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INTRODUCTTION

Intelligence 1s currently defined by performance on a selected
gset of tasks. But such a définition is inadequate for those who
wish to design environments to enhapce cognitive abilities. 'This
venture requires that the designer know more about the mind than
the fact that certain kinds of tasks intercorrelate to form fac~
tors; with only this information, he or she can do little more
than train people on particular tasks and hope for improvement in
undefined general cognitive skills, If, however, the common
variance in a group of tasks can he traced to individ;al differen-
ces in particular mental processes (whose existence has been sug-
gested by the effects of variables other than individual differen-
ces), then the underlying processes themselves, rather than partic-
ular tasks which merely reflect theiy operation, could become the
focus for remedial effort.

This dissertation reports an attempt to isolate the mental
processes which underly individual differences (ID's) between nor-
mal adults in what is perhaps the oldest psychometric measure of
intelligence: forward digit span size, Though tests of digit span
are nearly as old as scientific psychology itself (Jacobs, 1886),
experimentalists and psychometyicians hgve 80 seldom met on common
theoretical ground that no one yet knows exactly what they measure.
Binet thought that digit span measured power ¢f concentration, and
this view still prevails among some clinicians {(Zimmerman & Woo~

Sam, 1973). Investigators in other areas of psychology have
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different views. Some, ]ike Jensen (1964, 1970), believe that
digit span performance reflects an ability to form assoclaticns
which is probably "closely tied to very basic brain functions".
Others (Belmont & Butterfield, 1969, 1971; Ellis, 1970) attribute
much of the poor STM performance of retardates to the absence of
ugseful mnemonic strategieg, like rehearsal.

The plan of this investigation was to make an explicit and
detailed list of possible mnemonic strategles and 1nformation
processing parameters which might be sources of ID's in aspan
gize, and test them systematically. The resulting evidence sug-
gests that mnemonic strategles be elimlnated as explanations.

Some narrowing of the field of candidate System parameters was
alsc achieved. Among the parameters which remain, presumably, are
those responsible for the relationship betrween digit span ané
intelligence.

This report is divided into filve sections. The first section
contalns a discussion of the theoretical structure within which
the investigation will take place, and a list of strategies ar.l
parameters to be examined. The second section provides background
information about digilt span; the third is a brief discussion of
some evidence avallable cn the questicn at hand. The fourth
section describes the expelrments that were conducted, and their

resgults; and the fifth contains ceoancluding remarks.




THEORETLCAL. APPROACH

The correlation Lbetween performance measures on a gilven pailr
of tasks does not, by ieself, prove anything about the sources
of individual differences on them. Two tasks may be highly corre-
lated because ID's on both are caused by the same mental process;
or because two different but highly correlated processes are in-
volved. A low correlation between two tasks {(assuming reliable
neasurenent) could mean that the tasks do not share a common pro-
rege or set of processes. But it could also mean that there is a
common source of ID's which is obscured by variance due to parts
of the tasks which ragulre different processes. In order to dis-
ambik¥uate the meaning of intertask correlations, the tasks must
eventually be interpreted with reference to & Eheoretical struc—
rure built from evidence which is independent of the correlation-
al data (Thurstone, 1947).

kxperimental psychologists are now engaged in bullding such a
structure, but it is not clear how the as yet incomplete resules
of their offorts can best be used to understand individual diff-
erences in cognition. Hunt, Frost, and Lunneborg (1973) outline
a general information processing approach to intelligence, choos-
ing to retain the analogy of the brain as a computing system, with
its useful distinction between the structures and elementary pro-
cesses which describe the system In general and the complex se~

gquences of elementary pracesses which control mest behavior
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(control processes), These Investigators present convincing argu-
ments and some déta which raise the hope that their approach will
result in a theoretical understanding 6f intelligence., But, des-
pite a number of suggestive empirical results, little detailed
theoretical analysis seems .to have been attempted. For example,
Hunt, et gl, (1975) showed that subjects with high verbal ability
(as assessed on a standard achlevement test) did better than low
verbals on two different tasks which were designed to measure
efficlency of access to overlearned codes. However, as the in-
vestligators themselves note, no evidence was sought ag to whether
ID's 1in access to codes are mediated by elementary system pro-
cesses or by control processes (e.g., "...better coding and retriev-
al schemes"). They also reported that high verbals are more sen-
gitive to the presentation order of speech sounds than are low
verbals. But the mechanism underlying these ID's 1s unspecified
beyona the suggestion that high verbals might be more efficient
at using internal time tags. Finaily, Hunt, et al., showed that
verballaﬁility was related to the speed with which various Btages
of a complex addition task could be completed. These results were
interpreted to mean that high verbals have a general processing
speed advantage. But, though each of the stages into which the
tasks was analyzed doubtless reflected the operation of some uni-
que control processes, there may exist a particular elementary
process common to several stages (and to the reference clerical

speed tasks) which could account for the speed advantage. Thus,

11




there may be no need to assume a general speed factor; further
theoretical analysis 1is required.

The present invertigation 1s intended to represent a more
systematic approach to theordzing about cognitive abilities. The
theoretical framework which we will be using will be detailed via
a list of the mental precesses which might be gources of ID's
in digit span. Part of this list enumerates mnemonic strategles
which might be 1involved; these are, of course, only a small sub-
set of the mind's store of control processes. However, the
sources of span.ID's might also be found in characteristics of the
parts of the processing system itself; in its elementary processes
and structures., To facilitate theorizing at this level, we will
suggest a lisF of the parameters which characterize the basic
operations of the mind., We feel that, despite the serious de-
ficiencies that sucha list 1s bound to have, it 1s a relatively
powerful aid to making msse of the knowledge that experimentalists
have gained.

What follows, then, 1s a brief description of oqur working
view of the human information processing system. This 1% not

the place to discuss the experimental evidence on which this view

is based, since differing interpretations of the evidence have

already filled volumes.

Sensory System

We accept the commonly held notion that when a stimulus 1s

12
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presented, the pattern of activity at the relevant senae organ

is analyzed into a set of features which are specific to the pre-
sentation modality. The time required for this process will be
called analysis time} the internal representatives of features
which are activated will be called sensory codes. Such codes could
differ between individuals in at least three ways; namely: (a) in
the intensity with which the units comprising the code were
activated, (b) in the number of units activated (the grain size,

or detall level of the code), and (¢) 1n the decay;zate of code
activation (which could be a function of (a) or (b)). Moreover,
there 1s interference between the codes for successive items which
use some of the same sets of units. Such interference is viewed

as oﬁe major cause of forgetting, and there may pe ID's in its
severity. Finally, there may be ID's in the gctivation of images
agsoclated with familiar stimuli, (for example, the name of a visu-
ally presented digit). There is good evidence (Brooks, 1968)

that such images occupy some of_the same structures as do sensory
codes. However, we do not know that the same sources of individual
differences govern images and codes. It is conceilveable, for examp-
le, that a2 person whose auditory codes are low. in detall could
produce rich auditory images. Individuals 'could also vary in the
speed with which they can generate either visual or auditory images. -~
Stimull pust be'recognized, however, before assoclated images can

be generated; we now discuss the system which accomplishes Chis.
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Logogen System

After stimulus features have been eéxtrscted, an attempt is
made to sort them through some sort of discrimination nat which
compares the featurea of the given item to those of itema with
which the system is familiar. The matching of enough featuves
results in the activation of an sbstract representation of the
item, which Morton (1969) dubb~d a logogen. A psrticular digit
logogen, for example, could ba activated by visual, auditory, or
even tactile stimulation. Ws sssume that logogens ars organized
together in an associative natwork; whatevar one knowas about s
given item is asaociated with its loiogen. This includes the
informatio: necesaary to gemerate an image of the item. It also
includes whatever information is available about the context in
which the item was moat recently presented.

Even this simple view of the logogen aystem suggests aeveral
parameters which might be sourcea of ID’s. There may be differ-
ences between individuala in the efficiency of feature sorting,
vhich might result in faater and/or stronger activatiom of the
corract logoge . There might also be & parameter denoting the
aharpness of logogen sctivation, that is, the degree to which a
glven item activates its own logogen more than the lﬁgogens of
similar items. And, like sensory codes, activation of logogena
ia probably subject to both cpon:aneoﬁc decay and interference

due to activation of reslated logogens: ther= could be ID's iIn
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parameters characterizing these processes. Finally, we suppose
that there are parameters involving the associations to a given

logogen. Tor example, some persons might have a greafer number

of assoclations to particulér logogens than others; or there may
be ID's in the ease with which associations to a logogen are
activated.

"We assume that the broceéses'which have been posited to this
point are automatic; that 1s, they do not require attention or
conscious monitoring. (Evidence relevﬁnt to this contention is
gummarized in Keele (1973) and Poaﬁer and Snyder (i975)J Cons~
ciouéness will, for our burpoaes, be idenfified wifh the contents
of a later part of the processing system, called the decision

‘system.

Pecision System

Cne would like to eliminate the need to propose such a sys-
tem as this for reasons of parsimony. It might be supposed, for
example, that the contents of conscioﬁsnesé are j;st the codes
which we have previously defined. But evidence t3ummarized by
Posner and Snyder) indicates that many associationa in tﬁe logo-
gen system may be activé at the same time. So é system which
selects the codes which reach consclousness seems required. This
system can read and manipulate information from either the logo-
gen system or sensory codes. It can perform any of an unknown num-

ber of basic operations on this information, and various sequences




of these operations constitute what we have been calling control
processes. ’

The only parameters of this system which we can define with
any confidence are those which govern the reading of informaﬁion
from earlier systems. The speed with which such reading takes
place 1s one such parameter; another might be the speed with which
a given place in a network of associations can be accessed to
begin readout (Posner, 1973, p. 29)., oOther relevant parameters
might be the sensitivity of the system to code activation, or the
criterion level which defines an activated code. We assume that
the reading of information from earlier systems underlies all
subsequent operations of the decision system.

One such operation 18 the selection of vesponses. Since
response selection is largely determined by control processes, we
will not list parameters of the response system per se; rather, we
will mention some aspects of response gelection under the hea@ing

of strategies. This 1s not to deny that there are iD's in the.basic

parameters which characterize the response system;- it 1s just -hard to

imagine how they could be related to digit span gize in a theoreti~

cally meaningful way.
So far, we have been considering parameters which describe
varlous processing subsystems. It 1s also possible, however,

that there are ID's in parameters describing general mechanisms

which are part of most processing operations. Parameters like the
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strength and/or speed of neural conduction; general persistence
of activation; or number of units available for processing are
examples.

As a final point, 1t should be noted that the parameters
characterizing the system proposed here have numerous interrela-
tionships which hypotheses aboﬁt digit span ID’s must take into
account. For example, significant.ID's in early processes (e.g.,
visual analysis) could result in ID's in g later, independently
detectable state (e.g., visual code detail), which might in turn
affect other parameters (e.g., visual code decay rate) which de-
termine recall Perforéénce. In such a situation, to have demén-
strated that span size is mediated by wisual code decay 1s not to

have explained span ID’s; the possibility that earlier processes

are producing decay rate differences would have to be investigated.

Mnemonic Strategies

§ystem parameters are by no means the only possible gources
of span ID's; ID's in the application of certain control processes
may be involved. These processes can be grouped into three classes:
rehearsal, coding strategies, and response strategies. Rehearsal
processes might underlie digit span ID's 1f some people devote
more attention to active rehearsal of the list than others; this
could be reflected in differences in the number of rehearsals per-
formed or in the size of the rehearsal group.

ID's in coding strategles include differences in the tendency

17
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to notice or ipnvent meaningful relationships between presented
items, as, for example, when one thinks of successive groups of
digits as dates or weights, We vefer to such a strategy as chunk-
ing, to distinguish it from grouping, which refers to the imposi-
tion of a subjective temporal structure on a sequentiaily pre-
sented list, irrespective of the meaning of the groups thus formed,
A third ccding strategy would be to attempt to gemerate strong
visual or auditory images of the items as they are presented,
There may well be ID's in the tendency to produce such images,
though the generation of an auditory image of a presented digit
is probably automatic in most adults.

At least two respomse strategies could be sources of span ID's.
One is respomse rate; it is possible that making an effort to read
back the digits as fast as possible results in a minimum of memory
strength decay. It is also possible, oflcourse, that the important
determinants of Ih's in response rate are not the subjects' inten-
tions, but their abilities. A second response strategy that could
improve recall is to pause and rehearselthe list before responding,

thus making it less susceptible to subsequent interference.

Summary

Table 1 summarizes the theoretical structure which we have out-

lined here, so that easy reference can be made to it in subsequent

discussions. We are now prepared to ex mine the literature on

digit span itself,
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Table 1

Possible Sources of ID's jn Digit Span Size

I. Individual differcnces in consciously applied mnemonic strategies.

A. Differential rehearsal

1. Presence vs. absence of rehearsal

2. pifferences in number of rehearsals

3. Differences in tize of rehearsal groups
B. Differential coding of the digit list

l. pifferences in tendency to form meaningful chunks;
to notice or invent relationships between items.

2. Differences in grouping structure imposed on ) ist

a. size of group used
b. definiteness of grouping, strength of group

3. Differences in tendency to generate detailed visual
or auditory images

C. Differential response strategies.
1. Response rate--faster responses might allow less decay

2. Pause time before response initiation-—a longer pause

might allow better fixation and-less response interference

I1. Individual differences in information processing parameters.
A. Sensory and Image system
1. vVisual analysis time (time to create visual code)
2. Auditory analysis time
3. Visual code activation strength or detail
4. Auditory code activation strength or detail

a

2« Visual code decay rate

6. Auditory code decay rate

7. Amount of interference within visual anlaysis path-
. ways caused by successively coded items

19
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8. Arount of interference within auditory anialysis pathways

9, Generated visual image activstion strength or detail
10. Cenerated auvditory image activation strength or detail
1. Auditory image generation speed
12. Visual image generatiop speed

L., Topgopen system——contains abstract codes accesslible through
different sensory patLhways

1. Speed of activation of correct logopen

2. Streogth of logogen aclivation

3. Sharpness of logogen activation, that 1is, the degree
to which a given digit activates its own logogen more
than it actlivates the logogens for other digits

4. Decay rate of lopgogen activation

5. Degree of putual interference or inhibition between
activated logopens

6. Namber of existing associations te digit logopens
7. lLase ol activation of assaciations
{. Decision system~—manipulales sensory or logogen systewm codes
l. Reading rate thropgh logopens or codes
2. Specd of access to Lhe codes to be read
3. Sensitivity
4, Criterion
D. Response system--diseussed under strategies
E. General parameters
1. ©Neural conduction spead

2. Neural conduction strength, leakage

J.  General activation decay rate

4. Number of functional units in projection and analysis space

20
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BACKGROUND INFORMATION

The focal task of this investigation is as follows: the sub-
ject receives a list of unrelated single digits at the rate of
one item per second, immediately after which he attempts to repeat
the entire list in order from memory. Then the list length is in-
creased by one, and the process 1s repeated. The longest list
length at which the subject can repeat the list without error (or
some roughly equivalent measure) 1s taken to be his digit span.

There ate numerous variations of this task; standard procedure
on the Weschler Adﬁlt Intelligence Scale (WAIS) uses spoken digits
and includes a backwards recall condition. Here, we will be con-
cerned only with recall in the original order. Moreover, we will
uge visual presentation, as this facilitates precise temporal
control of the presentation conditions, and it is well established
(Brener, 1940; Jensen, 1964, 1971) that visual and auditory pre-
gentation share the game sources of variance. In fact, evidence
to be discussed in detail later (Brener, 1940; MacKenzie, 1971)
demonstrates that the digit span test taps a general memory span
ability, one which accounts for almost all of the variance in
immediate serial recall performance with a& variety of materials

and using either mode of presentation.

Early History

According to Blankenship (1938), the limited size of immediate
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memory epan and individual differences therein was dimcussed as
early as 1570 by Oliver Wendell Holmes, though no formal ex-

periments were conducted. The first reported experiments are those-

of Jacoby (1887) and Galton (1887). Jacobs set a number of pre-~
cedente in his brief article: he suggested the term 'span' to
refer to the largest number of items correctly repeated. He
elected to uyse digits instead of letters or nonsense syllables for
teating, apparently because he feared that prior associations de-

rived from reading would reduce span eize for letters. Finally,

he established a2 uniform presentation procedure which, with minor
modifications, 1is setill Being used.

Jacobe discovered that memory span size increases with age
in children, and that the best atudent; had the highest spans,
Galton expanded these findings by demonstrating that inetitution-
alized retardates, even ’savants’® with extraordinarily detailed
memory for well rehearsed material, had small spans,

The relationship between me—ary span and intelligence was
again investigatzxd by Bolton (1891) on data from 1500 school
children. Bolton argued that memory span tests "...do not apply
to the retentiveness of the memory. They may be considered as
tests of concentrated and sustained attention." Unfortunately,
he gives no reasons other than '"my own experience and observations
upon the pupils" for this conclusion. Nevertheless, this view was
shared by Binet., Wolf (1973) discussed Binet's attempt (in L'Etude

Experimentale de L’intelligece) to tease apart separate faculties

22




of memory and attention in experiments performed upon his two
daughters. BEinet concluded that memory for lists of digits 1s
"uniquely a test of voluntary attention", which was viewed as an
important component of intelligence. Memory for digits was thus
placed in the first of Binet and Simon's-.intelligence tests (the
1905 scale), and there it remained through all subsequent revisions

in France and America.

Relationship to Intelligence and Age

Today, psychometricians view digit span (as sssegssed on the
WAIS) as one of the poorer measures of intelligence at the high
end of the scale, but an "extremely good' test at the low end -
(Matarazzo, 1972)., Table 2 shows the raw intercorrelations of
Digit Span with other gubtests of the WAIS. These intercorrela-
tions are lower, on the average, than those of the other verbal
subtests, but the reliability of Digit 8pan 18 alsc relstively
low (.66 for ages 25-54). Jensen (1970) reported that the corre-
lation between Digit Span and full scale WAIS IQ (minus Digit Span)
1 .75 after correction for attenuation. Exactly how much the
Digits Backward portion of the test contributes to this relation-
ship 16 apparently not known. Incidentally, the heritability of
Digit Span appears to he only moderately high: Pezzulo, Thorsen,
and Madaus (1972) reported an H2 of .55 for a sample of 37 fra-

ternal and 28 identical twin pairs.

23
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Teble 2
Correlations between Digit Span and other subtests
of the WALS, for a sample of 355 persons, aged 25-36.

From Matarazzo, 1972, p. 237

Information Comprehension Arithmetic Simidarities
Digit
Span .53 40 .49 .51
Digit Symbol Plcture Comp- Block Design Picture Arr-
lecion angement
Dipkt
Span LAl .39 . 39 47
Object Assmebly
Digit
Span .30

Forward digit span In adults exhibits a slight but significant
decline with age. From a peak of 6-8 1in the late teens, it drops
aboyt elght percent over the next forty years (Gilber, 1941). How-~
ever, much of thia mean decrement may be due to the imminence of
death in some persons (Reimanis & Green, 1971). Children's digit
spans are conslderably smaller than those of adults. However, Chi
(1974) has presented evidence that 1f stimuli of equal familiarity
to chilldren and adults (pictures of familiar faces) are used, and 1f
children are given longer presentation times than adults to compen-—
sate for their relatively slower naming time, memory spans of adults

and children are about the same size (that is, between three and four

24




faces). How span size differences due to development, aging and
IQ are related is an important question to which the results of

the present investigation might be applied.
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SOME RELEVANT EVIDENCE

Relatively few studies have been specifically directed toward
the question at hand, but perhaps thousands of investigations
fnvolv ing memory span or similar short—-term memory measures might
be relevart. Since an exhaustive consideration of these is im-
possible, the strategy adopted here was to sample gselectively from

severil research areas.

Factor Analytic Studies

[heve are two general questions one might ask with regard to
{actor mnalytic work with memory span: (1) De various neasures
of memory span yield a single common factor, or a number of specific
factors? And (2), What gbilities does memory span have in common
wlth other measures of memory performance? Factor studiés have
ylelded a clear answer to the first question, but not to -the second.

Brener (1%40) provided considerable evidence for the existence
of a single general wmemory span factor. He assessed span size
for various kinds of stimuli with both visual and auditory pre-
sentation, and generally found high intercorrelations. ‘Some ex-~
amples are gliven in Table 3. These data Strongly suggest that
immediate memory for lists comprised of unrelated items is not
either a modality-specific or an item-specific ability. This has
several implications for the set of hypotheses presented earlier.

| The finding of high correlations betWween types of material
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Table 3
Intercorrelations of Measures of Memory Span
Using Different Materialas and Presentation Modalitieas

(After Brener. 1940)

1 2 3 4 L3 6
Digits Congonanta Colora Designs Consonants Words
(visual) (oral)

1
Digits -
(vigual)

2
Conaon~

ants
(visual)

.88 -

3
Colors _
4
Geometric
Designa .74 .80 .85 -
(visual)

L3
Conson~
ants .86 .87 W77 .74 -
(oral)

6
Concrete
Worda
(oral)

073 075 070 062 082 -

3reliabilities were not reported

‘97,
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¢liminates explanations based on «(ifferential familiarity with
digits. It is unlikely that digit span would have survived for
three quarters of a century as a component of intelligence tests
if this were what it measured, but formal confirmation is reassur-
ing. The digit familiarity hypothesis is represented in our out-
line by parameter II B 5, number of associatioms to digit logogens.
Actually, other digit-specific parameters (digit recognition time,
etc.) could have been placed throughout the list and then elimin-
alted, but this example is sufficient. Associational explanations
that remain rest on more general parameters like II B 6, agsocia-~
tional fluency; or I1 E 5, availahble analysis space,

Brener's demonstration of a high correlation between visual
and auditory presemtation conditions was replicated by Jensen
(1964, 1971), who argued that this result ruled out the existence
of modality-specific immediate memory abilities for vision and
audition, However, neither Brener's nor Jensen's presentation rate
(one item/two seconds, and one item/second, respectively) was fast
enough to prevent the subject from generating the auditory image
corresponding to the name of each stimulus, in the visual pre-
sentation condition. There is, therefore, no evidence that the
modality of the memory code which mediated recall wasn't auditory
in both cases, If the term "visual memory” refers to more than
just the presentation modality, then this experiment is not an
adequate gearch for visual memory ability,

Nevertheless, the finding can be used to eliminate a few
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pérameters on our list from further consideration. It is clear
that ID's in visual and auditory stimulue analysis time (II A 1,2)
cannot be involved. And it i1s also unlikely that the process of
generating an auditory image from visual input is a source of ID's
if it {is granted that this process uses different pathways than
auditory stirulus analysis. ID's in the shared pathwaya are, of
course, still candidates.

Another important factor analysis was reported by MacKenzia
(1971). He analyzed fourteen different tests of immediate memory
and identified both a-large common factor and a smaller factor

specific to those tests in which stimuli were presented simultan-

eously instead of serially. Tests with the highest loading on the

major factor included the standard memory span task with digits

and letters, repeated digit epan (in which a sequence was presented
three times in succession before recall), probe=-d’zit recall

(Waugh & Norman, 1965) and running memory span (Pollack, et al.,
1959). Tests with lower but still substantial loadings were span
tests with simultaneous presentation, and letter recognition. Un-
fortunately, neither detalls of the presentation procedures nor

the intercorrelations and reliabilities of the tests were reported.
Neverthetess, some of these results are suggestive. For example,
the running memory span task was originally designed to discourage
active rehéarsal and grouping of the items by making the length of
the presented sequence unpredictable and requiring recall of only
the last few items. If thié*qﬂnipulation succeeded for MacKenzie's

subjects, then the fact that this test lodded highly on the span
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factor would indleate that active strategies are not responsible
for the individual differences that this factor represents. How-
ever, since Hockey (1973) showed that the optimum strategy on this
task interacts with presentation rate; this result must remain only
suggestive,

The studieszs reviewed so far show that a large number of serial
recall tasks share a common ability. The fair-sized loading of the
letter recognition task on MacKenzle's span factor suggests that
this ability may be even more general., However, a search for a
confirmation of this hypothesis through other factor studies of
memory is not encouraglng. Anastasi (1930) lists thirty-two
early studles from which few firm conclusions can be drawn because
of various methodological difficulties. For our purposes, the most
serious of these difficulties is that the reliabilities of tests
were rarely reported, and those that were given were generally low.
This makes the typically low (.10-.30) reported correlations be-
tween various memory tasks difficult to interpret. Anastasi's owmn
correlational study of visual immediate memory used tasks of mod-
erate to high reliability (.53-91) and considerable variety. She
found that forward digit span was poorly correlated with various
paired associate and recognition tasks (mean r=.107). However,
in all tasks except digit span, each to-be-remembered item was
presented for three seconds. It is therefore possible that be-
tween-subjects differences in performance on these tasks was due

to differences in the selection of mnemonic strategiles, strategies
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which may not have been applicable to the digit span task. It is
concelvable that 1f such strategy variance were controlled, a
larger general memory ability might emerge. In general, subse-
quent investigations have shown similar mediocre correlations be-
tween span tasks and more complex ones (French, 1951; Kelley,
1964; Guilford & Hoepfner, 1971), and they are subject to the gsme
interpretation. For our purposes, it 1z not sufficient to know
tﬁat span tasks do not generally correlate highly with other kinds
of memory tasks; we need to know 1f there exist controlled situa-
+ tlons under which high correlations are obtained. If a high
wzco;relation is observed between performance on two tasks sfter
strategy variance has been eliminated, then the remaining ID's on

the tasks may have a common source.

Clinical Studies of Distraction snd Anxlety

Binet's belief that digit span measured the ability to focﬁa
attention has recelved some study, but little support in the
clinical literature. A gearch by Frank (1964) through a vsriety of
relevant studies resulted in no convincing evidence for the notion,
in his view. For example, Guertin (1959) found that neither inter-
mittent nor continuous distracting sounds (including a clearly
audible conversation) disrupted digit span performance, and Crad-
dick and Grossman (1962) reported the same result for visual dis-
traction. However, Allen (1962) argued that the most important

source of distraction may arise within the subject; anxiety was
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slven as an example, A nuamber of atudlies (Moldowsky & Moldowsky.
1952; Walker & Spence, 1964; Pyke & Agnew, 1963; Hodges and
Splelberger, 1969; Knox & Grippaldi, 1970) have found that sit-
uational (state) anxiety results in a lowered digit span score.
Some cof these studies have also shown an effect of trait anxiety,
as measured By the Taylor Manifest Anxiety Scale, while others
failed to find such an effect. The effects of trailt anxlety are
generally presented as rather small differences in group means,
suggesting a weak relationship. Walker ind Spence reported
correlations, hut the highest of them (.26) was in the wrong
dirvection for the anxiety-produccd deficit theory, Thus, though
anxliety may well effect some people's spans, there 1s no evidence
that ditferences in habitual anxiety level are a primary determin~
ant of span differences. Moreover, the effects of anxiety are not
necessarily due to internal distraction. Pyke and Aghew mention
the possible involvement of reduced range of cue utilization under
arousal, as proposed by Easterbrook (1959); perhaps attention 1s
too focused when one is anxlous, and consgquently, contextual‘cues
which would aid retrieval are not encoded: There is evidence that
other forms of aroussl can decreas¢ digit span, for example,
studies by Blankenship (1938) foun¢ *hat digit span is larger in
the morning than in the afternoon, t:ough arousal levellia gen-
erally lower in the morning (Luce, 1474). Thié result was con-
firmed more recently by Blske (1965) and Baddeley, Hatter, Scott,

and Snashall (1970). None of this, of course, provides any

»
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evidence that individual differences are mediated by arousal.

Research with Retardates

Ellis (1963) proposed that the short-term memory deficits
typically found in retardates stems from an impoverished stimu-
lus trace, manifested in both subnormal acquisition and greater
than normal memory decay rate. The decay rate portion of this
hypothesis has not fared well, according to a review by Belmont
and Butterfield (1969), Moreover, Ellis and others (Ellis, 1970;
Belmont & Butterfield, 1971, 1973; Brown, 1974) have more recently
céme to emphasize the role of mnemonic strategles in explaining
retardate memory performance. There are several lines of
evidence which establish that retardates engage in much less
spontaneous rehearsal than do normal adults: Ellis (1970) showed
that the slower the rate of presentation in a kind of probe ﬁemory
task, the better the performance on the primacy portion of the
serial position curve, for normal adults. Retardates did not
benefit from the slower rate, and they reported rehearsing far
less than did normals. Moreover, he sﬁowed that instructing nor-
mals not to rehea?se reduced their performance, largely in the
first eight of twelve serial positions. Anders (1971), using
the same task, introduced a delay between list presentation gnd
probe, and found that preventing rehearsal by filling the delay
interval hurt the performance of normals more‘than that of re-

tardates. And, Belmont and Butterfield (1969, 1971) measured

=Y
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pouse times [n a task {n which the subjret Initiated the presen-—
tat ion of each succegsive stimulus. They found that normal sub-
Jecta paused for increasingly longer times as they got further in-
to the to-be~remembered list, but retardates did not. The normal
pause time pattern was said to reflect the increased rehearsal
load with each additional item,

Evidence is available that retardates lack other mnemonic
strategies in other tasks. Prehm (1968) reviewed studies of
paired assoclate learnlng which show that retardates use [ewer
t'umplt;x medintionnd strateptea 1n such tonsks Lhan do normals.

He also cited clustering experiments whleh show that retardates
are less likely to uge semantic clusters. Spltz (1968) demon-
strated that grouping digits by twos on a forward digit span
tagk aided retardates more than normal children, who presumably
initiate groupinglon their own. Brown (1974} reviews more recent
evidence in the same vein.

Notwithstanding the research it has inspired, the vijew that
retardate memory deficiencies can best be described as a lack of
mnemonic strategies has some troubling aspects. It is not at
all clear that retardates can do as well 2s normals on many mem—
ory tasks even if strategies are controlled, For example, re-
sults presented by Belmont and Butterfield (1971b), Figure 8,

p. 245, show the effect of forcing retardates and normals to
rehearse during a self-paced six—-item probe task. Forced re-

hearsal helped both groups, but it did not decrease the spread
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between them much.

Moreover, the strategles which retardates have thus far been
shown to lack are not general learning strategies, but specific
alds to coping with episodic memory tasks (Tulving, 1972; Prehm,
1970). Meaningful material #s not usually learned via rehearsal
or the consclous selection of mnemonics; most everyday leerning
1s probably a relatively effortless byproduct of comprehension
(Norman, 1975). Thus, extended training of retardates in rehear-
sal strategles and the like (Brown, 1974) seems unlikely to produce
general Improvements in learning ablility. Strstegy deficits in
retardates are probably not the result of lack of prior training;
normal adult siblings of retardates who were raised at home would
undoubtedly be found to rehearse, for example. It 1s a safe bet
that knowledge of the uhderlying reasons why retardates do not
tend to select efficient control processes will ultimately be of far
greater usefulness than the fact 1tself.

One investigator who continues to espouse a basic processes
theory of retardate memory 1s Jensem (1970). As noted earlier,
Jensen has argued that digit span performance yeflects én ability
to form assoclations, a certain amount of which 1s necessary but
not sufficient for a normal IQ. However, £0r our purposes, the
most relevant of Jensen's experimental work has dealt with digit
span ID's 1in nermals, and if willl therefore be discussed in the

next section.
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Experimental and Physiological Evidence

Jensen (1964) conduéézd a number of studies of memory span
ID’s in a search for a general interference factor in botl span
and serial learning tasks. He found little common variance In
either the two sorts of tasks or in his various measures of inter-
Ference, and he argued ghat digit span performance ig pomprised of
three different abilities: (1) strength of initial stimulus
registration, (2) speed of trace consolidation, and (3) suscepti-
bility to interference with consolidation. This 1s by no means
the only interpretation of his experimental evidence, however, as
we will show.

Jensen conducted three major experiments with span tasks be-
sides his examination of visual versus auditory presentation, which
has already been discussed. The experiment which appears to be
the cornerstone of his theory examined individual differences in
proactive and retroactive interference. TIn this experiment, the
subject got one sequence ‘of from four to seven (vlsually presented)
digits, and then a second one, followed by an instruction to recall
either the first or the second list. Control conditions involving
just one list in either the first or the second position were in-
cluded. Written serial recall was required, and the score was
the proportion of digits in thelr correct serial position. The
result was that recall scores on the first list were correlated
only .28 with scores on the second, yet thé réliability of each

measure was about .60. Jensen's Interpretation was that proactive
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and retroactive interferencé affect different processing parameters.
Proactive interference, he 3peculated, might operate by preventing |
‘strong initial registration of subsequent materlal, while retro-~
active Interference disrupts consolidation of traces which have
already been formed. Unfortunately, he presented no converging
evidence for this interesting idea. He also took the results of
this experiment as eidence that two or more different abillities
contribute to the variance in digit span performance. But this is
not a necessary inference; instead of Interacting with two hy-
pothetical components of diglit span variance, RI and PI conditions
might simply be adding unique variance. This would water down

the correlation between conditions without implying anything

about the components of the digit span task by itself. There 1s
some evidence that this 1s In fact what happened. On the firat
day of the task, variance in the PI condition was nearly twice

as large as that of the control condition (immediate recall with-
out PI); on the second day, this ratlo increased to over three to
one. These differences are significant (p<.001, dF=102) via a
t-test for variance differences between correlated samples (Fer-
guson, 1971). One source of such added variance could be differ-
ential attention strategles. Jensen discusses the possibility
that subjects, being unable to remember both lists, simply aban-
doned the effort and began concentrating attention on one 1list or
the other. He presents Several arguments against this explanation,

but admits that it cannot be ruled out. However, even 1f some
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wore fundamental explanation for the low correlation between PI
and RI is correct, the result does not necesssrily imply much
about the source of digit span ID's,

Jensen's other two experiments with span tasks also yield
striking results, gome of which are difficult to interpret
theoretically. In one of these, he correlated scores for immedi~
ate recnll with recall after a 10-second interval. The interval
was filled by requiring subjects to respond selectively with key
preasing to a geries of pluses and minuses, one item per second.
This may not have been sufficient to prevent gome people from re-
hearsing, but the experiment wag also done with lists of colored
forms for which rehearsal was probably more difficult. The corre-
lation between immediate and delayed scores was .79 for digits, and
.88 for the forms. Jensen argued that these correlations (together
with a very small subjects by delsy interaction) imply that the
delay interval introduces a new source of ID's. But this effect
Is not very large, and it could have been introduced by differential

tendencies to rehearse during the delay, especially with digits.

. It seems to me more important that the delay, which reduced the

mean number of items recalléd by 267%, had so little effect on in-
dividual differences, This result is evidence against hypotheses
based on ID's in the rate of decay of either image dodes or activa~
ted logogens, if one supposes that activation of guch codes is
still decaying several seconds after their formation. If such an

assumption is not made, then some other process muyst be proposed to

38




32

explain the detrimental effect of delay.

In another experiment, subjects were given lists of five to
twelve digits, followed by either a signal to recall immediately
"or a signal to walt for a second presentation of the same list,
which was then recalled. The resulting correlation between im-
medlate recall éerformance and performance after repetition was .91.
Variances in the two conditions were almost equal and there was &
small subjects x conditions interaction. Repetition increased mean
recall by 19%. This result appears to be most relevant to hypothes-
es which posit ID's in the initlal code strength or logogen activa-
tion level which results from the presentation of a stimulus (Il A
3,4; IT1 B 2). T1f the initial presentation of a digit resuits in
greater activation of the corresponding codes in some persons than
in others, then, by one line of reasoning, a repetition of the digit
ought to increase this activation difference and, hence, the ob-
served variance in recall performance. No such Iincrease was ob-
served. However, the theory requires only the postulation of a low
celling on activation level to reverse this prediction. No inter-
action at all 1s difficult for either version to explain.

Two final general points about Jensen's work are relevant.
_From a methodological standpoint, it should be noted that in this
series of experiments, Jensen substituted propeortion of digits
correctly recalled for the standard criterion based on the correct
repetition of whole lists. Evidence to be presented later indicates

that these two measures are not perfectly correlated, and may

o
o
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involve somewhat different sources of ID's. The second point to
be made 1s that Jensen may not 8till hold the theory of digit
span ID's discussed here. His recent discussions have not gone
inte detaill about what underlies digit span abllity. .

To summarize: Jensen's experiments, in my view, have not
presented convincing evidence for any theory of digit span ID's,
though they suggest the elimination of a few of the parameters
under consideration. We have not discussed 1n detail Jensen's
attempts to relate memory span to serial learning and other tasks,
because little resulted from these attempts which 1s of interest
here.

However, one of Jensen's incidental results may be relevant:

. 4 correlation of -.39 was reported between digit span score and
the time required to read the words on an uncolored centrel card
in the Strcop task. Recently.‘Baddeley, Thompson, and Buchanan
(1974) reported an even higher correlation (-.638) between the.
time a subject required to read a list of words and his memory
span for those words.

The rate at which an adult can read words could be a function
of any of several processing parameters: visual anlaysis time
(II a 1), sogting time for the logogen system (II B 1), time re-
quired for the decision system to make use of logogen system in-
formation (II C 1-4), or response execution time (I C 1). Visual
analysis time has already been eliminated as a source of digit span

ID's by the high correlation between visual and auditory
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presentation, But there is little evidence available on ID's in
the other parameters.

In this connection, two EEG stﬁdies linking digit span to
temporal properties of the brain should be mentioned. Saunders
(1961) reported a correlation of .40 (N=29) between occipital
alpha frequency and a difference score reflecting the degree to
which ¢ subject's WAIS digit span was above or below the level
predicted by his scores on the other subteats, He also reported
that if dominant EEG frequencies outside the alpha range are in-
cluded, the correlation is even higher. And Shucard and Horn
(1972) found a correlation of ,26 between span for a list of
letters and latency of the P3 component of the visual evoked
potential, Significant but generally smaller correlations with
other evoked potential components were found in the saﬁe subject
sample, which consisted of 108 persons aged 16 to 68, There 1is,
at present, no good theoretical explanation of either of these

results.

Summary of Evidence

Factor analytic studies of memory have demonstrated that
there exists a general memory span ability for vépious kinds of
material and presentation conditions, and that this ability 1s
tapped by the digit span task. Thus, most code-specific or
material-specific parameters cannot be major sources of digit

span ID's though structures cemmon to auditory codes and auditory
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1mages ¢ould still be 1nvolved. Clinical studies have provided
no evidence for the traditional belief that the test 1s primarily a
measure of elther distractibility or anxiety. Recent research
with retardates implicates lack of efficient mnemonic strategies,
especially rehearsal, as a source of deficient STM performénce,
thougth it was argued here that such explanations are likely to
be inadequate in the long run. Finally, experimental studies pro-
vided evidence agalnst hypotheses based_on differential trace decay,
and some evidence for a processing speed theory; other interesting
results were difficult to interpret.

In the next section, experiments which explore a number of

these leads are described.
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EXPERIMENTS

Experiment 1

Experiment one was designed to test the hypothesis, encount~
ered in the literature on retardate memory, that ID's in rehearsal
strategies (I A 1-3) underlie ID's in span size. Lisgts of digitse
were presented (visually) to a single group of subjects at both
the standard one digit per second presentation rate and at a much
Faster rate exacted not to allow rehearsal. If ID's at the
standard rate are due to rehearsal strategies, then the effect
of ‘the fast rate ought to be to either eliminate these ID's (great-
ly reducing the between-subjects variance) or reorder them (dis-
rupting the correlation between conditions). If the correlation
hetween slow and fast presentation is high, and if the variances
In the two conditlons are of comparable size, then the same source
is probably vesponsible for ID's at both rates, and this source
cannot be rehearsal strategies.

Subjects. Nineteen paid subjects (ten women, nine men) Qére‘
obtained from a sublect pool at the University of Cregon. All
had vision correctable to normal and normal hearing. Ages ranged
from nineteen to thirty-nine years. Because neither age nor sex
were significantly related to memory span size in this sample,
these variables were not analyzed further.

Method. Subjects were presented with lists of ten single

digits via a computer-controlled oscilloscope display system.
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lhe Alpits were randomly generated, with the réstriction that no
pairs of diglts normally adjacent in either aascending or descend-
ing order could be adjacent 1in the lists; this ;liminated easlliy
remembered runs., An experimental trial consisted of the following
events: {a) the subject initiated a trial by pressing a micro-
switch; (b) & sequence of ten digits was presented; and {c) the
subject attempted to write down the digits in order on a response
sheet contalning a bowx for euch diglt. Subjects were told that
only dlgits recalled (n thelr proper sertal position would be con-
stdered correct, and a benus of %¢ per correct diglt and 95¢ extra
per completely correct sequence wias given, Moreover, a standard
recall nrder was requlred: a subject had to start at the first
position on the respouse sheet and either write the firge digit
there or draw a line through the box before proceeding. Recall
wits to be continued in strict serial order, and the experimenter
was present to agsure that rhis instruction was obeyed, Subjects
were ol iowed to guess 1f they had some idea what might have been
nresent ed, but to avoid completely random Buesses.

Twu 1ist presentation rates were used. In the siow (L digit/
sacond) rate, each digit was presented for 250 msec, and then 2
dot mask was exposed for 10 msec; during the remaining 740 msec
before the next digit, the screen was blank, In the fast rate
condition (3 digits/second), the digit and mask presentation times
were the same as for the slow rate, but the period between the
sffset of the mask and the onset of the next diglt was reduced

from 740 to 70 msec., Since alphanumeric material takes about
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250 msec/item to rehearse after it has been read into memory
(Chase, 1974), no rehearsal between successive items 1s possible
at this fast rate,

Each subject wag tested for two half-hour sessions. The
irst session consisted of two 10-trial blocks at the slow rate
followed by two blocks at the fast rate; in the second aeaaion;

the fast rate blocks were presented first.

Results and Discussion. The proportion of digits recalled
in theilr correct serial position was computed for each subject
in each condition. Individual differences on the task were large--
proportions correct ranged from .223 to ,781 at the slow rate and
from ,168 to .732 at the fast rate. The fast rate reduced mean
proportion correct from .586 to .436. This reduction is significant
(tD=6.65, p<.001),

As would be expected 1f the two presentation rates tap the
same ability, the correlation between them was high (r=.82). Cor-
rection for attenuation using the between-sessions correlations as
test reliabilities WTEE?EE=.86) increases the correlation to
.95.1 Moreover, the variance at the fast rate was not reduced.

These results. argue strongly against the role of rehearsal
strategies in producing ID's in this task. The next experiment

links these results to a more standard measure of digit span.
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Exper tment 2

Subjects, Seventeen 0f the.subjects from experiment one
were avallable for testing and use in this analysis, Six addi-
tional subjects from the same subject pool were tested for nse
in subsequent experiments.

Method. The physical setup was the same as In <xperiment
one, The procedure ysed to measure digit span diffefed from the
standard one 1n the use.of visual instead of auditory presentatiom,
and in the Inclusion of a greater number of digit lists (ten of
each length, instead of two), In each 0f two half-hour sesslons
on separate days, subjects worked through five ascending series
of 1lsts of four to twelve digits, presented at the one diglit/
wecond rate, Subjects were required to attempt all lists of a
serles, and no feedback was provided until the end of the sessilon.
Credit was gilven only for lists which were reproduced without
error, and this was made clear to the subjects, Requiring sub-
jects to attempt lists of all lengths, while another departure
from the WAIS procedure, allows the use of Bremer's (1940)
scoring method. 1In this method, the longest list length for which
all ten lists were reproduced correctly is found., Then, the
proportion of lists veproduced correctly on each of the longer
lists is added to this basic span size., TFor example, if a subject
got all ten of the six-digit }ists, gix of the seven~digit lists,
two of the eight-digit 1ists; and none «f the longer lists

correct, his span gize would be: 6.0 + 0,6 + 0.2 = 6,8,

4
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Results and Discussion. Reliable individual differences

were found. Performance on the two sessions was correlated .91;
hence, the reliability of the overall measure 1s estimated to be
.95 via the Spearman-Brown formula (Guilford, 1954), Span sizes
over all twenty-three subjects tested ranged from 5.0 to 9.4,
with a mean of 7.3 and a median of 7.1. There was no apparent
facllitative effect of héving been in experiment one, as the
seventeen subjects from this experiment had a mean span of 7.3,
while the mean span ¢f the six new subjects was 7.5,

To test the rehearsal strategy hypothesis, the subjects
from experiment one were divided at the median into 'high-span’
and 'low span' groups. The high group contained the scores of
elght subjects; and the low group had seven. The scores of two
subjects were at the median, and were therefore not used. The
mean span size for the high group was 8.3; for the low group, 1t
wag 6.1, This represents a separation of 1.8 times the standard
deviation of the entire group. Figure 1 shows the mean propor-
tion correct in each of the conditions of experiment one, for
each of these groups. If the reason for the superiority of the
high span group lies in differences in rehearsal strategies, then
the elimination of rehearsal with fast presentation ought to
bring the groups closer together. There is no hint of such an
effect.

To the extent that other mnemonic strategles require time

to execute, this result argues agalnst their involvement also.
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For example, chunking 1s a time-dependent process (Kleinberg &
Kaufman, 1971), and therefore if individual differences are based
on ability or propensity to chunk the digits (I B 1), a drastic
reduction In the time avallable for chunking ought to reduce in-
dividual differences somewhat. Some might argue, however, that
some kinds of recoding (grouping, for example), are performed so
quickly that 330 milliseconds per stimulus 1s sufficient time

for large individual differences to occur. Therefore, the next
experiment was conducted g5 a4 more direct test of the role of

other recoding strategles.

Experiment 3

In this experiment, all subjects were required to impose the
pame mnemonic structure on lists of digits (grouping the digits
into threes, and thinking of each group as a three-digit number).
If digit span ID's stem from differences in the amount and kind
of restructuring people do, then this procedure ought to result
in some reduction in span size vardance.

Subjects. The seventeen subjects from experiment one were
used.

Method. Each subject memorized lists of twelve digits for
immediate written recall. There were three different experimental
conditions. In condition UGR (ungrouped); the twelve digits were
presented at the rate of one digit per second (250 msec stimulus

duration; 750 msec ISI), and only standard (experiment one)
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fnstructions were piven. TIn cond!tion CRU (grouped, unvoiced),

ipits were presented at the same average rate, but were temp-

orally segregated into groups ¢f three by placing a larger
inter-stimulus interval after every third digit, so that the
sequence of ISI's was: 580, 580, 1160; 580, 580, 1160; etc.
In addition, each subject's response sheet wae divided into four
»roups of three positions each by conspicuous black bars, and he
wnu lastructed to "think of each proup of three digits as n
tLrvw-dJHit number, awd try to remember them timt way'. Tn the
teird cundition (grouped and voiced--GRV), subjects grouped the
‘ft: us above, hut were u#lso required to read each three-digit
uamber dloud durlng the intergroup intervals. -This condition was
wtually run before the unvoiced condition tO ascertain that
wevervone understood and were obeying the grouping and chunking
requirerents.  As in experiment one, subjects were required to
reciall in strict serial order, and bonuses were paid.

Regults and Discussion. Mean, range, and variance of scores

in +.h condition and intercorrelations between conditions are
piven in Table 4. The experimental manipulation succeeded in
improving recall on the average, since mean performance in the
srouping-and-chunking conditions significantly exceeded that in
the ungrouped condit§0n {p<.01). But ID's on the task were
tiardly affected, at least in the unvoiced experimerital condition:
~re UGR-GRU corrvelation is high, and the reduction in Variénce

with forced grouping is insignificantly small. Further
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Table 4
Surmmary Statistics and Intercorrelations of Recall Scores for
Each Condition of Experiment 3. Diagonal Entries in the Corre-
lation Matrix are Split-Half Reliabilities. All Correlations

Are Significant, p < .01

SUMMARY STATISTICS

Proportion Correct

Condition Mean Range ‘ Variance
UGR .538 «236-.733 .01736
GRU -288 0293"0 759 001498
GRV .576 217-.742 02146
INTERCORRELATIONS
UGR GRU GRV

UGR . 950

GRU 842 .94

GRV 60 3 « 95

confirmation was obtained by plotting performance on this task as
a function of diglt span, as assestsed in experiment two. The
results, for both the unvoiced aud volced groups, are shown in
Figure 2; the high and low span géoups contain the same subjects
as in experiment two. It 1s clear that forced grouping and.
chunking produces no convergence of the two groups. Figure 2

also suggests that volcing the digits does not Interact with digit
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span performance, though 1t apparently Interacts with performance
on the written recall task. The evidence for this i1s that the
UGR-CRV correlation 1s significantly smaller than the UGR-GRU
correlation (t=2.30, p<.05). This might be taken as evidence

for some auditory-specific factor, though some subjects experienced
rather large decreases 1n performance in the volced condition,
Perhaps volcing interfered with some aspect of performing the task
in these subjects,

A final point of iInterest regarding all of these first three
experiments 1s that the correlatlon betwecu digit span and overall
performance in experimentsone tothreée(excluding the voiced condi-
tion) is only .71. A perfect correlation 1s not required for
the conclusions drawn from these experiments, but it 1s neverthe-
less of interest to ask why this correlation 1s not higher.

(Test reliabilities, as we have seen, are considerably higher
than .7.) A likely answer is that the digit span task forces

the subject to concentrate on the entire 1list, while the written
recall task allows focussing on a manageable subset of the list
and ignoring the rest. Four subjects mentioned using this
strategy when asked how they performed the task, and all four had
relatively higher scores on the written task than on the digit
span test. The correlation between the two tasks for the remain-

irg 13 subjects 1s .82,
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Experiment 4

The outline of hypotheses with which we are working contains
one group of strategy-based explanations which has not yet been
tested. These are hypotheses which posit ID's in organi;ing and
outputting responses. Experiment four employe a recognition task
which does not require extensive reaponse organization, go a
response organization theory of digit span ID's ﬁould not predict
a high correlation between span and recognition performance. A
low correlation between these tasks might, however; have another
implication., Many of the basic memory system parameters on our
outline govern the quality of item information in memory, and
it i3 this information which 1s tapped by the recognition task.

A low correiation could imply that ID's in memory span have little
to do with memory for the digits themselves, but only for their
order. There 1s already some evidence (Estes, 1%72; Dornic, 1975)
that the processes underlying the storage of item and order
information are not the same. As was pointed out earlier, many
low recognition-recall correlations already exist in the litera-
ture, but these might have been caused by subjects' usge of
different strategies on the two tasks. The goal here 1is to see

if a high correlation can be obtained by controlling for such
attenuating factors.

Subjects. Twenty-one of the twnety-three subjects whose
digit spans were assessed 1n experiment two were avallable for

3 -

use in this experiment.
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Method. Subjects wyere given a target list of twelve letters,
sequentially presented, and followed by a probe letter. They
responded with a keypress denoting whether or not they thought
the probe had been presented in the Earget list (left forefinger,
yes; right forefinger, no). Letters were used instrad of digits
because the diglt set is too small to provide enough distractors.
A target set of six Gibson figures was tried in pilot work, but
some subjects hit upon the rather successful strategy of paying
attention to only a portion of each figure. Pilot studles also
indicated that tﬁe presentation rate of the target list 1s cru-
clal: when the standard one-per-second rate was used, some sub-
jects (not necessarliy those with the largest diglt spans) werc
able to find word assoclates to "meaningless' letter sequences.
On the other hand, when the very fast (3/second) presentation
rate used in experiment one was tried, some subjects claimed that
they could not read all of the letters. The following event
timing was finally settled upon: each target letter was pre-
sented for 250 msec, followed by a 15Q msec inter-stimulus in-
terval, The probe followed the offset of the last target letter
by one second, and remained on the screen for two seconds. Sub-
jects were instructed to walt for the offset of the probe
before responding. This helped to reduce differences in speed/
accuracy criteria which had been evident in pilot studies. Sub-
jects were further instructed not to volce or whisper any of the

letters to aidlrecall.
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The experiment consisted of two one-hour sessions, a total
of 500 trials per subject. A bonus of 1¢ was paild for each
correct trial,

Results and piscussion. The correlation between the over-

all proportion of correct responses in the recognition task and
digit span size was .63. The two sessions of this task correlated
.79, yielding an estimated whole-test reliability of .B8. The
recognition-digit gpan correlation rises to .69 when corrected for
attenuation,

Analysis of the components of the recognition task in terms of
individual differences ylelds additional information. Table 5
shows the Intercorrelations of various scores derived from this
task, and the correlation of each with digit span.

Two major points are evident from Table 6. The first is
that performance with negative probes is nearly uncorrelated with
performance on positive probe trials, and only the latter 1s
significantly related to digit span. At present, we have no
satisfactory explanation for this. Since errors on negative
trials are false recognitions, one might argue that performance
on these triais is largely a function of the subject's criterion
for deciding‘that a letter has been recogniged, while performance
on positive trials 1s a function of both criterion and memory
strength, However, the correlation between memory span and d',
which is often regarded as a pure measure of memory strength, is
only .58; apparently nothing 18 gained by removing criéerion

varlance, .
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Table 5

Intercorrelations of Various Components of Recognition Perform—

ance, Experiment 4.

Positive Trials Are Those in Which the Probe

Letter Was Presented in the Target List; Negative Trials Are

Those in Which 1t was Not.

Reliabilities, Derived From Between-—

Sesslons Correlations, Are in the Plagonals.

1 2 3 /] 5 6
First Last Digit
Total Positive Negative Eight Four Span
1., Total Proportion
Correct (P(C)) (.88)
2. P(C) For Positive
Trials LT4%  (,84)
3. P(C) For Negative
Trials .81% 2. (.88)
4, P(C) For the First
Eight Serial Posi-
tions (Positive L63* L96% .08 (.85)
Trials)
5. P(C) For the Last
Four Serial Posi- W 71% 50% .53% 7% (L 72)
tions (Positive
Trials)
6. Digit Span L63% . 65% 20 .58% 42%  (,95)

* Indicates a significant positive correlation, p<.05, one~talled

The second interesting finding is that a fairly reliable
score 1s derivable from performance on just the last four serial
positions of the positive trials. Considering its lower reliability,
this score appears to correlate about as highly with digit span

as does performance on the first eight serial positions. Apparently,
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at lear. some of the processes responsible for digit span ID's
are common to both primary and secondary memory (Waugh & Norman,
1965). .
But the main question raised by this experiment 1e: does the
failure to get a digit span-recognition correlation as high as
test reliabilities allow reflec; sampling error and/or unantici-
pated sources of error variance,-ar does 1t mean that there is
moere than one major source of ID variance in digit epan perform-
ance? Sampling varilability alone 18 unlikely to have introduced
a bogus factor, alnce, even after the correlation 18 corrected
for attenuation, the upper bound of its 95% confidence interval
is .87. Thus, the absolute maximum amount of the variance of a
perfectly rellable digit span test predictable from a perfectly
relighle version of this probe task 1s eetimated to be 75%, leav-
ing room for at least a small additional factor. Howe;er, there
may have been uncontrolled sources of variance. One possibility
is that there were differential practice effects due to the fact
that six of the subjects had not done experiments one and three.
However, the data reveal no such effect: the mean probe score
for the experienced group was .765; for the inexperienced group
it was .769., Another possibility 1s that the precautions taken
to minimize any speed—accuracy tradeoff were a failure, but there
is no evidence for this either. Reaction times for positive and
negative trials correlated .98, so an overall reaction time was

computed. It correlated —,02 with performance on positive trials,
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-.15 with nepative, and -.11 with overall performance. (The
correlation with digit span was +.,23.)

Perhaps the most likely possible sources of uncontrolled
variance are ID's associated with various peripheral features of
the recognition task, In this regard, suspicion falls on the
ugse of letters instead of digits and the fast presentation rate.
Though these variables have been shown to have little effect on
digit span ID's, they might affect ID's in a probe task. It
therefore gseems unwise to take this corfelation as proof of the
exlstence of two or more factors in digit span perforﬁance.
Rather, independent evidence for such separate factorg will be
sought in the next two experiments.

The remainlng experiments reported here are analyses, in
terms of individual differences, of data from studies designed
by William Chase and Robert Weber to examine the speeds of
various mental processes. (Chase and Weber kindly agreed to rum
subjects whose digit spans were known, and to allow me to use
their data. Thelr analyses of these experiments, however, may

not agree with the one presented-here,

Experiment 5

In the first four experiments, performance was measured by
the number of correct responses, with 1little regard for the speed
with which thege responses were given. But the falr-sized

correlation between memory span and reading rate for word lists
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(Baddeley, et al., 1974) suggests that there may be a speed factor
underlying span size., In an earlier discussion, it was noted
that the source of this correlation could be the speed of any

of a number of component processes, from stimulus Qnalyaia to
responge execution. It 1g possible to dichotomize these into
'earl *' and ‘'late' processes, with the division being made at

the output from memory. Thus, early processes might be the
extraction of features from the visual input and the automatic
gorting of these features, resulting in the activation of an in-
ternal representative of the item, Later procesgses might in-
c¢lude readout of active ifitems by the decision system, and selec~
tion and executlon of the appropriate responses. WNote that
consciousness, which we have identified with the operation of the
decision system until a better theory is offered, probably come
late in the processing sequence, and therefore the effect of
variation in choice of strategles (and, perhaps, also in motiva—ﬂ
tion level) ought to be reflected by the speed of the later
processes,

Experiment five is an attempt to separate early and late
processes, and to examine the relationship between the speed of
the lotter and digit span., The idea was to measure the rate at
which short, easily remembered lists cam be read out from‘memory
once they have been placed there., This can be viewed as a-meaaure
nf the speed of the decision and response system components of

reading, if 1t can be shown that the list 18 firmly in memory for
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every subject, so that ID's in readout rate are not determined by
the ID's in the retrievability of the list, This readout rate
might be crucial in determining memory span perfofmance, since a
faster rate might allow less memory trace decay to occur, If
individual differences on this measure correlate well with digit
span but not with recognition performance, this Interpretation
would be supported. This 18 because recognition performance 1is
assumed o be Fhe more direct measure of the strength of the list
items in memory; if readout rate were to correlate highly with .
performance on both tasks, it could be argued that readout rate |
was being determined by memory strength. Another possible result
{3 that readout rate correlates poorly with both tasks. This
would suggest that the source of the correlation between memory

span and reading speed is not to be found in decision and

response processes.,

Subjectg: Nimeteen of the subjects from the previous ex-
periments were used; recognition gcores were ayallable for only
eighteen of these.

Method. A& list of three, four, five, or six capital &dtters
arranged in a horizontal row was presented. (Lists were drawn
randomly from either a set of visually confusable letters, a& set
of auditorilly coﬁfuﬁable ones, Or & neutral set; however, not
enough- data was available to examine ID's as a function of con-
fusability, so results from the three sets were pooled.) When

the subject had committed the list to memory, he pressed a key;
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the list disappeared; and he receilved an instruction to rehearse
the list either aloud or silently. The list was rehearsed three
times on each trial, with a keypress after each rehearsal to time
it. Subjects were instructed to rehearse as fast as possible,

but no honus was pald. Twenty practice trials were given, follow—
ed by 36 experimental trials (108 rehearsals) under each dondi-
tion. (Aloud and silent trials were randomly interspersed with
two other tasks which are not relevant here.)

Results and Digcussion., Figure 3 shows the function relating

mean list rehearsal time to list lemngth for high and low span sub-
jects (nine in each group). The marked curvilinearity introduced
by the times for the longer lists reflects the fact that lists
near the memory span take disproportionately longer to rehearse
than do smaller lists (Chase, 1974). This upswing 1a probably

caused by difficulties in remembering the liata,‘and therefore

11 the slope of the entire list length function 1is taken to
measure readout rate, a correlation with both digit span and re-
cognition score ought to exist for this reason alone, The data
confirm this: the slope of the aloud réhearaal trials correlates
-+48 with memory span, and -.49 with recognition performance.
(Correlations with the silent rehearsal. slope are in the same
direction, but smaller. It appears that aloud and silent condi‘_
tions tap somewhat different processes In addition to a common
factor, as the correlation between them is .40. Since it includes

the overt response, the aloud condition is a better reflection
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of the processes of Interest here.)

A falr examination of the role of readout rate itself re-
quires that only easily remembered lists be considgred. Another
glance at Figure 3 shows that the reaction time difference be-
tween high and low span groups does not increase from lists of
three to lists of four letters. An increase would be expected
1f readout rate and memory span were related In the hypothesized
manner. This negative result was verified by correlational
analysis, as follows.

A relatively pure measure of readout rate for easily re~
rmembered 1ists was derived by simply subtracting each subject's
mean time to rehearse three-letter lists from his time to re-
hearse four-letter lists, In each condition. The intercorrela-
tfons of thése gcores with digit span and recognition performance
are given in Table 6? For comparison, the mean reaction times
for three-letter 1ists and a difference score based on times for
ilsts of five and six 1tems have been included in the analysis.

The main point 18 clear from the correlations in line six of
the table: readout rate from easily remembered lists appears
to be unrelated to digit span. Those who distrust the derived
score will note that the raw reaction times predict span size
a lictle better, but not well enough. The difference aco?e based
on the longer 1lists (6—5)‘13 correlated with both span and re-
cognition scores, as would be expected 1f this gcore reflected

ID's in memory for the lists.
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Table 6
Intercorrelations, Experiment 5

1 2 3 4 5
Aloud Silent Mean 6-5 RT
Readout Readout Readout Mean Three-Letter
Rate Rate Rate lists

1
Readout
Rate
(Aloud)

2

Readout

Rate .21
(S1lent)

3

Readout

Rate . 70% . B5*
Mean

4

Mean
Diff:
Length 6
Minus
Length 3

.35 .53%  .58%

5

Mean

Time,

List L .16 .21 .21 . 56%
Length 3

6
Digit

Span -.01 -.06 -.04 -.46% -.20

7

Recogni-~

tion -.24 -.18 -.26 ~.51*% - -.11
Scorea

(Exp. 4)

8pased on eighteen subjects (otherwyise, N«19)

*
Significant p<.03, two-tailed

Q 65
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Given the Instability of correlations with so few subjects,
a replication of this experiment would be desirable. Fortunate-
ly, data are avallable from another experiment, designed by
William Chase, in which a somewhat different procedure 1% used.
In this study, subjects were given a short, sequentially pre-
sented list of pumbers, and were allowed several seconds to Te-
hearse them sllently. Then an instruction asking for either
gilent or aloud rehearsal was given; the subject rehearsed the
list five times; and then he pressed a timing switch. Immedliate-
Iy foilowing this, the other of the two instructions was given,
and the subject rehearsed the list five more times. Seventeen
subjects in this experiment had had digit spans assessed, and
tifteen of them had been In the rehearsal study just aiacussed.

The results obtained with this procedure are very similar
to the previous ones 1In the aspects of importance here. Figure
4 ghows the list length function obtalned, and agaln there is no
interaction between Span size and rehearsal rate for lists of
three or four items. Table 7 lists the same correlations that
were computed for the earlier data? With the exception of the
correlations with silent rehearsal rate (and with the means based
partially on this rate), this table demonstrates about the same
relationshlps as the last one; the pattern of correlations with
digit span, in particular, confirms the original results. And
for the fifteen subjects who were in both experiments, the cor-

relation between mean readout rates as ineasured by the two
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Table 7

Intercoxrelations, Replication of Experiment 5

1 2 3 4 5 6
Aloud Silent Mean 6-5 RT Digit
Span

1

Aloud
Readout
Riate

7

™

Sllent
Readout .28
Rate

3
Mean
Readout .73% .86%
Rate

4

6-5

b‘iean T 17 -56* -18

9

RT
Three~
Letter
I.igly

Fy
higit

Span -.02 -.21 -.13 -.34 -.22

7
Recog-~- .
Score

N=17, except aN=16

*Gignifiecant, P<.03, two-tailed
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different procedures was .58, If these scores are averaged,
the resulting measure, based on 308 rehearsals per subject,
correlates ouly .04 with digit span. These findings eliminate

readout from memory as a possible source of digit span ID's.

Experiment 6 .

In experiment five, 1t was assumed that readout from memory
was the memory management operation most likely to be related fn
memory span size. In this experiment '(also based on Chase and
Weber's data), the relationship between digit span and other
operations on material in memory is examined. Further negative
results would strengthen the notion that the major sources of
memory span ID's are earlier in the processing sequence,

Subjects. Same as in experiment five.

Method. Subjects were glven a version of the metered mem-
ory search task (Weber & Blagowski, 1970). 7Iu this task, a
list of four, flve, or six capital letters is presented. The
subject commits these to memory, and then he receives (visually)
an instruction counsisting of a starting point (one of the letters
in the list) and a step number (an integer from one to three).
The subject must then respond with the letter which 15 the re-
quested number of letters in the list away from the starting
letter (reading left to right). If the right end of the list 1s
reached before the requested number of steps have been executed,

the count continues with the leftmost letter. For example, 1f
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the target list were XPFAQ and the instruction were " 2 A", the
anewer required would be "X". As the subject spoke his answer,

a volce-key was triggered, determining his reaction time, and the
correct answer was displayed on the screen. 1If the subject was
incorrect, tlie trial was discarded. Twenty practice and 162
experimental trials yere glven during a single 2ne-~hour session.

Results and Discussion. Reaction time in this task 1is ex~

preasilble by the following equation:

RT = B0 + nBl + mB2
where n 1g the list length; Bl 1s the rate at which the time to
lacate the starting item increases with list length; m 1s the
number of steps required; BZ is the time per step: and BO is
a constant representing the time required for all processes
except locating the starting item and stepping through the
list, The parameter Bz cannot be identified with any single
parameter on our list, since the stepplng operation involves
not only reading each item from memory but glso keeping track
of the pnumber of steps one has gone through. Given the evidence
from experiment five that readout rate and memory span are un-
correlated, a high correlation between B2 and spén size might im~-
plicate the involvement of this “keeplng track’” operation. How-
ever, the obtalned correlation yas low (r=—.1‘?).4 Moreover, the
correlation with recognition performance was also small (r=-.16).

The Bl parameter probably also represents a relatively complex

mental operation; locating an item might involve retrieval of
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information nbout the item itself as well as something about its
context. Slnce the abllity to retrieve item information 1s
measured by performance on the recognition tﬁsk, it 18 heartening
to find a moderate (but nevertheless insignificant) correlation
between B1 and recognition score (r=-.36). However, there is no
correlation (r=-.06) between B; and memory span.

The last parameter (BO) presents a different correlational
plcture. It correlates modestly with digit span (r=-.36), but
its correlation with the recognition task is small and in the
opposite direction (vr=.13). This cnuld easily have been 2
chance result, but further analysis sugpgests that it represents
a geauine and Iinteresting pattern of relationships.

It turns out that BO is not a very good measuré of anything
in these data. It has a strong negative correlation (r=-.67)

with B for the following reason; to the degree that there is

1°
error in the measurement of a slope, the slope and intercept will
tend to be negatively correlated. The correlation between B0

and the stepping rate (Bjy) could well have been due to such

error (r=-.20). However, this contribution of B2 to BD was Ob-
tained by extrapolating back one step, from the time required

for one stepping operation to the time that should be required
for none. But the contfibution of B1 is an extrapolation back
from a list size of four to a hypothetical 1ist size of zero.

Thus, whatever error exists in measuring the slope will be mag-

nified fourfold in the intercept, resulting in theoretical

71




65

abgurdlities lfke nepative intercepts (of which there were geveral
In thege data). Thus, the degree to which By reflects the apeed of
input and output processes 1s swamped by phe degree to which it
measures error in Bl' Note that this 18 not a criticism of Chasge
and Weber's design, since they ;ere not concerned with analyzing
BO' But we will presently show that 1f less pure (but less
error-ridden) estimates of what B, is supposed to be measuring
are examined, a strong relationship with digit span which is
relatively independent of recognition performance 18 uncovered.
If an 'intercept' parameter is computed by extrapolating

Bl backward only one step instead of four (and collapsing over

" all step sizes), the resulting scores correlate -.65 with memory
span, and only - 19 wyith recognition performance. Eliminacing
the extrapolation completely by using the obseryed mean reaction
time for all lists of four letters ylelds correlations of -.66
and -.27 with span and recognition scores. These reaction times
are impure estimates of the real B0 in two ways: (1) they in-
clude the average overall stepping time; and (2) they include
the time required to locate the starting item in lists of four
letters. However, it is easy to show that neither of these
ilmpurities is responsible for the large correlation with digit
gpan. First, stepping time (Bz) has already been shown to be un-
related to either digit span or recognition performance. Second,
the rate at which the starting letter 1s located (Bl) wag showm

earlier to be related more strongly to recognition performance
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than to digit span, and there 15 no theoretical reason to ex-
pect the opposite result, In fact, contamination of the reac-
tion times by Bl may be causing what little correlation there is
between these times and recognition score. If'the mean reaction
times {or lists of six letters (which are contaminated to a
greater degree by Bl) are examined, the correlation with digit
span goes down to -.80, and the correlation with recognition
performance increases to —.40., Finally, and perhaps most con-
vineingly, the mean time for lists of four letters is correlated
only .15 with Bl‘ This correlation increases to .55 for lists
of six letters, as expected,

Why should this reaction time correlate with digit span’
Experiment five showed that response processes are unlikely
sources for such a correlation, and we have just argued that

neither B, nor B, are involved. 'The relatively low correlation

1 2
with recognition performance suggests that ID's in memory for
the lists are not the common factor (though it is probably wise
not to eliminate this possibility entirely). Thi; leaves ID's
in reading the instructions and preparing to carry them out, a
task which could involve practically any subprocesses, The

result 1s therefore probably unanmalyzeable, but tantalizing

nevertheless,
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CONCLUSION

The foregolng experiments have provided gfther conclusive
evidence against the involvement of mnemonic strategies in pro-
ducing IDP's in digit span. The high correlation between memory
for digitse p}eaented at the standard rate and at a rate too
fast to atlow much rehearsal (experiment one) weighs against ex-
planations based on differences in rehearsal strategy. Forced
grouping and chunking of the digits improved reczll, but it did
not do so differentially across subjects with high and low spans’
(experiment three); thus, ID's in the use of these mnemonica-are
not the basis of span ability, at least in our sample of normal
young adults, This is not to say, of course, that great amounts
of practice in sUéh techniques cannot lead to large digit spans.
Hunt and Love.(1972) report a mnemonist (V. P.) with a diéit
span of about eighteen, and his performance is attributed to a
certain amount of natural ability plus massive practice in rote
memorization during his upbringing in traditionalist (and some-
times textless) schools in Latvia and Germany. But, though this
case 1lilustrates the difficulties involved in using standard
psychometric devices on persons from different cultures, -1t ——
proves nothing about what abilities the test ordinarily measures.

Finally, the reasonably high correlation between digit span
and recall on a yes-no recognition task (r=.69, corrected for

attenuation) indicates that at least half of the variance iIn digit
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span Is indepeundent of respouse organizatioun and output stratepies
(experiment four). Moreover, the speed of readout of items from
menory, which may or may not be under the immediate wvoluntary
control of the subject, is unrelated to span size (experiment five).

Interpreted with reference to our theoretical framework,
these results present a reasonably consistent picfure; thst is,
each of them is cvidence against the involvement of some aspect
of the decision system 1& producing span (D's. It may be, of
course, that Some contrel preocess or parameter characterizing the
operation of this system i{n the digit span task was not envisioned
in our theory, and was therefore not experimentally examined. But
we can think of no such process, and therefore we take the evidence
to suggest that span ID'S are caused by ID's in either some other
processing subsystem or some general system psrameter.

An example of a subsystem-specific theory which-has not yet
been ruled out is the notion that digit span weasures an ability
specific to auditory codes, whether produced directly by stimuli
presented aurally, or indirectiy by generating an image of the name
of a visual stimulus., This theory is not necessarily incousistent
with the high correlation between visual and auditory presentation
found by Brener and Jeusen be?ause enough time was available in
these experiments for subjects to retrieve the names of the stim—
uli, Naming the items is an important aid to recall: Olsen and
Furth (1965) showed that deaf adults have counsiderably lower digit

spans than do normals, though their span for nonsense forms was
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normial. Nay {1973) bas reported evidence that could be inter-
preted to be support for the Importance of auditory-specific
abiiity. She found that subjects who were classified as "fusers'
because they could nct adequately judge the temporal order of
palrs of word fragments presented dichotically did worse on a
digit recall task then did those subjects who could make the
Judgments. This discrimination task andlothera were used 1n a
recent investigation of an attentional theory of fusion (Keele &
tyon, 1475). Fifteen of the subjects In that iInvestigation had
had digit spans assessed, and the correlation between the total
errors on three auditory digscrimination tasks and digit span

for these subjects was =.48, 1If one makes the admittedly long
inferential leap from skill in such tasks to a general auditory
coding abiiity, this result is mildly suggestive.

Another subsystem which could be responsible for span ID's
is the logogen system. The psychometric fact that digit span is
a better indicant of verbal IQ than of performance IQ i1s consis-
tent with this speculation. 1If span ID's could be traced to a
specific parameter of the logogen system, something useful might
thereby be learned about verbal abiltty.

An alternative view 1s that span ID's are caused by ID's
in some general mgchanism which 1s part of all memory processes.
A decay rate parameter characterizing all activation within the

brain would be one example; apnother would be a general acquisi-

tion parameter like the density of units available for encoding
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the stloulug, Other general system parameters are listed in
Table 1.

The generality of the processes involved might be assessed
by examining the correlation between digit span performance and
memory for unfamiliar material which would require the use of
some (non-auditory) sensory representational code, A high
correlation would implicate general system parameters, while a
low one would argue for an ability which 18 specific to eilther
auditory codes or to the logogen system, -

Such an experilent is not easy to do, since even unfamiliar
materlal can be remembered via the logogen system by analyzing
stimulil into familiar parts or by assimilating them into pre-
existing categores, However, a pilot experiment using the probe
recognition task with unfamiliar material (Hebrew letteérs) and
fast presentation rates (three items per second) appeéred to have
been successful in eliminating such use of the logogen system in
most subjects; only one of the thirteen subjects reported being
eventually able to provide names for the letters. Most of the
other subjects attempted to do so, but failed. Among these
twelve subjects, the correlation between digit span and memory
for Hebrew letters (corrected for attenuation) was .08,

If it can be replicated, this result would be clear evidence
against  the notion that span ID's are caused by general system
parameters; apparently span ability may be specific to familiar

materials. Yet we know from the high correlation between spans
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for various familiar stimulus matérials (Brener, 1940) that
ID's in familiarity with digits do not underlie ID's in span
size, 30 some more general parameter characterizing the func-
tioning of the verbal system must be involved.

Pinpointing the exact source process or processes will
require more rgsearch, guided by the theoretical structure which
we have agsumed. For example, the probe recognition task could
be used to examine the correlation between digit span and memory
for nonsense auditory material. A high correlation would
localize span ID's 1in the auditory sensory system, while a low
correlation woula rule out the involvement of auditory coding
parameters per se, thus 1lmplicating logogen system parameters
by elimination. When the particular subsystem involved is
known, more sophisticated paradigms can be used to assess par-
ticular parameter values. We feel that this investigative path,
if followed carefully, will lead to a firm theoretical under-

standing of at least one component of intelligence.
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FOOTNOTES

1The spilit-half reliabilities are higher (Vr55r55=.94);

using them yields a corrected slow-fast correlation of .87,
Reliabilities for these scores are, unfortunately, un-
available,

35P11r-hﬁlf reltabilities arec as follows:

mean readout rate: ,69
mean 6-5 score: .90

mean reaction time: .97

4Split-half rellability of B2 is .70; the reliability of

B1 is legs satisfactory (r=.58).




