he is to receive, a more recent negative probe will
tzke longer to reject since its strength will be»closer to the crit-
erion. Also, since the criterion will cut off a larger piece of the
tail éf the negative items' distribution if they are recent, more
errors will be made the more recent the negative probe. Whether
there will be an interaction with set-size or not must depend on
the nature of the decision function. If differences in strength
near the criterion have more effect on decision time than differ-
ences far from the criterion, then the magnitude of the effcect should
increase with set-size. So a monotonic interaction of recency and
set size, while not necessary, is certainly possible. As was poin-
ted out in Section 3.11, as regards the manipulatior of recency,
Model V may be considered merely a rather cumbersome discrete-
state version of Model III, and makes the same predictions.

¢) Model IV. ‘ccording to this model, negative decisions are
made by default; since the strength of a negative item is thus not

inspected, it cannot influence the decision, ant no effect of recency
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on negative RT is predicted. However, there should still be more
errors when the probe is recent, since its prior 'advantage' in
strength will make it more likely to exceed the criterion K before
the criterial time TC is up.

The evidence available to date is restricted to.two studies;
those of Zechmeister (1971) and Darley & Arabie (1972), who both found
that it took longer to reject recent negative robes than probes
which had not occurred before in the experiment. The effect increa-
sed with set-size in both cases. The means chosen for manipulating
recency in both these studies was somewhat extreme. Mermory sets
were drawn without replacement from a large set of words so that
each was used only once. Negative protes were dravn either from
immediately preceding trials or had never occurred before. Thus non-
recent probes could be rejected on the basis cf whether or not they

hed occurred in the experiment; in fact Darley & Arabie do interpret

their finding in terms of a familiarity-judgement-or-search version

1=h

of Model V. Zechmeister's experiment also has the disadvantage
that recency is a between-subjects varizble - so that there are
problems of criterion change to muddle the issue and only two setl
sizes were used. In the present experiment, the means chosen to
manipulate recency was rather more subtle. Memory sets were chosen
from a set of 16 consonants. A 'recent' negative probe on trial n
was defined as one of the four letters presented prior to the probe
of trial n-1. A 'novel' negative probe was an item which had not
occurred as one of the ten 1etters presented prior to anG includirg

the probe of trial n-1. Since all 16 letters were presented equally

often, and very frequently, expectancy effects would be expected to

be minimal, and recency was not confounded with occurrence in the

experiment.
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2) Recency of the memory set items. According to the two trace
strength modelé, decay of trace strength is non-linear and deceler-
ating. The slopes both of the set-size function and of the serial
position function (providecd rehearsal is controlled) are functions
of the rate of decay. For a given set size, the criteriorn is held
to be constant, and the non-linearity of the recency function may be
seen in thet of the serial position curve. &s }egards the set-~size
function, while thé non—linearify of the recency function néed
not result in a non-linear set-size function if, for instance,
prior items influence the initial increment of strength (see
the discussion on p.1l03a), the slope of the set—-size functibn
will still depend on the rate at which strength decays
as a function of time and/or subsequent items. Thus
if presentation of the probe is delayed, while rehearsal is prevented,
rate of decay should have slowed, and the slope of the set-size fun-
ction and the serial position function should both be smaller than
when test is immediate. This prediction is tested in the present
experiment,

What predictions do the scanning modeis make? As they arestated by
Sternberg (1966, 1969a), no particular effect of a smsll delay on
slope is predicted, provided that the capacity of active memory is
not exceeded. If one were to introduce an assumption that ite@s in
active memory decayed, then the degradation resulting from a probe
delay should increase comparison time (cf. Sternberg, 1967b) and the
slope should increase.

The means chosen for delaying the probe while preventing rehear-
sal was as follows. In one condition (T), as soon as the memory set
had been presented, an interpolated vowel was presented for the sub-
ject to name as fast as he could; his response iriggered the present-

ation of the probe. In condition N, the probe was presented immediately
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after the memory set. Thus in ccndition N there was no delay, and

in condition I there was a totally filled interval of about 7 seC..
As it turned out, the interval was probably on the short side.
Nevertheless, thz portion of the recency curve involved should be
displaced by the delay away from the point at which decay is fastest
(as a result, perhaps of the 'sensory component' - Section 2,131).

A pilot study seemed to indicate that the delay was large enough to

produce a marked change in siope in the direction predicted by the

trase strengtih hypothesis.

3) First-item primacy effects. Tt will be recalled (Section
2 124 if it is not) that though marked and appropriately non-linear
recency effects have typically been obtained when rehearsal is con-
trolled (see also Exp. I and Exp. V) there is frequently visible
in the serial position déta a small primacy effect: mcan RT is often
faster when the first item is probed than when the second is probed.
It was suggested in Section 3,12k that this was an acquisition effect:
i.c. that the first item received a greater initial increment in
trace strength than the others due to iack of prior activity in the
sensory feature-analysers. This may be tested by preceding the
first item with an irrelevant prefix. This should share physical
features with the memory set ilems soO as to sctivate the appropriate
feature-analysers, but should not be a member of the stimulus enser-
ble from which the memory set items are chosen. In this experiment
the memory set was'always preceded by an irrelevant vowel, but never

the same vowel that appeared as the interpolated vowel in Condition I.

L) There were several other predictions derived in Section 3.172

from the various wodels, which the present experiment was not specif-
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ically designed to test, but to which the data may nevertheless be
relevant. The reader is referred
a) to the discussion of the relatior between RT variance and set
size in Section 3.122.

b) to the prediciion derived from Model III concerning the relation
between the ratio of the slopes of the positive and negative RT set

size functions (the 'slope ratio') and the way in which the different

classes of errors should increase with set size (Section 3.121).

Thué, in Exp. VI, memory lists of one to four ccnsonants were
presented, each list length in a separate block of trials, at a
brisk rate, preceded always by a vowel. A recognition probe was
presentcd either imnediately (condition N) or after an interval fill-
ed precisely by the naming of a vovel (condition I). Half the neg-
ative probes were 'recent', half 'novel'. Since the double task was
quite demanding and since the RT differences expected were not large,
I made a peint of using subjects who were proven veterans of at
ieast one experiment of mine, and they were given two full sessions

of practice before the data precented here were recorded.

7.11. Method.

Eight experienced subjects each served for two pfactice and four
experimental sessions. In each session, they were given one block
of trials under condition I and one under condition N. Each block
was divided into four sub-blocks, one for each memory list length m.
Each sub-block was preceded by a display informing the subject of
the value of m for that sub-block. It began with two dummy trials,
later discarded, which were followed by 24 experimental trials. A

complete biock therefore contained 104 irials and the subject was
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permitted no break between trials. Each block lasted for approxim-

ately 13 minutes, and a five minute rest was allowed between blocks.

Dezign. The order of the two delay conditions and of the sub-
biocks within each condition was balanced both within and across sub-
jects. Each of the 24 possible orders of sub-blocks was combined
once with each of the 2 orders of conditions in the 48 sessions of
the experiment. These were allocated so that:

1) in sessione 3-6, the experimental sessions, the order of
conditions and of sub-blocks was perfectly balanced by means of
Latin souares both across each session and within each subject over
the four sessions.

2) in sessions 2, 5 and 6, the order of conditions and sub-
blocks was the reverse of that in sessions 1, 3 and 4 respectively.
Data from sessions % and 6 and from sessions 4 and 5 were combined
in the analysis to give two observations per cell; thus the contrib-
ution of practice effects to the error variaﬁce was minimised.

The memory lists and probes were chosen randomly from the set
of 16 consonents: CDFGHIKINPRSTXYZ, with the following constraints:

1) There were no repeats in a list.

2) Each serial position was probed equally often within each
sub-block.

2) Positive and negative probes in a sub-block were equally
frequent.

It) Half the négative probes in a sub-block were 'recoent', half
‘novel'.

A novel negative probe was onc which had not occurred as one of
the ten consonants presented prior to the present trial. A recent

nemtive probe was one of the four conscnants presented prior to



251.

N PR T . . - s, e e .
the prche of the previous trial. For the purposes of this dofinition, the

came consonant presanted as list item and as probe counted as two items.

5) The probe from the previous trial was never presented on the
present trial. Recency, was, it should be noted, defined in terms
of the number of intervening items. Since the intertrial interval
was constant, and memory set-size blocked, the average difference in
recency in terms of time between novel and recent negative probes
varied with set size. The actual values (to the nearest sec.) are

shown in the following table:

Set size (m) = 1 2 3 &
Recent probes were presented on average: 11 10 9 8 sec.
Novel probes had not been presented for: 33 27 23 25 sec.
-~ prior to the probe of the present
trizl
The irrelevant prefix preceding the memory set was chosen rand-
omly from the vowels AEIOU, but was never the same as the interpola-
ted item, in condition I. The interpolated vowel was chosen randomly

from the same five vowels, with the constraint that each vowel was

used approximately equally often within each sub-tlock.

Display. The background display served as a reference frame for
two locations separated horizontally by about 1°20' of visual angle.
Approximately 2030i‘beneath the centre of these was a third location.
The locaiions were each indicated by four points at the corners ot

a square with the display location at its centre.

A trial: was initiated by *the onset of the backgrcund display.

This was followed after 500 msec. by the prefix and m letters of
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the memory set presented one after the other in the top left-hand
location, each for LOO msec. followsd by a gap of 100 MSaC .
Condition N. The probe was presented in the bottom location 100 msec.
after the offcet of the last item. The subject pressec the right-
hand index key ir he thought the probe item was a member of the mem-
ory set, the left-hand index key if not. A feedback display consis-
ting of a tick if the response was correct, a filled square if not,
then followed for 1 sec. succecded by a 23 sec. inter-trial interval.
Condition T. 100 msec. after the offset of the last item, an inter-
polated &owel was presented in the right-hand top location until
the subject named it., He was required to preface the vowel name with
the phoneme /b/, so as to reduce the variability due to voicing onset.
His response triggered the voice key which caused the prcbe item to
be presented immediately in the boitom location. The sequence of
events was then as in condition N, save that the inter-trial interval
was cnly 2 sec., thus equalising the probe-probe interval across
delay conditions. Following any trial on which the vowel naming task
was unsuccessful, as a result of error or voice-key failure, the exp-
erimenter was able, without interrupting the sequence of trials, to

instruct the computer to ignore that trial.

Instructions. "1) Please do not attempt to rehearse or group
the items - at any roment attend only to the item most recently
presented.

2) The first item in every list will always be a vowel; it isv
therefore completely irrelevant to the task, but nevertheless please
treat it as you do the other members of the list - it is intended to
control for any advantage the first item gets because of nothing pre-

ceding it.
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3) In condition I, the task of naming the interpolated vowel is
intended to take up all your attention, so please concentrate on
naming it as fast and smoothly as you can.

L) Please try and respond as rapidly and consistently as you
can, while avoiding errors."

Subjects claimed to understand and comply with these instruct-
jons. The double task in condition I proved difficult for the first
irials, but a steady thythm was éoon achieved and subjects made eff-

ectively no errors on the vowel naming part of the task.

7.12. Results.

In order to check that the duration oi the delay in condition
I did not change with set-size, the mean and pooled standard devi~
ation of the vowelnnaming RTs were computed separately for each cet-
size, as shown in TABLE 7.7. The largest difference between means
is 10 msec. which is no more than 2.3% of the total delay. It there-
fore seems safe to assume that the delay introduced by the vowel

naming task in condition I was comparable over different set-sizese.

Mean item recognition error rate was 3,8% overall. Correct RTs
were pooled across sessions % and 6 and across sessions U and 5,
giving two observations per trial-type per subject. Fig. 7.1 shows
the set-size functions for each combination of reéponse type and
delay condition. The correct RT data were subjected to a four-way
analysis of variance: Response type x Conditions (I or N) x Set size
x Subjects (random). Each of the 2 observations per cell was based

on 24 triasls.

1) The effects of set~size on mean k?. There is an effect of

cet-size significant at the p<0.001 level (F (3,21) = 39.2). An
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analysis of tfend shows this to be attributable tc a highly signif-
icant linear trend (p<0.0061, F (1,21) = 113.3) which accounts for
96.5% of the variance due to this factor. There are, however, signs
of non-linearity in the data (see Fig. 7.1) but the quadratic trend
does not reach significance (F (1,21) = 3,04). However, if positive
snd negative RTs are submitted separately to equivalent analyses, the
data for the positive RTs show a quadratic tregg significant at the
p<0.025 level (F (1,21) = 6.2) and the linear trend accouats for
only 91.7% of the variance. There is.no quadratic trend in the necg-

ative RTs (F<1). The non-linearity of thc positive RT functicn may

be seen to result from fast RTs when m = 1 (Fig. 7.3).

2) The effects of delay. Set-size functions for the two delay
conditions (combining response types) are shown in Fig. 7.2. The
overall effect of delay is significant (p=<0.025, F (1,7) = 8.6) but
this absolute difference is not very meaningful; what interests us
is whether there is an interaction between delay Condition and Set
size. Such an interaction is visible in the data; the slope of the
set-size function is smaller in Condition I than in condition N. The
direction of the interaction is that predicted by the trace strength
inspection model. If linear regression lines are fitted to these
data, the slopes are 30.1 msec,/item when there was a delay (Condit-
jon I), 42.2 msec./item when there was not. (In view of the depart-
ure from lineérity of the set-size function, the regression coeffic-~
ient mpust be regarded as nc more then a useful descriptive statistic.)
Uzfortunately, although the slope difference is quite large compared
to socme reported in the 1itera£ure, the interaction between Conditions
and Set.size fails to reach siganificance (F (3,21) = 1.88). This is

due to a large interaction of this interaction with subjects (p=<0.001,
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F (21,128) = 3.43)., 1In Figs. 7.52, b the Conditions x Set-size inter-
action is shown separately for individual subjects. It may be se2n
that while the data from five subjects show the interaction quite
clearly, the data from subjects 2, 3 and 8 do not. The'same may be
seen in TABLE 7.2, in which regression slopes computed for individ-

ual subjects' data are shown.

3) Response type. Positive RTs were faster than negative RTs
by an average of 67 msec. (p<0.001, F(1,7) = 74.L)., There is an
interaction letween Response Type and Set-size (p<0.05, F (3,21)
= 3.82) due presumably to the ron-linear trend in the positive RT
set-size function already mentioned. As may be seen from TABLE 7.2,
the negative/positive slope ratio Tor individvals ranges from 0.35
to 1.5 though the two functions are effectively parallel in thé
group data. Response type also interacts with Conditions (p<«<0.05,

F (1,7) = 7.2) as may be seen in Fig. 7.7.

No other effects approach . sigrificance in the above analysis.
In order tc zssess the effects of the recency of the negative prote,
the correct negative RT data were submitted to a four-way analysis
of variance: Conditions (I,N) x Set size x Recency ('novel' versus
'recent') x Subjects (random). Each of the two observations per cell

was based on 12 trials.

L) The effects of reccncy of the negative probe. The results
of the analysis are very clear. There are highly significant effects
of Recency (p<0.001, F (1,7) - 32.4), Set-size (»p=<0.0C1, F (3,27)
= 33.1) and their interaction (p=<0.001, F (3,21) = 16.7). No other

effects approach significance. The interaction is showm in Fig.7.h.
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Recent probes were rejected more slowly and less accurately than

novel probes, and the difference increased monctonically with set size.

Positive RT data were submitted, separately for each set-size
(m=2, 3and 4) to three-way analyses of variance: Conditions (I,
N) x Serial Position x Subjects (random). The data, togethcr with

negative RT data, are summarised in Fig. 7.6.

5) The effects of serial position. For each set size, there is
a significant effect of serial position (for.m =2, p<0.025, F (1,7)
- 8.98; for m = 3, p=<0.001, F(2,14) = 16.1; for m=k,p<0.001,F(3,21)=
12.1). The attempt to eliminate a primascy effect by the use of an
irrelevant prefix seems to have been successful, save for m = 3, con-
dition N, where RT was slightly faster when the first item was\pxobed
than when the second was probed. In general, the serial position
data exhibit monctonic recency, accelerating with serial position.
Only one subject <83) deviated from this pattern. Her serial posit-
jon data are shown in Fig. 7.8. Her data show general increasesin
RT with serial position. However, her error rate was unusually high
and included a lot of fast anticipations. She was, moreover,one of
the subjects who failed to show a Conditions x Set size interaction.
It may be seen that the distribution of her errors with respect to
serial position was markedly different in the two delay conditions.

§

I have no idea what she was doing.

6) The interaction of serial position and conditions. In all
cases the slope of the serial position function was greater for Con-
dition N than for Condition I, as predicted by the trace strength

inspection theory. However, only in the case of m = 2 is the Serial
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position x Conditions interaction significant (for m = 2, p<0.001,
F (1,7) = 19.2; for m = 3y nes., F (2,14) = 2.3; for m = &, n.s., F

(3,21) = 2.23).

7) RT variance and set size. Since the models outlined in Sec-
tion 35.11 make differential predictions about the relationship bet-
ween RT variance and set-size (see Section 3.1£é) RT variance was com-
puted, separately for each set-size, response type (separately for
the two kinds of negative probe) and subject. The mean variances are
depicted in Fig. 7.7. The variance of positive RTs shows a monotonic
but not very linear increase with set-size. The behaviour of negat-
ive RT variance appears to depend on whether the probe was novel or
recent. If the probe was novel, the data show no overall increase in
variance with increasing set-size. On the other hand, if the\probe

.was recent, negative RT variance may be seen to increase with set-size
at a rate considerably in excess of that for positive RT variance.
However, it shouid be mentioned that individual data were highly var-

iable, and I did not think a statistical test worth doing.

8) Relationship between slope ratio and errors. It was sugges-
ted in Section 3.131 that, according té Model III, if the siores of
the positive and negative set size functions were parallel (as they
are here) thén all other things being equal, false negatives should
increase faster with set size than false positives. But Fig. 7.3
shows that the opposite is the case. However it may be seen from
Fig. 7.4 that this is due only to the increase in false positive
frequency when the probe is recent; when the probe is novel, the
rate of increase is slightly smaller for false positives than for

false negatives. All other things are therefore not equal, as the
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interaction between recency and sct-size has already suggested.

9) Relationship between negative and slowest positive responses.

In Section 3.124(ii) it was pointed out that, acéording to ModellV,
the 'defavlt' model, the longest mean positive RT in the serial
position curve should be shortcr than the mean negative RT (however
novel the probe). Ideally, to test this, response allocation and
handedness should be carefully balanced, which was not the case in
this experiment. However, it may be noted that although 7 of the 8
subjects‘were right-handed, and all responded positively with their
right hand, mean negative RT for novel probes was still as fast or

faster thun the longest positive RT whenm = 2, 3 and 4. (See Fig.

7.6.)

7«13, Discussion.

1) Recency of the negative probe. The clearest findings from
Exp. VI were:

a) subjects rejected a 'recent' negative probe more slowly and
less accurately than a 'novel' one. |

b) this effect interacted strongly with set~size such that the
difference between the two classes of probe increased with set-size.

I have argued that any medel postulating that only the items
of the memory set are scanned can account for the first of these resul-
ts only by the ad hoc assumption that a recent negative probe was
encoded more slowly than a novel one. But there should then be no
interaction with set-cize. Might this interaction be accounted for
in terms of an effect on encoding of time-baced rather than item-

based recency? For it may be seen from the table in Section 7.11
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that a 'recent' negative probe was on average more recent in terms
of time the larger the set size. However, this was also true of

] ] Q . N N
novel' probes, and in fact the average difference in time of occurr-

ence between the two classes of probe actually decreascd with set -

size. A scanning model could therefore be accomodated to the inter-
action found only by an assumption of the general form: there was a
tendency to encode a negative item more slowly the more recently (in
terms of time) it had occurred, provided that it had occurred no more
than about 11 secs. ago. I find this implausible, particularly since
a difference in recency between 11 sec. and 8 sec. would have had to
generate an average encoding time difference of 60 msec..

Another possible amendment to a scanning model which would en-
gble it to account for (a) is the addition of a 'displacement axiom'.
That is, it might be assumed that ihe subject does not start each
trial with & clear 'active memory', but that items on the present
trial merely displace earlier items; so that there may linger in

)

'active memory' items from previous trials; if one of these items is
presented as a probe, the difficulty of sorting out the present
memory set items from past items may lead to a longer RT or an error.
However, aside from the complications this axiom would introduce
into the standard predictions of the séanning models, it also pre-
dicts an interaction of recency and set-size in ihe wrong direction.
For, the smaller the set-size, the fewer items from previous trials
should be displaced from 'active memory', so that the effect of
recency of the negative probe should decrease with set-size, which'
is the opposite of what in fact occurred.

It should also be noted that were one to postulate a short-
term version of Theios' (1972) model for the constant-set recogni-

tion paradigm (Section 2.232), according to which a self-terminating

scan of both positive and negative items is performed in an order
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dectermined by their recency, an analagous objection to the last
would apply with respect to the direction predicted for ihe inter-
action; moreover, according to such a model, recent negative probes
should have been rejected faster than novel probés.

The trace-strength default model (Model IV) is also counter—
indicated by finding (a) since no effect of negative probe recency
on RT is predicted.

It seems, then, that this result, which confirms and extends
those of Zechmeister (1971) and Darley & Arabie(1972) critically
favours~Model I1I, the trace-strength inspection model, or a mixed
model (Model V). How is the interaction to be accounted for? There
are at lcast two non-exclusive possibilities.

(i) Tt is possible that time since presentation as well as

number of intervening items is important as a determinant of amount
of decay (c¢f. Wickelgren, 1970b). Given that decay may be assumed
to bc non-linear and to a floor, it may be that the difference in
strength produced by the dependence of time-based recency on set-
size in this experiment (see table, Section 7.11) applied only to
'recent' negative provbes. Not only does this assumption account
for the interaction (b), but it may also explain the greater inc-
rease in false positive responses relative to false negatives with
increasing set-size for recent probes - see Section 7.12 (9). For,
the larger the set-size, the nearer to the criterion the strength
distribution of recent negative items would be, relative to thet of
novel negative items; hence, more errors would be made.

(ii) The effects of recency on negative RT depend critically
on the nature of the decision function. If differences in strength
near the criterion have & greater effect on decision time then equ-
ivalent differences far from the criterion then the effect of a

given manipulation of recency must depend on set-size in the marner
y p
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feund, since the greater the sct-size the lower the subject should
set his criterion (see Fig. 3.1). The effect upon RT of a lower cri-
terion should be greater for ‘'recent' negative probes than for 'novel'
negative probes, which is what was found. This interpretation of
interaction (b) jis supported by the finding cof a marked increase in
RT variance with set-size for recent but not for novel negative probes
- see Section 7.12 -(7). As set-size is increased and the criterion
lowered, the trace strengths of recent negative items will move into
that section of the decision function where small differences in
strength produce large differences in decision time: an increase in

the variability of decision time and hence RT is an inevitable con-

sequence.

2) Recency of the memory set. The attempt to manipulate the
recency of the memory sct items with a filled probe delay must be
accounted only a partial success. As predicted by Model III, the

group data exhibit a reduction in slope in both the sct-size and all

three serial vosition functions following a filled delay of aboul 1
sec.. However, three out of the eight subjects failed to show tne
effect, which therefore does not reach significance (save in the
case of the Serial Position x Conditions interaction, when m = 2).
Vhether this failure is due to a genuine strategy difference, oOr
merely to the fact that the effect is small in comparison to the
normal range of rardom variability is difficult to determine. Only
Sj.exhibited a markédly deviant pattern of performance in other res-
pects - see Section 7.12 (5) ani Fig. 7.8. Her error rate data
might be interpreted as suggesting that she was attempting in some

way to compensate for the effects of the filled delay. The only

characteristic common to all three subjerts that sets them apart from
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the other five is that they were the three most experienced in RT
experiments. Sz and Sg also had particularly fast vowel-naming RTe.

3) Serial position effects, The primacy effect commonly shown
by the first item of the memory set did indeed seem to be largely
abolished by the use of an irrelevant prefix having some rhysical
features in common with items of the memory set. It is therefore
probable that the primacy effect is, as suggested, an acquisition
effect. The general form of the serial position curves is otherwise
in accord with those obtained in Exps. II and V, exhibiting the mono-
tonic and accelerating recency effect predicted by the trace strength
models. Moreover, the fact that the sShape of the curve was not
changed by a delay of 550 msec. filled with visually similar material
interposed between inemory set and probe would seem to rule out an
attempt to accomodate an exhaustive scanning model to the recency
effects by supposing a special strategy of sensory matching for the
last item (see Section 3.124). That the slope of the curve was
redused may however be interpreted as a reduction in rate of decay

due partly to the partial loss of the 'sensory compcnent' of trace

strength (Section 3.13%1).

t) Other aspects of the data. Cohsidering only 'novel' neg-
ative probes, negative RT variance did not appea> to increase with
set-size as positive RT variance did, and false positives increased
more slowly than faise negatives. Both these findings are predicted
by the trace strength inspection model (and by Model V). 3Both stote-
ments cease to apply when the negative probe was recent. This.has
already been argued to relate to the interaction between set-~size

and the effects of recencv.
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Summaqx.

In Exp. VI, lists of from one to four consonants, chosen from
an ensemble of 16, were presented visually and sequentially at a
rate of 2 items/sec.. Bach list was preceded by a visually similar
but irrelevani vowel. Lists were followed by a recognition probe
which was presented either immediately or after a delay determined
by the time takenvby the subject to name a visually-presented vowel
(about % sec.). The recency oi negative probes was systematically
manipula{ed. The main findings were:
- A 'recent' negative probe was rejected significantly more slowly
and less accurately than a 'novel' negative probe.
- This e¢ffect increased significantly with set-size.
- The slopes of the group set~-size function and the serial position
functions were all reduced by éhe interpolation of a filled delay
between list and probe. This effect did not however reach signif-
icance since it was not shown by three of the cight subjects.
~ Pure monotonic accelerating recency functions were exhibited by
the serial position data (save for a small primacy effect in the
delay condition (I) when m = 3).
-~ A significant departure from linearify was found in the positive
RT set-size function.
- Positive RT variance increased non-linearly with set size . Neg-
ative RT variance ghowed no overall increase with set size for

'novei' probes but a marked increase for 'recent' probes.

These findings were held to be compatible only with the trace
strength inspection model (Model III, Section 3.11) or a mixed

model (Model V, Section 3.11). These two models are indistinguishable

in terms of present evidence, but tue former is to be preferred on
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Immediate recognition and semantic class.

From the dynamics of the 'item-traces' mediating item recog-
nition we turr in this chapter to the question of their format. This
issue was reviewed in Section 3.13, and various alternative possibil-
ities were there outlined. It was pointed out that a representation
having the properties of a 'logogen' was particularly compatible with
a trace strength hypothesis, while 2 scanning model imposed less of
a theoretical constraint in this respect. The evidence reviewed led
me to cdnclude that the logogen model acccunted most fully for the
evidence available in the literature, provided that it included the
postulate of a 'sensory component' of trace strength (Section 3.131).
This was held to facilitate IRn of probes presented either in the
same physical form as in the memory set, or, for one or two items
enly, in the form expected by the subject - the latter facilitation
reculting from a restricted capacity for the efferent generation of
sensory tracese.

The evidence obtained in experiments reported in previous chap-
ters was also entirely compatible with the logogen model. Exp. I1
showed that suﬁjects were able to perform the IRn task without adverse
effects frem within-list acoustic similarity. Experiments IV and V
showed no facilitatory effects on IRn of a cue specifying the relev-
ant position(s) in_the memory set sequence. Both results were to be
expected if logogens are content-addressable and amodal or-conceptual
representations. A logogen is, by virtue of its connections (yia
what Morton, 1970, calls the 'cognitive system') to other logogens,

a semantic representation. Hence, wbile similarity of physical for-
‘at should not affect IRn, semantic similarity may. In Section 3.132

(ii) I reviewed some studies on the effects of the semantic related-
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ness of members of the memory set which were readily interpretable
in thesc terms.

T . .
it was also remarked that experiments need to be

done on whether there are interfering effects of semantic similarity.

However, we consider here a somewhat separate issue. While specif-
ication of Cthe spatio-temporal coordinates of the relevant portion
of the memory set is not expected to facilitate access or decision,
specification of the semantic features could in appropriate circum-
stances have such an effect. To put it another way, we have seen
that it does not help the subject to tell him where and when the rel-
evant subset of the memory set was presented; we now ask whether it
helps to tell him which subset is relevant, in terhs of its semantic

classe.

The two experimentshreported in this chapter must be regarded
as exploratory, and some account of their historical context will be
helpful. Together with Exp. IV they were conducted as part of a
series of experiments in which I zitempted tc test the hypothesis
that IRn involved a search process. The rationale common to the
experiments was: if the subject is obliged to search active memory
to determine whether an item is present in the memory set, and if
the memory set ic divided intc two or more subsets, then cpecifying
which subset is relevant to the decision could facilitate performance
by abbreviating the necessary search; in particular, even when list
length is constant,iwe would expect RT to depend on the size of the
subset in the same way that for homogenous lists it depends on the
size of the set. Of course, failure to find an effect of 'specifying
the subset' in a single experiment woﬁld not disprove the search nyp-
othesis. For the subset may have been specified in terms of an in-

ropriate attribute, or the attribute may have been cued in a
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manner which allowed the subject inadequate time to process and act
upon the cue. Such considerations sﬁggeéted the experimental strat-
egy of trying a variety of means of cueing the subsets, and a variety

of attributes for distinguishing them, and moving on to others if

negative rcsults were obtained. In the first experiment, here rep-

orted as Exp. VII, memory sets of a constant size contained ietters
and digits in various proportions. The probe was also either a letter
or a digit. After four subjects had been run, there was no sign of
an interaction of probe class and list composition suggestive of an
increase in KT with subsei-size. The experiment was therefore term-
jnated and a similar experiment, reportéd here as Exp. VIII was
designed with changes intended to increase the availabiliiy of a
‘directed search' strategy. The changes appesred to be crucial: as
will be shown, RT increased withk the size of the subset. At the
time this appeared to constitute confirmation of the hypothesis that
the subject not only searched but could perform a 'directed search'
in IRn. BHowever, if I may anticipate the discussion, the mounting
evidence against scanning models for IRn has 1lately obliged me to

reconsider this conclusion.
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8.1. EXPERIMENT VIT. Specifying the semantic subset: Mk I.

Five-item lists composed of from 0-5 digits, the remaining
items being letters, were presented visually in a fixed display loc-
ation at a rate of 600 msec. per item. Afier a delay of 700 msec.

2 prote item which was, unpredictably, a letter or a digit, was
presented for recognition. Subjects pressed one key if the probe
was in the list, another if it was not. The question of interest is
whether RT depends on the size of the subset of memory set items of

the seme class as the probe item.

8.11. Method,

Four subjects each served for four sessions; data from the first
sessionwere discarded. ;n each session there were two blocks of 120
trizls.. Each block lasted about 20 minutes. OSubjects were encour-
aged to have a short break half-way through a block and were given

a five-minute rest between blocks.

Design. All six possible list compositions were used. There
were four 'mixed' list types, containing both digits (D) and letters
(L): 1D/4L, 2p/ZL, 3D/2L, 4D/1L, and two 'pure' list types: OD/SL,
5D/OL, In any block the correct response was positive on half the
trials, negative on the rest. The 60 positive trials in a block
included one éxamplg of each of the possible combinations of mixed
list type, probe type and serizl position probed, and two of each
of the combinations of pure list type and serial position probéd.
The 60 negative trials included five examples of each of the poss-
ible combinations of list type‘and probe type. New blocks were

generated for each session. The memory set items for each trial
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were chosen randomly (without replacement) from the digits 1-9 and
the letters A-J {excluding I). The positions occupied by letters

and digits other than the probed item was also entirely random.

A trial: There was no background display. A trial was initiated
by the appearance for 600 msec., at a location just to the left of
the centre of the screen; of a warning arrow. 100 msec. after its
offset, and at a locus just to its right, there followed the five
items of the memory set, one after the other at the same location;
they weré each displayed for 500 msec., separated by a 100 msec. gap.
100 msec. after the offset of the last item, and to its right, a
second warning arrow was displayed for 500 msec., followed after a
delay of 100 msec. by the probe item, again to the right. The
right index finger was used for a ypositive response, the left for
a negative response. The response terminated the probe display, no
fecdback was given and another trizal followed after 3 sec.. Feed-

back on errors and mean RT was given at the end of a block.

Instructions: Subjects were asked to respond as fast as possible

while avoiding errors. No instructions were given concerning rehearsal.

8.12. Results.

Falée negative responses were made on 6.5% of positive trials,
false positives on 4.0% of negative trials. Correct RTs wére separ-
ately pooled over blocks 1-3 and blocks k-6 to check for practice
effects. Since there appeared to be none,‘the data from all sessions
are summarised in Fig. 8.1, in which mean RT and error rate for each
combination of list type, probe type and response is shown. Data

from ‘pure' and 'mixed' lists were subjected to separate analyses.
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The correct RT data from the 'mixed' conditions were submitted
to a ﬁive-way analysis of variance (mired model): List tyrpe X Probe
type x Response x Practice x Subjects (random). The single observ-
ation in each cell was based on 15 trials. Two effects reach signif~
icance. There is a main effect of Response (p=0.01, F {1,3) = 54.0);
positive responses were on average 58 msec. faster than negative res-
ponses. There is also an interaction between Response and Probe
Type (p<0.025, F (1,3) = 23.5): as may be seen from Fig. 8.1, the
difference between nositive and negative RT was greater when the probe

was a letter.

1) There is little sign of an interaction between List type and
Probe type (F (3,9) = 2.7) to suggest that RT increased with the size
of the relevant subset. The absence of such an effect may be seen
more clearly in Fig. 8.2, in which RT and errors are plotted against
the size of the subset probed, without respect to its class. If the
subject were searching only the relevant subset, we would expect RT
to increase monotonically from s = 1 to s = 4., (Note, however, that

there is some sign that errors increased in this fashion.)

2) Tre only other effect to approach significance in this anal-
ysis is the main effect of List type (F (3,9) = 3.6). Fig. 8.1 sugs-
ests that this is the result of two tendencies. Overall,RT increased
slightly as the number of letters in the memory set increaéed. In

addition, RT increased the less homogenous the list was.

%)The negative RT data from the 'pure' lists also suggest that
the subjects made little use of the semantic class of the probe.
These data were subjected to a four-way analysis of variance: List

type x Probe type X Fractice x Subjects (random). If subjects were
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usirg the semantic class of the probe to reject probes of the opp-
osite class, we should expest an interaction between List type and
Probe type. But there is no such interaction (F (1,3) = 1.2) and
the only effect to reach significance is that of Probe type (p=0.05,

F (1,3) = 10.3), letters being rejected slower than digits.

L) Serial position data from the positive trials are shown in
Fig. 8.3. Positive RT data from the mixed lists were submitted to a
five-way analysis of variance: Serial poesition probed x List type x
Prodbe t&pe x Practice x Subjects (random). Serial position is the
only effect to reach significance (p<0.001, F (4,12) = 9.98). A
clear monotonic recency effect is obtained. That positive RT is
shorter for pure than for mixed lists is probably due to no more than

their greater homogeneity, as indicated above.

8.12. Discussion.

The RT data provide no grounds for supposing that subjects were
making use of the semantic class of the probe to restrict a search
process to only those memory set items sharing that class. Only the
error data show a hint of such an effeqt, in that false negatives inc-
reased somewhat with subset-size. Even on\those pure list tiriais
when the probe could be rejected on the basis of semantic ciass alone,
there was little evidence that it was.

What is responsible for the negative result? Perhapé it takes
so0 long to extract the semantic class of the pfobe that it would be
highly inefficient to wait until it is available to indicate the sub-
set to be searched. On the other hand, available evidence suggests
‘that classification of a character as a letter or digit is fast and

may take place prior to its identification: for instance, Brand (1971)

who, as it happens, in one of her experiments used the same apparatus
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and display characters as me, found in a visual search task that even
relatively unpracticed subjests tock no longer to fing'a target spec-
ified as 'any digit' than they did to find a particular digit. Nev-
ertheless, it was decided to indicate the semantic class of the probe
in the nex! experiment by means of an extra cue - display location.
Another possibility is that a directed search strategy requires the
subject to have 'tagged' the memory set by semantic class at input,
and that the presentation rate used was too fast to permit this.
Accordingly, in Exp. VIII, a slower presentation rate was employed.
In addition trials of a particular composition were blocked so that

subjects would know in advance.the structure of the list.

There is one difficulty. Subsequent to the experiments reported
in»this chapter, Kaminsky & Derosa’(1972) published details of ar
experiment which, though similar in crucizl respects to the present
one, gave a different result. They used six-item lists, presented
at a brisk rate, containing two, three or four digits, the remaining
items being letters. They also included a base-line condition: pure
lists consisting of 2-6 letters or digits, probed only with itzms of
the same class. Trial types occurred in a random sequence. The
main differences from the present experiment were a) the probe delay
was about 3 sec. and b) a condition was included in which the subject
was warned of the probe cless 2 sec. before the probe onset. When
the subject was warned of the probe class, there was a stréightforward
increase in RT with subset-size, equal in slope to the set-size func-
tion obtained from the base-line condition; But this is unsurprising
according to almost any hypothesis: if the subject knew the class of
the prote 2 sec. before the probe, he was able to rehearse only the

items of the relevant subset. Our problem is that even when the

1in a background of letters.
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subject was not warned of the probe class, there was still an inc-
rease in PT with subset-sizz, which is contrary to the present results.
However, the increase in RT was markedly non-linear and much smaller
in slope than that found in the base-line condition. Most important,
less than half the subjects showed the eifect (and the slope of the
subsel-~size function for one of them was so great - 100 msec./item -~
as to suggest a search of the response buffer0.0 Nevertheless, given
the nature of the hypothesis,; the fact that even some of the subjects
showed an effect poses a problem. However, given the long probe
delay, there exists an alternative explanation. Suppose that on
those trials when no warning was given,'the subjects continued to
rehearse semantic classes - selectively. If, on average, they pave
as much rehearsal time to each subset ,then the items of smaller sub-
sets would on average be more recent at test than those of larger
svbsets. Hence on a trace strength hypothesis, RT would show some
increase, though probably not very much, with subset size. One
other feature of Kaminsky & Derosa's data argues against a ‘directed
search' hypothesis. When the subsets were grouped - i.e. items of
the same class were adjacent, RT was longer than when they were ran-
dom. Yet grouping would be expected to provide an ervtra dimension

of organisation facilitating a directed search.

There are three other features of the data from Exp-. VII that
merit brief mention. Firstly, though rehearsal was not exﬁlicitly
forbiddein, the serial position data show the by now familiar mqnotonic
recency effect. This is further evidence against a search strategy
(see Section %,124) and implies that subjects were either not rehear-
sing at all (given the reasonably fast presentation rate and short

1

probe delay) or, as one subject claimed, rehearsing the whole list
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just once during the 700 msec. probe delay. Secondly, there was
evidence that performance on letters wes inferior to that on digits;
this ties in with the fact that memory span for digits is greater
than that for letters, and that the slope of the set-size function
in IRn is greater for letters than for digite (Cavanagh, 1972). The
latter, according to trace strength theory, implies a greater decay
rate for letters' item-traces. Thirdly, performance deteriorated
with increasing heterogeneity of the memory list. This almost cert-
ainly rclates to Broadbent & Gregory's (1964) finding that with pres-
entatioh rates of the present order, recall of lists in which letters
and digits alternatedwas worse-than recall of lists in which the
classes were grouped. It may be either an acquisition effect, or
relate to a generalisation of trace strength between semantically

similar items (see Section 3.132 - iii).
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8.2. EXPERIMENT VIII: Specifying the semantic subset: Mk II.

This oxperiment differed from Exp. VII for reasons already men-
tioned, in the following respects:

1) Digits aud letlters were always presented in different spatial
locations, so that display location was available as a cue for sem-
antic class.

2) Presentation rate was reduced to 1 item/sec..

2) The different list types were presented in separate blocks.
In addifion, the following changes were made:

L) Four-item lists were used.

5) Probe delay was varied randomly between three values and a
visual noise mask was presented during it.

6) Subjects were instructed not to rehearse.

8.21. Method.

hour-long sessions. The

Q

Five subjects each served for thre
first was a practice session and data from itwere discarded. In eacu
session, a subject was given five blocks each of 60 trials. A short

rest was allowed between blocks.

Design. Each subject underwent each list type condition, of
which there were five, in every session. The order of conditions in
the practice session was fixed at 4p/0L, OD/LL, 1D/3L, 3D/1L, and
2D/2L. The order for the first experimental session was determined
by a 5 x 5 Latin square and reversed in the second experimental sess-
~ion. Under each condition a block of 60 trials was given, of which
the first 12 were 'warm-up' trials, subsequently discarded. Of the
remaining 48, half were positive, half negative. Their composition

was as follows:
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'Mixed' lists, positive trials: there were three trials for each com-
bination of probe type (Dar 1) and serial position proved. Each of
the possible orders of non-probed items cccurred equally often. The
three values of probe delay used were allocated randomly to these
orders so inat overall they were balanced in this respeci as well as
over probe type and serial position.
'Mixed' lists, negative trials: each combination of probe type and
delay was tested four times; order of items was balanced over delays
as nearly as possible.
'Pure’ iists, positive trials: each combination of probe type and
probe delay was tested twice.
'Pure' lists, negative trials: each combination of probe type and
probe delay was probed four times.
On each trial, digits were sampled randomly (without replacement)

from the set 2-9 and letters from the set A-H.

Procedure. A trial consisted of the following sequence of cvents.
A backgrbund display, which consisted of a norizontal line and remained
visible throughout the trial,was displayed for 1 sec.. The feur
items of the memory set were each displayed for 750 msec.,-separated
by intervals of 250 msec.. Letters were always displayed above the
line, digits below. The two Gisplay locations were separated by
approx. 12° of visual angle, 250 msec. after the final item, a
rectangular field of dynamic visual noise was displayed for one of
three durations; 250, 500 or 750 msec.. The mask was centred on
the line and subtended about 12 horizontally and 11° vertically;
subjects weré told to fixate a blob at its centre. 250 msec. after
the mask, the probe item was presented. Subjects respended with

their right index finger for a positive response, the left for a
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negative response. The response terminated the display and an int-
erval ol 3 sec. followed before the next trial: No feedback was

given until the end of the block.

Thus, presentation rate was 1 sec./item and the probe delay was

equally oficn £, 1 or 14 sec..

Instructions. Subjects were asked to respond as fast as they
couid while avoiding errors. They were also instructed not to reh-
earse. (Some subjects in fact found this difficuit, given the long
probe deiay and slow presentation rate.) They were also told, "In
the pure list conditions, there will still be some prcbes of the opp-

osite class: to these you should be able to key 'no' very easily.

In the mixed list conditions, it is nct logically necessary, if you
are given, say, a letter probe, to refer to your memory for the dig-
its. You may find this helps you." These instructions are clearly

biassed towards a 'directed search' strategy.

$.22. Results.

The data were analysed in a similar fashion to those of Exp. VII
save that practice was not included as a variable. Also, any RT
more than three standard deviations from the mean of a (probe type
x list type x subject) cell was discarded: 1.3% of all RTs were rej-
ected in this way. False negative responses were made on 6.4% of

positive trials, false pesitives on 3.9% of negative trials.

The mean correct RT for each combination of list type, probe
type and response is shown in Fig. 8.4. The correct RT data from
the mixed conditions were submitted to a five-way analysis of var-

jance: List type x Probe type x Response x Delay x Subjects (random).
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Positive RTs were faster than negative RTs by 37mec. (p<0.05, ¥
(1,4) = 8.2). RT was shorter for a letter than for a digit probe,

but this effect fails to reach significance (F (1,4) = 5.3).

1) Of the remaining effects, none approaci significance save
the interaction ol interest, that betwcen Tist type and Probe type,
which is significant at the p<0.01 level (F (2,8) = 10.5). As
may be seen in Fig. 8.4, RT increascd as the size of the relevant
subset increased. Regression lines fitted to the data show that
the rate of ‘ncrease is 16 msec./item for digits, 27.8 msec./item
for letters. The nature of this effect is more clearly seen in Fig.
8.5, in which RT is plotted as a function of the size of the relevant

subset.

2) It also appears that subjects made use of semantic class (or
display location) to reject negative probes of the opposite class in
pure lists. A Ifour-way analysis of variance was perforued on the
correct negative RTs from pure lists: Probe type X List type x Delay
x Subjects (random). Aside from Probe type, letters being slower
then digits (p<0.05, F (1,4) = 10.9), only the interaction of Probe
type and List type reaches significance (p<0.01, F (1,4) = 49.6).
As may be seen in Figs. 8.4, .5 and 8.6, probes were rejected very

much faster when they differed in class from all the items of the

memory set.

3) To look at serial position effects, a four-way analysis of
variznce was performed on data from the mixed condition pesitive
trials: List type x Probe type x Serial position X Subjects (random).

Though a very slight recency effect is discernible, Serial Position
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does not reach significance (F (3,12) = 2.8). Also, in this analysis,
the Probe type x List type interaction fails to reach significance
(r (2,8) = 3.47). No other‘effects approach a significant level. A
four-way analysis was also performed on the pure list positive RTs:

List type x Serial position x Delay x Subjects (random). No effects

approach  significance.

Serial position dataare summarised in Fig. 8.6.

L) It may be ccen from Figs. 8.5 and 8.6 that positive Rls were

shorter when the lists were pure than when they were mixed.

The data clearly show that for mixed lists, RT increased system-
atically with the size of the subset whose members were of the same
class as the probe item. On ths face of it, this result favours the

hypothesis that subjects were able to pursue a 'directed search'

(]

strategy. Moreover, that the slopes of the positive and negative
subset—éize functions are parallel rust presumably on these grounds
be interpreted as indicating that the subset was searched exhaust-
ively. That positive RT was shorter for pure than for mixed lists,
“even though all four items shared the semantic class of the probe
must, on the 'directed search' hypothesis, be attributed to extra

time being reouired for the vrocess of classifying the probe and for

'selecting' a subset.

However, as I indicated ir the introduction to these experiments,
several factors have led me to re-evaluzte these conclusions. The
experiments reported in Cnapter 6 showed no sign that subjects were

able to perform a strategy of 'directed search' when the subset was
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defined in terms of ordinal position, when both temporal and spatial
cues were 8ivén. It would be strange if, in a store whichk must code
order, subjects could restrict a search to a subset defined by sem-
antic class, but not by temporal position. Moreover the evidence
reviewed in Section 3.1, and ry own data, from Exp. VI in particular,
have provided strong evidence for rejecting a scanning model for IRn.
We must therefore consider whether the present result may not after
all be interpreted in terms of a trace strength hypothesis. One
feature of the data which might lead one to suspect an interpret-
ation in terms of a directed search is the values derived for the
scanning rate. At 16 msec./%tem the value for digits indicates a
scanning rate twice that reported in all the studies reviewed by
Cavanagh (1972). The value of 27.8 msec./item for letters is also
faster than that obtained in nearly all the studies covered by
Cavanagh's review. Moreover, the individual data were somewhat var-
iable. Though all subjects showed a Probe type x List type inter-
action in the appropriate direction, its shape differed from subject
to subject. It will also be recalied that the interaction failed

to reach significance when positive RTs alone were analysed.

How can the data be interpreted in terms of trace strength
theory?

1) In this experiment, in contrast to the last, the different
list types were blqcked rather than presented in a random order.
Consider a Dblock in which the memory set on every trial contaius
one digit and three letters. The mean of the distribution of fhe
strengths of the negative digits on every trial will be lower than
that for letters, since fewer have occurred recently. The optimal

criterion placing will therefore be lower ¢n the strength continuum

for digits than for letters. IHence the interaction between list type
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and probe type may be explained by supposing that the subject is able
to use the cue to select the criterion appropriate to the class of
the probe. If he does in the present example the average difference
between the strength of the probe item and the criterion will be
greater (and the RT less) for both responses when the probe is a
aigit than when it is a letter. When the list contains three digits
and one letter, the inverse will hold. The obvious test of this ex-
planation would be to repeat the experiment with trials of different
list composition occurring randomly within a blocke.

2) The effect may be enhanced by a second factor. Subjects com-
plained that it was difficult not to rehearse, and admitted to doing
sc some of the time. This was berne out by two features of the data:
there were practically no effects of serial position, which is what
one would expect as a result of a combination of rehearsal an¢ var-

.izble probe delay (Section 3.7124); there was no effect of probe delay.
If subjects did rehearse, then the explanation offered carlier in
this chapter for the behaviour of some of the subjects of Kaminsky
& Derosa (1972) may apply here also., If subjects allocate on average
equal rehearsal time to each subset, then the strength of list itens
from the smaller class will on average be the higher at presentation
of the probe. This possibility could be avoided by stricter control
of rehearsal, under conditions of fast presentation and immediate
test.

3) One subject's comment suggests a third possibility. He
claimed that when the list contained a single item of onc class, hé
visualised that item, while 'saying the others to himself'. Thus a
'sensory compoaent' of trace sfrength, resulting from Posner-type
'generation' (Section 3.131) may have contributed to the shcerter RT

for single items. Of course, one would expect the use of a visual
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noise mask to restrict the effectiveness of any 'generation', but
the efficiency of the mask is unkncwn, and an interval of 250 msec.
elapsed between its offset and the probe, which might have allowed
enough time to generate a sensory trace. A generation strategy of
this sort could be prevented by giving an interpolated task, as in
Exp. VI.

Why should positive RT be shorter when the lists were pure? In
fact, if negative probes of the opposite class are not considered,
it is only positive RTs which were markedly shorter for pure than for
mixed lists. That false positives were particularly frequent for
pure lists implies that the:decision criterion was pitched somewhat
lower on the strength continuum. In addition,lthere may also be a

facilitative effect of homogeneity such as was observed in Exp. VII.

Lacking further data, and in the light of the several pcssible
(if baroque) interpretations of the data in terms of a trace strength
hypothesis, I am cbliged to conclude that the present experiments,
and that of Kaminsky & Derosa (1972) are not decisive with regard to
the question of when, how and why IRn RT is dependent on the size of
a subset defined by semantic class. 1 have suggested above ways of
changing the experiment so as to remove effects predicted by a trace
strength hypothesis without making a 'directed search' strategy im-
possible. The question must therefore wait upon the outcome of

further experiments. Perhaps more importantly, experiments are also

required to investigate whether there are interfering effects of

semantic similarity on item recognition.

One final point: is there justification for assuming that results

obtained with letiers and digits can be generalised to other semantic
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classes? Results obtained in dichotic memory experiments provide
some evidence that there is. Gray & Wedderburn (1960) showed that
subjects were as likely to report dichotically presented pairs of
words in an order determined by semantic constraints, even when this
involved alternating across ear of presentation, as they were to
report ear by ear. Broadbent & Gregory (1964) replicated this result
with unrelated words of the same class, and also for digits and
letters. The latter authors also showed that the deleterious effect
of alternating class, when presentation was monaural, applied no
less to bther word classes (like colour-words) than it did to digits

and letters.
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Summary.

In this chapter were revorted two exploratory expzriments on
the role of semantic class in IRn. In both experiments, mixed memrory
sets of digits and letters were presented and subjects were tested
with a prot= item that was unpredictably a digit or a lctter. The
question of interest was the nature of the dependence, if any, of RT
on the sizec of the subset of the same class as the probe. In the
first experiment, in which five-item lists were employed, RT did not
increase with the size of the subset probed, but nerely showed a
decreasc as the homogeneiiy of the memory set was increased. It was,
however, thought possible that,it might take too long to extract the
semantic class of the probe for it to be useful. In the second ex-
periment, in which four-item lists were used, an additional cue for
semantic class - display location - was provided. In addition, trials
with memory sets of a given composition were grouped in blocks and
presentation rate was reduced. This time, RT systematically increased

with the size of the relevant subset, Though there existed a prima

facie cascc for interpreting this result, and some data of Kaminsky

& Derosa (1972) in terms of a 'directed cearch' hypothesis, it was
argued that the data could also be interpreted in terms of trace-
'strength theory, provided that the subject is able to adjust his de- -
cision criterion on the basis of the semantic class indicated for the
probe. In addition, two ways were suggested in which the average |
strength at test of items of the smaller subset items might be enhan-
ced: differential rehearsal, and a 'sensory component'. Means were

suggested for controlling these possibilites in future experiments.
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CHAPTER IX. Concluding comments, speculation and plarns.

In view of the summaries provided in each chapter and in the
abstract, I do not propose t6 burden the reader with a further det-
ailed review of the experiments and their implications. In what
follows, bearing in mind that the value of a piece of research is
to be found as much in the questions it generates as in the answers
it yields, I have tried to look forwards and sideways as well as

backwardse.

9.1. Theory.

In the first part of this thesis, I had three aims, two general
and one specific. The first was to try and show that at least some
of the inconsistencies and dissonances which seem inevitable 1f one
tries to interpret the existing evidence on short-term verbal memory
in terms of a single post-categorical storage mechanisi may be re-
solved by the hypothesis of two retention mechanisms in post-categ-
orical active memory, the logogen system and the response buffer
proposed by Morton (1970) and amended in Section 1.4. Secondly, I
tried to show that the same resolution works both for evidence from
the short-term forgetting studies reviewed in Chapter 2 and for
results obtained with the memory-scanning paradigms covered in Chap-
ter 3, and suggest that this fact may supply the unifying link
between the two sources of evidence that common sense demands.‘ The
specific aim was to explore in detail the models available to account
for performance in Sternberg's‘item recognition paradigm and their
predictive power with rewvpect to evidence already available in the

literature. It proved extremely difficult to account for this
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evicence in terms of either pure scanning theory; nor was Model IV,
the trace-strength 'defaull’ model, strikingly sucressful. It was
however argued that the evidence was compatible with the trace stren-
gth inspection model and in Ch. 7 it also proved possible to inter-

pret my own data in these terms.

These several aims made it necessary to review a large number
of published studies. I am conscious that in A;ny cases the atten-
tion given to individual experiments was sﬁperficial. It seems an
inevitable consequence of an attempt at global synthesis that one
should ask the question, 'Dpes it fit?' mcre often than one asks
‘What are the possible explanations available to account for this
single finding?', I take some comfort from the thought that the arg-
ument is structured in part as a mosaic rather than a linear prosg-
ression. Should one or two tiles turn out to have been insecuvrely

glued, the picture as a whole need not be scrapped. There was also

a deliberate restriction of the discussion to behavioural evidence

There are a number of theoretical questions related to the view put
forward in this thesis of which brief mention should be made, though
their detailed exploration is beyond the scope of this thesis (and

the present competence of its author) .

1) The relationship of the model to theories of the production
and the perception of speech. The response buffer has been spoken
of as being clearly located on the output side of the syctem, as an
ordered buffer store of potential responses coded as a string of
phonemes or articulatory commands. Because the acoustic waveform
emitted by a speaker is largely continuous, there have teen doubts

cast on the idea that there are any discrete internal representations
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corresponding to phonemes. But in what do articulatory commands
then consist?l Is there in fact a need for a pre-execution buffered
store of such commands? Some models of speech production definitely
require such a store, others are indifferent. (See, e.g., MacNeilage
1970, for a review of some of these issues,)

As for speech perception, nothing has been said about.the mech-
znism whereby the appropriate logogens are activated by the speech
stream as it is transcribed by the receptors. Hasler (1973)1 has
afgued that there is a necessity for an ordered phonemic store prior
to word.identification. If this argument were to prove valid, would
it not be unparsimonious to propose Eﬂg;ordered phonemic stores, one
for perception,; one for response? Perhaps it would then be necessary
to think of the response buffer as a storage system that could altern-
ate tetween two modes, input and output. However, the fact that one
c¢an listen and talk simultaneously would pose problems for such an
account. Finally, it is interesting that it is possible to shadow
{slowly) 'gobledegouok' or a foreign language with phonemes similar
to those of ¥nglish. Does this imply that there is a direct output

from phonemic (or other) 'sub-logogens' to the response buffer?

2) Comprehension. I attempted in Section 2.31 to arguc that the
conventional estimutes of the capacity of 'primary memory' were in
fact estimates (though in some cases probably under-estimates) of
the capacity of the response buffer; and that recently-activated
logogenc might remain available as a source of linguistic information
long after such estimates of capacity would suggest if they were
taken to apply to sctive memory as a whole, provided that the app-
ropriate semantic cues were available for access to logogens. Sec-

cndly, the postulate that output from logogens to the response buffer

1in an unpublished undergraduate research project entitled 'Phonemes
and Space', Oxford University, 1973.
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ie not automatic allows the possibility that in the perception of
continuous prose, function words might well not be entered into the
response buffer, thus increasing its effective capacity. Thirdly,
the idez that since inactive memory is content-addressable, items in
any component of active memory may serve as 'addresses' to regions
of inactive memory, provides a further means by which the reader or
hearer may retain contact with recent context. Howcver, a ratherv

more profound analysis of the active memory requirements of compre=-

hension is obviously needed.

3) Attention. That tﬁere_may be selection of logogen outputs

for entry to the response buffer does not imply that there are no
attentional limitations prior to logogens in the pattern-recognition
system (cf. Treisman, 1969). Nevertheless, I suggested that in
Sperling's task (Section 2.34) activation by the display elements

of the appropriate logogens might occur effectively in parallel, and
that the major limit on performance was the rate at which represent-
ations could be established in the response buffer, the latter being
necessary for the recall of items. It is possible that a similar
explanation might be applied in the case of dichotic memory; this
might explain the partial dependence of the advantage of ear-by-ear
report on whether order errors are scored (see Broadbent, 1971, p.161)
though interpretation is complicated by the relatively long durat-
ion of PAS. If I am right in thinking that immediate recognition
is mediated by traée strength at logogens, then an obvious experim-
ental approach to these problems is to use a recognition paradigm
and measure RT. This should escape the 'read-out' bottleneck and

lay bare any pre-logogen Limitations on divided attention.
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4) Non-verbal immediate memory. The work reported in this thesis
has been restricted to immediate memory for verbal items. In Section
3.132(v) it was considered problematic that reasonably typical results
were obtained in the Sternberg immediate recognition paradigm even
when initially unfamiliar visual figures were used as stimuli. More-
over, evidence has recently been presented (Kroll et al., 1970; Phi-
1lips & Baddeley, 1971) which implies the suvrvival in appropriate
conditions of short-term visual representations for much longer per-
iods of time than have hitherto been thought possible {save in the
case ofyindividuals capable of eidetic imagery). At present, it is
not possible to say whether such results may be interpreted in terms
of precategorical visual storage, maintained perhaps by a capacity
for rehearsal or central regeneration of sensory traces of the sort
mentioned briefly in Section 3.131, or whether a more radical thuor-
etical solution is required. If there is a non-sensory short-term
visual store, it is hard to see why therc should be so little evi-
dence for its use in ordinary short-term memory tasks, even when the
availability of verbal coding is restricted (by, for instance, supp-

ressing compatible articulation -~ Levy, 1971 - see Section 2.35).

5) Neuropsychology. It is only very recently that brain-damaged
‘patients have been found whose consequent behaviousal disorders may
be identified as specific to short-term as opposed to long-term
memory tasks. Warrington and associates (Warrington & Shallice, 1969
1972; Warrington & Weiskrantz, 1973) have studied one such patient,
KF, in some detail. KF is particularly interesting, in that his
existence may prove difficult to account for in terms of our model.

55 it stands. KT has considerable difficulty in repeating what he

has just heard, aud shows signs of a mild nominal dysphasia. With
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auditory presentation, his digit span is very small, and on the
Brown-Feterson distractor task, his performance is poor and the nor-
mal rapid decay component virtually absent. However, his performance
on long-term memory tasks is comparable to that -of normal subjects.

In Section 1.11 this evidence was mentioned in support of the active/
inactive memory distinction and as implying that representation is

at least some component of active memory was not a prerequisite of
entry into inactive memory. So far, so good. What may present some
difficulty for us is that KF's performance on short-term memory tasks
is not ﬁearly so severely impaired when presentation is visual. Warr-
ington & Shallice (1972) argue that. this implies the existence of a
post-iconic visually-ccded short-term store for verbal material. In
terms of ocur model, if the damage is at or subseguent to the logogens,
there should be no modality difference. But if the damage is prior
to the logogens, i.e. in the auditory analysis -3 logogens pathway,

we would expect difficulties in identifying Spoken words. Yet XF is,
according to Warrington & Shallice (1969) ablie to identifyv single
spoken words and detect target words in a sequence when presentation
is auditory and fairly fast. One possibility that rerits furtner
investigation is whether perhaps the order in which speech elements
(at the distinctive feature level) become available to the logogens
may be garbled as a result of the damage. This might not greatly
impair KF's ability to identify single short words, detect short words
in a string or identify words in a slow sequence as in the long-term
memory tasks, but would hinder the identilication either of short
words in a fast sequence or of longer words. It would certainly be
interesting to know whether KF's performance on the Sternberg IRn
tosk is normal with auditory presentation of several items. If it

were, in terms of our model this would certainly rule out damage up
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to or including the logogens. The deficit suffered by KF that is
common to both modalities of presentation is more readily interprei-
able in terms of our model. Warrington & Shallice (1969) showed that
there was no motor speech defect. But it remains possible that the
capacity of KF's response buffer is severely reduced or that his
capacity for sub-vocal rehearsal is disrupted by damage to the resp-
onse buffer -» logogens pathway.

Clearly KF and other similar patients merit further study, and
the prodblem of the modality difference emphasises the importance of
determiﬁing the nature of short-term visual retention, as mentioned

under (L).
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9.2. Exveriments.

The evidence presented in the four experimental chapters conver-
ges upon the model described in Section 1.h.along three avenues.
Firstly, we have seen that two experimental factors, within-list
acoustic similarity and the provision Af a position cue with the probe
had clearly contrasling effects on tasks requiring reference to
stored order information (contextual recall and probed location) and
tasks which do not {item recognition), even though care was tzken to
match experimental parameters across tasks (Exps. I- V). Secondly
the nature of the effects on the former group of tasks favoured the
hypothesis that the order/position of items is consulted primarily
via their representation in a non-associative temporally-ordered
store, whose contents are a sequence of phonemically-coded items.
Thirdly, while the absence of effects of acoustic similarity and a
position cue on IRn told us relatively little gbout the representa-
tions mediating that task, Exp. VI provided more positive evidence.
It was shown that manipulations of the recency of negative probes
and of the items of the memory set influenced IRn RT in a manner
compatible with the hypothesis that IRn is mediated primarily by
»inspection of the (decaying) trace-strength at a representation to
which the probe provides direct access (Model IIT, Section 3.11).
Moreover, the results appear incompatible with an exhaustive or
self-terminating scanning model, and with a version of the trace-
strength hypothesis which assumes that negative decisions are made
by default. Only Exp. VIII yielded any difficulties for our mbdel,
in that the results seemed to suggest that in IRn, a directed search
strategy might be possible; but it was argued that the resulis could

also be interpreted in terms of the trace strength inspection model.
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Ways of modifying this experiment to make it more decisive were
suggested in Ch.8. Alsc the manipulation of the recency of the mex-
ory set in Exp. VI did not produce & statistically significant effect,
though ite direction was that predicted by the trace-strength inspec-
tion model, and weans were suggested in Ch.7 whereby a more marked
and reliable effect might be obtained.

The research strategy suggested by the logogens/response buffer
distinction as applied to active memory seems therefore to have
yielded dividends. It has proved possible to tease apart the two .
forms of representation by measuring reaction times in tasks which
test merory for a recent sﬁort.sequence of verbal items by probing
different attributes of ihe sequence. But this is only a beginning.
There is nc shortage of experiments waiting to be done. The most
crucial need at present is for experiments comparing the effect on
IRn and CR (and the other tasks) of experimental factors which do

influence item recognition. So far, direct comparisons of IRn and

by

CR have shown systematic effects of particular variables on CR, none
on IRn; a demonstration of a dissociation in the opposite direction
is therefore needed. Among the factors which may serve this purpose
are the following:

1) Semantic Similarity. Logogens aré (by virtue of their ass-
ociative links to other logogens) semantic reprecentations, and there
should be a 'generalisation' of trace strength between semantically
related logogens. ‘It should, in IRn, take longer to reject, but
less iime to accept, a probe when the memory set contains a close
synonym of the probe item than when it does not. No effect of-sem—
antic similarity on response buffer search-is expected, so provided
that effects of semantic similarity at input or during rehearsal are

adequately controlled, CR should be unaifected by this variable.
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Ideally, memory set and probe should he presented in different mod-
alities. lest the suhject make use of physical features of the words.

2) Recency of the memory set. In Exp. VI, it was shown that a
filled delay between list and probe reduced the slope of the IRn
set-size function (at least for some subjects). A comparable exp-
eriment using the CR task would be expected to show an opposite eff-
ecte A filled delay would be expected to result in degradation of
the representations in the response buffer, slower read-out and thus
an increasc in the slope of the CR set-size function.

3) Rate of presentatign. I have suggested (Section 2.3k, 3.334)
that the response buffer has a'limiting'rate of input much lower
then that of the logogen system. During some pilot studies intended
primarily to determine optimal rates of presentation for the control
of rehearsal, I obtained some informal data in line with this suyg-
estion. At the highest rate of presentation I tried for CR -~ 40O
msec./item - error freguency already showed a marked increase over
that found a2t lower rates. Yet performance in the IRn task at this
same rate was, if anything, faster than and as accurate as that at
lower rates. Even at almost double this rate - 220 msec./item -
though there was by now an increase in error frequency, IRn perform-
- ance was still remarkably good. At this latter rate, to perform
the task was a bizarre experience. One felt that one was respond-
ing totally automatically and more or less randomly. One was unable
to recall the entire sequence, and it is of particular interest that
one underestimated the number of items in the memory set. Subjects
accused me of presenting four-item lists when they were expecting
five items. This phenomenal loss of items vhich are nevertheless
adequately represented to mediate IRn would certainly bear following

up, since in addition to present concerns, it carries the implication
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~that transfer of items from the logogen system to the response buffer
may conceivably be involved in temporal o6rdering and numerosity jud-

gements in perception. Given the theoretical and practical problems

inherent in the use of RTs when error rate is high, it may be pref-
erable to uie a computer-controlled threcshold-cstimation technigue,
to determine maximum rates of presentation for a given level of
accuracy on different probe tasks.

L) Interpolated irrelevent items. One way to disrupt a trace-

strength strategy for IRn would be to present irrelevant items, from

the gggé stimulus ensemble, between memory set and probe. If an
accuracy pay-off is applied subjects should be driven to search the
response buffer even in IRn, leading to radical changes in, for
instance, serial position effects. Since a search of the response
buffer is already required in CR, any effect of interpolated items
should be comparable to that of adding extra items to the memory set,

and no radical change in the pattern of results would be expected.
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- 9.3. What is active memory?

Ideas about the nature of memory have on the whole been implic-
itly or explicitly stimulus-oriented. The assumption that memory'is
a record of (sensory) experience is very old. Plato compared umemory
to a wax tablet on which experience was engraved and Aristotle con-
sidered the act of remembering to consist in perceiving a present
impression. Augustine referred to the 'great cave of memory' in
vhich images were laid away to be brought forth when there was need
of them. The theme is also very deeply rooted in the empiricist
tradition. Locke's descriﬁtion of memory as 'the storehouse of our
ideas' (where for 'idea' one may read ‘image' without doing much
violence to the sense), the power of the mind to revive perceptions
it has once had, is implicit also in the philosophy of Hume, James
Mill, and even William James. Yet we are creatures of action, poss-
essing skills, and must also have response memories; as Miller, Gal-
anter & Pribram (1960) have it, tc the Image corresponds the Plan.
By response memories, I do not mean representations of kinaesthetic
experience, importantly related to response memories as these are,
but representations of _ azction patterns, motor commands,
action schemata. The most obvious example is the internal repres-
entation of a learned skill, like riding a bicycie. But the import-
ance of response memories extends beyond 'automatic' motor skills.
For instance, accounts of cognitive .development, both Soviet and
Swiss, have emphasised the role of the development of 'action-~
schemata' in mediating a child's discovery of the structure of the
world. Recent research on the crucial role of organisation in long-
term memory has suggested that what subjects do to the material,

overtly or covertly, is at least as important a determinant of whether
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and how it will be remembered as what the experimenter and the mat-
erial do to the subjects. Even that archetype for the idea of memory
as a quasi-sensory record - the classical rhetor skilled in the Art
of Memory (Yates, 1966) - had to remember which way he must neit turn
in his progress through the theatre or tomple so vividly depicted
in his mind's eye.

The same sensory bias appears to have infIuenced ideas about
short-?erm memory. In the last fifteen years, a great deal of work
has been devoted to the search for behavioural evidence demonstrating
the existence of active or primary memory as a temporary storage
mechanism to be distinguisﬁed from that involved in long-term memory.
The early work emphasised the sensory characteristics of this labile
form of representation, such as decay and acoustic coding. However,
fhg discovery of modality-specific forms of sensory storage of
rether briéf duration, subject to overwriting or decay, has tended
to push the box with 'primary memory' written on it further towards
the centre of the large black box representing the central nervous
system. In fact, it has become something of a problem to know where
to put it in relation to the senses and long-term memory; it has
also proved difficult to specify to what level its contents have been
analysed and in what form they are represented. So far, however,
the pqssibility the.t there exist short-term response memories which
may play a role in short-term memory tasks has with a few honourable
exceptions received little emphasis. Yet some form of temporary
storage for the responses one is about to emit is probably essential.
A phrase, a sequence of musical notes, or the actions involved.in
writing a sequence of graphic characters take some time to emit once
they have been centrally determined, and their emission seeus in some

sense ‘aulomatic'. While it is possitle that cach component of the
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response is activated directly from the relevant representation in
inactive memory, it is, as Lashley (1951) argucd to such good effect,
highly unlikely. It is characteristic of behavioural action patterns
that they are serially ordered: that they are sometimes very fast
suggests that the later component elements of a response sequence
must be assembled prior to the initiation of the first. It is
therefore entirely plausible that there exist short-term response
memories which hold a buffered sequence of outputs which may subsequ-
ently be executed in order, freeing the central processes to monitor
outcomeé and prepare future responses. It may seem semantically
deviant to call a mechanism a memory when if represents events which
have not yet (overtly) occurred. However, in this thesis I have
laboured to show that the response buifer for speech, originally
hypothesised by Morton (1970), may serve to represent perceptual
events recoded as potential responses. More than this, use of the

response buffer in mest short-term memory tasks is essential because

of the requirement that the serial order of recent events be ret-

ained, and because it is possible to recirculate its contents to the
logogen system - the process of sub-vocal rehearsal.

If a serially ordered response buffer for speech does indeed
play the major role in short-term verbal memory tasks that I have
argued, a speculative but conceptually simple answer to the question,
'What is active memory?' may now be given. It may no longer be nec-
essary to postulate a rather mysterious 'primary memory' mechanism
separate from the sensory and response systems and from inactive
memory. Active memory may consist of no more than dynamic traces
at the peimanent structural units in the brain representing, resp-
ectively, sensory attributes, the motor components of responses, and

the concepts or category'states mediating between them. This may be
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spelled out in a little more detail. We may distinguish three com-
ponents of active memory as a whole:

1) Precategorical sensory stores. These are modality-specific,
of relatively brief duration, non-associative (in Wickelgren's, 1972
sense -~ see Section 2.11) and subject to overwriting or decay. There
may, as suggested earlier (Section 3.131) be some capability for
generation of sensory traces in the absence of sensory inpué, by
%fferent'activation from the conceptual representations. This cap-
ability (which constitutes a form of rehearsal) may also enable the
life of.stimulus~generated sensory traces to be usefully extended,
though the capacity and nature of this procéss have yet to be det-
ermined for the different modalities. The organization of the sens-
ory stores is appropriate to the modalities they serve. Precategor-
iral acoustic storage (Crowder & Morton, 1969) must be organized so
as to preserve the temporal order of speech elements. The organiz-
atioi of the sensory store specific to the visual modality appears
on the other hand to be primarily spatial in character. (This is not
to say that there is no retention of temporal information in iconic
memory; for instance, the recent unpublished work of A.M. Treismen
and associates suggests that direction of movement may be coded in
the icon.)

2) Response buffer stores. The response buffer hypothesised
for speech is a limited-capacity non-associative store which holds
an ordered sequence of articulatory-commands for a duration rather
longer than that characteristic of the precategorical sensory stores.
Its contents may be fed back to the conceptual representations, which
Morton calls logogens, for identifination, or emitted as overt respon-
ses. Responses which have entered it may be lost primarily through

displacement by subsequent entries, although some decay may also
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occur. It is probable that there exist response buffers specific
to respounse modalities other than speech. If their contents may
also be recirculated back to conceptual representations (i.e. rehear-
sed) then it is possible that they too play a part in the performance
of some short-term memory tasks. Note that some response modalities
are spatially organised, which raises the possibility that response
buffers specific to them may have a function in the retention of
spatial information.

3) The third component consists of active traces at represent-
ations of the amodal concepts or category-states, or at the pathways,
mediating between the sensory and response modalities (or between
sensory and sensory, Or response and response modalities). Wickel-
gren speaks of such representations as being in the 'conceptual
modality'. In his sense this form of storage is associative: the

representations may be directly accessed given the appropriate stim-

ulus or response attributes. This kind of active trace seems to be

4

destroyed in the absence of rehearsal both by the passage of time
and by the activation of other traces. We have considered only log-
ogens, the representations of words, but there are probably repres-

entations of non-verbal category-states which may function in the

same way.

All of these forms of storage may be involved in immediate
memory for a short sequence of verbal items. Each may be destroyed
by a distracting task which prevents renearsal. But they differ in
the attributes they retain, in their modes of access, and in the
manner in which the traces they retain are lost. Discovery of thne
properties of the differcnt components of active memory requires the

use of short-term memory tasks which selectively tap the individual
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components. T have tried to indicate some of the ways in which this

may be achieved.
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