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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 sequence, the man is required to perform a distract­ 

ing task which prevents rehearsal of the items, and a residual 

'inactive' component which is more permanent. My concern is with 

behavioural c-vidence 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 different attributes of the sequence by 

the use of appropriate tasks. Evidence on the performance of normal 

adult subjects in various short-term memory tasks, from the liter­ 

ature and from my own experiments, is extensively reviewed. There 

emerges a fundamental contrast between two groups of tasks: on the 

one hand, tasks which require the subject to indicate whether a test 

item was present in the memorised sequence (item recognition) or to 

judge the relative recency with which items have occurred; on the 

other,tasks which require the subject to base 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 general hypothesis which 

is an amended and elaborated 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 r,t 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 possessing a unidimensional 'strength' 

whose magnitude is dependent on how recently 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. Second?Ly, 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 1 . This holds a small number of the 

verbal 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 

responses may be fed back in sequence to 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 of its structure, 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 falls into two parts. The first three chapters 

contain a theoretical review of the literature. In Ch.1, the active/ 

inactive distinction is introduced with some reference to the hist­ 

orical background (1.1). Some points of technique are raised (1.2), 

the aims, of the present work are outlined (1.3) and the two- 

store hypothesis is described

In Ch.2, evidence is reviewed from short-term memory experiments

exp­

eriments in which either carial recall of the whole sequence or 

probed recall ol a single item is required. The hypothesis that the 

order of items is retained in active memory as an intrinsic property

In Ch.2, evidence is reviewed from short-term memory exper 

in which accuracy is the main dependent variable, beginning with
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of the memory structure is contrasted with 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 partial independence of 

order and item errors and for the relationship between 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 traces at logogens 

influence the availability of responses as guesses when items are 

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 about their occurrence (2.12). Experiments com­ 

paring the effectiveness of position, context or both,as cues for 

recall are argued to imply that order and position 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>)» We 

then turn to experiments on short-term recognition and judgements of 

recency, which are discussed in relation to the trace strength theory 

of Wickelgren & Nor-nan (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 direct (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 general problems of the functions of 

active memory: in speech comprehension (2.3t)i ^s an 'address register'
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for inactive memory (cf. Broadbent, 1971) (2.32) and as a working 

memory. Finally, the logogen system is discussed in relation to 

Sperling's (1967) 'recognition buffer 1 (2.3^)1 and evidence for art- 

iculatory as opposed to acoustic coding in immediate memory is 

reviewed (2.35)«

In Ch.3» I introduce the experimental paradigms pioneered by 

Sternberg (1966), which involve presentation on each trial of a 

different sub-span list for memorisation, followed by a probe to 

which reaction-time (RT) is measured. Several models are outlined 

of the nature, dynamics and format of the representations mediating 

performance in Sternberg's item-recognition 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 

tf> data available in the literature. The evidence favours the hypoth­ 

esis that subjects perform the IRn task by judging the strength of 

the trace at the amodal representation (logogen/ to which the probe 

provides direct access (3-1)- Evidence from a version of the IRn 

paradigm in which the memory set remains constant from trial to trial 

is then reviewed; it is argued that the results obtained 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 contextual 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 single store. In view of the 

failure of the exhaustive scanning model of IRn, the differences may 

be better accounted for by the two-store model. Since these RT



paradigms provide a relatively pure and sensitive way of probing the 

retrieval of different attributes 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 include serial position, phonemic 

similarity and the availability of a position cue.

The second part, of the thesis describes my own experiments. 

These employ Sternberg's varied-set IEn and CR paradigms and a task 

in which the subject must indicate the location of the probe in the 

list presented on that trial (Ln). In Ch.^-, I raise some methodolog­ 

ical issues inherent in the use of reaction time as a measure and 

give details o.f the apparatus and general procedure common to the 

experiments.

In Ch.5 are described three experiments on the effects of 

phonemic similarity between items cf the memory set on performance 

in the three tasks. Five-consonant lists were presented visually 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 serial search through a temporally-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 v:as phonemically distinct from the list items 

and, in CR, when the response item was similarly isolated. In Eyp. 

II, no comparable effects upon IRn performance were found. Moreover, 

whereas marked increases with serial .pos?tion probed were obtained in 

both CR and Ln, in the IRn task RT showed an accelerating decrease
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with serial position probed. The contrast between the two patterns 

of results is argued to be incompatible both v:ith Sternberg's acc­ 

ount in terms of two retrieval strategies and with Wickelgren's 

associative theory.

The first experiment described in Ch.6 (Exp.IV) demonstrated 

that IRn was not facilitated by a cue presented along with the probe 

which informed the subject which half (in terms of ordinal position) 

of the four digit memory set was relevant to his decision. This 

result is compatible with the proposal that access to the active 

memory representations involved in IRn is direct, and does not requ­ 

ire a search through an ordered store. Exp.V compared the effects 

upon IRn and OR 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 par­ 

ameters and subjects were the same for both tasks. Information 

provided by the position cue had a marked facilitatory effect on CR, 

none on IRn (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? in CR }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 account of a single experiment (Exp.Vl) 

intended to test predictions critically distinguishing the models of 

IRn outlined in Section 3«1» Memory sets of 1-^ consonants were 

visually presented at a fast rate; subjects were told not to rehearse, 

Two variables were manipulated: 1) the recency of occurrence, prior 

to the present trial, of items presented as negative probes; 2) the 

recency of items in the memory set. The latter was varied by pres­ 

enting the probe either 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 negative probe had occurred, the slower and 

less accurately it was rejected; the effect increased with set size. 

The introduction of a filled delay between list and probe reduced 

the slopes of the serial position and set-size functions. The former 

showed monotonic recency effect^. These and other aspects of tho 

data are incompatible with any scanning model and favour the trace 

strength inspection hypothesis.

In Ch.8, two early exploratory experiments are described in 

which the tar.k was again IRn. 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 the appropriate subset of 

the list; such a strategy would not be possible according to a pure 

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 the size of the subset 

of the same class 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 research is acknowledged; these 

include speech production perception and comprehension, attention, 

non-verba? memory and the study of patients with memory disorders due 

to brain damage. Further experiments are suggested to compare the 

effects in 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 emphasis on the representation 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»2V refers to 

the first sub-section cf the second section of the third 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 lends itself to simple and tidy conclusions."

(Broadbent, 19?1» P-398, in a review of 'Primary Memory 1 )

"Essentially nothing is known about the relation between event and 

order memory."

(Wickelgren, 19?0a, p.92)



PART I. Theoretical review.

CHAPTER I. Short-terra memory; background and aims,

Introduction.

1.1 The background.

1.2 Techniques.

1.3 Aims and strategy, 

1.^ A model."
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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 thc.t of ordinary speech, the 

chances are that he will be able immediately to recall the words 

and their order without error. His memory for the sequence rnay be 

tested in a 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 presented. 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 impaired . It is evident that at least some

part or component of the stored memory representation mediating the 

original perfect performance is labile and progressively destroyed 

or permitted to decay by any task which prevents the man from 

attending to or 'rehearsing 1 the words. The greater the complexity 

and duration of the distracting task, the less he will remember about 

the list, save that after a period of the order of 15-30 sees., the 

level of performance typically ceases to change much - suggesting a 

small residual component of memory for the list which is not radically 

influenced by the duration cr amount of processing required by the 

distracting task. It 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 hypothesised 

mechanisms 'active memory*, the second 'inactive memory * (following 

Sternberg, 19£>9a). The terms reflect the possible physiological

It is assumed that the subject has; already had several such
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basis of the two mechanisms: it is probable that retention in 

activa memory is mediated by dynamic neural activity which is trans­ 

ient, fading away unless refreshed in some manner, while retention 

in inactive memory depends on a more permanent structural change 

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

lies outside the anbit of this thesis. My intention is to consider
•

only behavioural evidence from 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. As 

is now generally realis-ed, both mechanisms are involved in most 

'short-term memory 1 tasks. But there exist means of separating the 

t'.o mechanisms experimentally. These will be briefly reviewed at 

the end of Section 1.1. For the present we will make do with this 

informal definition: active verbal memory is that hypothetical 

mechanism from which the traces representing a sequence of recently- 

presented verbal items are lost in the absence of rehearsal, 

rehearsal being prevented by any task which takes up all the subject's 

capacity for verbal processing; 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 mean to suggest that inactive memory is not subject to inter- 

f^rence from subsequent material; it clearly is (Melton & Irwin, 19^),

but ir. this case some similarity between the learned and interfering 

material is probably essential, while it is not so for loss from
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follow rtcent practice and use the te^ms 'short-term memory 1 and 

'long-term memory 1 in an operational sense, to refer not to hypo­ 

thetical mechanisms but to experimental procedures. Short-term 

memory (recognition, recall) will be used to refer to situations

where memory for small sets of items is tested within seconds. The
•

term 'immediate memory (recognition, recall)' will be used atheoret- 

ically and loosely to indicate the general human capacity tested in 

such situations. What I have called active and inactive memory are 

by some theorists called 'primary' and 'secondary' memory and I 

shall occasionally use these terms in the context of reviewing other 

people's work, though to me they have undesirable connotations con­ 

cerning the sequential arrangement of the two stores. By 'verbal' 

material. I intend to indicate any events or objects with readily 

'available names. Lastly, the term 'recognition 1 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 grandmother. 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 

component elements or attributes (Underwood, 1969)i such as order and 

content, relations betweer item and item and between item and posit­ 

ion, relative position cjid. absolute position, some of which are 

alternatives in that various subsets of thorn ud.ll serve absolutely 

to sp c ^if> the sequence. Moreover, individual verbal items



characteristically nossess visual, acoustic, tactual, articulatory 

semantic ^nd abstract (e.g, frequency of occurrence) attributes, 

and may in principle be represented by any or several of these in 

memory. A particular emphasis will be placed on which attributes of 

the sequence arti represented in active rnciaory, 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 control 

over what he stores and 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 background.

Nineteenth century ideas on the nature of active memory were 

limited to little more than awareness of the existence of a rapidly 

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 1 described on the 

basis of introsp3ction by William Janies (1890), who quotes also the 

descriptions of Exner and Richet, appears to be what we would now 

call 'iconic 1 memory for vision, or 'echoic' memory for audition 

(Neisser, 196?) ~ a trace lasting not longer than a second or two in 

a preattentional sensory buifer. In the classic experimental textbooks 

of Titchcner (190.5) and Myers (191 /0 v;e find descriptions of experi­ 

ments on immediate recall (e.g. the method of 'letter squares') in 

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

supposed to be fairly directly related to sensory modalities. V/e
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errors in 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 accounts of memory such as that of Woodworth (1938) emphasise 

the distinction, save to describe the standard digit-span experiment 

and note that "the fact that the memory tspan is limited presents 

something of an enigma"* Woodworth was also impressed by the fact 

that while lists shorter than the span can 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 the work of Brown (195&) and Peterson & Peterson (1559)• 

They introduced the distractor technique: the interpolation of a 

rehearsal-preventing task between the presentation on each trial 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 associations. This 

discovery v;ac the basis for r major shift of emphasis away from 

irterference theory (Postman, 19&1)» which had hitherto dominated 

conceptions of memory (see Eroadbent, 1971)• This was expressed in 

Brown's suggestion that forgetting in this task was by decay from a 

buffez' storage system to which information could be recirculated by 

a rehearsal process; this retention mechanism was limited in terms 

of informational capacity. Meanwhile, Broadbent's (19^8) dichotic
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digit span experiments led him also to accept the idea of a short- 

terra storr> to which information could he recirculated via a limited 

capacity channel; this store, the 'S-system' in his model, was, like 

James 1 'primary memory 1 , sensory, preattentional and located prior to 

the process of identification or categorization, though its decay 

time v=is of the order of several seconds.

Later developments have somewhat changed this picture. Firstly, 

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 that while the existence of 

a short-lived preattentional visual memory (now called 'iconic' 

memory, thanks to Neisser, 1967) may indeed be demonstrated by the 

use of post-stimulus visual masking and partial report techniques 

•(&perling, I960, 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, 19u9a; Crowder & Morton, 1969; 

Morton, 1970; Morton Crowder & Prussin, 1971) a similar conclusion 

may be reached for the auditory modality, though speech sounds may 

be stored in what Crowder and Morton call 'precategorical acoustic 

storage 1 (PAS) for perhaps ac much as two seconds. However, this 

hypothesis is not yet universally accepted (see Murdock & Walker, 

1969). Thirdly, the demonstration that even with visual present­ 

ation immediate memory errors tended to be 'acoustic' in nature 

(Conrad, 19b2, 196'f; Sparling, 1963) implied that recall was from a 

form of storage into which material was encoded subsequent to 

identrVicalion. Fourthly, that amount of decay was shown to be a
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function primarily -f number of subsequent items rather than time, 

for both probed recall (Waugh & Norman, 19&5)» an(^ free recall 

(Glanzer, Gianutsos & Dubin, 1969)$ suggested that forgetting was a 

matter of displacement rather than pure decay. Recent theorists 

have tended therefore 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 from which information 

is lost in the absence of rehearsal mainly through displacement by 

subsequent items, though some pure decay may also occur. This 

minimal description may be said to characterise the current 

'consensus' view, as expressed"in influential papers by Waugh & 

Norman (19&5)t w^° distinguish 'primary' arid 'secondary' memory, ani 

Atkinson & 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 (19?1) 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 modality-specific sensory stores; 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 

(197C, 197 1-) who to his short-term sensory buffer has added something 

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 had provoked a reaction from 

those nurtured in the tradition of interference theory (Mellon, 19&3; 

Postmen, 196*0, who argued that there were demonstrable similarities
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and continuities between 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 terra 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 memonj/ suffers from 

numerous internal w^akne^ses, and has in recent years been, if not 

disproved, outnumbered by other approaches informed by the same view 

of the brain as an information-processor as characterises the con­ 

sensus model 01 active memory, (Kintsch, 1970; Norman, 1970;
•%

Tulving & Madigan, 1970; Tulving & Donaldson, 1972). Nevertheless, 

there remained a need for the positive demonstration of a clear 

dissociation between active and inactive memory in terms of the 

empirical variables which differentially affect them. This need has 

now largely been fulfilled. The evidence for dissociation is 

reviewed in detail elsewhere (Baddeley, 1972; Craik, 1971; 

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

eumrnariced briefly under the following headings!

l) The recency effect in free recall. When a range of diff­ 

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

memory component', yields a reasonably constant estimate of primary 

memory capacity (Murdock, 1967)• Only the recency portion of the 

serial position curve is eliminated when recall is delayed by a 

rehearsal-preventing task (Olanzer &• Cunitz, 1966), On the other 

hand, a number of variables such as presentation rate, repetition 

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

of the curve, wliile leaving the recency portion unaffected 

(Raymond, 1969)-



9-

2) Acoustic versus semantic coding. Baddeley d966a,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 probed recall, and moreover 

showed that it was congruent in extent with the recency effect.

3) Two-component retention functions. If one prevents 

rehearsal and varies the time/number of items intervening between 

presentation of 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 components: one showing rapid decay within 

5-20 sees,, and a later asymptotic portion showing no or very slow 

decay. This has been shown for both probed recall (V/augh & Norman, 

196^; Norman, 1966) and item recognition (Wickelgren & Berian, 197"')'

4) Capacity limitation. Active memory appears 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 net 

the primary memory component of recall of a list of words. On the 

other hand, loss from active memory is a Junction of the inform­ 

ational demands of a task interpolated between presentation and test 

(Posner & Rossman, 1965)i while there is no reason to believe that 

this is true of inactive memory.

5) Neurology. (Warrington, 1971; Warrington & Weiskrantz, 

1973)• Patients suffering from the classical amnesic syndrome 

t3rpically perform normally in short-term memory tasks (digit span, 

free recall, Brown-Peterson paradigm). Recently, Warrington & 

Shallice (19&9* 1972) have observed a patient K.F. who appears 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 v/hen presentationis auditory,is extremely poor. If 

it is certain that this syndrome cannot be otherwise interpreted 

(for example, in terras of aphasia) then this constitutes evidence for 

811 anatomical dissociation between active and inactive memory. 

Moreover, Weiskrantz (1970) has drawn attention to a further implic- 

ption: that entry of an item into inactive memory need not require 

that it shall previously have been represented in active memory ,

as is supposed by both Waugh & Norman (19&5) and Atkinson & Shiffrin

1 (1968). This suggests that active memory must 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 permanent representations of those items. 

Weiskrantz is inclined to go further and view such a short-term 

memory mechanism as merely an overflow system for cases where 'the 

long-term system is too hard pressed 1 . This seems to me excessively 

iconoclastic. Some of the functions of active memory in human cognit­ 

ive processing v/ill be discussed in Section 2.3>»

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 consideration oT the nature of 

active memory. Here the consensus breaks down, and one is confronted 

by a bewildering array of inconsistent evidence and conflicting 

theoretical formulations. Some theorists have responded by aband­ 

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

or at least that component of active memory which K.F. lacks
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1972). The theoretical construct they suggest ib that of 'depth of 

processing', the idea that there is a virtual continuum of levels to 

which information presented to the sensed may be analysed, and that 

there may remain temporary traces at all these many levels, with 

characteristics specific to the level. To me this formulation seems 

either excessively 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 been implicit in the
^

literature for eight years. 

"'•2. Techniques.

Among the changes that have occurred since the early experiments 

on immediate memory, four important developments in technique may 

be discerned:

l) Probe techniques. Early experiments tended to require 

complete recall of the presented list. However, it was apparent that 

the time or activity involved in recalling the first items caused 

forgetting of items later in the outpub sequence, (Brown, 1958). 

This effect, 'output interference 1 , has been clearly demonstrated for 

short-term paired-associates learning (Tulving & Arbuckle, 19&3)» 

serial recall (Anderson, 1960) cjid recognition with several test items 

(Norman & Waugh, 1968). The resultant confounding of the effects of 

input and output position may be avoided by testing memory in a 

manner which requires only one response on each trial: thus, v/o may 

cue recall of one item only in P-A learning (Murdoch, 1963a)
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memory for serial lists (Waugh & Norman. 19&5), <°' present a single 

recognition probe (Norman & V/ickelgren, 1965)- This procedure has 

an additional crucial advantage; it may enable us to test independ­ 

ently tne retention of different attributes of a list, corresponding 

to the different relationships which may be specified between the 

probe and bhe response required. For instance, it is possible that 

the retention of an i_tern 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 for recall of an
•%

item with either the preceding item or a position cue. That these 

different attributes are logically separable doer: not of course imply 

that their retention in active memory is independent, but this fuixd- 

ainental question 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 effect 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 

instantaneous for short-term memory (Wickelgren, 19?0a, 1972). In 

attempting to separate storage from retrieval processes, many resear­ 

chers have turned to the use of recognition paradigms o^ 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 purt estimate of amount of forgetting 

independently of the subject's response biases (e.g. Norman &
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V/ickclgren, 1965; Broadbent, 1971)- We shall consider the assumption 

of direct access in recognition in det<'Jl in later chapters. It 

should be noted that a second assumption is commonly made: that the 

memory traces mediating item recognition are identical bo those under­ 

lying recall. The foregoing 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 tended to 

use fairly leisurely prebentation 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 betv/een 'memory structure 1 and 

'control procesbes' reflected the general growing awareness of the 

crucial importance of subjects' ability to allocate the mechanisms, 

processes and stores available in their brains in a variety of 

different ;;ays to the task in hand. In immediate memory experiments, 

with single trials, immediate test or filled delay, and presentation 

rates that permit little complex receding 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 (Handus, 1970), or to attend at 

any moment only to the last item presented (Waugh & Norman, 19&5) or 

one can use immediate test and presentation rates which make 

rehearsal difficult, unnecessary or both. Though none of these lacks



Disadvantages, 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.

*f) The use of reaction times. Until comparatively recently, 

latencies had not generally been measured in immediate memory 

experiments save as an occasional 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, 196?a, 1969a) 

has combined the measurement of reaction times with the use of 

probe techniques in a series of pioneering studies on immediate
•s

memory for sub-span lists. This work is part of a general 

renaissance of interest in the use of reaction times as a tool for 

the separation and isolation of processing stages as first .suggested 

by Bonders (1969)- This trend is due partly to increasing tech­ 

nological sophistication, partly to the influence of the computer 

bciences on psychology and partly to the theoretical work of 

Sternberg himself O9o9b). 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 

should be noted that the subject's ability to recall a sub-span 

list correctly does not imply that no 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 v/ill be 

reported which employs reaction-time techniques due to Sternberg 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 of fast 

presentation rates, immediate test and appropriate instructions.,

^•3» Aims and strategy.

A glance at the journals that report research on human memory 

reveals that the experimental paradigms introduced by Sternberg (1966, 

196?a,b, 1969a), particularly item recognition, have been taken up 

with some enthusiasm. One of the more bizarre features of this trend
^

is the apparent lack of contact between the resulting studies and 

the somewhat older tradition initiated with the work of Brown, 

Broadbent, ard the Petersons. Thus there may be distinguished two 

lergely separate bodies of research on immediate memory: experiments 

on 1 short-term forgetting', in which loss of information from memory 

is deliberately induced by the use either of distracting extraneous

tasks or of super-span lists, and accuracy is the chief dependent

1 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 research are converging 

on common theoretical conclusions about the nature of active memory. 

For instance, the exhaustive scanning model proposed by Sternberg 

(1966) for speeded item recognition bears little resemblcjice to the 

iuea 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 1 s model, 
is not here intended to Mve theoretical connotations.
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by Sternberg to the scanning process have any analogue in models 

deriving from studies on short-terra forgetting. 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 depend on v/hether the experimen­ 

ter hps chosen to measure errors or reaction times, nor on whether 

he has chosen to ply his subjects with lists ju^t shorter or just 

longer than the memory span. Of course, the different classes of 

paradigm may selectively emphasise different aspects of active memory; 

for instance, it may be the case that RT serial position curves will 

primarily refltct differences d,ue to retrieval processes, while the 

corresponding accuracy curves may depend rather more on differences 

in storage. But 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 a synthesist to reconcile these hitherto 

uneasy and distant partners, in the belief that each should more 

closely inform the ether than is the case at present* In pursuit of 

this aim I shall pursue two partly independent 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 1 , unique 

representations, and" direct access without search. These postulates 

are also characteristic of a model derived from experiments on 

short-term forgetting by Wickelgren & Norman (1966), which 1 shall
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review briefly in the second part of Chapter 2. The first two sections of 

Chapter j> will be devoted to a critical review of che many studies 

employing Sterr-berg's item recognition paradigm; I shall elaborate 

two 'tra^e strength 1 models 4 and compare their predictions nith 

those derived from oth^r models in the light of data reported in the 

3iterdture; experiments of my own germane to tfriis issue will be 

reported in later chapters.

Another argument develops when we consider in some detail the 

relationship between the retention in active memory of order and
^

content information. It will emerge that models of active memory 

which suppose a unitary form of storage for these different attributes 

are inadequate to account both for short-term forgetting 

(reviewed in Chapter 2) and for such data as we already have from
B

memory-scanning studies, which are summarised in the third section 

of Chapter J>. 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 difference? 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, anticipate my conclusion by describing briefly the 

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

In summary then, the two issues running through the discussion 

will be:.the nature of the representations underlying short-term 

item recognition, and the relationship 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 (19^6) concept of content-rddressable representations 

possessing 'trace strength 1 with the idea of active memory as an 

ordered buffer or queue (Atkinson & Shiffrin, 1968; Reitman, 1970) 

in a 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 theoriss 

of short-term forgetting.

1.H. A model.

Morton 1 s'logogen 1 model was originally developed as an account 

of word identification and other language behaviour (Morton, 19o^a,b, 

1969a; Morton & Broadbent, 19&7)• It &nd 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). In his 1970 paper, Morton 

elaborates the logogen model as a general functional model of memory. 

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



'logogen system 1 and the 'response buffer*. I shall summarise 

Norton 1 5 view of each of these and indicate where I 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 Icgogen system: The starting point for the model is that 

when a verbal response such as 'chair 1 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 'chair'), acoustic (the spoken word
>

'chair') or semantic (as when one is asked to complete the sentence 

'The table is next to the ......', or associate to the word 'table').
•

These units, of which there is one for every identifiable word, are 

termed 'logogens 1 and may be viewed as counting devices for the 

collection of evidence from both external (visual, auditory, etc.) 

and internal (semantic, articulatory) sources ; it may 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 (19^9). As in these models, the effects of con­ 

text and expectancy on thresholds fcr identification are taken into 

account. A logogen'B threshold, which is the level of the 'count' 

.(or amount of .evidence collected, or degree of activation) necessary 

for the response to become available, is altered:
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a) by context and expectancy, via the 'cognitive system 1 (the 

rest of inactive memory) which stores and mediates the effects of 

prior experience;

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

c) 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, subsequent to which it 

returns 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 its subsequent identification 

(Neisser,195*0- I propose that this 'lowering of threshold', while
w*

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 Norman's (1968) conception of the nature of primary 

memory. I shall call this representation an 'item-traced Morton 

himself does not make much of the possibility that traces at 

logogens could have this kind of active memory role, though he ment­ 

ions .that "traces remaining in logogens. whether in the values of 

the count or the threshold could be regarded as two possible sources 

of information (with different time characteristics) for secondary 

memory" (Morton, 19&9a)» 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 threohold 

can be utilised in at least one task. We should note that the 

logogen itself is a permanent amodal or conceptual representation, 

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

directly, without search, given the appropriate physical or semantic
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I shall want to amend and qualify Norton's account of the way 

in which logogens function in several ways.

i) I shall assume that as well as for words ; logogens exist 

for digits,letters and probably any familiar 'entities'. I shall 

nevertheless continue to refer to logogens $ in spite of the ety­ 

mology.

ii) Norton's account of the activation of a Icgogen is very 

complex* He proposes the following elements:

- the 'count', which reflects the number of relevant semantic and
.>

sensory attributes currently available, and is subject to rapid decay 

when these are no longer available,

- a semantic threshold, which is the level of the count a logogen 

must achieve before its act ivation can influence that of other logo­ 

gens,

- a .(higher) threshold for the word'to become available as a 

response, both thresholds being internal to individual logogens,

- the lowering of the latter threshold following response availabil­ 

ity (the 'priming' effect); this decays more slowly back to the base­ 

line than does the count,

- a facility for lowering the thresho3.ds at all logogens if no 

response becomes available.

Part of the complexity is due to Mortbn's desire to avoid posit­ 

ing an external decision mechanism. Yet in spite of his efforts, an 

external decision process still seems essential. Firstly, according 

to Morton's own exegesis of the nature of recency judgements (Morton, 

1968, 1970) the subject must be able to compare the state of activ-
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ation in different logogens (Sect:on 2.22). Secondly, on Norton's 

account, it seems possible that a number of logogens could exceed 

their upper thresholds simultaneously, in which case there must be 

some means of choosing between the responses thus made available. 

Thirdly and most importantly, evidence from experiments on short- 

term item recognition (Section 2.22, Section 3»1» et seq.) suggests 

that subjects are able to compare the degree of activation of a 

logogen against an adjustable external decision criterion.

For our purpose, therefore, it seems simpler to propose that the 

decision criterion is external^to logogens. Activation of a logogen 

will be said to take place along a single and continuous dimension 

of 'trace strength 1 (Wickelgren & Norman, 1966). The more semantic 

and sensory attributes relevant to a logogen are presented, the 

greater the increment in trace strength. Trace strength decays non- 

lincarly. (The initial rapid component of this decay may be due in 

part to the rapid loss of activation by pre-logogen feature analysers

- see discussion of the 'sensory component of trace strength 1 in 

Section 3»13l)» Given appropriate content cues for access to a 

logogen (Section 2.31) its trace strength may be compared against an 

adjustable 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 response buffer: Once a verbal response has been made 

available by a logogen, Norton proposes that it remains available 

for a while in a form of storage called the responsa buffer; tnis



was originally introduced to account for the fact that in reading 

aloud (Morton, 1964c) or in shadowing (Treisman & Geffcn, 196?) 

subjects may lag by as much as five word.^ between what they are read­ 

ing or hearing and what they are saying. The response buffer in 

many respects resembles Atkinson & Shiffrin's (1968) 'rehearsal 

buffer 1 . 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 buffer back to the 

logogen system.

Again some amendments:

(i) Morton assumes that forgetting frcm 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 loGt independ­ 

ently (sec Cri. 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 automatically 'captures' the response 

buffer, so that the contents cf 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 must become available (i.e. 

exceed a strength criterion) before they can be entered into the



response buffer, but once available, they need not be entered.

(iii) T^e nature 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 radically 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 only a content cue 

requires a process of search. The contents of tho response buffer 

must be fed, in order, back to the logogen system, until the logo^en 

of the item searched for is reactivated. This process of search, 

which is the jsajne as subvocal rehearsal is held to be slow, not 

exceeding about eight letter names a second. (Landauer, '19&2)* 

Though there 5s no direct access in terms of content, it is possible 

that the subject may control the position in the sequence at which 

^he starts the search process, given a position cue (see Ch. 6).

As a model of active memory, Morton's model is a?onost entirely 

passive. The changes I have suggested largely involve the introduct­ 

ion of hypothetical control processes. These are: an adjustable 

decision criterion for response availability and the evaluation of 

trace strength; a process of selection of items for entry to the 

response buffer, 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 reorganised in active 

memory and give the key to how active memory may be used as a 

working memory in cognitive processing (see Sections 2.3% 2.32, 

2.33)» To try and specify these processes in any further detail 

would be to go beyond present n^eds and available data. I offer
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them here as a heuristic. Our main concern will be to decide 

whether, Riven the possibility of such control processes, the main 

structural components of Morton's model are adequate for the job.

T;;o distinct forme of poet-categorical active 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 experiment£ there may also be contributions from 

inactive memory (which Morton calls the 'cognitive system 1 ) and 

from precategorical senr-ory stores, which are supposed to be located 

prior to the Icgogen system as,part of the hierarchies of modality 

specific feature-analysers (see Section 3»13'0« Morton (1970) 

particularly stresses piecategorical acoustic storage (PAS) 

(cee Crowder & Morton, "1969; Morton, Crowder & Prussin, 19?1)« 

However, 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 1 paradigms.
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CHAPTER II. Short-term forgetting

In this chapter, I shall review a selection of studies on short- 

term forgetting of verbal material. We begin in Section 2.11 with 

the problem of the representation of 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 Morton's 

'response buffer'.. A consideration of the relation between order 

and item errors, and of the nature cf order errors, will lead to a 

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

of theory ic adequate provided we assume an additional form of 

active 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-tracos' in the logogen system may serve 

this role* In Section 2*12 some experimental comparisons of item 

recognition and tasks requiring order retention will be described. 

In Section 2»13 data from experiments comparing 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 response buffer*

In pursuit of enlightenment on the nature of 'item-traces' we 

shall turn, in Section 2.2 to a survey of experiments on short-term 

recognition conducted within the context of 'trace-strength theory 1 . 

The main assumptions of this theory will be described and evaluated 

briefly. I shall argue that they appear to be valid for item 

recognition and for judgements of recency. We shall also consider
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comparable experiments on order recognition; here the picture is 

raore confused and this, together with previous evidence, v/ill be held 

to imply that short-terra associations pl«y 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 

r.anjory, as introduced in Section 1.*f .: items represented in active 

memory as temporary traces, subject to decay along a strength 

continuum, located at permanent content-addressable representations 

which I have identified with Norton's 'logogens 1 ; items represented 

also in a limited-capacity, temporally-ordered store in terms of 

their articulatory features - the 'response buffer'. In Section 2*3 

I shall attempt to show that this hypothesis sheds some light on 

problems of the nature of active memory in relation to its general 

functions, I shall consider some arguments of Broadbent (1970, 1971) 

for two forme of .storage in short-term memory, and conclude by 

mentioning some evidence on encoding from sensory memory, and on 

articulatory coding in immediate memory, which appears to be com­ 

patible with the hypothesis,

2.1. The representation of order in immediate memory.

2.11. The recall of serial order.

Many experiments within the tradition of research initiated with 

the work of Brown (195$) and Broadbent (1958) have required immediate 

serial recall of short lists of verbal items choecn from a small 

vocabulary. Correct reproduction of £rder_ has been emphasised;
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typically the total stimulus ensemble has been made available to the 

subject either overtly or through the use of well-known 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 is the order of a sequence of items represented in 

immediate memory? The literature on the topic is labyrinthine. 

Ariadne gave Theseus a ball of thread to guide him through the 

Cretan maze; in spite of her subsequent fate, I shall try to do the 

same for the reader here.

Two extreme theoretical positions may be discerned. According 

to the first t the order of items is preserved by the same (and only) 

store that records their occurrence: a pure 'clots' model. Accord­ 

ing to the second, information about the order of a sequence of 

items is encoded separately from information about which items 

occurred. I shall mention two versions of this viewpoint: the 

information-theoretic (which I shall ignore thereafter) and the 

associationist. Having introduced these theories, I shall go on 

to review evidence on the relationship between errors of order and 

errors of content; this yields difficulties for a pure slots model, 

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 links. However, the latter 

could also be interpreted in terms of a slots model, provided that 

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

vn 11 make his appearance, in the shape"of Conrad (1965) who both



29-

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 precursor 

of the model outlined in Section 1.^-.

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

is one in which the order of the items its 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 

cards; that is, a system in which a sequence of items to be memorised 

enters, remains in and leaves the memory store j.n the temporal order 

in which the items are perceived. This hypothesis docs not disting­ 

uish the storage of the items themselves from the storage of their 

order. Neisser (196?) refers to it as a 'slots' hypothesis and 

it appears to be implicit in Atkinson & Shiffrin's (1968) 'rehearsal 

buffer* and Rcitr.an'c (1970) 'waiting room 1 .

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 information theory approach has waned, partly because the 

metric of 'bits' has not proved strikingly helpful in the discovery 

of underlying mechanisms and partly in the light of Miller's (1956) 

classic demonstration that memory span is limited . not by
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the 'bits 1 of information theory ^ut by the number of 'chunks' that 

can be retained. Crossman (1960) atter.pts a reply, arguing that 

the equation normally used to calculate the information content of 

a list lacks ? term for the order information, and that if one is 

introduced memory spandata are better accounted for. But his data 

aie unimpi-essive and his argument is simply false: the suggested 

equation includes order information twice over, though in fairness 

it may be argued that his 'random-address' model implies that order 

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

The associationist viewpoint: The two classical answers to the 

problem of the internal representation of serial order are those 

framed in terms either of inter-item associations ('associative 

chaining,') or of item-position associations. The former is illust­ 

rated by Ebbingaus' (1885) theory of serial learning which relies 

on forward, backward and remote associations between list items, and 

the latter by its more recent opponents (Ebenholtz, 19&3; Jensen & 

Rohwer, 19&5) a current view being that both 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 d969b) 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'. Eryden (1967)
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moreover, considers that the influence on behaviour of long-term 

inter-item associations can be incorporated into a version of Lashley's 

schema.

The chief advocate for an associations I theory of short-term 

memory has been Wickelgren, whose approach is elaborated as part of 

a major theoretical system - 'multi-trace strength theory' (Wickelgren, 

1970a, 19?2)e Among his theoretical distinctions is that between 

two basic types of memory structure, associative and non-associative., 

V/e may find his definition helpful:

"In associative memories,,each event or concept has a unique 
internal representative, and the internal representatives have 
different degrees of association to each other depending on how 
frequently they have been contiguously activated t 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 bo coded, and sequencer of events or concepts are stored 
in order in this ordered set of locations."

(Wickelgren, 1972, p.20)

V/ickelgren considers only very short-term sensory memory - e.g. 

iconic memory - to be non-associative. (Wickelgren & Whitman, 1970). 

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

to be represented by the temporary activation of an associative link 

between the item's 'unique internal representative' and a 1 familiarity 

representative'. The order in which recent items have occurred is 

represented by the temporary activation both of associations bet­ 

ween the representations of items contiguous in the sequence and of 

associations between item representations and position representations

- which may-be labels like 'beginning', 'middle' or 'end'. All 

three kinds of associations decay, but their strengths are indep­ 

endent. If a subject is given both a position cuo 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 errorsj 

Conrad (1959) showed that a large proportion of the errors made in 

serial recall are transposition errors; i.e. mistakes in the ordering 

of responses. In experiments in which the presented l^'sts do not 

exhaust tlie stimulus ensemble, it is possible to score separately 

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 entirely 

by a 'slots' mechanism, then the incidence of these two classes of 

error should be similarly influenced by any experimental variable. 

This appears not to be the case for several variables:
-,.-

1) Serial position. Marked differences in the serial position 

curves for orde^ and item errors have been found both with serial 

recall (Aaronson, 1968) and probed recall (Fuchs, 19&9; McNicol, 

19?1b; Hitch, 1972, Exps. 1 & 2). The typical bowed serial position 

curve appears to be .typical only of order errors; item errors show 

little variation with serial position, and such as there is in these 

studies is monotonic. (The lack of a bowed serial curve for item 

errors is contingent on the use of lists not greatly in excess of 

span.)

2) Probe type. Hitch (1972, Exps. 1 & 2) compared contextual 

with position with double probes (see Section 2.'3). Such differences 

as he found were restricted entirely to order errors.

3) Acoustic similarity. Wickelgren (I9&5c) showed that acoustic 

similarity between the items to be remembered depressed serial 

recall, but that if the data were scored purely in terms of item 

errors, the effect v/as, if any thing, reversed.

4) Grouping. Ryan (19^9) presented lists interrupted by pauses
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splitting the list into groups. Grouping improved performance 

compared to ungrouped lists, but the difference showed only in the 

order errors. Wickelgren (l9&7a) instructed subjects to rehearse in 

non-overlapping groups of various sizes, and found that group size 

significantly influenced order errors, three being the optimal 

size, while item errors were unaffected,

5) Presentation rate. The use of presentation rate as a 

variable is complicated by the fact that while fast presentation may 

allow inadequate time for initial acquisition, slow presentation may 

simultaneously produce a decrement in recall resulting from time- 

baced decay and an increment as, the result of increased opportunities 

for organisation and rehearsal. There is some evidence that item 

aid order errors are differentially susceptible to presentation rate. 

Aaronson £ Sternberg (196^) and Matthews & Henderson (1970) found 

that order errors increased more than item errors as presentation 

rate increased. But Aaronson (196?) argues that some order errors 

result froir, failure to discrirriinat& successiveness and Scarborough 

& Sternbeig (19^7) showed that perception of the order of items may 

be impaired at 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 transpositions 

frequently occur in the absence of item errors (Murdock & Vorn Saal, 

196?) 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 (1969) and McNicol (1970) 

suggest that as retention interval is increased, order errors may 

become less frequent while item errors continue to increase.



On the face of it, such evidence is difficult for a pure 'plots' 

model to account for. It seems to suggest that items in adjacent 

or even more remarkably, distant slots c?>Ji 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 v:o can 

give of the nature of transpositions, and why they are affected by 

phonemic similarity. We shall return to this problem below. 

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

(1972) adduces two main pieces of evidence for the importance of 

inter-item associations in short-term verbal memory. The most 

striking is the occurrence, during serial recall of lists contain­ 

ing repeated items, of 'associative intrusions', that is: erroneous 

recall of items following a repeated item, at a level greater than 

chance (Wickelgren, 19&5c, 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 from 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 however 

that other effects of rather greater magnitude occur with repeated 

items. Subjects tend to suppress recall of the second occurrence 

(the 'Ranschburg effect' - Jahnke, 1969) and Wickelgren's data 

(Wickelgren, 196^e) show that lists containing adjacent repeated 

items are better recalled than lists with no repeats, nor is this 

just a scoring artefact (McNicol, 19?1c). Wickelgren's second 

argument ic that there is both proactive and retroactive interference 

from phoneniically similar material on order retention (Wickelgren,
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, 1966a), while within-lis't similarity may facilitate 

item retention (V/ickelgren, 196^0). 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 letters sharing a vowel phoneme is represented by 

associations between only their consonant representations, while the 

order of a pair of dis-similar letters is carrie*d by all four associ­ 

ations from and to adjacent consonant and vov/el phonemes. As for 

the retention of items, phonemic similarity has a facilitatory 

effect because the comr.Dn phoneme acts as a retrieval cue which is 

itself certain to be recalled.^ A third line of argument, which 

Hitch (1972) considers supports V/ickelgren'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 strength sfcould be set up where there already existed 

long-term associations than where there were none. Badcieley (19^*0 

and Baddeley, Conrad & Hull (1965) showed significant correlations 

between letter-sequence predictability and immediate recall. 

May7,ner & Schoenberg (196*0 and Kantowitz, Ornstein & Schwartz 

(1972) showed that immediate serial recall of high frequency con­ 

sonants was better -./hen 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 the greater availability 

01 high frequency and probable items as £ue_ss£s_ during output.

Whatever the validity of Wickelgren's arguments for the existence
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of short-term inter-item associations, they are certainly not 

sufficient to account for serial recall. Firstly, associative 

intrusions occur much less frequently than would be predicted on the 

basis of a memory structure consisting purely of inter-item associ­ 

ations (unless it be proposed that subjects can distinguish the 

strengths of associations early and late in the lict). Secondly, an 

associative chaining theory should predict that recall would improve 

with the size of the rehearsal group, since the longer the group, 

the more pairs of adjacent items there will be that are rehearsed in 

contiguity. But Wickelgren (I967a)i who varied the group size frcrn 

one to five items, found three^to be the optimal size. Thirdly, a 

pure associative chaining theory predicts serial position curves 

exhibiting pure primacy, rather thcui the bowed serial position 

curves typically obtained. (Even with visual presentation, a 

small recency effect is obtained - Mortori, 1970.) Fourthly, 

Eaddeley (1968, Exps* 5*-) showed that fcr serial recall of lists 

in which alternate 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 i-cems - 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 direct evidence. Wickelgren 

(19673) found that when subjects v/ere required to break the list 

into groups, order errors tended to consist either of transpositions 

within a group, or transpositions between items in the same position 

in different groups. Wickelgren (1972) concludes from Ihis result
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that items can have short-term associations both to group labels and 

to positions within a group. Neisser (196?)» emphasising the bene­ 

ficial effects on recall of rhythmic structure and grouping, seems
r

also to favour the idea of item-position links, the advantage of 

rhythmic structure being the increase in the number of reference 

points to 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 intrusions' (Conrad, 19&0, 1965; Fuchs, 1969) 

- that is, intrusions in recall from a given position in the list, 

of the item which occupied the same position in the previous trial, 

at a level well above that predicted by chance.

So far the only direct evidence for inter-item associations in 

active memory ho.s been the phenomenon of associative intrusions. 

However, thero is considerable evidence that items are linked to 

positions in some way. This evidence could be accounted for either 

in terms of item-position associations, or in terms of a slots 

incdei. We have already seen that the occurrence of transpositions 

and their relation to acoustic similarity are problematic for a 

slots model. They are no less problematic for a theory postulating 

item-position associations. Why, for instance, should distant trans­ 

positions be rarer than adjacent transpositions (Murdock & Vom Saal, 

1967)? Moreover it is vital for the aosociationist 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 (196'+) showed, that when orly one letter was 

wrongly reported during sorial recall of a visually presented list, 

it tended to be substituted for by an acoustically similar letter.



And Conrad (1965) also showed that items which were acoustically 

similar tended also mutually to transpose in serial recall. The 

implication is that the forgetting of order and of items is not 

independent. How can thfs be reconciled with the evidence already 

mentioned? At bhis point it is appropriate to turn to the model 

proposed by Conrad (1965). Basically, this hypothesises a slots 

mechanism, called the 'fixed-address store 1 , (l$\S), to which is 

added a source of item information, called the 'response availabil­ 

ity store' (RA.S). The FAS consists of a fixed number of boxes rep­ 

resenting the serial positions of the list, and items are represented 

in the boxes in terms of their ̂ phonemic features.

"Items enter the boxes in the order of perception (which could 
be different from the order of presentation). During recall, jSs 
read the name of the item from each box in an order determined by 
the experimental instructions. They may start anywhere in the 
sequence (Kay & Foulton, 1951; Posner, 196*0 but there is no way 
in which the contents of the boxes can interchange."

(Conrad, 1965, p.168)

Transposition errors are held to be due not 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 

assumptions. 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**, erroneously substitutes a P for the T, when he moves on to 

tne next box and finds P, will, provided that he can. remember 

that he has already said '?', say something else
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instead. Conrad's data do indeed indicate a clear tendency to 

avoid immediate repetitions during output, 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 th^t subjects 

have difficulty in keeping track of their own responses. What 

governs which items subjects will report in place of the ones they 

suppress in this manner? According to Conrad, "all other things 

being equal, items are available foi- response as a function of 

their recency of occurrence" (Conrad, 1965* p.167), a premise 

supported by Murdock's (1961) demonstration that intrusions in 

memory for single words, proactively inhibited 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. When 

we add to this the third assumption that it will be an item acoust­ 

ically similar to the suppressed item, it will be clear that in our 

example the probability of selecting 'T r as a substitute will now 

be quite high. Now in Conrad's description, the contents of the 

store 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 account of phonemic similarity effects from the otherwise 

similar model of Sperling & Speelman (1970), who assume that substit­ 

utions arc- chosen at random from the total ensemble (see Ch. 5 for 

further discussion of this point).
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Conrad's model has not been entirely free from criticism. 

McNicol (1971a) purports to test it by determining whether the 

observed frequency of transpositions was compatible with the assump­ 

tion of selection of substitutions from RA.S V and finds that on his 

calculations transpositions were too frequent. But there are two 

serious objections to this study. Firstly, McNicol 1 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 o.f RAS on 

recency. Hitch (19?2) considers it problematic for the model that 

though digits have a relatively lew mutual acoustic confusability 

compared to letters, transposition errors are still frequent in 

their serial recall. But this criticism is mistaken; Conrad 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 Conrad's account of order retention is the 

phenomenon 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 should 

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 Antlers & Lillyquist, 19?1), since recall would presum­ 

ably be entirely from active memory, items following repeated items 

should on my account be recalled no slower than other items, while- 

according to V/ickelgren, response competition should produce delays

for these items.



Conrad is not very speciiic as to the properties of the response 

availability store, save that its contents are determined by the 

stimulus ensemble, the task requirements, and the recency with which 

the items have been presented. There seems nothing, therefore, to 

prevent the identification'of the response-availability store with 

the logogen system, as described in Section 1.*t. It will be recalled 

that item-traces at logogens influence availability as a function of 

their recency. Moreover 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 problems 

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 displacement while items in the FAS are lost through 

decay. Given the available evidence on decay versus displacement 

(e.g. Waugh & Norman, 19^5)the displacement story nov: seems preferable* 

Moreover, the limited capacity of the response buffer suggests an 

additional mechanism by which order and position information may be 

lost while item information is not. The second problem is that Mor- 

ton (1970, p.235) 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 buffer is automatic (sea Section 1.*f). However, if 

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



recall. Yet Crowder & Morton (19&9) showed that running memory span 

for digits under free recall instructions was not more than five or 

six items altogether. Moreover, Morton cites experiments by Posner 

(196*0 and Murdock (I968a) comparing serial recall with 'semiback- 

wards 1 recall, in which subjects recall the last few items 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 

conditions, save for slow presentation in Posner's study. It is 

for these reasons that in Section 1^1 concluded that the subject 

may select items for entry to the response buffer. It follows that 

the act of recalling items which occur at the beginning of the list 

nee^ .not, displace the contents of the response buffer. There is 

additional positive support for this proposal in the finding of 

V/augh & Norman (1968) that in their probed recall task, a regularly 

occurring predictable item did not appear to displace other items 

stored in primary memory, while an unpredictable new item did. It 

does not follow that no output interference need occur* It reniairis 

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 Mv.rdock'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 Norton's model as amended in Section 

1.*f, may be considered a more detailed version of Conrad'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 about an item



is lost from the response buffer, by decay or displacement , during

rehearsal or during recall, the item recalled in its place will

depend on which traces are most active iu the logogen system, which

as a form of active memory does not appear to be subject to the same

capacity limitation as the response buffer (Section 2.3"l)» 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 the subject -guesses at random, suppressing

responses already made, then he will tend to recall PJI item from

the list, rather than from the vocabulary as a whole. In addition,

if 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 C-JQ item phonemically similar

and from the list. Transpositions are there-fore 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, 19^5), 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 v/hich 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 expected 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 response buffer is 

lower than that at v/hich logogens may be activated (see Section ?-3'0 

50 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 tho np.J;ure of order errors, 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' mechanism and 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 recency. An associat-

ionist hypothesis according to which order is preserved entirely 

by item-position links does not account for transpositions and their 

relationship 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 2r13« 

Any hypothesis that item and order loss are entirely independent 

ni'ist cope with Conrad's (1965) evidence that they are not.

Trie task of serial r-eoall presents an immensely complex problem 

of analysis, which is not 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 that we 

now turn.

2.12. Direct comparisons of order and item retention.

In che previous section I mentioned some evidence that the 

incidence of item and order errors in serial recall is differentially 

affected by ev.ch variables as serial position, acoustic similarity, 

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



due to at least partial separation between the storage of items 

and of information about their order, p^ our model implies, then 

similar differences should be apparent when we contrast the reten­ 

tion of order and content more directly. This may be achieved by 

the use of suitable probe techniques: that is, we may compare item 

recognition either v/ith order recognition 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 appear may definitely be attributed to the fact that we are 

asking the subject to retrieve ̂ different list attributes. Unfortun­ 

ately, relatively few experiments have been done which fit this 

description. There is one interesting attempt to test the independ­ 

ence of position and item retention directly, by probing both on 

each trial and attempting to determine whether success on one class 

of probe wrs contingent on success on the other. This is & study 

by Gumming & Coltheart (19^9)» who conclude from their results 

that item and position information are stored as a unit and for­ 

gotten together. However, it mu3t be doubted whether their 

experiment permits this conclusion. 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 soir.a positions on the display 

were simply not adequately encoded. Nevertheless, the principle 

is ingenious and would bear following up with an experiment 

involving serial presentation and a probe to which the subject is



obliged to respond both with a recognition judgerent and with the 

position it occupied in the list; I would predict that the perform­ 

ance on the latter would be contingent on the former, but not vice 

versa.

Another negative result, 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, 196^) in the Brown- 

Peterson paradigm. PI appears to build up over trials in the same 

way whether order or item information is required (Gorfein & 

Jacobsen, 1972; Petrusic & Dillon, 1972). However, this is not a. 

very critical findirg. Regardless of whether order and item 

information are stored independently or not, it may v/ell be the case 

that both are stored 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) (see Section 2.23)« There were no modality differences, 

but marked serial position effects v/ere obtained. While recency 

effects were apparent with both types of probe, they v/ere much more 

marked for order probes, such that performance en these was little 

different from chance for the first half of the list. Moreover, a 

marked 'saw-tooth' effect was apparent in the serial position curve 

for the order probe condition, which Donaldsou discusses in lerms



of Norman & Wickelgren 1 s (1965) postulate of rehearsal in non- 

overla.ppi.i3 pairs of items.

2) Acoustic similarity. It will be recalled that Wickelgren 

(196^0) demonstrated that the deleterious effect of acoustic simil­ 

arity upon serial recall was restricted tc itc effect on order errors,

Wo might therefore expect to find no effect of acoustic similarity
« 

upon item recognition. Wickelgren (19660) performed an experiment

on recognition of a. single letter followed by a string of twelve 

distracting letters, whose acoustic similarity to the remembered. 

item aud the recognition probe was varied. The amount of forgetting 

did appear to be a function of^the degree of similarity. But, 

Tngleby(l969) ^as pointed out that negative probes in this experi­ 

ment were likely to have served also as interpolated items> and 

that Wickelgren's result would be obtained if subjects were inclined 

, fc.lsely to accept, regardless of acoustic similarity, any item 

presented on the current trial. In his own experiments, Ingleby 

avoided this problem by using digit shadowing 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 subject 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 

or second item, there was a marked effect. However, effects of 

acoustic similarity on item recognition have been demonstrated when 

rather larger numbers of items are held in memory. Reicher, Ligon 

& Conrad (1969) had subjects shadow strings of up to twenty words 

follc'-.'ed by a two-cuoice recognition probe; acoustic similarity did 

produce a decrerr.ant in d 1 (see Section 2.2 for a discussion of this



measure). Moreover Hitch (1972), in a series of experiments on the 

effects of acoustic similarity on immediate recognition and recall, 

did find effects on recognition with eight-item lists. However, his 

experiments also suggest that these effects differ in a complex 

fashion from those obtained in recall. Further discussion will be 

postponed to Ch. 5» where my own experiments on acoustic similarity 

are presented.

3) Presentation rate. Henderson & Matthews O971) compared order 

recognition and item recognition with eight letter lists at rates of 

presentation 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 included a compar­ 

able monitoring task, with a probe presented prior to the list. The 

results shov/ed that as presentation rate increased, p(correct) fell 

off more sharply v/ith order probes for both the monitoring and the 

recognition tasksc The authors also calculate a 'pure 1 retention 

function^ by subtracting monitoring from recognition p(correct)f for 

each presentation rate (which assumes additivity). The result of 

this manipulation is not particularly clear; there is some suggest­ 

ion that order retention is influenced more than item retention by 

presentation rate. However, the assumption that the monitoring 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 

information. It will be suggested (in Section ^.1) that part of the



reason for this is the use of error rather than RT measures. Never­ 

theless, differences related to those discussed in Section 2.11 are 

apparent; acoustic similarity shows particular promise as a dissoci­ 

ating factor. Some further points of comparison betweon item and 

order recognition will be mentioned in the context of tr&je strength 

theory, in Section 2.23-

2.13« Probed recall; position and order.

I have suggested that the order of recently presented items 

may be preserved for some seconds in a temporally-ordered store 

which may tentatively be identified with Norton's response buffer. 

This hypothesis has been contrasted with Wicke!! grin's (1972) 

approach, which emphasises the importance of both inter-item and 

item-position associations. Memory for the order of a list of 

words may directly be probed:

- by presenting an' item from the list and asking for its 

successor \s. 'contextual 1 probe),

- by presenting an item from the list and asking for its 

position (a 'location* probe) , or

- by presenting a position (indicated by display position or a 

number) and asking for the item presented at it ( a 'position 1 probe). 

It is of interest to compare the effectiveness 01 these different 

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 probes, since these should 

selectively tap the two kinds of association. Moreover, a double 

probe consisting of both should be more effective than either singly^ 

since the association strengths should add. According to the response
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buffer hypothesis, however, the storage of order and position inform­ 

ation are one and the same. A double probe v/ould therefore not be 

expected to be markedly superior to a single probe, since a context­ 

ual probe and 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 access within the sarr.e store; I have suggested (in Section 

1«^f) that locations in the response buffer may to some degree be 

accessed directly given a position, but not a content, cue. Any 

differences found would therefore be expected to favour position 

probes, though differences due "to mode of retrieval are more profit­ 

ably investigated using latency measurer, (see Section 4«1 and Ghe6).

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

experiments and found broadly similar bowed serial position curves, 

with marked recency and a slighter primacy effect, for all, though 

there were slight differences, particularly for shorter lists. 

Woodward £ Murdock (19^8) directly compared the effectiveness of 

contextual, position (numerically defined) and double probes, with 

ten-item lists presented visually at a brisk rate, &nd 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 (J972, Exp. l) 

performed a similar experiment with eight-consonant lists presented 

sequentially across a spatial array. Recall of an item was prob^ri, 

with a light at its spatial position, the preceding ite.a shown on a



separate display, or a double prcbe consisting of a light at itr 

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, though only the double versus contextual contrast reached 

significance. However, he argues that his result is not incompatible 

with that of Woodward & Murdock (1968) in that the slight superior­ 

ity of the double over the position probe could in his experiment be 

an artefact: in the double probe condition, the presentation of the 

preceding item in the appropriate position would be likely to suppress 

the subject's tendency (seen in the error data, for the position probe 

condition) to produce as an erroneous response the preceding item; 

allowing for tMs possibility on the basis of the error data virtually 

eliminates the difference. In a second experiment, Hitch (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 a very poor retrieval cue. The 

latter result supports the premise that order is temporally coded, 

and indicates that in the first experiment, spatial position 

functioned as an efficient probe only via a translation into temporal/ 

ordinal position.

The evidence reviewed above 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 more direct; moreover, temporal rather spatial repres­ 

entation of order is implicated. The general failure to find any 

aUditivity of the effectiveness of position and contextual cues is 

not congenial to Wickelgreri's account in terms of inter-item and
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item-position associations, and a£ain implies that associative 

chaining has no important role in immediate memory. Of course, it 

remains possible for Wickelgren to argue that tome attentional 

limitation prevents the subject from using both parts of a double 

probe; but Mcleod, Williams & Broadbent (197"1 ) succeeded in showing 

an advantage for a double probe in a long-term memory situation, 

where presumably the same attentional demands were imposed.
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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 temporal order 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 evidence that the factors influencing order errors did not have 

similar effects on item recognition, there was implicit the suggest­ 

ion that the latter task was also mediated by this form of storage. 

We now consider this suggestion explicitly.

What is the nature of this 'availability 1 which is a function 

of recency? Tulving & Pearlstone (1966) point out that 'availabil­ 

ity 1 in memory, which is a function of storage factors, must be 

distinguished from 'accessibility 1 , which depends jointly on the 

condition of the stored information and the difficulty of the 

retrieval process. It has been widely assumed that problems of 

accessibility may be bypassed by the use of recognition tasks: for 

instance, Wickelgren & Berian (197^) say: "recognition appears to 

provide a pure test of loss in storage....,.independent of retrieval 

interference (competition)...(This is) so plausible an assumption 

that uiost workers in verbal learning assume it to be true without 

proof". Similar views are expressed by Murdock O968a) Broadbent



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 to which direct access is possible, 

one in which the representations are 'content-addressable 1 (Norman, 

1968, 1973)• We should note that the adequacy of this assumption 

for long-term recognition has recently been questioned by Tulving & 

Thompson (1971) and Handler (1972), and that tliere 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 have been dominated by the concept of 'trace 

strength 1 (and related concepts, such as 'familiarity 1 - Kintsch, 

1970, and 'amount of information' - Freurid, Loftus & Atkinson, 

1969i to name but two). The major exponents of a trace strength 

theory for short-term recognition have been Wickelgren and Norman 

(Y/ickelgren & Norman, 1966, 1971; Norman & Wickelgren, 1965, 1969; 

Norman, 1966; Wickelgren, 19660, 196?b, 1970a, 1970b, 1972; Wickel­ 

gren & Berian, 197'"!). 1 shall describe briefly the major assump­ 

tions of their theory, and then consider the validity of the 

assumptions separately for item and order recognition.

2.21. 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 representation, witnout a search process.

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

to be a imldimensional continuous variable, the 'trace strength 1 

which the subject is able to assess with respect to a decision



criterion located on that dimension.

^) Strength is incremented on presentation or rehearsal of an 

item. Subsequently it suffers exponential decay as a function of 

time and/or the number of intervening items processed. Nov; an item's 

strength is in fact held to be the sum of several components with 

different time courses, each of which chow exponential decay: a 

short-term trace which is consolidated instantly and decays within 

'1-20 seconds or so, and longer-term traces, of which V/ickelgren (1970s) 

now distinguishes two: intermediate-term '.and long-term memory. How­ 

ever, the latter have, if any, only a minor effect in most short-term 

recognition studies owing to their long consolidation period (V/ickel­ 

gren & Berian, 1971) ^nd may for present purposes safely be ignored.

;"•__-. Thus the subject's decision in recognition is claimed to be 

based on the value of a single unidimensional variable which is e 

direct function of the item's recency, though it may also be affected 

by other variables such as the duration and clarity of presentation. 

To this decision may be applied the machinery of statistical decision 

theory, given certain assumptions about strength distributions (sec 

Wickelgren & Norman, 19&6, 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 fal^e positive 

judgement varies with that of making a correct positive judgement 

(the 'memory operating characteristic' or HOC), it is possible to 

derive a pure measure of memory strength (d') uncontaminated by the 

subject's bias towards responding positively, v/hich is reflected 

in the criterion parameter ((3). The relative trace strength, d', 

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

the strength distributions of 'old'
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and of 'new 1 items. By obtaining a measure of d 1 at various values 

of delay r etc. t with rehearsal controlled, it is possible to study 

the manner in which trace strength depends on recency and other 

variables.

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

I shall consider the four 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 only accuracy as a measure; I know of only one attempt - an 

experiment performed by Hitch (1972, Exp.?). Hitch reasons that if 

some form of search process is necessary to locate the item in 

memory even in recognition t then performance should be facilitated 

if, 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 

and without a spcvtial position cue, indicating the position it had 

occupied if it was in the list, for eight item lists presented 

sequentially across an array. The MOCs he obtained, and the variat­ 

ion of d 1 v/ith serial position (which showed marked recency) v/ere 

essentially identical in the two conditions - only the criterion 

showed any effect. Note, however, that to conclude in favour of 

direct access is to make two important assumptions:

a) that if search v/ere necessary for retrieval in recognition, 

it would be through a memory ordered in terms of position, so that 

a position cue would provide an effective short cut. But, in spite 

of the fact that position is an adequate cue for recall (Murdock, 

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

position could be useless as a retrievrl 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 - so that a difference in d' would actually show up, 

Hence latency would appear to be a more powerful means of testing 

the direct-access assumption; we shall consider ET studies of bhort 

terra recognition in Chapter 3* and the issue of search versus direct 

access will prove crucial.

2) Evidence for strength theory in general, and the assumption 

of uniojAe representations in particular, comes from experiments in 

which subjects are asked to make judgements of the recency with 

which an item has been presented. Yntema & Trask (19&3) presented 

lists of words 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 the delay between 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 also Hinrichs, 1970, for a detailed review 

of judgements of recency in these terms). Mortoi, showed that if the 

first of the two v/ords 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 judgements 01 recency, 

showed that repetition increased apparent recency, provided that
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repetitions were not too widely spaced (Peterson, 196?). It is 

important that these results 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 assumption (2) - that the representations 

underlying judgements of recency are unique in the sense that they 

are specific to 'type 1 not to 'token'. Comparable effects of repet­ 

ition have been found for short-term recognition (V/olf & Jahnke, 1968; 

Jahnke, 1972).

3) The 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 confidence with 

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

and a posteriori probability functions are of the form predicted 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 

ion experiments appears to be mutually predictable on the basis of 

SDT (Norman & Wickelgren, 1969)» though some discrepancies are 

apparent. However, as Anderson & Bower (1972) point out, these are 

successes for the technical machinery of f>DT, not for the basic 

strength assumptions. For instance, it has been 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; V/ickelgren, 1968). While this need not deter us 

from the use of d' as a bias-free measure (Broadbent, 1971) it 

does reduce the force of the argument that the applicability of



59 e

SDT justifies the assumption of an underlying continuous strength 

variable.

*l) More impressive is the emergence of simple empirical relation­ 

ships between strength as measured by d 1 and retention interval, when 

rehearsal is controlled - relationships whirh are not 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 followed by a recognition probe and found the same 

decay function; Norman & Waugh (1968) found exponential decline in 

d ! with both list and test position of probe; Wickelgren & Berian 

(1971) demonstrated exponential 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 (V/ickelgren & 

Norman, 197 1 ) and storage load (V/ickelgre & Berian, 19?1)« The 

effect of these factors may be attributed entirely to differences 

in initial level of acquisition. Decay rate appears to be a 

function both of the number of intervening items and of time 

(Wickelgren, 19?0b); also decay rate seems to depend on the nature 

of the intervening activity, being much smaller in studies employing 

the 'distractor 1 design than in single list probe studies (Wickelgren 

& Ber-van : 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 retention functions 

over the first ten seconds or so appear to be simple exponentials.
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The simplicity of the decay functions argues both for the appropriate­ 

ness of <?' as a measure, and for the assumption that the decay of an 

effectively single representation for each item is involved.

The application of trace strength theory to item recognition is 

not without dilficulties. Broadbent (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, for such data as are available for 

recall of very recent items, HOC 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.j5)-

A second problem concerns the nature of trace 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 boll recently sounded^the duration and intensity of 

its resonance depend on the force with which it was struck. Given 

tha 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 lecency.' If the strength exceeds a criterion, 

then the probe item must have been presented recently enough to 

have been in the list; 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 

somewnat from this metaphor in that he considers strength to be 

intrinsic not to the representation of the item itself, but to 

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 the views of Anderson & Bower (1972), v/ho 

have argued forcefully that in long-term recognition subjects cannot

be baling their decisions solely on the value of a unidimensional
• 

strength variable which is a function of recency, frequency and

presentation duration. For one tning, subjects are able to differ­ 

entiate sets of items which on these grounds are presumably equal 

in strengtl^ by means 01 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 of contextual information it necessary i'or 

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 recognition 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 'vectors', and the result­ 

ing oveiall 'strength' measure will behave very similarly to that 

of classical trace strength theory (see Norman & Rumelhart, 1970,pp. 

^7-50). But the underlying conception of the memory structure 

mediating performance is very different: subjects judge the number
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and adequacy of associative links to the item rather than its recency,

There are 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 one trial to the next and barely at all
* 

during a trial; yet subjects are able to make quite good judgements

of relative recency. Of course, it could be claimed that list 

position is a contextual cue, but Hitch (1972, Exp.7 - see above) 

has shown that presenting position context with the probe does not 

facilitate recognition. Thirdly, it is possible to influence appar­ 

ent recency with frequency of presentation in both chort-term recog­ 

nition and judgements of recency (see -2- above). On the basis of 

present evidence, there is no need to bring contextual information 

into short-term recognition: most experiments have enabled subjects 

to base their decision on recency alone* In the rare studies where 

the material interpolated between list and probe does contain items 

which may also be in the list, (Wickelgren, 19660; Norman & Wickel- 

gren, 196^)1 the data presented do not permit one to determine 

whether most false positive responses were made o/i interpolated 

items which also served as list items; even if they were not, it 

remains possible that subjects could be basing their response on 

whether the strength of the probe item fell within a criterial 

'band' of strength (Hinrichs, 1970).

A tiiird problem arises from the question: what counts as an 

item? Wickelgren & Norman (1966, 1971) imply one possible answer 

to 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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setr of three itemfs; in this connection it would be interesting

to know h^w the exact relationship between negative probes and list 

items in terras of shared digits or digit pairs affected performance 

in these experiments. At the other extreme, we find Norman & 

Rumelhart (1970) following Bower (1967) in treating even a single

digit as a collection of independent component attributes. Another
» 

question is: do the items hr^ve to be familiar to the subject as

items in order to have a 'unique internal representative 1 (Wickelgren 

1972). Norman (1966) apparently obtained similar decay rates for 

digitc played backwards, which were presumably net 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 

increment in a unidimensional variable located at a content- 

addressable representation specific to that item (qua 'type'), 

that this increment decays, when the item is no longer present, 

exponentially as a function of time ancl/or intervening items to 

an asymptote in roughly 10-30 seconds (or items), and that decisions 

based on this 'trace strength' may underly short-tern 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 conceptual problems outstanding concerning the degree to 

which the representation is unitary, and whether strength is a 

quantity possessed by an item's representation or by its associat­ 

ions to other representations.



2.23- Trace strength theory and order recognition..

We have so far encountered very little evidence for the propos­ 

ition that inter-item associations play a major role in short-term 

memory. The comparison "between single and double probes (Section 

2.13) indicates the contrary, and of Wickalgren's arguments from the 

nature of order errors (Section 2.11) only that based on the phenom­ 

enon of associative intrusions bears any weight; however, as was 

previously remarked, it is 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 (I96?b) tested the assumption that d 1 measured by 

response probabilities in recognition of an inter-item association 

was independent of competing associations to the same 'stimulus' 

member. KG presented 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 the first digit of the pair was sometimes a repeated item, 

sometimes not. The results provided no evidence that d' for the 

pair A-B 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 assessLient of the probability that they
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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 subject is 

required lo recall 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 HOC curves and a posteriori probability functions 

obtained in order recognition experiments compatible with the assump­ 

tion of an underlying strength continuum for the representation of 

associations? An experiment by Norman & Wickelgren (1965) seemed 

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 HOC functions for 

order recognition which appeared to be composed of two straight line 

components. But Donaldson & Glathe (19&9) argue that since Norman 

& Wickelgreri 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 list and subjects had 

merely to decide whether their order was correct; they obtained 

smooth, continuous and symmetrical HOC curves for both order and 

item probes (d 1 was markedly lower for order probes and d 1 plotted 

against 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 response 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 a]so 

found smooth symmetrical curves and monotonic a posteriori probabil­ 

ity functions. Murdock (1965)1 who fcllov;ed six-item lists of P-/.S 

with a P-A recognition probe,also found that d' 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 1 changed with false alarm 

rate, and the last item was, of course, almost always recognised 

correctly. So it is necessary to extend the caveat first mentioned 

in the context of item recognition: firstly, these axperiraents 

provide no evidence on memory for very recent 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 (19&5) we include the test pair) evidence for the continuous 

strength assumption is not particularly good. For older items, 

however- the data is compatible with the assumption of a strength 

continuum for associations.

Does d 1 for associations suffer exponential decay? The 

evidence is meagre. Murdock (19&5) found no change in d 1 over the 

first four items, though the presentation rate may have permitted 

some rehearsal, which v/ould have obscured the retention function. 

Wickelgren (I96?b) claims that his data show exponential decay, but, 

as he admits, the scatter introduced by the several conditions makes 

this conclusion highly tentative; only four delay values were used, 

and d 1 d|d 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, 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 association:: that one could expect if they 

were represented in active memory.

2.2^. Is a strength measure possible for recall?

In view of the utility of SDT's strength measure d 1 , it would 

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

Both Norman (1966) and Murdock (l968a) claim that this is possible. 

The problem may best be appreciated in the context of Murdock 1 s data. 

He probed recall from five-, eight- or eleven-word lists with either 

a position or a contextual probe, and encouraged subjects to guess; 

plotting p(correct) against serial position probed he found marked 

recency arid mild primacy effects for both kinds of probe. But 

when the data were plotted in terms of the serial position from which 

the resjponse had come, it could be seen that though subjects respond­ 

ed less often v/ith car3.y than with late items, they were more likely 

to be correct when they did. Murdock (19^6, 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 1 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 prob­

ability of intrusions at that position, on the assumption that each 

of the possible incorrect responses is equally likely.

These procedures seem to me entirely dubious. Firstly omissions
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are ignored. Secondly and more seriously, in probed recall the 

subjectjieeds to retain information about the order/position of the 

items. If, as has been repeatedly suggested in previous pages, the 

occurrence of items is retained in a form independent of the order- 

preserving store, Murdock's finding is predicted without reference

to changing decision criteria. For, if the subject guesses when tha
« 

correct response is not available, the likelihood, of his guessing a

particular response will reflect its availability as an 'item-trace', 

which, it has been argued, is a direct function of its recency of 

occurrence (Sections l.^f, 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 should, 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 obtain measures 01' d f 

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 incapacity, function and coding.

The studies of short-terra forgetting reviewed in the last two 

sections have suggested two rather different conceptions of the 

nature of representation in active memory. The evidence on serial 

recall and on comparisons between the different methods of probing 

recall has given rise to the idea of active memory as a limited 

capacity, phonemically-coded stora, 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 i 

together with the fact that the response buffer hypothesis cannot 

by itself account lor the nature of transposition errors, have seemed 

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 of recency. The former conception is 

implicit in Conrad's (1965) 'fixed-address store', Atkirison £ 

Shiffrin's (1968) 'rehearsal buffer', and Reitman's (1970) 'waiting 

room'. 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 1 and the latter with Morton's 'logogens 1 , with the 

amendments described in Section 1.*f. Armed with this hypothesis, we 

now consider some rather general questions of the functions and 

format of active mcraory.
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2.3>1» The capacity of _actiye memory and, speech comprehension.

Araon?; the functions most commonly suggested for active memory 

(aside from the temporary retention of telephone numbers, a comparat­ 

ively recent human need 5n terms of the evolutionary time scale) are 

speech comprehension (Neisscr, 1967; Craik, 1971) and speech product­ 

ion (Morton, 19&9a, 1970). Without any very profound analysis of 

comprehension, it is obvious that in listening *to or reading contin­ 

uous prose, a man must retain in memory at least the semantic 

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,reference of a pronoun, or of a 

verb divorced from its subject, to disambiguate a present word by 

using its past context, and to take advantage of the redundancy of 

language when the speech stream is masked by coughs or low-flying 

aeroplanes. Moreover, it is occasionally necessary for words that 

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

forin, because th^ir disambiguation waits upon future context. It is 

very striking how large is the span of intervening material over 

which this retention faculty appears to operate, compared to conven­ 

tional estimates of the capacity of 'primary 1 memory. Also, if one 

asks subjects to repeat continuous prose verbatim, their span (12-20 

words) is considerably 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 'consensus' view of short-term memory, represented by Waugh & 

Norman (1965) and Atkinson & Shiffrin (1968), of whom he says:

:iSuch models posit perfect 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 excisions......." (Murdock, 1972, p.91 )

Where do the estimates of capacity come from? Norton'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, 196^c). 

Also, order errors in reading may involve the prepositioning of a 

word by up to five places (Morton, 196*4c). 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 partial report 

experiment an estimate of capacity which is, however, somewhat 

dependent on the assumptions of their model. They claim that 

'auditory 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 list.

iistimates of capacity derived from free recall experiments tend 

to be somewhat lov/er than those we have already reviewed. Craik 

(1971) reviews several methods of estimating 'primary memory 1 capac­ 

ity from the recency effect in free recall: Waugh & Norman's (1965) 

correction for the 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 v/orkers now accept that primary
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memory can hold between 2.5 and 3*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 adequate 

allowance for the effects of out.put 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 Tar mentioned.

How are these estimates of capacity, all derived from recall,
•* 1—-ii-u--——-_i-_Tir_-- *

reflected in recognition performance? The data of DonaIdson (1971) 

(Section 2.12) show recognition performance to be good after up to 

twelve intervening items, while a comparable measure of order recog­ 

nition declines rapidly to 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 

items, /^cording to Vickelgren & Berian (1971), decay of the short- 

term trace continues after moi-e 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 capacity as estimated above (Hin- 

richs & Buschke, 1968; Yntema & Trask, 1963)- Thus it appears that 

information upon which iterr. recognition and judgements of recency may 

be based remains available in active memory long after the limit on 

capacity derived from recall measures would suggest.

The classical answer to this dichotomy would be in terms of 

differed 'thresholds of strength 1 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 

dichotomy may more successfully be resolved by our hypothesis of tv:o 

forms of active memory (Section 1.^), if we assume that the number 

of intervening items required (at standard presentation rates) for 

'item-traces' at logogens to decay to an effective asymptote is 

considerably larger than the item capacity of the response buffer. 

On these grounds, we should not expect item recognition and judge­ 

ments of recency to be limited by response buffer capacity, since 

they are mediated by judgements of the strength of 'item-traces 1 

(Section 2.22). But this suggested resolution raise:: another 

problem: why is free recall, which by definition does not require 

the retention of order, apparently limited by response buffer cap­ 

acity? Why 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 axe 'content-addressable' in 

Norman's (1968) sense, that is, they are activated 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 features or 

articulatory description, not to contingent featvires such as its 

location in time and space, its colour, pitch, etc. Semantic 

features are intended to include context and expectancy. For the 

item-Lrace at a logogen to influence behaviour, it is therefore 

necessary that a 'query' (Norman, 1968) be put to the logogen 

system formulated in terms of physical/semantic features, not in 

terms of contingent temporal or spatial properties. What this boils



down to is the following. The query, 'Give me recent items* 1 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 cannot make direct use of item-traces. There 

are, however, two forms of query which are legitimate:

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

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

2) 'Give me any item with features a,b,c..... f In this case, the 

first response to become available will be the item represented by 

the most active logogen addressed by those features.

Queries of the first form are involved in item recognition and 

judgements of recency. They are probably also involved in a task 

employed 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 shov/ed no recency-related 

dissociation 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 

were probed acoustic similarity had an adverse effect, while semantic 

similarity had none. For earlier positions, the reverse was true.. 

The authors interpret this dissociation, congruent with the recency 

effect, as evidence for acoustic coding in'primary memory, semantic
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codrng in secondary memory. However, the results of the two studies 

are not in conflict, The test item in Shulman's study constituted 

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

would therefore provide access to item-traces in the logogen system 

whose strength could be compared 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 coded.

Queries of the second form are involved in the account given 

of the occurrence of transpositions in serial recall in Section 2.11, 

and explain how the logogen system can function as Conrad's 'store 

of available responses', from which responses are available as a 

function of recency. 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 

a letter v.'ith phoneme Y'. Essentially this provides a mechanism for 

ensuring that guesses are recent items and often phonemicaliy related 

to the items they replace.

Finally, I should like to suggest that the problem 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 be limited by response buffer capacity.

An example may help. A tent 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 

with his uninjured hand saved from loss the contents of the capsized 

canoe'. The problem posed by this sentence is that most people 

hearing it initially interpret the second word ac 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 non-semantic 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 the 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 the strength at 

[writing] more than that at [righting] , 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', 

which is appropriate context for both words* The words 'capsized 

canoe' will serve 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' will finally become dominant. Essentially, 

the argument is that choice of the initial interpretation 'writing 1 

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 logog^n 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, Murdoch'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 short-term memory store is inadequate. He has 

accordingly 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 iconic or echoic storage and post-categorical, is otherwise 

sensory in nature and subject to decay, and

2) the 'address register' (the 'desk-top 1 ) t 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- 

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

store, but they tend to become inaccessible unless an appropriate 

address is held in the address register. The address register it; 

thus a store which functions primarily as a control or retrieval 

system.

Two of the arguments put forward by Broadbent are critical for 

this hypothesis. The first is that, if both the recency effect 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 Ba.ddeley (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.3^5). Nevertheless 

acoustic.similarity effects 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 proposes 

that the store affected by acoustic similarity is the address register, 

Broadbent f 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 counted as a 

'chunk' if the words had also been adjacent in the stimulus list. 

The number 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 v 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 effects 

and the recency effect (see Section 2.3^). Then how are the data of 

Baddeley (1968) which Broadbent quotes to be accounted for? The 

simple answer would appear to be that when six-letter lists are 

presented at one item/sec, for immediate self-paced recall, rehear§al 

is not adequately controlled for Broadbent to draw the conclusions 

he wichec 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 lor by
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our own two-store hypothesis, according to which phonemic similarity 

affects response buffer retrieval but not decisions based on 'item- 

traces'.

The argument from Tulving & Patkau's (1962) finding is more 

convincing. But 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 this is the case it

implies that items are addresses. Thus items stored in active 

memory,- in whatever form, may function either as items in themselves 

or as retrieval cues or 'addresses 1 for access to inactive memory 

representations. In the experiment of Tulving & Patkau (1962), and 

probably in most free recall experiments, it is probable that subject o 

retain items in active memory 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 the response buffer was suggested in Section 1-M- 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 

items. It was suggested in Section 2.31 that this explained why 

estimates of primary memory capacity from the recency effect in free 

recall (Craik,19?l) were so small.

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

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

own

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



80.

memory* Another function sometimes suggested is the organisation 

and reorganisation of material current?-;1- being operated upon. For 

instance, Kunter (196*0 emphasises the need for a 'working memory 1 

in problem-solving. Posner (196?) speaks of an 'operational memory 1 

for organising material reactivated from long-term storage. Some 

form of temporary storage is also implied by tha 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 passive) organisational role for active memory. 

Firstly, consider all operations in problem-solving which require 

the combination , or inversion'of the order of t 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 and 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 

item 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 recent 'item-trace 1 at a logo- 

gen. Consider also the problem of keeping track of one's own recall 

from active memory. I shall in Section 3*3^ mention evidence for 

Conrad's (1965) claim that in order to recall a list backwards, the 

subject is obliged to run through the list forwards from the beginn­ 

ing for each item (or pair of items) retrieved. The question arises; 

how does he keep track of where he has got to? Again, there is a 

necessity for some form of active memory independent of the store 

actually being searched.
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It is an important feature of the two-store model of active 

memory introduced in Section 1.4 that it permits this organizational 

role. For this to be the case, the amendments made to Norton's 

account are crucial. It will be recalled that I proposed that the 

subjects could select which items made available by the logogen

system were transferred to the response buffer, and could also
« 

control at which position in the response buffer he started the

process of feeding articulatory descriptions back to the logogen 

system (sub-voe.al rehearsal or read-out). These control processes 

provide a means whereby information may be 'shunted' back and forth 

between the two forms of storage, 'reordered and combined. Moreover, 

if one postulates only one store, and if this store must be serially 

searched, then the necessity to retain a retrieval cue while one 

searches for the required item generates a paradox: crudely, one 

.hp.s to let the cue go, in order to find the item; but one does not 

know whether one has found the right item unless one 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 doubt 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 

uistic 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 itenE 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.

2.3^» Sperling 's recognition buffer.

Sperling (19&3) 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 

function consisted of tv/o roughly linear components: as exposure 

duration 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 slov; $ 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 good 

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, 

indicated that the process may not be entirely serial, since when 

report accuracy is analysed for different locations on the display 

individually, location '.n ."is. '.seen to be reported \eLl 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 simultaneous. 

Recent models assuming simultaneous extraction of display 

items (e.g. Kumelhart, 1970) have proved quite 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 (Lcjidauer, 

1962, obtained a maximum rate of around eight letters a second).
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Impiessed by the oH.er of magnitude of this discrepancy, Sperling

(1963» 15^7) introduced into his model a component called the 

'recognition buffer 1 between the scanning process, and the auditory 

information store (AIS). Inputs to this component are conceived as 

rapidly setting up programmes for the pronunciation of items (in

spite of the acoustic nature of AIS), which are then executed at the
• 

rate of euh-vocal speech to transfer items to AIS.

I suggest that we may identify Sperling's recognition buffer 

with the logogen system, and AIS with the response buffer. Allport 

(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. (Unfort­ 

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

same slope was obtained for two-syllable as for one-syllable words 

of roughly the sane length; nor did 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 s Allport 

concludes that subsequent in processing to the level of representat­ 

ion destroyed by the mask, 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 logogens.

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

several items arc presented at once,outputs from several logogens

1 This is not intended to imply that there is no selection of input
prior to logogens.



may become available very close together in time; however, the rate 

at which they may be read into the response buffer is slow. Span 

of apprehension is, according to our model, limited by a combination 

of response buffer read-in rate, response buffer capacity, and the 

decay rate of item-tracec, in addition to any limits there may be on 

focal attention.

2.35« Articulatory versus acoustic coding; in active memory.

There is a wealth of evidence for the proposition that coding 

in active memory, at least for ordered recall is phonemic. Within- 

list phonemic similarity results in a recall decrement (e.g. Badde- 

ley, 1966a; Conrad & Hull, 196*f; Laughery & Pinkus, 1966; Wickelgren, 

1965>c); interpolated items similar to memorised items cause more 

forgetting than dissimilar items (Conrad, 1967; Wickelgren, 1965&); 

intrusion errors tend to share phonemes (Conrad, 196^; Wickelgren, 

196^d) or, perhaps, distinctive features (V/ickelgren, 196^b, 1966b) 

with the correct responses they replace. However, none of this 

evidence favours acoustic over articjulc'. Iory coding or vice versa 

(Norton, 1970; V/ickelgren, 19&9a). According to Morton (1970) rep­ 

resentation in the response buffer is articulatory in nature. Since 

theorists such as Sperling & Speelman (1970), who favour acoustic 

representation in a form of storage particularly 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 UES 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 summarised under the following headings:

1) Error analysis. On the basis of the data of Conrad (196 Z0
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and Miller & Nicely (1955)i Hintzman (196?) argues that confusion 

matrices compiled from recall data show the influence of place-of- 

articulation errors more than do perceptual confusion matrices. 

But 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 

erial, and found that increasing articulatory activity in this manner 

improved recall. 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) 

used an EMG 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 presented 

phonemically similar material. While a higher proportion of errors 

were 'acoustic' when SVA was not suppressed, the overall level of 

performance was net affected. However, a fifteen second retention- 

interval v/as employed, and the involvement of active memory in recall 

at this delay is dubious. Moreover, it may 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:

4) Competing articulatory activity. Murray (196?) had subjects 

say 'the, the,...' during presentation of the list and did find a 

recall decrement. Levy (1971) gave visually presented lists accomp­ 

anied by compatible or incompatible silent articulation. Probed 

recall performance was reduced almost to chance lovel by incompatible 

articulation, suggesting that articulation is necessary for immediate 

recall of visually presented material. Put when she accompanied the
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lists with simultaneous auditory presentation, the decrement due to 

incompatible articulation 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 

presentation, articulate the contents of PAS subsequent to presenta­ 

tion.

5) Visual presentation with auditory suffix. If visual inform­ 

ation is, as Sperling (196?) and Sperling & Speelraan (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. Norton & Holloway (1970) 

showed that it did not, even when the subject was forced to process 

the suffix.

6) Deaf people. Perhaps the most striking evidence for the 

articulatory coding hypothesis is to be found in Conrad's (1970, 1972) 

findings that among profoundly deaf children, those who develop 

'acceptable' speech also tend to find phonemically similar sequences 

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

'acoustic' confusions in recall.

In conclusion, the effects of competing articulation, the 

dependence of acoustic errors on sub-vocalisation, and the finding 

of similar errors in normals and the profoundly deaf all favour the 

hypothesis 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.



87. 

Summary and conclusions.

In this chapter, I have surveyed a number 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 mechanism was implied by:

- evidence of the differential effects on order and item errors in 

serial recall of serial position, probe type, acoustic similarity, 

grouping, 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 'stoie 

of available responses'.

That inter-item associations alone cannot mediate order retention 

in active memory was demonstrated 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 for trans-
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positions and their relationship to phonemic similarity.

It was therefore proposed that order and position information 

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 differ much 

in effectiveness, except inasmuch as is compatible with access via 

position 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 strength theory sugge­ 

sted that items are also represented as temporary traces 3.ocated 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 expon­ 

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 resolve the dichotomy between estimates deriving from recall 

measures on the one hand, and item recognition and judgements of 

recency on the other. This raised the question of why item-traces 

at logogens are not accessible in recallc 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 speech comprehension. Other functions 

of active memory were mentioned; use was made of Broadbent's 'address 

register' concept, but his two-store dichotomy was rejected. It was 

also argued that active memory could serve in on organisational rcle, 

as a working memory. Finally, it was pointed out that the logogen 

system v/ould fulfil the same theoretical need as the 'recognition 

buffer' proposed by Sperling*

The hypothesis of two forms of active memory (Section 1.*f), 

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 empirically be dissociated may include: acoustic simil­ 

arity, position cues as compared to content cues, rate of presentat­ 

ion and capacity/serial position/retention interval. In the next 

chapter, we shall be concerned with reaction time experiments on 

immediate memory for sub-span lists. This line of research, initiat­ 

ed by Sttrnberg, has as a matter of history developed largely indep­ 

endently of the work reviewed in this chapter. So, in a ssnse V;G 

start again at the beginning, but I hope to show that the same quest­ 

ions arise, in spite of differences of emphasis, and that there may 

be grounds for favouring the same answers.
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CHAPTER III. Immediate memory and reaction time.
•^^••••————————•MW^Bi^^H^M^MM^^db^^BMBM • • Kl | ^""——•"^•Mi^«™«M»™^>™^Mi^™^BM«»™^—— •

The aim of this chapter is to review the results of some exper­ 

iments on immediate memory for short sequences of items in which 

reaction time is measured and to consider their implications for 

theories of the nature of immediate memory. The experiments have 

these characteristics in common: lists of items ('memory sets'), 

chosen from a larger set (the 'stimulus ensemble'), are presented to

subjects for memorization; subsequently a further item is presented

1 
(the 'probe') to which the subject must make a speeded response by

reference to the memorized list; reaction time is measured from the 

probe onset, and is the dependent variable of chief interest; typic­ 

ally performance is relatively error-free, in that although perform­ 

ance is speeded, error rates are usually kept below 10%. In general, 

by 'items' 1 mean constellations of perceptual features which are 

familiar, which if they lack names are at least readily identifiable 

and which 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 (schematic 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

2
I shall discuss v/ill be 'item recognition' (IRn) in which the subject

must make one response if the probe is contained in the memory set

p
and another if it is not, 'contextual recall' (CR) in which the sub­ 

ject must name the item following the probe item in the memory set, 

and 'location' (Ln) which requires the subject to indicate the ordin­ 

al position of the probe in the lict. Other possibilities exist and 

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

*-\

1 i.e, 'as fast as you can while avoiding errors'. Sternberg
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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 1 

procedure). Five models will be outlined, and their predictions 

compared to data available in the literature. In the second section, 

the implications for immediate memory of the 'constant-set 1 version 

of this paradigm, in which the memory set remains the same over 

large numbers of trials, will be examined. In separating the two 

I deviate from other reviewers (Sternberg, 19&9a; Rabbitt, 1971; 

Nickerson, 1972) on the grounds that the constant-set paradigm is 

unlikely to be a pure immediate memory paradigm. Now Sternberg 

(19&9&) 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 

ion will be that while Sternberg's argument may hold for relatively 

unpractised subjects, there now exists evidence of marked changes in 

the pattern of performance with practice 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 precaution 

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 1.*f. Some predict­ 

ions from the model, together with others derived in the first 

section, are tested in experiments described in later chapters.
i

Excluded from this review, which is otherwise intended to be 

fairly comprehensive, are some^experiments in which several probes 

are presented at once, (as in some conditions of Nickerson, 1966, 

and Briggs & Blaha, 1969)* those in which the memory set consists of 

connected discourse, and those in which 'multidimensional 1 items are 

used in-an attempt to establish whether individual memory items are 

'processed 1 in series or in parallel (e.g. Checkosky, 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 memory.
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3.1. Immediate recognition; the varied-set paradigm.

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

1 
the imaginations of some authors , 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
i

the set size functions and as such are assumed to represent 'memory 

comparison 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. scanning hypothesis - 'exhaustive 1 and 'self-termin­ 

ating'; two versions of a 'trace strength* theory , v/hich 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 loosely 

formulated, for reasons v/hich 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 an 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 

(I969a). He and others (e.g. Clifton & Birenbaum, 1970) have suggest­ 

ed that these two models may in some sense represent

-i
,probably because it is one of the rare cases in which Bonders'
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alternative strategies available to the subject.

MODEL I. Exhaustive scanning.

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

1 represented in 'active memory 1 . When the probe item is presented,
• i

it is compared successively with each item in active memory. When

all comparisons have been made, a decision 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:

RT • = t + mt + t, + t (1) e c d r

t , encoding time, is the time required for perceptual analysis of 

the probe to whatever level is necessary for comparison to the memory 

representations, t is the time required for a single comparison.
C

m is the number of items in the list, (t is usually supposed to be
C

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 1 must be a quasi- 

ordered storp, in that the subject is able to scan each item on^-e

and only once, and knows when he has finished. Moreover, since tc

is independent of m, a relatively stable representation is assumed. 

V/ere subsequent items to cause an item's representation to decay, 

them presumably comparison time would increase with amount of degrad­ 

ation (cf. Sternberg, 196?b) and t v/ould increase with m. It is notc

specified how forgetting takes place, save that a sufficient period 

of distracting activity will displace the list from 'active memory 1 . 

For a particular set of experimental parameters and responses,

(t + t, + t ) will be constant and the sloce of the set size e d r

'Active memory 1 , when in quotes, means whatever Sternberg means by 
it. It is not necessarily to be confused v/ith active memory as defined 
in Ch. 1 and discussed there and in Ch.2.



function 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 

other stages is influenced by which variables, further multifactorial 

experiments m;ust be done using the additive-factor method (Sternberg, 

1969b). Broadly, we may expect that t will be influenced by stimulus
C

intensity, quality, etc., t by spee<f/ac curacy instructions, t by 

response relative frequency, number of response alternatives and 

S-R compatibility.

MODEL II. Self-terminating scanning.

This is essentially the same as Model I save that the subject

stops scanning the list in 'active memory 1 as soon as he has found
2a match . In consequence, the set-size parameter (ra) 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 position 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+l)/2 items the slope of the set size function will 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 L. in memory (in the sense that has already been 

indicated for logogens in Section 1.4 and the representations assumed 

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 i.e. mean RT plotted against m. ' see Section 3-31 for a discussion
of the relative efficiencies of exhaustive and self-terminating search 
strategies.
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probe P. , at L (1 in the form of a variable S., continuous between

certain limits, which we may call 'trace strength 1 . While S. 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 effect a judgement of whether the item i has occurred

more or less recently than some criterion which the subject sets on
• 

the basis of his knowledge of the underlying distributions of S.

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

c) no search is necessary; L. is in some sense directly accessed 

by P.. Two versions may be distinguished:

MODEL III.. 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 L. has its trace strength S. 1) raised to a
i 

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

quantity detenEiaed by its and other representations' prior strength.

b) Forgetting. When the item is removed, the quantity S. 

decays as an inverse monotonic function of 1) timo AND/OR 2) sub­ 

sequent items.

S. = f(VT.) - the DECAY FUNCTION (2) 
i i

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

the decay function is not specified, but a reasonable guess is that 

the r=>te of decay is initially rapid and declines to an asymptote 

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

\hese represent possible alternatives. The discussion will be 
couched in terms of the first mentioned, without the intention of 
ruling the others out.
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subject inspects the trace strength S at L. 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- 

tonic ally related to the difference between the trace strength and 

the criterion, |S. - CJ.

= f (V IS..-CI ) - the Decision function.

The form of this function is also unknown, save that it is assumed 

to have an upper and a lower limit.
_ ^

Reaction time. This consists of the time taken to encode the 

stimulus to a point where the decision process can start - t , time 

to decide - t ", and the time to organise and emit a response - t .

RT = t + t, + t CO 
e d r

I do not, it should be noted, intend to imply that stimulus encoding 

and decision 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 that 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.)

Combining (2), (3) and W it will be obvious that reaction
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time can be expressed as some function of T. , thy time since the item 

was last presented, and C.

RT = f (T , C) + X - the Recency function, (5) 

where X = (t + t ). RT will be a monotonic function of the recency
v* A

of the probe P ; increasing as T. increases for positive probes, de-
•i. •!.

creasing for 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 also unspecified.

. ^

f) Criterion. As in signal detection theory, the subject's 

optimal criterion placing will depend on the underlying distributions 

of S., and the probabilities and pay-offs. Fig. 3«1 shov/s 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 m^ke the 

false positive/false negative ratio roughly unity. The shape of 

the distributions will determine which side of the speed criterion 

it 1will 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.

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 thi^ case it 

may be helpful to conceptualise the increment in S. as reflecting

an increase in sensitivity (or lowering of threshold) rather than

1 
an increment in some level of activity .

b) Forgetting. As in Model III.

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

subject determines whether some activity or count in L. passes a 

criterial level K within a criterial time T . 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 time taken for L. to pass some level K given P. is assumed 

to be a monotonically decreasing function of the 'sensitivity' S.. 

Hence for positive probes,

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

while for negative probes it depends purely on the criterion T :
C

decision time t, = T (?)
d- c

e) Reaction time. Rt = t + t. + t (8)s Q. r

where t represents the time elapsing between probe onset and the 
s

starting point for timing T . This time is occupied by some form
c

of initial sensory registration. In this model there is no distinct­ 

ion betv/een an encoding stage and a decision stage, in that basically 

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

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

f) Criterion. A similar argument ior the placing of the criterion 

applies he^e 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 it<rns of different levels of recency. Fig. 3.1 

is again appropriate, but the horizontal scale is now time not 

strength. The larger the value of K t the greater the spread of and 

the distance between these distributions. The level of the criterion

time T does not affect positive RTs, but decrease in negative RT. c

can be traded for an increasing proportion of false negatives by 

reducing the level of T (i.e.'moving the criterion to the right).
C

The essential difference between the two trace strength models

1
may perhaps be captured by the following analogy : items are concept­ 

ualised as ringing specific 'bells'; in the 'inspection 1 model, the 

subject determines 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' as 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 TTI does the subject 'inspect' the trace strength at the 

logogen addressed by the probe? If the representations L......L

are logogens, terminal units in the identification mechanism, then 

logogen L. must be used to identify the probe P.. In terms of the 

bells metaphor, how can the subject tell whether the resonance of 

the bell exceeds a criterion if the probe confuses matters by

1 borrowed from Nickerson (1972).
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striking the bell again? The answer may be that the bell is rung 

louder by the probe when it was already resonating than when it was 

not, and it is the loudness that is judged. Rather than assuming 

that the subject really 'inspects 1 the trace left by the item, it 

may be preferable to assume that the trace strength generated at L. 

by the probe P.^ adds to that already present, if any, and it is this 

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

MODEL V. Mixed models.

The trace strength models are undoubtedly more complex than 

the scanning models, but their'scope 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, 

V/ood & Atkincon (1971)» I mention it here because of recent suggr- 

estions that such a model may apply to the IRn paradigm, (Sternberg, 

1973; Barley & Arabic, 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 1 , which subsequently decays unless the item 

is rehearsed. When the probe item is presented, the subject inspects 

the 'familiarity 1 of that item. If it is higher than a high crit­ 

erion C he responds 'Yes', if lower than a low criterion C he 

responds 'Ho 1 . Responses having this basis are held to be fast, 

and according to Juola et al. (197^) not dependent on the trace
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strength - that is, effectively constant. If the strength falls 

between the criteria, the subject performs some form of search. 

This could be either exhaustive or self-terminating and presumably 

requires in addition to dynamic traces in logogen-style represent­ 

ations, an additional 'active memory 1 with the properties specified 

in Models I and II. The resulting decision time and hence reaction 

time will be a probabilistic mixture of fast 'familiarity 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 that 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 model in any greater 

detail for two reasons. The first is its complexity relative to 

the 'one-process 1 models. There are both a number of alternative 

versions that could be specified, and a number of 'loose 1 parameters 

within those alternatives, which argues that the sheer effort should 

be postponed until all the one-process models have been shown to 

fail. The second is perhaps more substantial: without making very

strong assumptions, concerning the nature, parameters and error-

1 proneness 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

A

For instance, Darley & Arabie (1972) according to Sternberg (personal 
communication), base their parameter estimations on the assumption 
that all errors are pure errors in the sense that they derive 1'rom 
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 lor/.
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decision function for the mixed model turns out to be no more than 

the discrete-state version of this continuous function. On any 

given trial the subject will be either in the state in which a fast 

'familiarity 1 decision is possible, or one an which a slow search 

is required (which could count 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 discrete-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 1 model, Model IV, may be considered a self- 

terminating parallel scanning model, if one so chooses, in which the 

comparison times are determined by recency in a manner rather less 

ad hoc than Murdock'e suggestions of a linear primacy component and 

a logarithmic recency component. Corcoran (1971) suggests a 'limited- 

power 1 parallel scanning model, somewhat lacking psychological plaus­ 

ibility, in order to account for linear set size functions; but 

the function relating mean comparison time to set size, deriving 

from this suggestion must be very similar to that derived by Murdock,
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who makes comparison time a function of distance from both ends of 

the list, and so Corcoran's model may be considered merely as a 

weaker version of Murdock's.

.12. Predictions from the five models and data.

_ _T_he relationship between 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 fonetion.

Since RT = f (T , C') + X (5)

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

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

probed equally often, then mean positive RT

ra m
RT - J^(RT.) + X = £^f(T. , C) + X (9)^ X

m m

If RT is a monotonic increasing function of recency, and the 

initial increment in strength and rate of decay are assumed to be 

independent of the number of prior items, then the set-size function 

should be similar in form to the recency function, though less 

markedly non-linear if the recency function is non-linear. Two im­ 

portant consequences follow. If the recency function (whose form

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 

rehearsal is controlled. Both consequences 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 influenced 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) 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 

|S.-C|, decision time = a(2m/S ) + b, where S is the total strength 

and a and b are constants. It is no doubt possible to devise comparable 

solutions which do not assume a linear decision function 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

1BADDELEY 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 Ltem takes a 

relatively large, share of the total strength, the serial position 

faction will be relatively steep; if a r^jj shar£j theil shallow,

(ii) Mean negative RTs. Models I and II differ here in that 

while both predict a linear increase in mean RT with increasing eel 

size, according to the exhaustive model the rate of increase should

equal that for mean positive RT, while if the search is self-termin-

1ating the slope ratio should be two. Any overall intercept differ­ 

ences between positive and negative RT are attributed to stages other 

than comparison. According to the inspection model, to maximise his 

speed for both responses, the subject should place the criterion C 

mid'.vav between the means of the positive and negative distributions 

(see Fig. 3»1)« As set size is increased, this results in S.-C 

decreasing at the same rate for both response types, so that the 

positive and negative set size functions must necessarily be parallel. 

A concomitant feature of parallel slopes in Model III 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 expect to find a range of slope ratios, on 

either side of unity. In the default model, only negative RT is 

affected by the criterion T . For greatest accuracy the subject 

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

distributions as possible. Assuming that the latter remains 

relatively stable with changing set size, and that the distributions

pc ratio -- negative slope/positive slope, of the set size function,
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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 arid below unity 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:

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

variable-set IRn studies where marked deviations from linearity are 

found. The exceptions are Smith (196?) and Nickerson (1966) both of 

whom obtain distinctly logarithmic set-else functions. However Tor 

present purposes both are flawed: Smith's is a between-subjects design 

and each memory set was used for several trials in a row; Nickerson 1 s 

is on exploratory 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, 1966; Burrows & Okada, 

1971; Chase & Calfee, 1969; Wingfield & Branca, 1970; Baddeley & 

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

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

^0 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 consistent departures from linearity do stand out. 

In the first place, there are quite consistent deviations of the 

mean positive RTs from the best fitting regression line, for small 

set sizes (m=1,2): the v?Aue for m=1 being often too low while 

that for m=2 is sometimes too high (Sternberg, 1966; Clifton & 

Birentaum, 1970). Secondly, there is very frequently a small neg­ 

atively accelerated trend in the set size function, particularly for 

positive RTs; in some studies (Morin, Derosa & Ulm, 196?; Oorballis 

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. *+). 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 memory
o

decayed, leading to slower comparisons: this would lead to positively 

not negatively accelerated set-size functions. Unduly fast positive 

RTs for m=1 might possibly be accommodated 'to the scanning models 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 decelerates to an asymptote. Moreover, 

for small set sizes, or for cases v/here 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) leading to more marked non-linearity.
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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 decay function, Since 

in this case we would expect the criterion to remain constant, the 

resulting function should be a pure representation of the effect of 

recency on RT. The combination of roughly linear set-size functions 

and evidence for a non-linear recency function suggests that some 

form of 'limited capacity" (or mutual inhibition) version of the 

trace strength model may be necessary.

Slope ratios: In the bulk of studies (Stcrnberg, 1966; Sternberg, 

1969a, ExpJ>; Chase & Calfee, 1969; Baddeley & Ecob, 1970; Juola & 

Atkinson, 1971; Klatzky 8: 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 averaging across 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 limit on slope ratios, given reasonable 

accuracy, should be not much greater than one. Moreover such data 

can be satisfactorily accommodated by Models I and II only if it is 

supposed that these describe alternative strategies, as Clifton &
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Birenbaum suggest. 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 Model III permits such a v5.de range 

of slope ratios; the actual values obtained will depend on the nature 

and placing of the underlying strength distributions and on response 

frequencies, though it is also the case that by and large the optimal 

placing of the criterion for speeded performance will be such as to 

give parallel functions. Is there, then, any support for the concom­ 

itant prediction in Model III t,hat when the slope ratio is unity, 

false negatives (FN) should increase faster than false positives (FP) 

with set size? Error rates are rarely presented in sufficient detail 

to answer this. Clifton & Birenbavm (1970), 9 of whose subjects 

showed parallel slopes, present error data pooled over subjects, and 

if one fits regression lines it transpires that FN increase by 0.87% 

FP by 0.59?? £02? each item added to the memory set s Nickerson (1966, 

Exp. 4) with 4 well-practised subjects, but only 2 set sizes (m=1,^) 

found that the difference in FNs 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 generally obtained are also compatible 

with this model. Nor is the success of this model so far due merely 

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

frequencies demonstrates.
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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 II: The same prediction is made for negative RT as in 

Model I, but since on average only (ra-i-l)/2 comparisons need to be 

made for a positive response, beyond m• - 1, the slope of the posit­ 

ive response function will be approximately half that for negative 

responses.

Model III: Though in general RT variance will be expected to 

increase with set size, negative RT variance should increase mark­ 

edly less than positive RT variance, since the underlying distrib-

1 ution of strengths for negative items is not changed .

Model IV: Unless the criterion becomes more unstable with 

increasing set size, variance for negative RT should not increase

at all .

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. 

Firstly, according to the strength models the fastest positive RTs 

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

1 However, in some circumstances, this prediction may have to be mod­ 
ified, depending on the nature of the decision function (see 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 serial position 

effects - see Section 3.124.) Secondly, detailed examination of the 

RT distributions could in theory be one way of distinguishing Models 

III and V.. According to a mixed model, the 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 scanning 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 1 data from a constant-set 

experiment in an attempt to evaluate a strategy-mixture hypothesis.) 

Unfortunately, unless clear evidence for bimodal distributions 

were found, the sophistication of such analyses would probably be 

excessive for the real world. The difficulties with arguments based 

on extremes of distributions are a) that there is a major sampling 

problem, and b) that the extremes of 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 to 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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models, on the other hand, predict no sharp cut-off, 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 th*t, provided that the possibility of the subject coding 

in terms of the complementary 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 

correlation between the slopes of the set size function for differ­ 

ent types of material, as gleaiied from the literature, and estimates 

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. To accommodate the scanning models to this correlation 

requires the addition of some rather strong assumptions (see Cavanagh, 

1972, p. 528).

. The relationship between positive 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 RT. 

is a direct function of recency T. , provided that rehears?.! is cont­ 

rolled (i.e. either there is no rehearsal or the whole memory set is 

rehearsed an integral number of tircos) 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 S'ternberg 

(1966), Baddeley & Ecob (1970, Exp.2) - both of which *ere character­ 

ised by slow presentation rates, 2 sec, probe delay £Jid 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, Expd) v/ith presentation rate and probe delay similar to 

Sternberg 1 s and list length constant at k 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 v/ith slow presentation, long 

delay and variable list length. Nevertheless, it is certainly the 

case that recency effects are more pure, marked and reliable with 

relatively fast presentation and short probe delay (Corballis, 1967; 

et al., 1972; Derosa & Beckwith, 1971; Forrin & Morin, 1969; Krueger, 

1971; Morin, Derosa & Stulz, 1967; Morin, Derosa & Ulm, 1967).



There are two consistent exceptions to the pattern of a deceler­ 

ating increase 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 

(I97l)i Corballis (196? : fast 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, Juola 

& Atkinson, 1971; Klatzky & Smith, 1972) have reliably found that RT 

increases 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 auditorily 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 to the probe.

The available serial position data may perhaps be summarised 

thus: in experiments in which rehearsal is either minimised by fast 

presentation rate and immediate test, or at least partially controlled 

in the sense that subjects are able and likely to 'programme 1 a 

whole number of complete rehearsals of the list on most trials, RT 

is found to be a monotonically increasing and decelerating function 

of backward serial position, wilh the exception of 'first item
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random or idiosyncratic, serial position effects vanish or are 

controlled by other factors such as display position.

Such findings appear to constitute powerful refutation 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-linear, 

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 been 

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 latter 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 lists, 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 be in a special state of 'high accessibility 1 or 

attention, with a probability that depends 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 than the slope cor-stant of the set size

function; this follows from the fact that the advantage gained by a 

position which is always highly accessible, over one which is never 

so, ear-not be greater than the time for a single comparison; this pre­ 

diction fails in most of the studies cited. Sternberg d969a p.^28) 

hints that recency effects may be related to sensory matching (cf. 

Posner, 1969) but as recency effects a) are not limited to short 

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

& Craik, 19?1; Juola & Atkinson, 197D, any sensory component must

occupy a secondary role (see Section 3»13)« There IR one possible

1 modification which works: suppose that the 'flag 1 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 longest mean positive RT characteristic 

of a single serial position assuming that the response stage 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 allocation balanced across hands) 

which report serial position effects as well as negative RTs. Cor- 

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

I am indebted to Caro Williams for this suggestion.
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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 expect 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 equal 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 III. There are two studies in which 

the frequency of trial types were determined by the latter procedure. 

The data of Morin, Dercsa & Ulm (196?) indicate that RT for the later- 

serial positions increased slightly with set size, though errors 

decreased markedly. But in the case of Kennedy & Hamilton (19&9) 

where subjects v/ere 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 difficulty for Model III, 

the evidence is so far equivocal and dependent for significance 

on gaining absolute control of rehearsal,which is probably impossible.

3.125. 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 ££ior trials 

would be expected to be a factor influencing RT when those items are

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

of the prior items in the list -- see p.!03a.
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presented in the memory set or as the probe on the current trial. 

While proactive effects might also be predicted by the search models, 

they would presumably be attributed to an effect upon the encoding 

stage, and should therefore 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 version of the representation axiom
>4

(a) is assumed. If the presentation of an item in the memory set 

raises the strength S. at L. to a ceiling, then there can be no effect 

of prior activation. If on the other hand, the presentation of item

i adds an increment to whatever value of S. the representation L. ——— i i

already possesses, then the resultant trace strength will be greater 

when 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 

able. Smith (1967) finds a facilitating effect of presenting a 

probe a second time for the same list, but his design is 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 parallel, 

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

1 see p.96.
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strength of negative items, but only indirectly via the criterion T
c

placing, _no RT difference is predicted but subjects should make more 

errors on recent negative probes. Zechmeister (1971) and Darley & 

Arabie (1972) in experiments in which the memory set on each trial 

was composed of novel words showed that it took longer to reject a 

word when it had occurred in a recent trial than when it was novel, 

which appears to favour Model III (or V, as Darley & Arable 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,?.

(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 

of acquisition and amount of rehearsal for different rates.

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 1 technique (Peterson 

& Peterson, 1959)i though in this case the task will have tc be 

both highly controlled and brief enough for IRii performance to 

remain 'error-free 1 . What do the trace-strength models predict? 

If, as I have suggested, the recency 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 portion of the recency curve tapped should be smaller 

than when test is immediate* Hence a filled probe delay should
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reduce the slope of the set-size and r-erial position functions. Nov; 

such a finding would be very difficult for the search models to explain; 

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 representations in active memory. An attempt is 

made to test this prediction in Experiment VI (Ch.?). I know of 110 

other relevant data; Burrows £ Okada (1971) and Connor (1972) report 

a smaller slope with longer probe delays, but neither study controlled 

rehearsal during presentation or delay.

(iii) The effect of repeating items in the memory set. Baddeley 

& Ecob (1970) in an elegant pair of experiments 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 serial 

position is the same as the most recent presentation of the repeated 

item. Such a finding cannot be explained by Model I* Model II is 

counter-indicated by the finding of parallel positive and negative 

set-size functions. Nor can the results be due to a bias against 

non-repeated items, or to a strategy of deleting the repetitions 

from memory (cf. Derosa, 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 serial position effects 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.

3.126. Practice.

A marked effect of practice 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 the decision function 

could be changed by practice. Scanning models make no strong predict­ 

ions though it would be quite surprising if comparison time were not 

reduced by practice. But Nickerson (1966) practised k 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 probability and isolation of the to-be-probed

item.

Parley, 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 biassing 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 lorger 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 interaction 

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 accommodate such findings 

by supposing that the biased 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 predict 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 incompatible with strength 

theories, and according to Model IV any effect that is found should 

be on the negative slope only, since positive RT does not depend on

the location of the time criterion T .c

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 the si ve 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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may 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 licts. 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.il) s^ows 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.

3.13- The nature of the representation.

The issue of the format of the memorial 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 L. for each item i of the stimulus ensemble favours, on the 
i

grounds of economy, an abstract oramodal representation of the form 

of Morton's (I969a, 1970) logogens; the search models impose less 

theoretical constraint, while a mixed model must require two forme 

of storage.

Burrows (1972) suggest that four possible forms of memory 

coding are possible in this paradigm: a) auditory (or articulatory)
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(Conrad, 1964; Sperling, 1963 ), b) visual (Sternberg, 1969, appears 

to favour this, 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.

3.131- The idea of a sensory component of trace strength.

Logogens are conceived as essentially terminal units in a 

1 passive 1 (Morton & Broadbent, <196?) recognition system based on a 

hierarchy of feature analysers (cf. Selfridge, 1959; Norman, 1968; 

Treisman, 1969; Morton, 1969a, 1970)« They receive input from both 

visual ejrid auditory feature analysers. A logogen is activated there­ 

fore as the end result and apex of a particular 'pyramid 1 of activ­ 

ation spreading upwards through the hierarchy from the receptor 

surface. 1 suggest that there may be a sensory component in trace 

strength due to traces surviving for a brief period in feature 

analysers, as v/ell 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 physical form as the presentation in 

the memory 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-



ment. The net effect may be to change the effective rate of decay 

in cased 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., 19&9) which raises the possibility that, in the terms 

of the present discussion, subjects may generate, efferently, sen-sory 

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 (19^9) presents data suggesting that the subject's 

ability to generate sensory cocjes, 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 Eichel- 

man (19?C). 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. AG) as a function of R-S interval; he 

found that the difference decreased as R-S interval increased from 

200 to 700 msec, in a manner closely analagous to the relationship 

found by Posner's group between the advantage of physical identity 

over name identity matches and ISI, (Posner & Keele, 196?; Posner 

& Mitchell, 1967; Posner, 1969). Eichelman proposes that the same 

principle underlies both phenomena:

"The advantage of PI (physical identity) over NI (name identity) may 
not be due to a terminal decision reached at a lower stage. Rather,



125.

we may think of the process as a savings in the time required to 
'read-in 1 the stimulus when it is physically identical to the immed­ 
iately preceding 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 IRn paradigm, in addition to the effects on the 

slope of the set size function mentioned above, a sensory component, 

decaying relatively rapidly compared to trace strength at a logogen, 

may account for part of the non-linearity of the set size function. 

If this idea has any substance, we would expect set size functions 

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 to 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 1 or 'attention). If 

such traces are also the basis of iconic memory, Sperling's (19&3* 

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 responses available (in the sense of Section 1,*0 for recall 

may nevertheless be adequate to facilitate the activation of logogens. 

There is some evidence from a recognition study that visual informat­ 

ion survives for several seconds (Philips & Baddeley, 1971)• As 

for the auditory system, the work of Crowder & Norton (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 two seconds or so, and the results of Norman d969a) 

on memory for the rejected message while shadowing, and of Treisman



126.

(19W on the lags at which the identity of the shadowed and rejected 

messages are noticed, 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 sensory component 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 sensory 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 

t terms of features like pitch and timbre, the less it destroyed the 

recall advantage, to the last items, of auditory presentation. It 

therefore seems net' unreasonable to conclude that in both modalities 

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 discussed above.

This attempt to inter-relate iconic and echoic memory, Posner's 

work, stimulus repetition effects and the immediate recognition 

paradigm is perhaps dangerously speculative. However, bearing in 

mind the present interpretation of trace strength as being located 

primarily at araodal 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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3.132. 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 compatible with the memory set items in storage, 

an increase 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 

function will be increased. Chase & Calfee (1969), who used letters 

and a rather long unfilled probe delay, found a small but significant 

interaction such that the unimodal slopes (AA, VV) 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 W, AV and VA slopes did not differ, while in the AA con­ 

dition RT was 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 

elope 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 W 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 encoding the list. 

The bimodal model predicts that unimodal conditions should be super­ 

ior to cross-modal conditions, and also that mixed-modality lists
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should be harder than pure lists: Burrows (1972) included the approp­ 

riate condition to test the latter prediction 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 suggeoted above 

that the presence of an effective sensory component may result in 

smaller slopes. Why then the apparent 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 Kirsner & Craik 

and Goldring used visually complex material (words) and a long probe 

delay, while Burrows' probe delay v/as filled with a visual display 

saying 'Probe 1 . Chase & Calfee, with an unfilled probe delay and 

single letters found smaller slopes for both unimodal conditions,* 

So that an advantage of AA over W 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 (19W 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 visual 

presentation and test. Secondly, there is the problem of rehearsal. 

I have suggested (Section iM that though the traces underlying IRn 

are themselves located at apodal logogens, they luay be revivified by 

re-recognising the items from a response buffer in which iterr.s are 

articulatorily coded - so that effects of phonemic similarity could
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arise during this rehearsal process. Thus rehearsal 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 must be controlled for (see design 

of Exps. I, II, III, Ch.5)

Now although these conditions have not simultaneous]!^ been met

in any published experiments, it remains the case that such effects

1 of acoustic and visual similarity as have been found are both small

and equivocal. Chase & Posner (1965) found no effect of acoustic con­ 

fusion in a recognition task with visual presentation and test. Chase 

& Calfee (19&9) 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) recognition memory test procedure largely bypasses the acoustic 

/artieulatory processes that result in acoustic interference". Wil- 

cox & Wilding (1970) who used auditory presentation found a signif­ 

icant increase in slope with acoustically similar lists, but their 

data showed rather wide deviations from linearity in both directions, 

and the slope difference was due 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 probe 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 a particular modality.

1 by 'acoustic' similarity is meant no more than phonemic similarity
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(iii) 'Semantic 1 factors c 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 1 model, since there are 

grounds for supposing that logogens are in some sense associatively 

related: Norton (l$69a), 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)• In 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 the memory set. Positive 

RT should therefore be increased by semantic relatedness, while a 

negative probe should be easier to reject the greater its semantic 

distance from the memory set items-

The evidence is as follows. Morin, Derosa & Stulz (196?) and 

Derosa & Beckwith (1971) showed that when sets of four digits were 

used as the n<emory set, if the digits formed a numerically consecutive 

set a) RT was shorter b) tne purity and size of the serial position 

recency effect at short probe delays was somewhat moderated and c) 

negative RT was faster the more remote the probe was numerically, 

from the positive set. Also, at short probe delays, it did not make 

much difference whether the consecutive set was presented forwards, 

backwards or in a scrambled order. With the additional but reasonable 

assumption that numerically adjacent digits are the most strongly 

associated, these data are entirely compatible with the above suggest­ 

ions. Krueger (1971) using sequentially presented memory sets of
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letters which did or did not comprise a word showed a marked facilit-

atory effect of this form of redundancy on both RT and accuracy. 

Smith (196?) 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 encoding effect, 

in Sternberg's sense, as the effect does not reach significance for 

negative probes. No one has yet manipulated semantic similarity in 

this paradigm in a manner analogous 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 point on semantic 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 v/ith 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.
A

(iv) Translation 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. That is, in 

the control condition the probe is physically identical to its occ­ 

urrence in the list, while in the experimental condition some trans­ 

lation 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 either a letter or 

with a picture of an object - the first letter of whose name 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 physically 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 EC Clifton apparently (Sternberg, 

1973) obtained equivalent results in an experiment in which subjects 

learned to associate letters to digits.

Note that these results are analagous lo 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 to prepare 

himself for the physical form of the probe, by the 'generation 1 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 1 results in the IRn paradigm. V/hile the notion of log- 

ogen-type representations seems reasonable not only for words, digits
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or Tetters but also for any constellation of features v/hich is famil­ 

iar as an individual entity (e.g. the nonsense shapes used by Swanson 

et-Jil. f 1972), Krue.ger (1971) used line figures and Sternberg and 

Treisman (Sternberg, 196$a, Exp.4) used faces and nonsense forms, -. 

and in both cases 'typical 1 results were found, 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 name. 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 once 

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

3.1^« 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 while all the models mentioned are 

compatible with the typical set-size functions obtained, the trace 

strength models can cope better with the small deviations from lin­ 

earity; moreover, the inspection model has the advantage of permitt­ 

ing the wide range of slope ratios reported in the literature, tog­ 

ether with related error frequencies. The'widespread finding of 

marked recency in the serial position data is extremely problematic



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 will be presented in Ch.7. Baddeley & Ecob's (1970) 

repetition experiment is further evidence 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 amodal 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 translation 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 speculative part of the argument, it has the advant­ 

age of relating the present paradigm to the stimulus repetition 

effect and the various forms of evidence for sensory memories. Nor 

is the performance of the other models in relation to this aspect of 

the data impressive.

On existing evidence I am inclined to favour the trace strength 

inspection/logogen (+ 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 preferred on the grounds of pars-



135- 

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 1 to a semantic subset, and the results obtained 

with unfamiliar 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 and the 

memory set, response frequency, and the effects of semantic and 

acoustic similarity with appropriate controls. Some of these points 

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 

mentioning 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,
v

1967, and the 'grandmother cells' spoken of by Lettvin and co- 

workers at M.I.T. - Teuber in lectures).
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3.2. The constant-set recognition paradigm.

3.21. Sternberg 1 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 d9o9a) 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 d969a, 1973) has argued 

that they do not. His argument has two horns: the first is that the
s\

results obtained using the two versions (c-s and v-s) of the paradigm 

are similar in that he finds parallel and linear set eize 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, 19&9a, 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. On 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 intercept increased by about 130

abbreviations: c-s - constant-set, v-s - varied-set.
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msec, while the slope increased to apprcx. 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 cemory".

This evidence is indeed persuasive argument for the contention
*

that in some circumstances the subject covertly turns the C-G para­ 

digm into the v-s paradigm by rehearsing before every trial. (This 

suggestion is independent of which model, exhaustive scanning or 

trace strength, actually holds for immediate recognition.) It is 

however the purpose of this section to question the generality with 

which 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 the 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) using random 

shapes as stimuli, consistently assigned, and set sizes 1, 2 and ^,

found linear functions early in practice^but later, RTs were as fast

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

found to be an approximately logarithmic function of set size. Ross

/i
Oddly, Sv/anson & Briggs (1969) who used,as far as one can tell, id­ 
entical procedure and design, plot their data, for theoretical reasons, 
on log. coordinates and obtain impressively straight lines - i.e. RT 
varied as log (set size). They do not comment on the discrepancy.
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(1970) gave subjects extended practice in a c-s recognition experim­ 

ent on sets of 1, 2, k 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 *t 

letters over 3 sessions also obtained a log. relationship and in a 

second experiment with set sizes of 1, k and 8 found a change within 

the single session from a linear to a log. function. In both studies 

error rates v/ere 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 (I9?2b), who practiced subjects for 36 

sessions with positive sets of 1, 2 and k digits, both nested and 

consistently assigned to responses, found non-linear functions (of 

approx. log. form) from the first day; the slope decreased and the 

non-linearity increased with practice. The role of consistent 

response assignment is thrown sharply into relief by the fact that 

in another study (Kristofferson, 19?2a) identical in all respects 

save that non-nested sets v/ere assigned ^inconsistently to responses 

from day to day, she found no effect on slope of practice and linear 

functions. That consistent response assignment rather than the use 

of nested sets is crucial is suggested by Simpson'$(l972) results 

(see above); also Burrows & Murdock (1969)1 who practised two 

subjects for 15 sessions with nested sets whose members were not 

consistently assigned to responses, 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, unlihe the standard c-s design in various other respects.)
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It is clear that when responses are consistently assigned to

stimulus items, that is, when the subject is able to learn a partic­ 

ular stimulus-response mapping, non-linear and usually logarithmic 

set-size functions are obtained (which is reminiscent of the log­ 

arithmic relationship between set size and nntrber of altex-natives 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). In Sternberg's c-s experiments stimulus probability

I 
is confounded with set size, as Theios et al. (1971) 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 & Kosking (1969) 

demonstrated the effects of stimulus probability within (presumptive) 

positive sets, and Krueger (1970) 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 a 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 is 

likely that in these studies probability was effective as a variable 

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

Theios 1 model will be outlined ancn.



it must on average have occurred. The connection is well demonstrated 

in an impressive experiment by Walter reported, by Theios (1972). Walter 

used Sternberg's (1966) design so that the negative set was always 

larger than the positive Get but in addition varied stimulus probab­ 

ility, with two R-S intervals (0*5 and 2 sec.); also more subjects 

were used and more sessions v/ere given than in Sternberg's (1966) 

experiment. Sternberg's parallel set size functions v/ere replicated 

though the departures from linearity were significant. Again, RT v/as 

found to be inversely related to stimulus probability. In addition 

a stylish analysis of sequential effects revealed a stimulus repetit­ 

ion effect extra to the effect of response repetition (cf. 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 and Exp.Vl, Ch.?), in 

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

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

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

of the stimuli. For instance, both Derosa & Morin (1970), siid Marcel 

(1970), who used positive sets of 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



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 ISn paradigm 

may now no 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 be, which should lead to 

results like those of Theios and his associates. On the other hand 

the 'logarithmic 1 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 1 s stage model are frustrated by an 

interesting feature of the data from Walter's experiment (Theios, 

1972). Namely, the effects of stimulus probability on negative RT 

interacted with positive set siz3. According to Sternberg a slope 

change implies an effect on the comparison stage, not the 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, wnich 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, I suggest in the idea that the use of the



same memory set over many trials, and the consequent possibility of 

its representation in several forms, including inactive memory, offer; 

a range of strategies to the subject, which will be differentially 

favoured under different circumstances. Let us consider some that 

may be possible.

3.231* 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 possible to base judgements on pure 

recency (or for that matter en an exhaustive scan of the contents of 

'active memory 1 since "active memory 1 would contain recent negative 

probes). ' In Theios 1 experiments the R-S intervals 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 strategy were 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 should 

again be disrupted or prohibited. Sternberg's (I9&9a) 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. Access to permanent representations (facilitated by recency). 

Suppose that the subject accesses some permanent representation 

of the probe item in inactive memory and is thus directed to a rep­ 

resentation of the appropriate response. What might the nature of 

this access be?



I shall describe first a model developed by Theios (Theios & 

Smith, 1970; Theios et al. t 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, 

1953; Falmagne, 1965) and stimulus sequence effects (Bertelson, 1965, 

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 1 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 considerably. 

Briefly, the following additions are important:

1) The serially searched memory stack is now held to be a short-term
«i 

buffer 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 terminal 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 numoer of alternatives and

Vor'buffer' do not read 'response buffer' (as used in Section
—— and Ch.2)



tends towards an asymptote (as Theios, 1972, demonstrated in a task 

involving key-pressing 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 1 available, 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 of 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 to 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 1 data 

better than Steriiberg's exhaustive scanning model; it also has advant­ 

ages of generality, in that a wide range of choice rRT phenomena are 

encompassed. Aside from quibbles such as the fact that the estimated 

capacity 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 are not strong in terms of psycholog­ 

ical plausibility. I should like to suggest that a simpler version 

can be articulated 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.



A trace strength model for the c-s paradiprog We make an assumption 

identical to that made in Section 3.1: namely that every stimulus item 

has a permanent representation in memory which has the property that 

subsequent to activation it retains a decaying 'trace 1 which may be 

conceived of aP 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 representations, with similar

properties, become associated to the stimulus representations (logo- 

gens) in that the former may be activated by the latter. (The resp­ 

onse representation 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 a 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 strength, 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 1 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 1 model, the subject scans 'downward 1 through a 

stack in which 'height' is a function of recency; in the trace 

strength model stimulus representations are content-addressable 

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

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

The assumption of similar properties for response as for



stimulus representations in our account answers the same needs as 

moved Theios (1972) to propose two separate short term buffers. But 

why on thio account should naming stimuli be different from classif­ 

ying them (as Theios, 1972, showed). One possible answer is that, 

as in Norton's account, the articulatory features of the name are a 

direct output 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 1 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 1 

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) t 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-usede Perhaps the conditions of Theios 1 (1972) naming exper­ 

iment were such (digits, short ISl) 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 memory via the 

same representation, and this retrieval is facilitated by any 

active trace remaining from prior presentations of the probe. The 

nature of the active trace and its dependence on recency are the 

same in both cases.



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. Babbitt (196?) raised this poss­ 

ibility in the context of speeded visual search and stimulus class­ 

ification tasks, and spoke of the subject testing for a 'cue-set 1 of 

critical features, rather than making any sort of comparison between 

the item to be classified and items as such in memory.

There 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 (V/attcnbarger, 1968), though 

even with low error rates a decrease in slope and a marked non- 

linearity appear with practice (Kristofferson, 19?2c). Moreover 

Rabbitt (196?) showed in .a card-sorting version of the task the imp­ 

ortance of the nature of the negative set items, and Neisser's own 

data demonstrate that the degree of commonality of features between 

the target items and the background items is crucial, v/hile 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 a particular digit - a case in which subjects have already 

had long experience in distinguishing the two classes of items.



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 entirely on physical features.

Now, to what extent do these arguments apply to the constant-set 

recognition paradigm? Kristofferson d972b,c) showed that the patt­ 

ern of results obtained in the recognition paradigm is closely sim­ 

ilar to that obtained in a visual search task, provided that level 

of practice, error level, positive set structure and response consist­ 

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 which 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



(1970) after practising subjects for 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 probable 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 (notv/ithstanding 

the fact that upper and lower case letters do share some features) 

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

3.2^* 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 memory 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, conceivably even within a trial - that is, it is possible 

that two forms of retrieval may occur simultaneously. That retrieval 

from inactive memory and judgement with respect to a 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 v/ere 

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 the 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 KT 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 being employed. Lively & Sanford (1972) in a 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) IKn 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 evidence (on non-linear set-size functions, on the 

effects of recency/frequency on negative RT, on the effect of seman­ 

tic features) 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 1 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 th»=> 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. I 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-pet, data.



152. 

3-3- The other 'memory-scanning' paradigms.

We have concentrated so far on the task of recognition. We turn 

now to consider experiments whose parameters are similar to the IRn 

studies discussed in Section J.1, but in which the subject, rather 

than indicating the presence or abssnce 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 subject 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 accounting 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 response buffer (see Section 

1.*0. 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 tiiin in theoretical content.
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The major exception is, of course to be found in the work of Sternberg,

and the discussion may conveniently be focussed around an experiment 

by Sternberg (I96?a» 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 digits, with presentation conditions and rate, and probe delay, 

similar to those used in his IRn experiments. The probe was alv/ays 

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 measured. 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 amount 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 (12^ 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 contrasts both with the absence of 

serial position effects obtained by Sternberg with IRn and more imp­ 

ortantly with the marked recency effects found by most researchers 

(see Section 3.12*0 using that paradigm. Moreover, the subjects 

divided into two groups: one showing no serial position effects and 

the other showing steep, reasonably linear and superimposed pure 

primacy effects.

*0 In contrast to IRn, errors increased very markedly with set



size, such that wher m = 7, subjects made errors on 25% of trials.

How are these results to 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 list to locate the probe item: some subjects'

data show no serial position effects because they start their search
• 

at a random point in the list, depending on where they are in their

rehearsal cycle when the probe is presented; others start at the 

beginning. The slope of the set-size function on this account gives 

us a scanning rate of about k items/sec., which is approximately 

seven times as slow as the rate indicated 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 

•the 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 to 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 requirement to locate the probe in the lists necessitates 

the operation after every comparison. (See Fig. 3-3 ^or fl°w 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 explanation of the differences between IRn and CR must also 

fail. What alternative account can be given? In a footnote in his 

19&9a paper, Sternberg acknowledges another possibility.

"One interesting alternative (which existing data cannot reject) is 
that memory representations which can carry order information are 
different from those that need only carry item information and that
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the observed differences in retrieval result from the fact that 

different kinds of memory representation are being scanned."
(Sternberg, 1969a, p.Mf?)

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 also one between tasks requiring the recall of order and

tasks involving recognition (and judgements of recency). Apart from
• 

the model introduced in Section 1.4, only one other model exists

which makes a serious attempt to encompass performance in both kinds 

of task - Wickelgren's (1972) multitrace associative theory. But 

the latter cannot account for Sternberg's CR data. According to 

Wickelgren, access to the probe item's representation should be direct, 

and the time taken to retrieve the response, 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 

.mere recently the items were presented, the model cannot predict the 

pure primacy serial position effects obtained, unless very 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 1.4.

3»32. 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 as follows. When 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 

presented, the trace strength at the logogen addressed by it may be 

compared against an adjustable criterion; this process is assumed to 

mediate IRn. Secondly, each' item 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 response buffer, 

its 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. *f-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 buffer was limited, compared to that at which logogens 

could be activated (Sections 2.11, 2.12. 2

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

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

However, because of the differences in their nature and manner of 

access, the two stores will differ with respect to their utility in 

different taske- For empirical 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 a) is true, it can only find empirical support if there are 

two tasks A and B such that b) xfor the most part holds. It is my 

contention 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 1 . While 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 logpgens 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 subject may be able to set a criterion such that if 

the probe exceeds it 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 mentioned in later chapters.

In the next section I 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.

3.331. Serial position effects.

Sternberg's (l96?a) 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 confirmation. 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 (l9?l) in a CR experiment in which lists of 5i 6 or 7 dig­ 

its were presented at a rate of 2 items/sec, with a 2 eec. probe de­ 

lay found strong primacy effects', some equivocal recency effects 

were also 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 similar small memory sets are in in­ 

active memory (Kennedy, 1968), and Sternberg d969a, Exp.7) has shown 

that degree of learning does not affect the set-size function, but 

does cut down errors. 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.

3.332. Format of the representation.

I discussed in Section 3-13 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 effects of acoustic similarity on 

IRn and that in any event the evidence for such effects was equivocal. 

Chi & Chase (1972) have recently presented data from a CR experiment 

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 other differences between vocabularies. 

There is one feature of Chi & Chase's data which is puzzling: they 

found faster inferred search rates (smaller slopes) 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 sensory matching should be adversely affected by 

acoustic similarity.
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3.353- The effects of information on where and what.

According to the model outlined above, in IRn logogens are 

accessed directly from the probe, whereas in the CR task the response 

buffer must be scanned to locate the probe. It was proposed that 

the subject can vary the starting point of his scan of the response

buffer's contents; this was prompted by the simple idea that if one
• 

is searching a store ordered in terms of temporal 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 utility of 

giving position information along with the probe in the two paradigms^ 

There already exists a little evidence that in CR the subject can 

vary the starting point of his search. Some of Sternberg's (19&7&) 

subjects appeared to vary their starting point, while others always
/

started at the beginning. Derosa & Baumgarte (197^) 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 item in the 

repsonse buffer.

If telling the subject where the item was in the sequence does 

not facilitate IRn, then since logogens are held to be lexical rep­ 

resentations, semantically associated, perhaps it may help to tell 

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

it belongs to. Exps. VII, VIII are relevant to this possibility.
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Rates of presentation.

It was suggested that the rate of readout from logogens into the 

response buffer is limited., This raises the possibility of separat­ 

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 IRn. A traditional line of argu­ 

ment 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 theoretical 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 whose input rate is 

limited.

3•335• 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 O96?a) found an accelerating increase in 

errors up to 25% and Chi & Chase (1972) up to 13^» for 7 item lists. 

Unfortunately longer lists have not yet been explored, though we 

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

task found a very sharp fall-off in performance as lag 5ncreased 

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 suggested 

difference, appropriate experiments have not yet been done.

» Evidence from other paradigms.

So far I have concentrated on the ways in which performance in 

the CR paradigm differs from that in IRn. The requirement for order 

retention is of course not the only feature distinguishing the two 

tasks (see Sternberg, 19&9a, p.^52)« 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»3^1- Or d er r ecogn i t i on .

Sternberg d969a, Exp.8) pErformed an experiment whose param­ 

eters and subjects were identical to his CR experiment, but in which 

subjects were given as probes pairs of digits that had been adjacent 

in the memory set and required to indicate whether their left-right 

order matched their temporal order in the list. In spite of the 

possible availability of a range of strategies, the set- size function 

was linear and identical in slope to that obtained for CR. Moreover, 

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

position.
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3.3^-2. 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 tv/o items, Ln requires the 

retention of the absolute position of a single item, V/ere 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 accomplished by searching the response buffer. Note, however, 

that the subject may also be able to make some 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 nunber 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 ^-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 experiment of rny 

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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- 'Metered memory search, 1

Weber and associates (Weber, Cross & Carlton, 1968; V/eber & 

Castleman, 1969; Weber & Blagowsky, 1970) have worked with a paradigm 

in which the subject retains in memory a 'circular 1 sequence of 

digits or lotters. On presentation of a 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 1 and the inferred scanning rate is 

found to be between 3 and 5 items/sec., which is entirely compatible 

with Landauer's (1962) figures.' The scanning rate is unaffected by 

whether the vocalization is covert or overt, but is affected by the 

order of the i-tems: 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 backward recall 

requires the subject to retrieve each item by scanning through the 

list again in a forward direction. Anders & Lillyquist (1971) gave 

subjects lists of digits 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 become 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 v/ith Conrad's suggestion.

3»35 Summary of Section 3-3*

In this section I have considered some 'memory-scanning 1 parad­ 

igms other than recognition. These share the feature that they all
/'

require subjects to retrieve information about the absolute or rel­ 

ative position of items in the'memory set. Such information may not, 

it appears, be retrieved from the representations which in Section 

3-1 were suggested to mediate immediate recognition. 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 ic 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 chapters.
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3-'+. Is this active memory?

Throughout this chapter, the assumption has been made that, at 

least in circumstances in which a new memory set is presented on 

every trial, performance is 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 states of 

activation at the permanent representations, logogens, which mediate 

identification 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; Paivio, 1971)« T° 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 inhibition (Keppel & UndGrwood, 1962); thirdly the studies I 

shall describe all usel presentation rates in no case slower thsP. 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 know 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 1 has been demonstrated 

both for free recall (Craik, 1970) and for paired-associates learning 

(Madigan & McCabe, 19?1): when subjects are given an unexpected 

delayed test on material learned for immediate test, 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) Even 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 demonstrate that even when it is certain that the memory 

set io 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 between 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 'STH' since in those conditions 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) v/ere 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 frhow that with extended periods 

of distracting activity between list and probe,, performance in the 

'memory-scanning' paradigms does break down in the same way as in 

those short-term forgetting paradigms for which the concepts of 

short-term or primary memory were originally introduced.
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3»5« Conclusions.

Two themes have dominated this chapter: the possible advantages 

of the concepts of trace strength and of amodal content-addressable 

representations in accounting for immediate speeded recognition, and 

in sore cases, perhaps, for constant-set recognition; and the intro­ 

duction of the hypothesis of two forms of activ*e 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 parameters 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 recognition. Equally, 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 recall 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



effects of, respectively, acoustic similarity and a position cue in 

some memory scanning paradigms. Of these experiments, three (II, IV 

and V) employ the IRn paradigm, and yield some data relevant to the 

models outlined in Section 3»1- More direct tests of those models 

are provided by Exp.VI in Ch.?. In Ch.8, I describe some experiments 

(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 in the 

use of reaction times. This, together with a general description of 

the apparatus and procedure used in the experiments, is undertaken 

in the next chapter.
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Schematic illustration of the trace strength models, showing 

the states of the representations 1^.....!^ of the stimulus ensemble 

items subsequent to presentation of memory sets containing 1, 2 or 

4 items respectively.
For Model III, the distributions are those of the trace str­ 

ength (S.) at each representation L.. C shows the optimal placing 

of the criterion C midway between the mean.(Mp) of the compound mem­ 

ory set distribution and (M^ of the negative set distribution.

For Model IV, the distributions are those of the time taken 

(t.) for the representation 1^ to reach a critical level of activ­ 

ation K on presentation o-f the probe P^
(Given the distributions shown above, the optimal placing of the

criterion T would be very similar to that .of C.) 
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Figure J>.2. A mixed model for IRn (after the long-term recognition 

model of Juola ot al.,197l)» The two distributions shown are the 

compound strength distributions of the memory set items and the items 

which constitute the negative set on that trial. Comparison 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 3-3 Flow charts to illustrate Stembers's account of the 

differences between immediate recognition and contextual recall. 

The stage 'check,the match register 1 , or the process of switching 

from or to it is held to be extremely slow in comparison to the 

time taken by the 'compare 1 stage.
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CHAPTER IV, Methodology and Method.

In this chapter, 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 described.

4.1. The use of reaction times,

There are three principal<reasons for my choice of reaction 

tiroes 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- 

e umptions of trace strength theory may not adequately be tested for 

very recent items using accuracy as a measure,since the ratio of 

correct to false positive responses is too great to obtain a reliable 

measure of d'.

2) RT is a much more appropriate measure 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 300 msec., relatively little forgetting is likely to occur, so 

that any difference in accuracy 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 thari 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 tv/o 

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 respond 

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 influencing 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' (V/augh & Norman, 1965). 

However, in Section 3«^i I presented some arguments 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 (I969b). 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. Sternberg 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 

(I969b,p.309) points out, "the additive-factor method cannot distin­ 

guish processes, only processing stages". If, for instance, we were



to treat 'tasks' as a factor, then an interaction between tasks and 

some other factor would 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 problems consequent upon it, part 

theoretical, part practical, to which we must seek at least ad hoc 

solutions in order to know what kind of experiments to design. We 

will consider these problems under four headings.

*U11. 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-ti^e 

processing 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 reciprocal 

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 not, since medians are net 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 the 

sampling distribution of means from a non-normal population distrib­ 

ution: the Central Limit Theorem assures us that the sampling dist­ 

ribution very rapidly approaches normality a3 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 betv/een means, and 

provided that each cell contains e.n equal number of observations, 

both the normality and the homogeneity-of-variance -assumptions may. 

be violated without serious risk.

(ii) The second problem arises out of the question: what do these 

long RTs constituting the tail of the distribution represent? This 

is a theoretical nettle which no one has yet adequately grasped, but 

has a practical consequence that in the small sample of RTs typically 

obtained for a given treatment combination and subject, one or tv/o 

long RTs may exert a disproportionate influence on the mean, thus 

making it a less unbiassed and efficient estimator. Tv/o contrasting 

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 ac 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 a second very broad distribution resulting from the insertion 

of extra processes like rechecking. On thes« 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 

unacceptably strong assumption on which to base 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 1 RT distrib­ 

ution, or to an increase in the number of times a 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 data 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, 3 sec. for 

recall) are excluded. In a few experiments RTs more than three 

standard deviations from the mean are excluded. In practice, I have 

found that using such an exclusion 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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4.12. Speed/accuracy trade-off.

It is well 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 

en which he makes fast guesses (Yellott, 1967; Swensson & Edwards, 

1971). It is general practice to guide subjects toward an optimal 

balance between speed and accuracy with admonishments like: 'Please 

try and respond as fast as possible while avoiding errors'. But 

one must remain alive to the danger that comparisons of RT between- 

different conditions may be artefactually 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 there are also error frequency differences 

.in the same direction; in all analyses, I shall therefore report 

the percentage of trials of a given type on which errors were made, 

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 3.11). As set size is in­ 

creased, the differences between the means of the list items' and non- 

list items' strength distributions and the criterion decrease, so 

that RT is increased; also, the two distributions overlap more, so 

that error frequency should also increase, even though the subject 

remains just as cautious. The point is, for many comparisons, error 

rates should increase along with "mean RTs.
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Murdock (I963b» 1968b) has called into question the use of RT 

as a measure of trace strength in memory. Using Murdock ! s d963a) 

probe technique with paired associates, he had found that with an un­ 

limited recall interval, response latency covaried very nicely with 

d 1 - i.e. the most recent items had the shortest latencies. However, 

he found that cxirtailing 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 he 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 d 1 .

However, Murdock 1 s arguments need not trouble us greatly in 

relation to the present experiments. Firstly, his (I9o3b) 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 RT 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 its going to have in advance of 

the probe onset.

Individual variability. 

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 vithin-subject 

experimental designs and the need to collect a number of RTs per 

subject for each treatment-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 naive subjects, there is usually a sharp decrease in RT 

in the initial stages of practice; it is also desirable to allow 

performance to stabilise,in the sense of eliminating inefficient or 

ineffective strategies,before collecting data. Hence it is usually 

necessary to provide several practice blocks (or even sessions).

These considerations lead inevitably to the use of small numbers 

of subjects. The role 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 performance may be a positive advantage. 

The more sessions served by each subject, the less we should be 

prepared to interpret differences between one subject's performance 

and another's as 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 already 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 knoe they 

will not waste time, and one rejects subjects who, through quirk of 

personality, motivation 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 1 subject. It is true that we
i

may set criteria of adequacy that are more operational than, say, 

Wundt's and assess a subject's consistency by the variability ofhisRTs 

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 the;y 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 fi.t topic for 

further research. For the present, one is obliged to accept that 

one's criteria for preferring particular ad hoc solutions will have 

a sociological as much as a logical basis.
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Jf.2. The Experiments: Apparatus and General Procedure,

All 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.

*f.21. Subjects.

These were young adults, 17 to 30 years old, v/ho had volunteered 

their services in response to public advertisements or personal pleas, 

They included secretaries, teachers, graduate and undergraduate stu­ 

dents, and were selected without regard to sex. They either had good 

vision, or v/ore the corrective spectacles prescribed for them. They 

were paid 2pp (later, 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.

4-.22. Apparatus.

The subject sat in a 'quiet 1 testing room adjacent to that con­ 

taining the computer and its associated teletypewriter. The room was 

dimly and indirectly illuminated with a heavily shaded JfO-watt bulb. 

The subject rested his face in a rubber mask at eye level, ^0 cm. 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 subject's visual field, and was so arr­ 

anged that no distracting reflections were visible in the screen.
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On a table beneath the screen a keyboard was arranged so that the

subject could rest his hands comfortably 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
i

record erroneous responses and to indicate via a second keyboard one 

of four possible outcomes to the computer: a) Correct response, b) 

Error, c) 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.

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 0.1$ 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 4x6 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 subtended 

an angle at the eye of 27 minutes of arc horizontally, 36 minutes 

vertically. The average luminance of the display points is impossible
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to control and measure precisely, and varied somewhat throughout the 

series of experiments, bat never within a session; in general, the 

characters were bright enough to be easy to read without strain.

4.24. 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 apparatus 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

• i i *instructions.

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 block, trials followed the responses to previous trials automatically 

after an interval of 2 or 3 sees. (see individual experiments for 

precise values). However, in most cases, the subject was able, if 

he so chose, to interrupt the 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 sequence of 

trials was resumed. The subject was instructed to use this facility 

sparingly, but whenever ho was overwhelmed by fatigue, dizziness, 

fits of sneezing or other temporary disabilities. In practice he
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made use of it rarely more than once a block, if that. At the end 

of a block the word 'End 1 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 30 and 60 minutes. Subjects were encouraged 

to report their introspections.

Trials.

Details of KNEMON, the set of programmes used to compile blocks 

of trials, run them, record responses and analyse the data are not 

necessary here. For the present, only the following features are 

relevant. A 'display 1 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 expect 

a response; if it did , it might or might not be terminated by that 

response. A trial consisted of a sequence of such displays, separated 

by a preset inter-display 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 v/ith a warning signal - 

an arrow pointing to the location at v/hich the first character is to 

bo displayed.

2) Four or five letters, one after the other (perhaps at diffe­ 

rent spatial locations) comprising a 'memory set'.

3) A delay - the 'probe delay', consisting of no display.



186.

A single probe item, displayed either until 4 sec. had passed 

or a response was made, after which the display and background van­ 

ished.

5) Feedback display: a tick if correct, a cross if wrong, a 

query if no response.

6) A dark interval of a couple of seconds, followed by resumpt-
^

ion of the cycle at 1).

The selection of the items of the memory set, and the sequence 

of trial types was under the control of a stimulus-generating prog­ 

ramme specifically written for,each individual experiment. This 

referred to a powerful set of sub-routines incorporating a pseudo­ 

random generator which enabled the randomisation, control and balan­ 

cing of several sets of relative frequencies simultaneously. Among 

the properties of this programme was that the relative frequencies 

of different trial types were .not only perfectly controlled over the 

whole block, but were also kept roughly constant over sub-sections 

of the block. This had the consequence of limiting maximum run 

lengths for a given trial type. The degree of this constraint could 

be adjusted, but in general it was kept so that a run of more than 

six trials with the same response (in the case of two-response exper­ 

iments) was prevented.

4.26. Timing.

Responses were timed by means of a programmable electronic 

clock, whose resolution was of the order of 1 microsecond. However, 

owing to storage limitations, MNEMON records RTs to an accuracy of 

2 msec. only. RTs of more than *t sec. were not recorded.
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Further details will be given in descriptions of the relevant 

individua1 experiments, to which the following four chapters are 

devoted. The experiments are not presented in the chronological 

order in which they were performed. The actual sequence was: 

VII, VIII, IV, I, II, III, V, VI.
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Figvire 4.1. The characters as they appeared on the 

screen of the CRT.
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CHAPTER V. Experiments on the effects of acoustic similarity.

Sternberg d96?a) showed, and later studies have confirmed, that 

performance in the IRn and CR paradigms is markedly different (Sect­ 

ion 3.31)• The slope of the set size function is typically very much 

greater for CR than for IRn; moreover, for the CR task, RT increases 

more or less monotonically with serial position - a primacy effect 

(Section 3-331)• Sternberg (l96?a, 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 determine its presence in IRn (Section 

3-3"i)«. However, evidence against a scanning model for IRn has stead­ 

ily accumulated (Section 3-1)- Also, the serial position functions 

typically obtained with IRn exhibit marked non-linear recency effects 

(Section 3-"'2if). 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.*t. 

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 temporally- 

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 expect that phonemic similarity 

between items stored in the response buffer would retard retr­ 

ieval from it; hence phonemic similarity would be expected to have 

an adverse effect on CR. No such effect would be expected on IRn, 

since logogens are abstract, conceptual or amodai representations. 

In contrast, on Sternberg'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 acoustic 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 

ilarity. It will be recalled that Wickelgren (19650) showed that 

acoustic similarity increased order but not item errors (Section 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 (Hitch, 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 acoustically similar vocabulary (see Section 3-332). However, 

in discussing these experiments I pointed out (in Section 3.132 ii)
X

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 was used in the present experiments.

2) Rehearsal. According to the model outlined in Section 1.*f, 

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 rehearsal is not prevented, acou­ 

stic similarity could influence item recognition even though the 

traces directly mediating recognition judgements are, according to 

cur hypothesis, not acoustic in nature. In the experiments reported 

here, I hope to have prevented rehearsal by the following means: 

(i) No-rehearsal instructions (cf. Waugh & Norman, 1965) 

(ii) The use of sub-span lists 

(iii) Immediate 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 

.on CR, was 2 items/sec..

3) The manipulation of acoustic similarity. Typically, resear­ 

chers have compared, 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 experiments 

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.



191. 

Each memory list contained five items, four chosen randomly without

replacement from one group, one from the other. This resulted in 

two types of list:

- Acoustically similar (AC SIM), containing 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 1 in each kind of list I shall call the 'isolated 1 

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 probe 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-
V

berg's CR paradigm ( a deficit since remedied by Chi & Chase, 1972). 

In the first experiment, I therefore investigated the effects of 

acoustic similarity, manipulated as I have described, on contextual 

recall.
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5.1 EXPERIMENT I. The Effects of Acoustic Similar5.ty on Contextual

Recall.

This experiment concerned the effects of acoustic similarity 

on the time taken to recall an item 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-ordered store (the 

response buffer) in order to locate the probe item and thus retrieve 

the subsequent 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 decresiental effects should be cumulative as successive com­ 

parisons are made.

*f) An interaction of list type and probe type such that:

a) access in memory to the probed item in an AC SIM list
x

should be facilitated if either 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.

Vickelgren's (1972) associationist theory of the representation 

of order-and the effects of acoustic similarity does not predict 2), 

3) and ^a). 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 t>essions, each lasting about 

fifty minutes and consisting of two blocks of 8*f trials; between the 

blocks there was a five-minute break. The first tv/o sessions were 

practice, and data from only the last four sessions 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 about 1 of visual angle apart. 

The items of the memory set were displayed one after another at the 

left-hand location, followed by the presentation at the right-hand 

location of the probe item, which remained visible until a response 

was made (or k sec. had elapsed). The subject received immediate 

verbal feedback as to whether he was right or wrong, and another
\

trial followed after 2-J sees.. The memory set items were displayed 

for ^00 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 B. D G P T V, and the N-C group v/as F H K L R Y. These were 

chosen primarily on the basis of the common vowel sound of the C- 

items. An idea of their relative confusability may be obtained as 

follows. I define the 'confusion ratio' of the vocabulary as: 

the ratio of the average probability 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 than a C item will be substituted



for a given N-C item. If we abstract for our vocabulary (as Clarke, 

1957, says we may) from Conrad's (196*0 confusion matrix of listen­ 

ing errors in white noise, the acoustic confusion ratio 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 LING-8 display charac­ 

ters. The best we can do, given the inadequacy of an overlap measure, 

is to take the average of the confusion ratios for several different 

type faces. Using those of Hodge (1962), Pew & Gardner (1965) and 

Fibher, Monty & Glucksberg (1969), for ordinary upper-case typefaces, 

we obtain a (geometric) mean visual confusion ratio for our vocabul­ 

ary of 0,995 1» Thus on this measure the two groups of items do not 

differ in visual similarity.

The design: is a within-subject design, and all the 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 among 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 (l-item) and four positions probed (subjects never 

had to recall the first item). Each block contained tv/o examples 

of each of the ^0 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. 2^ 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 them. Please 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 observation 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), Position 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. 5-1 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 significant (p<0.05) diff­ 

erences between AC SIM and AC DIS lists at positions 2 and 3* but 

not at positions A- 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 

item over the first three positions. However, the effect of serial 

position is significant only at the p<0.05 level (F (3,15) = 3-3?):
L

this is the result of a highly significant interaction with Subjects 

(p<0.001, F (1.5,240) = 64.?). 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 fc.stest 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 interaction 

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 4.

- At SPs 2, 3, and 4, the effect of acoustic similarity was greatly 

reduced when either the probe or the response was the 1-5 tern.

- At SP 3, the effect was also reduced when the item preceding the 

probe v/as the I-item.

Part of the sense of this complex interaction may be captured if we 

compare the cases where: the probe was the isolated item; the response
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was the isolated itom; and neither was the isolated item: this is 

shown in Fig. 5.^. (None of the comparisons plotted here reach sig­ 

nificance on a Sheffe post-hoc multiple comparison, but since some 

of the points summarise only a small number of observations, signif­ 

icance levels here are very 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 v:ere acoustically 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 difference in voicing time between the two classes of item? That 

there was little difference between list types at serial position 1 

and (for four subjects) serial position k implies 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-^ 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) = 4?.8). The error rates were 12.6# for AC SIM lists, ^.3% 

for AC DIS lists. In addition there is a main effect of Position of 

I-item. (p<0.05, F ( zf,20) = 3.2*0. As may be seen in Fig. 5.3, 

subjects made considerably fewer errors in acoustically similar lists 

when the list was interrupted 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 adjacent 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.

Discussion.

In relation to predictions 1, 2 and 3* the data show a clear 

effect of acoustic similarity on contextual 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 may 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 

to recall the last item, which may still have been available from 

the logogen system; hence no search for this item was necessary.
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In connection with prediction 4 f retrieval seems to have boen 

facilitated more or less equally when the probe item, and when the 

response item, were acoustically distinct from the rest of the list, 

though less errors were made when the response item was isolated. 

Moreover there is some sign 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.

Two 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 

ivation on such trials, or perhaps the effect is due to processes 

occurring during time in store e 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 (l96?a, 1969) is right, and subjects perform the 

IRn task by searching the same 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 effect 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 avera'ge more items must be scanned. The slower speed of a self- 

terminating scan is due, Sternberg suggests,to the necessity for the 

subject to insert an 'inspect the match register' 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. 

Provided 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 3.12*0.

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 required that negative probes be presented. 

What proportion of these should be of the same class as the majority 

of the list items? If negative probes were chosen from the two
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classes in the same proportion as list items i.e. *f: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 

response, but at least the effects would be opposite for positive 

and negative responses, and an,acoustic similarity effect could not 

be masked.

2) The experiment was replicated with two different vocabularies: 

in Exp. Ila, four subjects were tested with the vocabulary used in 

Exp. I; in Exp. lib, 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 were identifying the initially 

unfamiliar computer-style letters correctly. In the two practice 

sessions, subjects were therefore given practice at overt naming 

of the letters.

5.21. Method.

Eight subjects each served in six sessions, each lasting about 

40 rains.. In each of the first two sessions, which were considered 

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. Sub­ 

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-G items

In Exp. Ha: BDGPTV FHKLRY (Vocab 'E') 

In Exp. lib: FLNSXZ DGHKQR (Vocab 'M') 

The acoustic confusion ratio (as defined abo^e) of Vocab 'M 1 , on 

the basis of listening errors in white noise (Conrad, 196^-) is 8.3:1* 

However, this is probably an overestimate of 'true 1 phonemic simil­ 

arity since white noise emphasises sibilant errors. Also the major­ 

ity of confusion errors v/ith 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
V

random order in every block, and the memory lists were composed in 

the same way as before. Positive trials: there vere 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: For 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 5:3. New blocks were generated for every 

session.

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 name*s on which they had 

been trained.

5.22. Results.

Raw data were pooled over ,blocks 5, 7» 9, 12, 1*t 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 trials (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 ^.5% in Exp. 

Ha and 6.6% in Exp. lib. Data were analysed separately for the two 

replications, lest the two levels of acoustic similarity were not 

comparable. In Exp. lib 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
X

of Exp. III. For present purposes, it should be noted that since 

D and G are in fact 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 no significant main effect of List Type with either 

vocabulary. In Exp. Ila, RTs were on average 6.8 msec, slower with 

AC SIM than with AC DIS lists (F-=.1). In Exp. lib, 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. Ila was due to one subject, 

S, - and there is an appropriate Subjects x List Type interaction 

(p-cO.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 interaction, insignificant though 

it is (Exp. Ila: F<1; Exp. lib: 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 ether hand there could be an 

interaction due merely to one class of item 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. Ila only S, shows an interaction of 

the type A. In Exp. lib, though there are signs of an interaction,
t

for subjects 5 and 8 it looks like B, S fits neither pattern, and 

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, S^ 

and b

3) The analysis also shows a main effect of Response Type (U.a: 

p<0.025, F (1,3) = 20.6; Exp. lib: 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 oerial 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).

4) In both replications, the main effect of serial position is 

highly significant at the p<0.001 level (Ha: F (4,12) = 15.1; lib: 

F (4,12) = 12.6). Pooled serial position curves are shown in Fig. 

5-7 and individual data are shown in Fig. 5«8. A Tukey post-hoc 

comparison shows the following -comparisons to be significant at the 

p<0e01 level Exp. Ila - positions 3 vs 4, and 4 vs 5; Exp. lib - 

positions 2 vc 3» and 4 vs 5« Save for a small 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. Ila at 

positions 2 and 3 may be seen to be due entirely to S^.

6) In Exp. Ila, but not in Exp. lib, 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 in 

Exp. lib.

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 PIS 

Exp. Ila: k.^% k 

Exp. lib: 5.1% 8

5.23« 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 probe 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 items. A 

marked and highly reliable recency effect was obtained in the serial 

position data. Since the experimental parameters, for Exp. Ila, 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 (albeit 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 (S,) differ so markedly from the rest? 

Subjects were asked to report on how they performed 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 idei you have seen it (the probe) or you haven't, it's familiar 

or unfamiliar. 1 Some subjects also said that, occasionally, they 

searched the list. S^ was one of these, and was also one of the 

only two subjects who said that lists with acoustically similar 

letters were difficult. I suggest that S, 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 emphasis on speed that prevents a subject from checking his 

decision by searching the response buffer 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 III. 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 IEn. 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 

latter does not. However, it is conceivable that the contrasting 

results might be accounted for,on the basis of other differences 

between the tasks . For instance, 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 

problem 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-pressing 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 retrieval pro­ 

cess. On any or all of these viewb, no effect of acoustic similarity 

is expected. What does the 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 subjects using a 'trace stren­ 

gth' strategy for the recall of the terminal item in the list. Is 

such a strategy possible in Ln? 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 unlikely that the subject's capacity accurately 

to judge the absolute position of items on the basis of their traces' 

strengths 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 maximal acoustic simil­ 

arity effects in the middle serial positions.

5.31. Method .

Exp. Ill was identical to Exp. II, including replication with 

the two different vocabularies, Vocab E 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 'lOO msec, followed by 100 msec, 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, middle and ring fingers of the right hand were used to indic­ 

ate positions 1-5, in that order. No subject 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.

Results.

Data from the experimental sessions were pooled in the same way 

as in Exp. II. Overall error rate was 8.8% in Exp. Ilia and k.7% in 

Exp. Illb. In Exp. Illb, 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-confusing 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 exclusion principle was 

applied in Exp. lib (q.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 Position 

of probe x Position of I-item x Subjects. The mean RT data are com­ 

pletely summarised in Figs. 5»10a and 5.1 Ob.

1) For both replications there was a significant main effect of 

List Type (Ilia: p<0.025, F (1,3) = 20.8; Illb: p<0.05, F (1,3) = 

11. 9) • RT was in both cases longer for acoustically similar lists, 

by an average of 62 msec, in Exp. Ilia and J>k msec, in Exp. Illb.

2) Serial position. The effect of serial position is highly 

significant in Exp. Illb (p<0.001, F (*f,12) = 13.3), but fails to 

reach significance in the case of Exp. Ilia (F (4,12) = 2.5); this 

is because of a highly significant interaction with subjects (p < 

0.001, F (12,200) = 73.0). Inspection of Fig. 5.11, in which indiv­ 

idual serial position functions are shown, reveals that the latter 

interaction was due to S . Otherwise a bow-shaped serial position 

curve was generally obtained, with the slowest RT at position k for 

four subjects, and position 3 for the remaining three. Of course, 

serial position was confounded with response finger, and serial 

position data must therefore be interpreted with caution, but the 

magnitude of the serial position effects is greally 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 betwsen RT for the two list types is plotted 

against serial position., shows the effects of acoustic similarity to
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have been somewhat greater at middle positions.

Position of the isolated item. The only other significant 

effects in this analysis are a three-way interaction between the 

fixed effects in Exp. Ilia (p<:0.01, F d6,*t8) = 3.0) and an inter­ 

action between List Type and Position cf I-item in Exp. Illb (p< 

0.001, F O,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 the isolated item is probed or precedes the 

probed item in the list, (in Exp. Ilia this effect interacts some­ 

what with serial position.) Most of ttye 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«13» When the probed item w?s 

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. Ilia, the error rates were 13«9# for AC SIM
i

lists, 3.8% for AC DIS lists. In Exp. Illb, the comparable frequen­ 

cies were 6.$$ and 2.5^* Analysis of erroneous responses from Exp. 

Illb, 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 oi Exp. Ilia 

was accidentally wiped from tape before a detailed error analysis 

had been performed.)
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5»33» Discussion.

Expeiirnent 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. Ilia, 

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 testing of order rather than

position retention, or to the non-presentation of the item to be 

located in memory at the time of test. It seems to be due, rather, 

to the requirement to base a response on the order or position of 

items in the sequence. This is entirely 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 S_ (Fig. 5.11) is instructive. 

He appears to have relied more on a trace strength strategy than
a

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



rehearsal (they had) and whether they thought the composition of the 

memory sets was entirely random or had discerned the structure (i.e. 

k 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 explain 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-^- 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 contextual recall and probed location; Exp.II 

indicates that Sternberg's item recognition task can, under comparable 

experimental conditions, be performed without adverse effects from 

acoustic similarity of the items. I have interpreted these recults 

as rejecting 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 marked and reasonably linear 

primacy effects in CR and Ln compared to the non-linear recency eff­ 

ect in IRn, the interaction of serial position 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 1.4. 

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 

& Speelraaii (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 

available, the subject chooses 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 assumptions carries the

strong implication that recall of a given item should not be influen­ 

ced by how many other acoustically similar items there are in the 

list, but only by how many similar items are contained in the vocab­ 

ulary. The results of Baddeley (1968) and Hitch (1972) implied the 

contrary: they showed that, with a constant stimulus ensemble, as 

the number of similar items in a list increased, 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 

probe 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 -f Response is I-item in Fig. 5.5), more than twice as many 

errors were made when list similarity was high, which agrees with
t

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 features of the data suggest that if within-list similar­ 

ity is important, it is not the only determinant of the effects, 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 in 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 

ised the role of retrieval factors. The views of Conrad (1965) and 

Sperling & Speelman (1970) also implicate retrieval as the locus of 

the acoustic similarity effect. They hold the rate of forgetting to 

be the same for similar and dissimilar items; as a result of the 

smaller phonemic redundancy of similar items, a given amount of for­ 

getting v/ill 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 

item recognition task, on the grounds that retrieval is bypassed 

thereby. But the experiments reported in this chapter have carried 

the implication that 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.A- 

and 2.13)» and data presented in the next chapter will support, the
i

idea that given a position 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 a 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 similarity effects, d-id in fact use a position probe. 

His eight-item lists contained 6 or 2 similar items. He found no
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effect of acoustic similarity on accuracy. In a comparable expsrim- 

ent using a location probe (of. Exp. Ill) 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 

when a relatively large number'of similar items is stored. Unfort­ 

unately, as regards this conclusion Hitch's experiments have a major 

flaw: subjects v/ere entirely free to rehearse. I have suggested that 

acoustic similarity should result in less efficient and accurate 

rehearsal. Given the evidence that item recognition and probed rec­ 

all are mediated by different forms of active memory it seems at 

least as plausible 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
i

similarity is disruptive at retrieval , there is not yet good evide­ 

nce for the view advanced by Posner & Konick (1966).

\

3) The associationist view. According to Wickelgren 1 s (1972) 

theory the process of accessing the stimulus representation (the 

probe), given that the probe is presented visually, should not be 

influenced by its acoustic similarity to other items in the list; 

only response similarity should have an effect: Exp. Ill quite 

clearly demonstrates the contrary and in Exp. I it appears that
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acoustic isolation of the probed item had at least as strong a facil- 

itatory effect on RT as acoustic 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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FIGURE 5.9
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Approx. scale

The dotted rectangles show the display locations of the memory 

set items (order as shown) and the probe item (P). The thin
v

continuous line shows the background display. The warning arrow 

is shown (shaded) on the left.
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CHATTER VI, , The_u*ility of a position 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 a given item, then 

access to an item might be expected to be more efficient if its tem­ 

poral position is specified. If either premise is lacking, then 

there is no reason to expect any facilitation from a position cue.

Our 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.^ and supported by the evidence on the effects of acoustic simil­ 

arity. The basic predictions made by the two-store model 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 facilitatory effect of position 

information on short-term recognition accuracy is implied by an 

experiment by Hitch (1972, Exp.?), who compared recognition with 

and without a position cue and found no d 1 difference (see discuss­ 

ion in Section 2.22,ii). I know of no comparable study employing 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 probe 

which enables the subject (at least logically) to restrict his 

'search 1 to a subset of the memory set, has been restricted to stud­ 

ies 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 Norton'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 brffer. Hence, since the process of Ferial 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 

Hitch (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 predicts no facilitatory effect of a position cue on IRn, 

a marked effect on CR.

What do other theories predict? According to Wickelgren's 

(1972) account (Section 2.11), 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 that the strength of the position-item association 

should add to that of the icem-item association. The present exp­ 

eriments will therefore not be critical in testing Wickelgren's 

account against our own. But it will b<> recalled that the studies 

described in Section 2.13 failed to show an appropriate advantage in 

accuracy for a double over a single probe, and that the findings of



Exp. I were not congenial to Wickelgren's theory.

Any theory which postulates that item recognition anrl 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 (l969a), however, 

IRn and CR are mediated by different strategies of search in the 

same store (Section 3»3l)« 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 appropriate point. Whether or not a position cue v/ill 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. Sternberg 

(I969a) 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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IV. The effects of a position cye__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 presented at one display location, the other at another. 

The subject was required to indicate by pressing one 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 the 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 presented at that location. In Con­ 

dition N, the probe was presented in one of two different locations, 

and the 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 Condition P than in Condition N when the second pair 

in memory ie 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 1 will depend on whether 

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 presentation 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



explanation. At the time it was performed, I favoured a scanning 

model for IRn, and was inclined to attribute recency effects (see 

Section 3- 12*0 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 

J sec. It did however reduce RT at all serial positions; this 

appeared to be due to its offset serving as a warning signal which 

allowed ^ sec. preparation for 'the probe onset.)

6.11. Method..

Eight subjects each served for two sessions, one practice, one 

experimental. Each session lasted 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 5 horizontally and vert­ 

ically. This served as a reference frame for four display locations 

each located centrally in one of the four quadrants - left and right, 

top and bottom. One second after its onset, two of the memory set 

items were displayed in one of the quadrants one after the other, 

followed by the remaining two in the opposite quadrant. Each item 

was 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, changing 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 cwo quadrants in which the items of bhe memory set had 

appeared. In Condition N, one of the ether 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 display. No feedback was giver -until the 

end of a block. The next trial followed after an interval of

sees

Design. The order in which the subjects underwent the two con­ 

ditions in practice was reversed in the experimental session. Half 

began with P followed by N. For half the subjects in each orJer 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 k warm-up trials: 16 positive trials, including one of each of 

the combinations of serial position of the probe item, presentation 

order - i.e. left-right (up-down) 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 location 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 'directed search 1 strategy. 

Subjects always knew which condition held for the block they were 

doing. They were asked to respond as fast as possible while avoiding 

errors.

6.12. Results,

Correct RTs from the experimental session were pooled over the 

three blocks given under each condition. Overall error rate was k f 

A further 1.8$ of trials were excluded from the analysis because the 

RTs were more than 3 standard deviations from the mean of the relev­ 

ant (subject x response type) cell.

The correct RT 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 6j> 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 difference 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 

interaction (F (%?) = 4.?). This interaction is summarised in 

TABLE 6.2.

3) Correct positive RTs were submitted to a four-way analysis 

of variance: Conditions x Serial Position x Presentation order x 

Subjects (random); each observation was based on only three trials. 

The interaction between Conditions and Presentation order is signif­ 

icant at the p<0.05 level (F (1,7) --- 5.87) - see 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 the effects of pair-wise organisation in the slightly lon­ 

ger P.Ts 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 defined 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 absence of serial position effects inplies, accord­ 

ing to a trace strength hypothesis, that subjects did indeed rehearse 

(Section 3.12*t). That there is a small significant interaction betv^en
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Conditions and Presentation order for positive trials but not for 

negative trials suggests no more than that patterns of rehearsal and 

their dependence on presentation order may have differed somewhat 

between the two conditions. Nor do the serial position data provide 

any further information beyond a hint that the memory set pairs were 

indeed rehearsed as 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 a certain delay involved in'selecting a subset (or 'finding 1 the 

appropriate starting point). It is conceivable that the experimen­ 

tal parameters v;ere such that this delay eibher 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 relevant 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 and CR was directly compared.
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6 ' 2 - EXPERIMENT V. A comparison of the effects of a position cue

in IRn and 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 probe 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 v;as 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 order, 

half the other.

Before describing the experiment, it is worth mentioning briefly 

the results of an earlier version of it on which four subjects were 

tested. In that version, five-item lists were used, displayed seq­ 

uentially across five positions in a horizontal row. In the CR task, 

only probes from positions 1-^t were presented; in the IRn task all 

five positions were probed. Presentation rate w«s 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 1«t.1# and k.7%. In IRn, mean RT was 6 ;/8 msec, in 

condition N and 6^8 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 h% respectively. Howevor, 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 migh'c be due not to the position cue being 

superior to a contextual cue in terms of access (as the response 

buffer hypothesis requires) but merely to effective memory load diff­ 

ering between the two conditions. Secondly, that there was a diff­ 

erence (albeit small and non- significant) between the two conditions 

of the IRn task was puzzling. However, two of the subjects had unus­ 

ually long RTs for IRn. Moreover, there v/as some suggestion of a 

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 v/as 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 probe, 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 v/ere given. In an attempt to reduce the variability in RT due 

to display location, a circular display array was used.

6.21. Method.

Eight subjects each served for four sessions, each lasting abou 

minutes. Evory subject performed one task for two sessions,
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followed by two sessions on the other task. Half the subjects uid 

the IRn task first, half the CR task. In each half of each session 

there was one block of 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 exp­ 

eriment served as practice, and data from them were discarded. A 

five-minute break was given half-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, presented for 1 sec., 

pointing to the first display location. The 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 subject'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?s not.

In the CR task, the subject spoke the name of the letter foll­ 

owing the probe item in the memory set, or the first item if the 

last was presented as the probe.

The response terminated the display; visual -feedback was given 

for 1 sec. followed by a 2 sec. intertrial interval.

The four items comprising the memory set for each trial were
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chosen randomly (without replacement) from the set: BDFGHJKLNRSZ.

A block:

Exp. Va, IRn. In each block there were 52 trials, of which the 

first *f were warm-up trials, subsequently discarded. Of the remain­ 

ing ^8, 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 k negative trials for each disp­ 

lay location. New blocks were generated for every session.

Exp. Vb, CR. In each block, there were 51 trials, of which the 

first 3 were warm-up trials, subsequently discarded. Each serial 

position was probed 12 times; in condition N these 12 trials were 

distributed equally among the k display locations. 8 blocks were 

generated for each condition,each used *f 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 you..... 

(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 examples, questioned to be sure they 

understood, and were reminded of the nature of the condition before 

each block-
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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 separately. 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 error rate was 2.3%. 

Mean RTs 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 Blocks x Response Type x 

Subjects (random). 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 not 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 level (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 34 rusec. for condition P on positive trials only.

2) The effects of display location. In order to understand the
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Conditions 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 the 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 Nr ) , mean RT was 38^ msec. When it was not (sub-condition •j

iy mean RT was 621 msec.. Mean positive RT in condition P was 579 

msec.. Thus the small difference in positive RT between conditions 

P and N does not appear to have been d\ie to the subject making use 

of the display location as a cue in condition P. It appears rather 

to result from some facilitatory effect when the probe was presented 

in the same quadrant as it occupied during presentation of the list, 

regardless of condition. Is this facilitatory effect significant? 

The data from condition N (pooled across blocks to obtain an obser­ 

vation based on at least six trials) were submitted to a three-way 

analysis of variance: Sub-conditions (N , N ) x Serial position 

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)1 Serial position. Serial position data for condition P and 

sub-conditions N and N c are shown in Fig. 6.3a. They are, however,
U ... _ o '

virtually meaningless: serial position is confounded with display 

location, and, moreover, differently confounded for N ff and ND « The 

mean RTs for each display location, collapsing across serial position 

probed, we^e computed for the positive trials of condition N and
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o

and ND for the effects of display location. The corrected serial 

position data 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 corrected 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) = 3.0?), 

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, in condition 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 Position just fails to reach 

significance (F (3,21) = 2.?). The effect of Blocks is significant 

(p-sO.01, F (2,1*0 = 9.0), but there was no interaction between the 

two (F«cl).

The main findings from Exp. Va may be summarised thus:

a) IHn performance was neither improved nor hindered by cueing the 

subject to the relevant crdinal 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 1 - presenting a positive probe in the 

same display location as it had occupied during presentation of the 

memory set.

c) The facilitatory effect of location congruence was consider­ 

ably more marked for the last item in the list.

d) There was an effect of serial position which, though not 

quite significant, showed the usual recency effect and primacy on • 

the first item.

Exp. Vb, CR.

Overall error rate in this part of the experiment was 3«9#«- 

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 RT data were 

subjected to a three-way analysis of variance: Conditions x Blocks 

x Subjects (random). Each observation was based on ^8 trials. The . 

difference between the two conditions is significant at the p<0.001 

level (F (1,7) = 53.7). The effect of Blocks is also significant 

(p<0.01, F (2,1*0 = 10,2) but does not interact with Conditions 

(F (2,1*0 = 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 position x Display location of probe x Subjects (random). 

(%ch observation is based on only 3 trials.) There arc significant 

main effects of Blocks (p<0.01, F (2,1V; = 8.5) and Serial position
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(p-cO.001, F (3,21) = 9.5), No other F-ratio exceeds unity save that 

of the interaction between Serial position and Display Location which 

is highly significant (p< 0.001, F (9,63) = 5-3). The interaction 

is plotted in Fig. 6.^. It is quite evident that RTs in Condition N 

were shortest when the probe was displayed in the 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 Ng , when the location congruence holds, mean RT was 1013
- L

msec.. In condition ND , when it docs not, mean KT was 1198 msec., 

a difference of 185 msec.* Is the effect of location congruence suf­ 

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

N_ is still highly significant (p<0.01, F (1,7) = 22.9). Thus the 
o

effect of conditions may not be accounted for merely by the effects 

of location congruence.

3) Serial position. In condition 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 

ions Nc and Nn in Fig. 6.5, corrected for display location effects o L) - ' ~"~ ' " "

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 increase in the eff­ 

ects of location congruence with serial position, in that the diff­ 

erence between N and N increases slightly.
o JJ

The main findings from the CR task may be summarised as follows:



238.

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 185 msec, faster, when 

the display location of the probe was that at which it had occurred 

as a list member t than when it was not.

c) 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 information in con­ 

dition P, in this task.

d) That the effect of location congruence 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 inter­ 

action with serial position of the same order in both tasks.

e) There was a highly significant effect of serial position.

6.23.

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 positions. 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, ray, 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 rather 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 *as moreover of an order compatible with the idea that the 

position cue enabled the subject to short-cut an otherwise slow 

search through the items of the memory set (see Section A-.1 for a 

hypothetical 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 were also, it seems, antithetical to Stern- 

berg's position as interpreted in the introduction to this chapter. 

It does perhaps remain possible to argue that it is more efficient 

to start scanning the list from the beginning, ignoring any position 

cue, than to use the position cue, when the search is exhaustive but 

not v/hen the search is self-terminating, but there seems to be no a_ 

priori reason why this should be the case.

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 sensory encoding. I outlined in Section 3-131 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 in a sensory-specific manner. The present 

data suggest that it may be necessary to add the premise that the
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sensory component is partially location-specific. Since subjects 

certainly moved their eyes in this experiment, I do not mean 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

present finding would bear following up.
. «

2) The effect of location congruence in Exp. 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 into condition .N the, strategy that they employed in condition 

P - that is, starting their search (of the 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 

wr,s to the original position in the memory set - as Fig. 6.*t shows. 

This explanation does not deny the possibility that a small compon­ 

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 positions.

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 a probe, the shape 

is reminiscent of the serial position effect found for four subjects 

in Exp. I - with evidence for rapid 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



to discover that the probe was the last item and then go back to the 

beginning. But there is on3 puzzle - if in condition P, RT was fas­ 

ter because the subject had some form of direct access to locations 

in the response buffer, why 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 . 

access to 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 other is that 

some part of the serial position effect reflects storage rather than 

retrieval factors. The present data cannot distinguish these poss­ 

ibilities.

Summary.

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 location 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 wa« compared, the subjects and all relevant experimental para­ 

meters being identical for the two tasks. Four-consonant lists were 

presented sequentially in a spatial array of four locations, each



location being consistently associated with a list position. The 

probe in one condition always occupied the same location as during 

presentation of the list (if it was in the list), and in the other 

occurred randomly 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 

ion- or background-specificity of a hypothesised sensory component. 

In contrast to the absence of effect on IRn, a position cue markedly 

reduced 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 the 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 be more direct 

given a position cue than when only the item is given as a probe.



,E 6.1

Response type:

Condition:

Subject: S1

S2

S3

Sk

S5

S6

S7

s8 ,

Group mean:

Errors :

YES

z

'128

559

5^2

628

*f29

573

^89

36^

501.5

11

530

537

537

565

^65

528

^89

36^

501.1

5.5 ^-8

NO

Z N

511

637

57^

736

^82

608

5^1

^36

565.5

2.5"

559

656

561

6Vj

508

583

583

^k

563^

2.5

(msec.)

TABLE 6.1. Experiment IV - IRn.

Individual subjects' mean RT with (P> and without (N) the position 

cue for both positive and negative responses; group mean RT and 

error frequency.



TABLE 6.2

Response type:

Presentation

order:

Condition P:

Condition N:

YES

R-L/T-B

489

(6.0)

506

(5.0)

L-P/B-T

513

(5.0)

496

(4.5)

NO

R-L/T-B

560

(1.5)

557

(3.0)

L-R/3-T

571

f-Z c^
V -/• J >

569
(2.0)

msec

msec.

TABLE 6.2. Experiment IV - IRn« Group mean RT and error frequency 

to show the interaction of Conditions, Response type and Presentation 

order (i.e* Right-Left or Top-Bottom versus Left-Right or Bottom-Topi

Serial position

probed :

Condition P:

Condition N:

^

510

(4.0)

514

(6.0)

2-

497

(8.0)

495

(3.0)

3

509

(7.0)

498

(6.0)

4

489

(3.0)

497

(4.0)

msec.

msec,

TABLE 6.3 Experiment 17 - IRn. Group mean RT and error frequency for 

each serial position of probe, positive trials.



TABLE

Conditions:

Response type:

Subject: S1

S2

S3

sh

S5

S6

S?

S8

p

YES

593

^92

563

62^

565

635

569

593

_NO_

732

6^2

6?8

7^5

69*f

688

793

653

N

YES

635

583

572

572

59^

665

6Vi

6^f2

J12_

699
7V?

720

631

69^

6^9

755

667

Group mean:

Errors :

579

(2.0)

703

(1.8)

612

(1.7)

695

(3.6)

Block: 1

2

3

6¥f

(3-1)

557

(1.6)

537

(1.2)

770

(1.6)

673

(1.6)

667

(2.3)

653

(0.8)

606

(3,5)

580

(0.8)

738

(3.1)

671

(3.9)

678

(3.9)

msec

TABLE _6.*f Experiment Va_»_IRn.^ Individual subjects mean RT v/ith (P) 

and without (N) tha position cue for both positive and negative 

responses; group mean RT and error frequency overall and separately 

for each of the three blocks.



TABLE 6.5

Conditions:

Subject: S1

S2

S3

S4

S5

S6

S7

s8

p

917

769

802

804

788

926

788

972

N

1243

1015

1048

1231

896

1254

1062

1466

Group mean:

Errors:

846

(2.4)

1152

(5.3)

msec 

(#>

Block: 1

2

3

896

(2.8)

• 824 ^

(2.0)

818

(2.3)

122?

(7.0)

1101

(5-3)

1128

(3.8)

TABLE 6.5. Experiment Vb - CR. Individual subjects' mean RT v/ith (P) 

and without (N) the position cue; group mean RT and error frequency 

overall arid separately for each of the three blocks.



EXPERIMENT V. Background FIGURE 6.1

Warning arrow

«.__i

Background cross

Probe warning

0
o

Auprox. scale.

The background and display locations used in Experiment V. 

The hard-outline rectangles show the display location of the 

memory set items, the dotted-outline rectangles those of the 

corresponding probe items. Order of presentation was as 

indicated by the numbers in the quadrants.
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CHAPTER^VIjj.___Irnmediate -recognition and_ jrecencjy.

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 effects on item recognition. The nature of the effects on 

the former group of tasks, whose common characteristic is that they 

require reference to stored 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.^ for the response buffer. However, 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 

bo reported, I attempted to investigate this question more directly, 

in relation to the theoretical issues raised in Section 3-1- In 

the present chapter, I shall describe a somewhat ambitious experim­ 

ent on the dynamics of the representations underlying immediate 

recognition. In the following chapter, the question of their format 

will be considered.
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7-1» 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 available in the literature, 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 

content-addressable representations (which I have identified with 

Norton's'logogens 1 ) as item-traces whose strength declines as a 

decelerating function of the time/items since presentation (the 

'recency function 1 )? 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 1 - the assumption of 

non-linear decay - distinguishes them sharply from the scanning 

models, which include no explicit assumptions about the dynamics of 

the representations. Predictions based on this axiom are therefore 

crucial and may be tested by manipulations of recency (see Section 

3.125). 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 parallel scanning models: According to any 

model which posits a search, serial or parallel,of items only of the



positive set, the recency of a negative probe should have no effect 

on the search process. No effect on the slope of the set-size func­ 

tion is therefore expected. Should there be an effect on the inter­ 

cept? It might be argued that the more recent the probe, the more 

rapidly it should be encoded, so that RT should be shorter for a recent 

negative probe through a reduction in intercept. On the other hand, 

it might conceivably be claimed that the subject might not expect a 

recently presented item to appear as a negative probe, so that RT 

could be longer for a recent probe. Either v;ay, there should certa­ 

inly be no interaction with memory set-size.

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 

take 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 of 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 

tht,- 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 effect 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 manipulation of recency, 

Model V aay be considered merely a rather cumbersome discrete- 

state version of Model III, and makes the same predictions.

c) Model IV. According 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, am no effect of recency



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 T is up.
c r

The evidence available to date is restricted to.two studies; 

those of Zechmeister (1971) and Darley & Arabic (1972), who both found 

that it took longer to reject recent negative jfrobes than probes 

which had not occurred before jn 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. Memory sets 

were drawn without replacement from a large set of words so that 

each was used only once. Negative probes were drawn 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 

had occurred in the experiment; in fact Darley & Arabie do interpret 

their finding in terms of a familiarity-judgement-or-search version 

of Model V« Z-echmeiBter's experiment also has the disadvantage 

that recency is a between-subjects variable - so that there are 

problems of criterion change to muddle the issue and only two set 

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 letters presented prior to and including
i

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.



2) Recency of the memory set items. According to the two trace 

strength r.odels, decay of trace strength is non-linear and deceler­ 

ating. The slopes both of the set-size function and of the serial 

position function (provided rehearsal is controlled) are functions 

of the rate, of decay. For a given set size, the criterion is held 

to be constant, and the non-linearity of the recency function may be 

seen in that of the serial position curve. As regards the set-size 

function, while the non-linearity of the recency function need 

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,103a), the slope of the set-size function 

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, 

r?te 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 models make? As they are stated by 

Sternberg (1966, 1969a), no particular effect of a small delay on 

slope is predicted, provided that the capacity of active memory is 

not exceeded. If one were to introduce an assumption that items in 

active memory <lecayjsd_, then the degradation resulting from a probe 

delay should increase comparison time (cf. Sternberg, 196?b) and the 

slope should increajse*.

The means chosen for delaying the probe while preventing rehear­ 

sal v»s as follows. In one condition (l), 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 triggered the present­ 

ation of the probe. In condition N, the probe was presented immediately



after the memory set. Thus in condition N there was no delay, and 

in condition I there was a totally filled interval of about J sec
.. 

As it turned out, the interval was probably on the short side. 

Nevertheless, the- portion of the recency curve involved should be 

displaced by the delay away from the point at which decay is faste
st 

(as a result, perhaps of the 'sensory component 1 - Section 3.131). 

A pilot study seemed to indicate that the delay was large enough 
to 

produce a marked change in slope in the direction predicted by the
 

trace strength hypothesis.

3) First-item prj.macy effects. It will be recalled (Section 

3.12*+ if it is not) that though marked and appropriately non-linea
r 

recency effects have typically been obtained when rehearsal is con
­ 

trolled (see also Exp. II and Exp. V) there is frequently visible 

in the serial position data a small primacy effect: mean RT is oft
en 

faster when the first item is probed than when the second is probe
d. 

It was suggested in Section 3-12^ that this was an acquisition eff
ect: 

i.e. that the first item received a greater initial increment in 

trace strength than the others due to lack 01 prior activity in th
e 

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 items so as to activate the appropria
te 

feature-analysers, but should not be a member of the stimulus ense
m­ 

ble from which the memory set items are chosen. In this experiment 

the memory set was always preceded by an irrelevant vowel, but nev
er 

the same vowel that appeared as the interpolated vowel in Conditi
on I.

*0 There v/ere several other predictions derived in Section 3.12 

from the various models, which the present experiment was not spe
cif-



ically designed to test, but to which the data may nevertheless be 

relevant. The reader is referred

a) to the discussion of the relation between RT variance and set 

size in Section 3.122.

b) to the prediction 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).

Thus, in Exp. VI, memory lists of one to four consonants were 

presented, each list length in.a separate block of trials, at a 

brisk rate, preceded always by a vowel. A recognition probe was 

presented either immediately (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, 

1 made a point of using subjects who were proven veterans of at 

least one experiment of mine, and they were given two full sessions 

of practice before the data presented here were recorded.

7.11. Method.

Eight experienced subjects each served for two practice 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 bub-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 we^e followed by 2k experimental trials. A 

complete block therefore contained 10*f trials 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.

Design. The order of the two delay conditions and of the sub- 

blocks within each condition was balanced both within and across sub­ 

jects. Each of the 2*t possible orders of sub-blocks was combined 

once with each of the 2 orders of conditions in the *f8 sessions of 

the experiment. These were allocated so that:

1) in sessions 3-6, the experimental sessions, the order of 

conditions and of sub-blocks was perfectly balanced by means of 

Latin squares 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 k respectively. 

Data from sessions 3 and 6 and from sessions ^ and 5 were combined 

in the analysis to give two observations per cell; thus the contrib­ 

ution of practice effects to the error variance was minimised.

The memory lists and probes were chosen randomly from the set 

of 16 consonants: CDFGHJKLNPRSTXYZ, with the following constraints:

1) There were no repeats in a list.

2) Each serial position v/as probed equally often within each 

sub-block.

3) Positive and negative probes in a sub-block were equally

frequent.

'*) Half the negative probes in a sub-block were 'recent', half 

'novel'.

A novel negative probe was one which had not occurred as one of 

the ten consonants presented prior to the present trial. A recent 

'negative probe was one of the four consonants presented prior to
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the probe of the previous trial.. For the purposes of this definition, the 

same consonant presented 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) = I £ 1 i.

Recent probes were presented on average: 11 10 9 8 sec.

Novel probes had not been presented for: 33 2? 23 23 sec.

- prior to the probe of the present
trial

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-block.

Display. The background display served as a reference frame for 

two locations separated horizontally by about 1 20' of visual angle.
• .

Approximately 2 30 beneath the centre of these was a third location. 

The locations were each indicated by four points at the corners ol 

a square with the display location at its centre.

A trial: was initiated by th« onset of the background 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 ^00 msec, followed by a gap of 100 msec.. 

Condition K. The probe was presented in the bottom location 100 msec. 

after the offeet of the last item. The subject pressed the right- 

hand index key if 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. succeeded by a 2^ sec. inter-trial interval. 

Condition I. 100 msec, after the offset of the last item, an inter­ 

polated vowel 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, 

Kis response triggered the voice key which caused the probe item to 

be presented immediately in the bottom 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 moment attend only to the item most recently 

presented.

2) The first item in every list will always be a vowel; it is 

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 i
s 

intendeJ to take up all your attention, so please concentrate 
on 

naming it as fast and smoothly as you can.

*0 Please try and respond as rapidly and consistently as you 

can, while avoiding errors."

Subjects claimed to understand and comply with these instruct­
 

ions. The double task in condition I proved difficult for the first 

trials, but a steady ihythm was soon 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 d
evi~ 

ation of the vowel-naming RTs were computed separately for eac
h set- 

si ze, as shown in TABLE 7«1« The largest difference between means 

is 10 msec, which is no more than 2.J>% of the total delay. It there­ 

fore seems safe to acsuine that the delay introduced by the vow
el 

naming task in condition I was comparable over different set-s
izes.

Mean item recognition error rate was 3.8% overall. Correct RTs 

were pooled across sessions 3 and 6 and across sessions ^ and 
5> 

giving two observations per trial-type per subject. Fig. 7.1 shows 

the set-size functions for each combination of response type a
nd 

delay condition. The correct RT data were subjected to a four-way 

analysis of variance: Response type x Conditions (I or N) x Se
t size 

x Subjects (random). Each of the 2 observations per cell was based 

on 2A- trials.

1) The effects of set-size on mean kT. There is an effect of 

feet-size significant at the p<0.001 level (F (3,21) = 39-2). An



analysis of trend shows this to be attributable to a highly signif­ 

icant linear trend (p<0.001, 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) = 3,0*0. However, if positive

and negative RTs are submitted separately to equivalent analyses, the
« 

data for the positive RTs show a quadratic trend significant at the

p<0.025 level (F (1,21) = 6.2) and the linear trend accounts for 

only 91. T/o of the variance. There is no quadratic trend in the neg­ 

ative RTs (F<ci). The non-linearity of the positive RT function 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 

ion I), 42.2 msec./item v/hen there was not. (in view of the depart­ 

ure from linearity of the set-size function, the regression coeffic­ 

ient must be regarded as no more than a useful descriptive statistic.) 

Unfortunately, although the slope difference is quite large compared 

to scrr.e reported in the literature, the interaction between Conditions 

and Set.size fails to reach significance (F (3,21) = 1.68). This is 

due to a large interaction of this interaction with subjects (p<0.001,
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F (21,128) = 3.V3). In Figs. ?.5a, b the Conditions x Set-size inter­ 

action is shown separately for individual subjects. It may be seen 

that while the data from five subjects show the interaction quite 

clearly, the data from subjects 2, 3 and 8 do not. The srjne 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 RTe 

by an average of 67 msec. (p<0.001, F(1,7) = 7^.4-). There is an 

interaction between Response Type and Set-size (p<0.05, F (3,21) 

= 3.82) due presumably to the non-linear trend in the positive RT 

set-size function already mentioned. As may be seen from TABLE 7*2, 

the negative/positive slope ratio for individuals ranges from 0.35 

to 1.5 though the two functions are effectively parallel in the 

group data. Response type also interacts with Conditions (p<0.05, 

F (1,7) = 7.2) as may be seen in Fig. 7.1.

No other effects approach . significance in the above analysis. 

In order to assess the effects of the recency of the negative probe, 

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 tv/o observations per cell 

was based on 12 trials,

*0 The effects of recency 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.*0, Set-size (p-cO.001, F (3,21) 

= 33.1) and their interaction (p<0.001, F (3,21) = 16.?). No other 

effects approach significance. The interaction is shovn in Fig.?.4.
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Recent probes were rejected more slowly and less accurately than 

novel probes, and the difference increased monotonically with set siss

Positive RT data were submitted, separately for each set-size 

(m = 2, 3 and 4) to three-way analyses of variance: Conditions (I, 

N) x Serial Position x Subjects (random). The data, together 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'(2,1*0 = 16.1; for m=^,p<0.001 ,F(3,21): 

12.1)« The attempt to eliminate a primacy 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 piobed 

than when the second was probed. In general, the serial position 

data exhibit monotonic recency, accelerating with serial position. 

Only one subject (S_) deviated from this pattern. Her serial posit­ 

ion data are shown in Fig. 7.8. Her data show general increases in 

RT with serial position. However, her error rate was unusually high 

and included a lot of fast anticipations. She was, moreoverrone of 

the subjects who failed to show a Conditions x Set size interaction. 

It may be seen that the distribution of her errors v/ith 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 = 3, n.s., F (2,1*0 = 2.3; for m = ^ n.s., F 

(3,21) = 2.23).

7) RT variance and set size. Since the models outlined in Sec­ 

tion 3-11 make differential predictions about the relationship bet­ 

ween RT variance and set-size (see Section 3,122) RT variance was com­ 

puted, separately for each set-size, response typo (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 

. w?,s 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 should 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 to Model III, if the slopes of 

the positive and negative set size functions were parallel (as they 

are here) then 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.^ 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



interaction between recency and set-size has already suggested.
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9) Relationship between negative and slowest positive responses, 

In Section 3-12Mii) it was pointed out that, according to ModelIV, 

the 'default 1 model, the longest mean positive RT in the serial 

position curve should be shorter 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 than the longest positive RT when m = 2, 3 and ^. (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 accu.ra.tely 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 model 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 nov^l one. But there should then be no 

interaction with, set-size. Might +his interaction be accounted for 

in terms of an effect on encoding of time-basod rather than item- 

based recency? For it may be seen from the table in Section 7.11
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that a 'recent 1 negative probe was on average more recent in terms 

of time the larger the set size. However, this was also true of 

'novel 1 probes, and in fact the average difference in time of occurr­ 

ence between the two classes of probe actually decreased 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 sees. ago. I find this implausible, particularly since 

a difference in recency between 11 cec. 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 

able it to account for (a) is the addition of a 'displacement axiom'. 

That is, it might be assumed that the subject does not start each 

trial with a 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 scanning models, it also pre­ 

dicts an interaction of recency and set-size in xhe 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 shprt- 

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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determined by their recency, an analagous objection to the last 

would apply with respect to the direction predicted for i'he inter­ 

action; moreover, according to such a model, recent negative probes 

should have been rejected faster than novel probes.

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 Parley & Arabic(1972) critically 

favours Model III, the trace-strength inspection model, or a mixed 

model (Model V). How is the interaction to be accounted for? There 

are at least two non-exclusive possibilities.

(i) It is possible that time since presentation as well as 

number of intervening items is important as a determinant of amount 

of decay (cf. Wickelgren, 19?0b). Given that decay may be assumed 

to be non-linear and to a floor, it may be that the difference in 

strength produced by the dependence of time-based recency on set- 

eize in this experiment (see table, Section 7«11) applied only to 

'recent' negative probes. 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 ?»12 (9)« For, 

the larger the set-size, the nearer to the criterion the strength 

distribution of recent negative items wpuld be, relative to th©t 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 a greater effect on decision time thwi equ­ 

ivalent differences far from the criterion then the effect of a 

given manipulation of recency must depend on set-size in the manner



found, since the greater the set-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) js supported by the finding of a marked increase in 

RT variance with set-size for recent but not for novel negative probes 

- see Section 7.12 -(?)«. 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 set 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 set-size and all 

three serial position functions following a filled delay of about \ 

sec.. However, three out of the eight subjects failed to show the 

effect, which therefore does not reach significance (save in the 

case of the Serial Position x Conditions interaction, when m = 2). 

Whether this failure is due to a genuine strategy difference, or 

merely to the fact that the effect is small in comparison to the 

normal range of random variability is difficult to determine. Only 

S exhibited a markedly deviant pattern of performance in other res­ 

pects - see Section 7.12 (5) anJ 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 subjects that sets them apart fron



the other five is that they were the three most experienced in RT 

experiments. S and Sg also had particularly fast vowel-naming RTc. 

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 physical 

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 shape of the curve was not 

changed by a delay of 550 msec, filled with visually similar material 

interposed between memory 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«12^)» That the slope of the curve was 

reduced may however be interpreted as a reduction in rate of decay 

due partly to the partial loss of the 'sensory component* of trace 

strength (Section 3-

Other aspects of the data. Considering only 'novel' neg­ 

ative probes, negative RT variance did not appear to increase with 

set- size as positive RT variance did, and false positives increased 

more slowly than false negatives. Both these findings are predicted 

by the trace strength inspection model (and by Model V) . Both state 

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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Summary.

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/bee.. Each list was preceded by a visually similar 

but irrelevant vowel. Lists were followed by a recognition probe 

which was presented either immediately or after a delay determined 

by the time taken by the subject to name a visually-presented -vowel 

(about -J sec.). The recency of negative probes was systematically 

manipulated. The main findings were:

- A 'recent 1 negative probe was rejected significantly more slowly 

and less accurately than a 'novel' negative x>robe.

- This effect increased significantly with set-size.

- The slopes of the group set-size function and the serial position 

functions were all reduced by the 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 eight subjects.

- Pure monotonic accelerating recency functions were exhibited by 

the serial position data (save for a small primacy effect in the 

delay condition (l) when m = 3)•

- A significant departure from linearity was found in the positive 

RT set-size function.

- Positive RT variance increased non-linearly with set size . Neg­ 

ative RT variance showed no overall increase with set size for 

'novel' probes but a marked increase for 'recent' probes.

These findingb were held to be compatible only with the trace 

strength inspection model (Model III, Section 3-^) or a mixed

model (Model V, Section 3.11). These two models are indistinguishable 

in terms of present evidence, but the former is to be preferred on
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the grounds of parsimony. The interaction between set-size and neg­ 

ative probe recency, and the differential behaviour of 'novel' and 

'recent' negative RT variance could be accounted for by assuming a 

non-linear decision function, such that changes in strength near the 

criterion result in larger changes in decision time than equivalent 

differences more distant from the criterion*

The experiment needs replicating. A longer delay interval 

ehould be used in order to increase the likelihood of obtaining a 

significant change in slope. Also, it would be worth attempting 

to control recency of the negative probe in terms of time as well as 

in terms of number of intervening items. This could be done either 

by varying inter-trial interval with set-size, or by varying set- 

siz-e randomly from trial to trial, or both. It might even be poss­ 

ible to manipulate time-based and item-based recency independently, 

and thus determine their relative importance.



TABLE ?.1

Set size (ra)

I Mean RT:

Pooled s.d

^53.0 

,3

^63.2

52.8 msec.

TABLE 7,1 Experiment VI - IRn. Mean and pooled standard deviation 

of the PT for naming the interpolated vowel in Condition I, shown 

separately for each set size,



TABLE 7.2

Response:

Condition

Subject:

S1

S2

S3

S4

S5

S6

37

S8

Mean:

Mean 

intercept :

YES

I N

47.6 69.4

33.2 31.1

27.1 24.3

21.6 33-3

16.3 33.3

21.2 69.4

18.8 31.7

38.2 30.1

30.3 42.8

402,8 335.4

NO

I N

40.0 83.5

33.8 24.5

28.7 18.9

16.1 46.4

5.7 29.2

31-5 49.9

24.7 36.1

57.7 45.6

29.8 41.6

4^4.1 421.4

Mean

I N

43.6 76.3

33.4 27.9

27.9 21.7

18.8 39.7

10.9 31.1

26.8 59-5

21.8 33-9

58.0 47.6

30.1 42.2

428.5 378.8

TABLE y.2 Experiment VI - I3n»__ Slopes of the regression lines 

(in msec./item) fitted to the individual set-size functions; slope 

and intercept of the regression lines fitted to the group data.
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CHAPT_ER VIII. Immediate recognition and semantic class.

From the dynamics of the 'item-traces' mediating item recog­ 

nition we turn 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 1 was particularly compatible with 

a trace strength hypothesis, while a scanning model imposed less of 

a theoretical constraint in this respect. The evidence reviewed led 

me to conclude that the logogen model accounted 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 

only, in the form expected by the subject - the latter facilitation 

resulting from a restricted capacity for the efferent generation of 

sensory traces.

The evidence obtained in experiments reported in previous chap­ 

ters was also entirely compatible with the logogen model. Exp. II 

showed that subjects were able to perform the IRn task without adverse 

effects from 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 (via 

what Morton, 1970, calls the 'cognitive system') to other logogens, 

a semantic representation. Hence, while 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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of members of the memory set which were readily interpretable 

in thesc terms. 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 che 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 art 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 terms of its semantic 

class.

The two experiments reported 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 attempted 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 into two or more subsets, then specifying 

which subset is relevant to the decision could facilitate performance 

by abbreviating the necessary search; in particular, even when list 

length is constant, we 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 &ejt. Of course, failure to find an effect of 'specifying 

the subset 1 in a single experiment would not disprove the search hyp­ 

othesis. For the subset nay have been specified in terms of an in- 

xropriate 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 suggested 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 results were obtained. In the first experiment, here rep­ 

orted as Exp. VII, memory sets of a constant size contained letters 

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 K'T with subset-size. The experiment was therefore term­ 

inated and a similar experiment, reported here as Exp. VIII was 

designed with changes intended to increase the availability of a 

'directed search 1 strategy. The changes appeared to be crucial: as 

will be shown, RT increased with 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 1 

in IRn. However, if I may anticipate the discussion, the mounting 

evidence against scanning models for IRn has lately obliged me to 

reconsider this conclusion.
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8.1. EXPERIMENT vn _ spftr-ifving 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. After a delay of 700 msec. 

e probe 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 same class as the probe item.

8.11. Method.

Four subjects each served for four sessions; data from the first 

session were discarded. In each session there were two blocks of 120 

trials. Each block lasted about 20 minutes. Subjects 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 1 list types, containing both digits (D) and letters 

(L): 1DAL, 2D/JL, 3D/2L, WU, and two 'pure' list types: OD/5L, 

5D/OL. In any blook the correct response was positive on half the 

trials, negative on the rest. The 60 positive trials in a block 

included one example of each of the possible combinations of mixed 

list type, probe type and serial position probed, and two of each 

of the combinations of pure list type and serial position probed. 

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 it^ms 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 were 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 positive response, the left for 

a negative response. The response terminated the probe display, no 

feedback was given and another trial 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.

False negative responses were wade on 6.5% of positive trials, 

false positives on k.CP/o of negative trials. Correct RTs were 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 1 and 'mixed 1 lists were subjected to separate analyses.



270.

The correct RT data from the 'mixed 1 conditions were submitted 

to a five-way analysis of variance (mixed model): List type x Prob
e 

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) = 5^-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 positive and negative RT was greater when the p
robe 

was a letter.

1) There is little sign of an interaction between List type and 

Probe type (F (3»9) = 2.?) 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 R
T 

to increase monotonically from s = 1 to s = *f. (Note, however, that 

there is some sign that errors increased in this fashion.)

2) The 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 sugg­ 

ests that this is the result of two tendencies. Overall,RT increased 

slightly as the number of letters in the memory set increased. In 

addition, RT increased the less homogenous the list was.

3)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 Practice x Subjects (random). If subjects were
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using the semantic class of the probe to reject probes of the opp­ 

osite class, we should expect 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.

*0 Serial position data from the positive trials are shown in 

Fig. 8,3. Positive RT data from the mixed lists v;ere submitted to a 

five-way analysis of variance: Serial position probed x List type x 

Probe type x Practice x Subjects (random). Serial position is the 

only effect to reach significance (p«cO.OOl, F (^,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.

8.13. 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 effect, in that false negatives inc­ 

reased somewhat with subset-size. Even on those pure list trials 

when the probe could be rejected on the basis of semantic class alone, 

there was little evidence that it was.

What is responsible for the negative result? Perhaps it takes 

so long to extract the semantic class of the probe 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 subjects took no longer to find a target spec­ 

ified as 'any digit 1 than they did to find a particular digit. Nev­ 

ertheless, it was decided to indicate the semantic class of the probe 

in the next experiment by means of an extra cue - display location. 

Another possibility is that a directed search strategy requires the 

subject to have .'tagged 1 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 crucial 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 itams of 

the same class. Trial types occurred in a random sequence. The 

main differences from the prebent 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 class 2 sec. before the probe onset. When 

the subject was warned of the probe class, there was a straightforward 

increase in KT 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 probe 2 sec. before the probe, he was able to rehearse only the 

items of the relevant subset. Our problem is that even when the

in 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-size, 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 effect (and the slope of the 

subset-size function for one of them was so great - 100 msec./item - 

as to suggest a search of the response buffer). 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 gave 

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 

subsets. 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 1 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 extra 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 explicitly 

forbidden, the serial position data show the by now familiar monotonic 

recency effect. This is further evidence against a search strategy 

(see Section 2.12*0 and implies that subjects were either not rehear­ 

sing at all (given the reasonably fast presentation rate and short
4

probe delay) or, as one subject claimed, rehearsing the whole list



just once during the 700 msec, probe delay. Secondly, there was 

evidence that performance on letters wr.s 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 digits (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 relates to Broadbent & Gregory's (196^) finding that with pres­ 

entation 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-^32 - iii).
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8 - 2 - MggglMENT VIII s Specifying the semantic subset; Mk II.

This experiment differed from Exp. VII for reasons already men­ 

tioned, in the following respects:

1) Digits and letters 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..

3) The different list types were presented in separate blocks. 

In addition, the following changes were made:

4) 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.

Five subjects each served for three hour-long sessions. The 

first was a practice session and data from it were discarded. In eaca 

session, a subject was given five blocks each of 60 trials. A short 

rest was allowed between blocks.

Design. Each subject underwent each list ty^e condition, of 

which there were five, in every session. The order of conditions in 

the practice session was fixed at WOL, OD/tfL, 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 v:as 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 1 lists, positive trials: there were three trials for each com­ 

bination of probe type (Dor L) and serial position probed. Each of 

the possible orders of non-probed items occurred equally often. The 

three values of probe delay used were allocated' randomly to these 

orders so that overall they were balanced in this respect as well as 

over probe type and serial position.

'Mixed 1 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 1 lists . 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 events. 

A background display, which consisted of a horizontal line and remained 

visible throughout the trial, was displayed for 1 sec.. The fcur 

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 display locations were separated by 

approx. 1-J° 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 1^ horizontally and k% vertically;

subjects vere told to fixate a blob at its centre. 250 msec, after 

the mask, the probe item was presented. Subjects responded 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 oT 3 sec. followed before the next trial. No feedback was 

given until the end of the block.

Thus, presentation rate was 1 sec./item arid the probe delay was 

equally of ton £, 1 or 1-J sec..

Instructions. Subjects were asked to respond as fast as they 

could while avoiding errors. They were also instructed not to reh­ 

earse. (Some subjects in fact found this difficult, given the long 

probe delay and slow presentation rate.) They were also told, "In 

the pure list conditions, there will still be some probes of the opp­ 

osite class: to these you should be able to key 'no' very easily. 

In the mixed list conditions, it is net 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 1 strategy.

8.22. 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 PT 

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 positives 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.*f. The correct RT data from 

the mixed conditions were submitted to a five-way analysis of var­ 

iance: List type x Probe type x Response x Delay x Subjects (random)
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Positive RTs were faster than negative RTs by 3? msec. (p<0.05, F 

(1,*0 = 8.2). RT was shorter for a letter than for a digit probe, 

but this effect fails to reach significar.ee (F (1,*0 = 5.3).

1) Of the remaining effects, none approach significance save 

the interaction of interest, that between List 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.*t, RT increased as the size of the relevant 

subset increased. Regression lines fitted to the data show that 

the rate of increase is 16 msec./item for digits, 2?.8 msec./item 

for letters. The nature of this effect is more clearly seen in Fig. 

8.5 t 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 four-way analysis of variance was performed 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 

than digits (p<0.05, F (1,*0 = 10.9), only the interaction of Probe 

type and List type reaches significance (p<0.01, F (l,*f) = ^9.6). 

As may be seen in Figs. 8.*t, 8.5 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 

variance was performed on data from the mixed condition positive 

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). A]so, in this analysis, 

the Probe type x List type interaction fails to reach significance 

(F (2,8) = 3.V7). 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 data are summarised in Fig. 8.6.

4) It may be seen from Figs. 8.5 and 8.6 that positive R'i's were 

shorter when the lists were pure than when they were mixed.

8.23- Discussion^

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 the face of it, this result favours the 

hypothesis that subjects were able to pursue a 'directed search 1 

strategy. Moreover, that the slopes of the positive and negative 

subset-size functions are parallel must 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 1 hypothesis, be attributed to extra 

time being required for the process of classifying the probe and for 

'selecting' a subset.

However, as I indicated in the introduction to these experiments, 

several factors have led me to re-evaluate 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 given. It would be strange if, in a store which 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 niy 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./item 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 1 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 recalled that the interaction failed 

to reach significance v/hen 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 blocked rather than presented in a random order. 

Consider a .block in which the memory set on every trial contains 

one digit and three letters. The mean of the distribution of the 

strengths of the negative digits on every trial will be lower than 

that for letters, since fewer hav-e occurred recently. The optimal 

criterion placing will therefore be lower 6n the- strength continuum 

for digits than for letters. Hence the interaction between list type
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and probe type may be explained by supposing that the subject is able 

to use thfc 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 

digit 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 block.,

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 borne 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 and var~ 

.iable probe delay (Section 3«12*0; there was no effect of probe delay. 

If subjects did rehearse, then the explanation offered earlier 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 items 

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 one class, he 

visualised that item, while 'saying the others to himself. Thus a 

'sensory component' of trace strength, resulting from Posner-typc 

'generation' (Section 3.131) may have contributed to the shorter 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 1 , but 

the efficiency of the mask 5s unknown, 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 on 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, there 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 possible 

(if baroque) interpretations of the data in terms of a trace strength 

hypothesis, I am obliged to conclude that the present experimentSj 

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. I 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 letters 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 &' Wedderbura (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 (196^-) 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 other word classes (like co3.our-words) than it did to digits 

and letters.



Summary.

In this chapter were reported two exploratory experiments on 

the role of semantic class in IRn. In both experiments, mixed memory 

sets of digits and letters were presented and subjects were tested 

with a prob-* item that was unprcdictably a digit or a letter. The 

question of interest was the nature of the dependence, if any, of RT
•

on the size 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 merely showed a 

decrease as the homogeneity 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 case for interpreting this result, and some data of Kaminsky 

& Derosa (19?2) in terms of a 'directed search 1 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 1 . Means were 

suggested for controlling these possibilites in future experiments.
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CHAPTER IX. Concluding comments, speculation and plans/

In view of the summaries provided in each chapter and in the 

abstract, I do not propose to burden the reader with a further det­ 

ailed review of the experiments and their implications. In what 

follows, bearing in mind that t-he 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 

backwards.

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 if one 

tries to interpret the existing evidence on short-term verbal memory 

in terms of a single post-categorical storage mechanism may be re­ 

solved by the hypothesis of two retention mechanisms in post-categ­ 

orical active memory, the logogtn system and the response buffer 

proposed by Morton (1970) and amended in Section 1.^. 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 v/as to explore in detail the models available to account 

for performance in Sternberg's item recognition paradigm and their 

predictive power with respect to evidence already available ?n the 

literature, It proved extremely difficult to account for this
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evidence in terms of either pure scanning theory; nor was Model IV, 

the trace-strength 'default/ model, strikingly successful. 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 many cases the atten­ 

tion given to individual experiments was superficial. It seems an 

inevitable consequence of an attempt at global synthesis that one 

should ask the question, 'Does it fit?' mere often than one asks 

'What are the possible explanations available to account for this 

single finding? 1 . I take some comfort from the thought that the arg­ 

ument is structured in part as a mosaic rather than a linear prog­ 

ression. Should one or two tiles turn out to have been insecurely 

glued, the picture as a whole need not be scrapped. There was also 

a deliberate restriction of the discussion to behavioural evidence 

from experiments on short-term verbal memory in normal subjects. 

There are a number of theoretical questions related to the viev; 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 been 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? 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 

anism whereby the appropriate logogens are activated by the speech 

stream as it is transcribed by the receptors. Hasler (1973) has 

argued 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 two 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 between two modes, input and output. However, the fact that one 

cnn listen and talk simultaneously would pose problems for such an 

account. Finally, it is interesting that it is possible to shadow 

(slowly) 'gobleueguok' or a foreign language with phonemes similar 

to those of English. Does this imply that there is a direct output 

from phonemic (or other) 'sub-logogens 1 to the response buffer?

2) Comprehension. I attempted in Section 2.31 to argue that the 

conventional estimates of the capacity of 'primary memory 1 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 active memory as a whole, provided that the app­ 

ropriate semantic cues were available for access to logogens. Sec­ 

ondly, the postulate that output from logogens bo the response buffer

"'in an unpublished undergraduate research project entitled 'Phonemes 
and Space 1 , Oxford University, 1973.



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 idee, 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. However, a rather 

more profound analysis of the active memory requirements of compre­ 

hension is obviousl needed.

Attention. That there 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 

Sperlin^'s task (Section 2.3*0 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 fox- 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 B^oadbent, 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 trace strength at logogens, then an obviouG 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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*0 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 C9nsidered 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., 19?0; Phi­ 

llips & Baddeley, 1971) which implies the survival 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 of individuals 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«l3>1i °r whether a more radical theor­ 

etical solution is required. If there is a non-sensory short-term 

visual store, it is hard to see why there 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, 

1972; Warrington & Weiskrantz, 1975) 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 

as it stands. KF has considerable difficulty in repeating what he 

has just heard, and 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 nearly so severely impaired when presentation is visual. Y/arr- 

ington & Shallice (1972) argue that.this implies the existence of a 

post-iconic visually-coded short-term store for verbal material. In 

terms of our model, if the damage is at or subsequent to the logogens, 

there should be no modality difference. But if the damage is prior 

to the logogens, i.e. in the auditory analysis -•> logogens pathway, 

we would expect difficulties in identifying spoken words. Yet KF is, 

according to Warrington & Shallice (1969) able to identify single 

spoken words and detect target words in a sequence when presentation 

is auditory and fairly fast. One possibility that r;.erits further 

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 identification 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 

task 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 problem of the modality difference emphasises the importance of 

determining the nature of short-term visual retention, as mentioned 

under
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9-2. Experiments*

The evidence presented in the four experimental chapters conver­ 

ges upon the model described in Section 1.4.along three avenues. 

Firstly, v.'e have seen that two experimental factors, within-list 

acoustic similarity and the provision of a position cue with the probe 

had clearly contrasting 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 taken 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 about 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 III, 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 model, 

in that the results seemed to suggest that in IRn, a directed search 

strategy might be possible; but it was argued that the results could 

also be interpreted in terms of the trace strength inspection model.-



Ways of modifying this experiment to make it more decisive were 

suggested in Ch.8. Also the manipulation of the recency of the mem­ 

ory set in Exp. VI did not produce a statistically significant effect, 

though its direction was that predicted by the trace-strength inspec­ 

tion model, and means 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 memory for a recent short.sequence of verbal items by probing 

different attributes of the sequence. But this is only a beginning. 

There is no 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 

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 are (by virtue of their ass­ 

ociative links to other logogens) semantic representations, and there 

should be a 'generalisation' of trace strength between semantically 

related logogens. It should, in IRn, take longer to reject, but 

less Lime 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 unaffected by this variable.



Ideally, memory set and probe should be presented in different mod­ 

alities, lest the subject maxe 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 

ect. A filled delay would be expected to result in degradation of 

the representations in the response buffer, slower read-out and thus 

an increase in the slope of the CR set-size function.

3) Rate of presentation. I have suggested (Section 2.3^, 3.33*0 

that the response buffer has a'limiting rate of input much lower 

than 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 sugg­ 

estion. At the highest rate of presentation I tried for CR - ^00 

msec./item - error frequency already showed a marked increase over 

that found at 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 which 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 ba involved in temporal ordering 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 use a computer-controlled threshold-estimation technique, 

to determine maximum rates of presentation for a given level of 

accuracy on different probe tasks.

**) Interpolated irrelevant items. One way to disrupt a trace- 

strength strategy for IKn would be to present irrelevant items,from 

the same 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 memory 

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 

which 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 description 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 :.n 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 & Pribrarn (i960) have it, to 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 action patterns, motor commands, 

action schemata. The most obvious example is the internal repres­ 

entation of a learned skill, like riding a bicycle. 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- 

Bchemata' 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 hov; 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 next turn 

in his progress through the theatre or temple so vividly depicted 

in his mind's eye.

The same sensory bias appears to have influenced ideas about 

short-term 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 distinguished 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, 

the discovery of modality-specific forms of sensory storage of 

rather brief duration, subject to overwriting or decay, has tended 

to push the box with 'primary memory 1 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 possibility thc.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 seems in some 

sense 'automatic 1 . While it is possible that each component of the
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response is activated directly from the relevant representation in 

inactive memory, it is, as Lashley (1951) argued 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 

outcomes and prepare future responses. It may seem semantically 

deviant to call a mechanism a memory when it represents events which 

have not yet (overtly) occurred. However, in this thesis I have 

laboured to show that the response buffer for speech, originally 

hypothesised by Horton (1970), may serve to represent perceptual 

events receded as potential responses. More than this, use of the 

response buffer in most 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? 1 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 permanent 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 input, by

i «
efferent 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 process 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 

ical acoustic storage (Crowder & Morton, 19&9) nmst be organized so 

as to preserve the temporal order of speech elements. The organiz­ 

ation 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. Treisman 

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 identification, 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 response 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 son;e 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 ac being in the 'conceptual 

modality 1 . In his sense this form of storage is associative: the
t

representations may be directly accessed given the appropriate stim­ 

ulus or response attributes. This kind of active trace seems to be 

destroyed in the absence of rehearsal both by the passage of time 

and by the activation of other traces. We have considered only log- 

ogenst 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 rehearsal. 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 the 

properties of the different components of active memory requires the 

use of short-term memory tasks which selectively tap the individual
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components. I have tried to indicate some of the ways in which this 

may be achieved.
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