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Group aggregates and individual reliability:

The case of verbal short-term memory
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Two experiments examined the generalizability of the effects of word length and phonological sim
ilarity with visual and auditory presentation in immediate verbal serial ordered recall. In Experiment 1,
data were collected from 251 adult volunteers drawn from a broad cross-section of the normal popu
lation. Word length and phonological similarity in both presentation modes significantly influenced the
group means. However, 43% of the subjects failed to show at least one of the effects, and the likelihood
that effects appeared was highly correlated with verbal memory span. In Experiment 2, 40 subjects of
the original sample were retested, 20 of whom had failed to show one or more effects in Experiment 1.

Whether or not an effect had appeared for individual subjects on the first test session was a poor pre
dictor of whether the effect would appear on retest. Finally,an analysis of subject reports demonstrated
that the patterns of experimental data could be accounted for in part by the strategies that subjects re
ported using, and the effect of strategy was independent of the effect of span. The implications of these
findings for theories of verbal short-term memory are discussed.

Current views as to the characteristics of verbal short

term memory owe much to the discovery and exploration

of the effects on immediate serial ordered recall of word

length and phonological similarity. The word-length effect

refers to the tendency for normal adult subjects to have

more difficulty in immediate serial ordered recall of a se

quence oflong words (e.g., university, aluminium, hippo

potamus, refrigerator) than in that of a sequence of short

words (e.g., scroll, switch, zinc, maths). The phonological

similarity effect arises from the relative difficulty in serial

ordered recall of phonologically similar items (e.g., man,

mad, map, mat) compared with recall ofa sequence of items

that are phonologically distinct (e.g., day, boy, sup,few).

Word-length and phonological similarity effects appear

whether the subjects read or listen to the word sequence

for recall.

These are robust effects that have been replicated widely

with a range of materials using groups of normal subjects

(e.g., Baddeley, Thomson, & Buchanan, 1975; Caplan, Ro-
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chon, & Waters, 1992; Conrad, 1964; Levy, 1971; Murray,

1965, 1968; Vallar& Baddeley, 1984; for a review see Logie,

1995). Moreover, the study in neuropsychological patients

of the effects (or lack ofthem) of phonological similarity

and word length has provided insight into both the mem

ory deficits ofsuch patients and the nature ofnormal verbal

temporary memory (e.g., Baddeley, Lewis, & Vallar, 1984;

Baddeley & Wilson, 1985; Cubelli & Nichelli, 1992; Val

lar & Baddeley, 1984; Vallar & Cappa, 1987; for a review,

see Della Sala & Logie, 1993). In particular, the findings

obtained from both normal subjects and neuropsychologi

cal patients have contributed to the development ofa model

of the system responsible for the appearance of these ef

fects (Baddeley, 1992).

Table 1 shows the patterns typically obtained for groups

of normal subjects and for patients with short-term mem

ory deficits.

However, the robust nature ofthe effects ofword length

and phonological similarity results from the mean perfor

mance of groups of subjects. In contrast, the lack of these

effects in brain-damaged patients generally is reported for

individual cases rather than for groups. There are as yet no

definitive data on the distribution of these effects in the

normal population, and, in particular, it is not at all clear

what proportion (if any) of the normal subject population

fail to show the standard effects. If there are normal sub

jects who do not show one or other effect, how might we

interpret their pattern of data? Do such subjects reliably

fail to show the typical pattern? If so, then is this due to an

305 Copyright 1996 Psychonomic Society, Inc.
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Table 1
Summary ofthe Patterns of Word-Length (WL) and
Phonological Similarity (PS) Effects With Visual and

Auditory Presentation as Assumed for Normal Subjects, as
Observed in Short-Term Memory Patients, and as Observed

in the Sample of251 Subjects Reported in This Paper

WL PS

Auditory Visual Auditory Visual

Assumed normal pattern + + + +

Short-term memory patients 0 O? + 0

No effects missing

n = 143 + + + +

One effect missing

n=4 + + 0 +

n = 13 + + + 0

n = 25 0 + + +

n = 36 + 0 + +

Twoeffects missing
n = 1 + + 0 0

n=3 + 0 0 +

n = 5 + 0 + 0

n = 19 0 0 + +

Three effects missing
n = 2 0 0 + 0

Note-+ = Effectpresent. 0 = Effect absent. O? = Absent for some

patients or on some occasions.

alternative strategy for performing the task (e.g., Gilhooly,

Logie, Wetherick, & Wynn, 1993; Jorm & Share, 1983;

Siegler, 1987; Simon & Reed, 1976)? For example, sub

jects may attempt to use some form of mnemonic rather

than subvocal rehearsal to retain the word list (Della Sala,

Logie, Marchetti, & Wynn, 1991). One other possibility is

that such "recalcitrant" subjects may have some form of

mild, hitherto undetected, brain damage so that they are

performing as if they have a short-term memory deficit.

More crucially, if there are apparently normal subjects

who show patterns that are similar to those obtained for in

dividual patients with short-term memory deficits, this

complicates the interpretation of the patient data.

To deal briefly with this last point, neuropsychological

researchers routinely use a variety ofconverging tests with

short-term memory patients, rather than relying solely on

the effects of phonological similarity and word length.

Nonetheless, the availability of information as to the dis

tribution of these effects in the normal population would

ease the interpretation of neuropsychological data and

could provide further insights into verbal short-term mem

ory function in normal adults.

In a study ofour own (Della Sala et al., 1991), we inves

tigated the pattern of phonological similarity and word

length effects in 15 normal subjects and in an anarthric

patient. Anarthric patients have suffered brain damage re

sulting in an inability to control the speech output mech

anisms, such as articulation, without impairment of cen

trallanguage processing. Despite being unable to produce

overt speech, some anarthric patients still show word-length

and phonological similarity effects (Baddeley & Wilson,

1985; Bishop & Robson, 1989; Logie, Cubelli, Della Sala,

Alberoni, & Nichelli, 1989; Vallar & Cappa, 1987). Bad

deley and Wilson interpreted this finding as suggesting

that the ability to produce overt speech is not required for

the adequate functioning of subvocal rehearsal or phono

logical recoding and storage. Like Baddeley and Wilson,

we discovered that our own anarthric patient did indeed

show the standard pattern ofeffects. However, to our con

siderable surprise, a small number ofour normal subjects

did not show these effects. Thus, for example, 1 subject re

membered more visually presented long words than short

words, and 2 subjects recalled more phonologically simi

lar words than phonologically dissimilar words, when the

words were presented auditorily.

To investigate the reliability ofour findings, we retested

these seemingly "aberrant" normal subjects and discovered

that their data were indeed not wholly reliable. Much ofthis

unreliability could be accounted for by the use ofalterna

tive strategies, such as a visual mnemonic that acted to un

dermine the use of subvocal rehearsal and phonological

storage on which the effects ofword length and phonolog

ical similarity depend.

This serendipitous finding led us to question the extent

to which all normal subjects reliably show these effects,

despite the presence of the effects in the pattern ofperfor

mance for the group as a whole. The present paper reports

a more comprehensive set of data on these effects in nor

mal subjects. In doing so, we explore further factors that

may lead to the appearance or absence ofthe effects. Also,

we aim to provide a means of assessing the performance

of short-term memory patients in relation to the reliabil

ity and distribution of these effects in the normal popula

tion. The paper comprises two experiments. Experiment 1

involved collecting data on effects of word length and

phonological similarity from a sample of251 normal adult

subjects. In Experiment 2, we studied the reliability ofthe

results from Experiment 1 by retesting a group of 40 sub

jects drawn from the original sample of 251. Finally, we

report a more detailed study of the reported strategies of

each of the subjects tested in Experiments 1 and 2.

In the final discussion of the paper, we shall return to

the more general point concerning the use offindings based

on groups of normal subjects.

EXPERIMENT 1

The purpose of Experiment 1 was twofold. First, we

wished to examine what proportion of subjects from a

large sample of adult volunteers show the widely repli

cated group effects of word length and phonological sim

ilarity in verbal serial ordered recall. Second, we aimed to

investigate which ofa number ofvariables might affect the

size or presence of each of these effects.

Method
Subjects. We compiled a reasonably large sample of English lan

guage native speakers, with a roughly even gender balance, and cov

ering a broad range ofage, educational level, and social background.

The subjects were drawn from the general population of the city of

Aberdeen (total population approximately 250,000). They were re

cruited from the psychology department panel of volunteers, from

clubs, societies, and church groups in the city, and from the local job

center. There was a total of251 subjects (117 male and 134 female),
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whose mean age was 42.8 years (SD = 15.6), with a range of 18-70

years, and a mean educational level of 13.1 years (SD = 3.1), with

a range of 8-22 years.

Stimuli. Four sets, each ofnine stimulus words, were constructed.

There was one set of phonologically similar words and one set of

phonologically different words drawn from Baddeley (1966), and

the words in each set were matched for frequency. The sets oflong

words and short words were selected from Baddeley et al. (1975),

with words again matched for frequency.

Procedure. The subjects were tested individually with each ofthe

word sets with both visual and auditory presentation. The order ofeach

of the conditions was systematically varied from one subject to the

next but blocked by the phenomena under study. For example, the set

of words for testing phonological similarity with visual presentation

always occurred immediately before or immediately after the set for

testing phonological similarity with auditory presentation, with the

order of word sets varied across subjects. Across the full subject

sample, the order of presentation was counterbalanced.

Words were selected at random from the relevant set and presented

at a rate ofone per second using a span procedure and oral serial or

dered recall. Presentation started with three trials oftwo words, mov

ing on to three trials with three words, and so on, until the subject

failed to recall the correct sequence on two successive occasions. Span

was measured by taking the mean ofthe three longest sequences cor

rectly recalled. This particular measure of span was chosen because

it has been adopted widely in standard tests of intellectual ability

(e.g., Weschler Adult Intelligence Scale, Weschier Memory Scale)

and it is used widely in clinical neuropsychological settings. It has

also been used in a variety of experimental settings both with nor

mal subjects (e.g., Baddeley et aI., 1984; Hulme, Maughan, &

Brown, 1991) and with neuropsychological patients (e.g., Baddeley,

Logie, Bressi, Della Sala, & Spinnler, 1986; De Renzi & Nichelli,

1975; Milner, 1971).

For auditory presentation, the experimenter read aloud the words.

For visual presentation, the words were typed in black lowercase let

ters on individual white cards. The experimenter used a hand gesture

to signal when the subject was to commence recall.

Immediately following the collection of span data, each subject

was asked about the strategies they had adopted in attempting to re-

tain and recall the items from each sequence. The questioning was

entirely open ended, and no strategies were suggested to the subject,

The subjects were then interviewed informally as to whether they had

suffered any serious illness, neurological damage, or head injury.

These subject reports wil\ be considered after the discussion of

Experiment 2.

Results
Order ofpresentation did not have any effect on the pres

ence or absence ofeach ofthe effects under study and was

ignored for the main analyses.

To ensure that our procedure had indeed resulted in the

typical group result, we carried out separate analyses of

variance (ANOVAs) on each ofthe four conditions. Mean

spans obtained for each of the different list types with au

ditory presentation and with visual presentation are shown

in Figure 1.

As is evident from the figure, there were clear effects of

word length with auditory presentation [F(1,250) = 273,

P < .001] and with visual presentation [F(I,250) = 194,

P < .001]. There were even stronger effects ofphonological

similarity with both auditory presentation [F(1,250) = 891,

P < .001] and visual presentation [F(I,250) = 528, P <
.001]. This demonstrates a clear replication ofa widely re

ported set offindings, but with a much larger subject sam

ple than has been used previously, and gives us consider

able confidence in the procedures we adopted.

We next went on to explore whether there were individ

ual differences in the presence or absence of each of the

four main effects. Table 2 shows the number ofsubjects in

the present experiment who showed or failed to show each

of the expected effects as measured by our span proce

dure. From the table, it is clear that despite the highly sig

nificant group effects, a reasonable proportion ofsubjects
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Figure 1. Mean span for immediate, oral, serial recall of short, long, phonologically different, and
phonologically similar words with auditory and visual presentation for 251 normal adults.
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Table 2

Number of Subjects (N = 251) Who Showed or Failed to Show

Typical Group Effects for Word Length and Phonological

Similarity With Auditory and Visual Presentation

Zero or Negative Effect Presence of Effect

Word Length

Auditory 49 202
Visual 62 189

Phonological Similarity

Auditory 5 246
Visual 24 227

failed to show word-length effects, and a smaller number

failed to show phonological similarity effects. It appears

that phonological similarity with auditory presentation is

the most robust; however, even here, the effect was absent

for 5 out of 251 subjects.

Evidently, a number of subjects failed to show our four

standard effects. A possible account of the lack ofeffects

for some subjects is that the effects themselves are quite

small but that they appear for the majority of subjects.

Thus, effect size may be clustered just above zero, with a

tail end ofthe distribution just below zero. Therefore, our

next step was to investigate the range in the observed mag

nitude of the standard effects.

Effect magnitude was measured by calculating the size

ofthe difference in span between the two word sets for each

condition and then expressing this as a percentage of the

span for the word set that normally gives the better perfor

mance. So, for example, ifa subject achieved a span of4.6

with the phonologically similar material and a span of5.7

with the phonologically different material, the percentage

difference in span score would be calculated as follows:

5.7-4.6 = 1.1; and (1.1/5.7) X 100 = 19.30%.

We chose this measure rather than a simple difference

score to give us a measure of effect size that was conser

vative with respect to possible unreliability. That is, taking

percentage difference between spans reduces the magnitude

ofthe difference scores and thereby reduces the estimated

size of the unreliability. This also gives us a more fine

grained measure.

One implication of this measure is that differences in

span scores that go in the opposite direction from that ob

tained with the majority ofsubjects would yield a negative

value. Figure 2 shows the frequency distribution ofeffects

obtained displayed as a stem and leafplot, with effect mag

nitude expressed as a percentage according to the formula

given above.

From Figure 2, the effect magnitudes show a fairly wide

spread, with a large number of subjects showing effects

greater than 20% in the predicted direction. In contrast, a

number of subjects showed effects in the opposite direc

tion. A reasonable number ofthese were clustered at or just

below zero, but there were a notable number of subjects

who showed effects greater than 20% in the direction op

posite from that of the majority. This occurred most fre

quently with the word-length effect, particularly with vi

sual presentation.

These results illustrate the frequency ofthe presence or

absence ofthe effects if we treat each ofthe four conditions

as having been obtained from separate groups. However,

with neuropsychological patients, there typically is more

than one effect absent, and it is important to discover

whether the obtained aberrant findings are being produced

by the same subjects. A total of 108 subjects (43%) failed

to show at least one ofthe effects, and, ofthese, 30 subjects

(12%) failed to show two or more of the effects. Of these

30 subjects, two (0.8%) failed to show three out ofthe four

effects. No subject failed to show all four effects. There

fore, the chances are quite high of finding a subject with

one or even two effects missing. Subjects who show three

effects missing are much rarer.

The next step was to investigate which factors determine

whether or not an effect appears and the size ofthat effect.

Typically,mental performance test scores are influenced

by several factors, such as age, education, occupation, or

gender. In addition, in neuropsychological patients, the ab

sence of the effects being studied here is commonly asso

ciated with very poor short-term memory span. We carried

out a series of regression analyses to determine which of

these subject variables best predicted the percentage mag

nitude of each of the effects.

We carried out one analysis for each ofthe four effects,

in each case looking at the influence ofage, education, sex,

and span. Occupation was found to correlate highly with

education (Spearman rho = .70); therefore, occupation was

omitted from the regression analyses. Our measure of

span was taken as the mean span score obtained for each

subject on word sets that were not considered in a given

analysis but that were in the same modality of presenta

tion. For example, in the analysis ofthe phonological sim

ilarity effect (visual presentation), the measure of span

was taken as the mean span score derived from combining

the scores for the list of short words and the list of long

words used for testing the word-length effect with visual

presentation. Conversely, in the analyses ofthe word-length

effect, we used a mean span score derived from the list of

phonologically different words and the list ofsimilar words,

again using the same modality of presentation. This pro

cedure was adopted to avoid using the same span for pre

diction as that used to calculate the magnitude ofthe various

effects. We used a mean of the two available alternative

spans in order to maximize the reliability ofthe span score

employed in the regression analyses.

To verify the influence that each one ofthe variables had

on each one of the word-length and phonological similar

ity effects, we analyzed our data with a covariance model.

The effect ofeach variable was evaluated alone and within

the complete model. That is, we partialed out the effect of

each variable that was in common with each of the other

variables present, but only when more than one variable

was found to be significant.

The results of the analyses were very clear. There was

no significant variance in the magnitude of the effects ac

counted for by age, sex, or education. The only significant

contribution for all four effects was made by span. The re-
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Table 3
Regression Analysis on the Relationship Between Span

and Each of the Effects of Word Length and Phonological
Similarity With Auditory and Visual Presentation

df F p Correlation p

Word Length

Auditory 1,249 42.042 < .0001 .380 < .001

Visual 1,248* 45.075 <.0001 .419 <.001

Phonological Similarity

Auditory 1,249 7.910 <.005 .175 < .05

Visual 1,249 9.922 < .005 .196 < .01

*After partialing out the effect of a small significant contribution from

educational level.

sults are summarized in Table 3. There was an apparent,

small contribution from education for word length with vi

sual presentation. However, this contribution from educa

tion disappeared after partialing out the effect of span. It

therefore appeared that the size of any of the standard ef

fects was directly related to the magnitude of span. That

is, the lower the span, the smaller were the effects ofword

length or phonological similarity. These relationships are

apparent from Figure 3.

Despite the strong relationship between span and the size

of each of the four effects, the total amount of variance ac

counted for is at most 20%, indicating that there were a

number of subjects with relatively high spans who also did

not show these effects. Note also that our measure ofeffect

size was based on a proportion of the span for that particu

lar variable. Therefore, scores for effect sizes at low spans

would have been inflated relative to effect sizes for high

spans and relative to a simple difference measure for effect

size. This decreases the chances ofobtaining the correlation

we obtained-namely, that lower span scores are associated

with smaller effect sizes-and reinforces our earlier argu

ment that the measures we have used here are conservative.

Discussion
It is clear from the results of Experiment I that when

using standard procedures for testing short-term verbal

memory in normal subjects, a substantial minority of our

sample of 251 normal adult subjects apparently failed to

show widely reported and replicated effects. This observa

tion is in contrast to the highly significant replication of

these effects in the group average data. Our sample of sub

jects represents a broader age range and educational level

than is common in laboratory studies ofnormal subjects. As

such, a larger number of subjects may have failed to show

these effects than has been typical in previous studies on this

topic. However, neuropsychological patients also are drawn

from a population with a wider range of demographic vari

ables than is typical in laboratory experiments. Moreover, our

sample is substantially larger than that generally used in stud

ies of normal cognition. As such, our data provide a better

benchmark against which to assess the data from individual

patients. These new data also provide an indication as to the

generalizability to the wider population offindings that have

been established in small, homogeneous groups.

What implications might our seemingly aberrant data

from normal subjects have for the development oftheories

ofverbal short-term memory? As we discussed in the intro

duction, such theories are derived on the whole from group

aggregate data. The theories are also based on the assump

tion of a common cognitive architecture. It is further as

sumed that the group aggregate data pattern reflects the

characteristics or operation of this architecture. Ifwe find

that a substantial minority of subjects fail to show the

group pattern, this might well undermine the assumption

of a common architecture. With respect to our own study,

theories of verbal short-term memory are in part derived

from the phenomena ofphonological similarity and word

length in serial ordered recall. How can we interpret the

fact that a number of subjects do not show these effects?

With respect to the patterns shown in Table 1 for normal

subjects and for short-term memory patients, it is interest

ing to reflect on the patterns ofeffects found in our owndata

shown in the same table. Most of our subjects show the pat

tern typically obtained with normal subjects. What we did

not expect was that 2 ofour subjects showed a pattern that

is similar to that commonly obtained with short-term mem

ory patients. Moreover,some ofthe patterns shown inTable 1

cannot easily be encompassed by this particular model. For

example, it is difficult to account for the performance of 3

ofour subjects who failed to show a word-length effect with

auditory presentation coupled with the lack of an effect of

phonological similarity with visual presentation. These pat

terns ofdata also suggest that there is a need to collect con

verging evidence and assess consistency ofdata patterns be

foreusing neuropsychologicaldata in discussing a theoretical

model ofcognition. For example, the data in Table I suggest

that the probability ofobtaining a subject with only a word

length effect missing for visual presentation is 14% (36/251),

whereas it is very rare to find subjects with three out offour

effects missing (0.8%). Therefore, a patient who reliably

fails to show three or four out of the four effects is likely to

have a genuine deficit of verbal short-term memory, and

their data may be informative for theories ofnormal mem

ory function. In contrast, researchers should exercise cau

tion when attempting to interpret data from a patient who

fails to show just one of the four effects. For a detailed dis

cussion of the clinical implications of these findings, see

Della Sala and Logie (in press).

Next, we explored possible factors that could have led to

the data pattern obtained, including demographic variables

and verbal memory span. Dealing first with demographic

variables, if subjects differ in the organization oftheir cog

nition, we might expect that these differences would be re

lated to other differences between subjects. However, our

data show clearly that differences among subjects in age, ed

ucation, or sex are unrelated to the presence or magnitude

of the effects of phonological similarity and word length.

On the other hand, the differences in memory span did

seem to affect the pattern of data obtained. In particular,

failure to show the effects was closely linked with a low

memory span. This result fits quite well with the data from

short-term memory patients who, by definition, have low
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A)

+--------------------------------------------------------+----------+-----------+
I Stem%Leaf Word Length Effect: Auditory I Cases IPercentiles I
+--------------------------------------------------------+----------+-----------+

-50%9 1
-40%699 3
-40%3 1
-30%67799 5
-30% 0
-20%99999 5
-20%23 2
-10%11111122223 11
-10% 0

00%000000000000000000000 21
00%556777777777777888888888999999999 33 25%
10%113334444. 9
10%55555566666888 14
20%0000111111233333333333333444444 31 median
20%55555566666777778888888888889999 32
30%00000133333333 14
30%55555555555555667788888888 26 75%
40%0000001112233333333344 22
40%6777777799 10
50%00000234 . 8
50%557 3
60% 0

+--------------------------------------------------------+----------+-----------+
I Total N: I 251 I I
+--------------------------------------------------------+----------+-----------+

B)

+--------------------------------------------------------+----------+-----------+
I Stem%Leaf Word Length Effect: Visual I Cases IPercentiles I
+--------------------------------------------------------+----------+-----------+

-80%5 1
-70% 0
-60%2 1
-60% 0
-50%5 1
-50% 0
-40%6666669 7
-40% 0
-30%55777789 8
-30%222 3
-20%7799999 7
-20%04 2
-10%11223 5
-10% 0

00%000000000000000000000000000 27
00%77888999999999999999999 23 25%
10%1111234444 10
10%555555666666668888888999 24
20%1111111233333333344444 22 median
20%55555555666677888888888889 26
30%00000001133333333 17
30%55555555556666777788888 23 75%
40%0000111222222222233344 22
40%5566666777799999 16
50%0233 4
50%6 1
60% 0
60%6 1
70% 0

+--------------------------------------------------------+----------+-----------+
I Total N: I 251 I I
+--------------------------------------------------------+----------+-----------+

Figure 2. Stem and leaf plots for each of the four effects studied: (A) word-length auditory presentation; (B) word
length visual presentation; (C) phonological similarity auditory presentation; (D) phonological similarity visual pre
sentation. The diagrams display the stem as a decade percentage and the leaf as instances occurring within that decade.
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C)
+-------------------------------------------------------+----------+-----------+
I Stem%Leaf Phonological Similarity Effect: Auditory I Cases I Percentiles I

+-------------------------------------------------------+----------+-----------+
-64%

-60%

-50%

-40%
-30%9

-30%

-20%

-10%12

-10%

0%

0%57777899

10%1333444444

10%56666678888

20%00011111111223333333333

20%55555566666666666677788888888999999
30%00011111111333333333

30%555555555555555555666666778888888888889

40%000000000011111111112222222223334444444
40%55566666777777777799

50%0000002222222222222334

50%555666778899

60%00234

60%8

70%

1

o
o
o
1

o
o
2

o
1

8

11

11

23

35

20

39

39
20

22

12
5

1

o

25%

median
75\

+-------------------------------------------------------+----------+-----------+
I Total N: I 251 I I

+-------------------------------------------------------+----------+-----------+

D)
+--------------------------------------------------------+----------+-----------+
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spans and who also fail to show some of the standard ef

fects in immediate verbal serial recall (see Table 1). This

point is reinforced by the fact that the 2 subjects who

failed to show three out of the four effects had low overall

mean spans of2.7 and 3.5.

Although we have investigated a number of possible

causes of variability in the data, our discussion has been

based on just one sample ofeach subject's performance on

each set ofexperimental materials. A further aspect ofvari

ability is the extent to which a given measure is reliable

from one occasion to another, and it is unusual for test

retest reliability to be reported in studies of groups ofnor

mal subjects. In this respect, it is notable that neuropsy

chological patients generally are tested extensively; how

ever, even with studies of patients, this usually involves a

range oftests and rarely is the test-retest reliability ofany

given test measured explicitly. Therefore, in Experiment 2,

we attempted to determine whether those subjects who

failed to show one or more of the effects in Experiment 1

would reliably fail to show these effects if retested. This

was the primary purpose ofExperiment 2.

EXPERIMENT 2

of the standard effects on the first test session. They were also selected

to represent as wide a range as possible ofage (M = 46.2 years, SD =

13.9, range = 26-68) and of education (M = 12.2 years, SD = 3.4,

range = 9-19). Furthermore, we attempted to cover the full range of

span among those failing to show the effects. For the purpose of sub

ject selection, we used the most common measure ofverbal short-term

memory span-namely, that for phonologically different words with

auditory presentation. For this "effects-absent" group, the mean span

was 4.45 (SD = 1.0I, range = 2.33-6.33). The numbers of subjects in

this group who failed to show each ofthe four effects on the first test

are shown in Table 4. Note that some subjects may have failed to show

more than one effect-hence, the numbers do not add up to 20.

The remaining 20 subjects (12 female, 8 male) for retest showed

all four of the verbal memory effects on the first test session. These

subjects were, as far as possible, individually matched with one of

the subjects in the effects-absent group on span (phonologically dif

ferent words, auditory presentation), age, education, and sex. Mean

span for this "effects-present" group was 4.73 (SD = 0.71, range =
3.67-6.33), mean age was 46.85 years (SD = 14.4, range = 27-70),

mean education was 11.75 years (SD = 2.6, range = 9-17).

Procedure. The procedure was identical to that used for Experi

ment I, using the same materials, but the subjects were tested ap

proximately I year later. Again, as for Experiment I, each subject

was asked to describe any strategies that they had used during the

course of the experiment and was asked whether they had experi

enced any form of head injury or neurological damage.

Method
Subjects. A total of 40 subjects took part in this experiment se

lected from our original group of251. Twenty (12 female, 8 male) of

these subjects were selected because they failed to show one or more

Results and Discussion
Table4 shows the numbers of subjects in each group for

whom each ofthe four effects was absent or present on the

first and second test session. It is immediately apparent that
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Figure 3. Magnitude of each of four effects in verbal short-term memory in relation to verbal memory span.
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Table 4
Numbers of Retested Subjects Showing or Failing to Show Effects of
Word Length and Phonological Similarity in Experiments 1 and 2

Group A Group B

Word Length With Auditory Presentation

Missing first and second test 0 0

Missing first test only 0 II

Missing second test only 7 0

Word Length With Visual Presentation

Missing first and second test 0 3

Missing first test only 0 I I

Missing second test only 3 0

Phonological Similarity With Auditory Presentation

Missing first and second test 0 0

Missing first test only 0 3

Missing second test only 0 I

Phonological Similarity With Visual Presentation

Missing first and second test 0 0
Missing first test only 0 5

Missing second test only 2 2

Note-Group A = Group of20 subjects whoshowed all four effects on the first test ses

sion. Group B = Group of 20 subjects who failed to show one or more effects on the

first test session.

there was indeed considerable variability from the first

test session to the second. For three ofthe four effects, none

of the subjects in the effects-absent group failed to show

the effects both on the first test session and on retest. Only

in the case of word length with visual presentation did

3 subjects fail to show the effect on both occasions. From

Table4 it is also notable that several subjects in the effects

present group failed to show effects the second time around,

and, generally, the word-length effect tended to be less re

liable than the phonological similarity effect. We analyzed

the consistency with which effects were present or absent

using Cohen's k statistic (Cohen, 1960). All of the calcu

lated k values were nonsignificant both when the data were

treated as a whole and when they were treated individually

for each of the four standard effects, suggesting a low

level of consistency between the two sessions.

We also examined the correlation between the effect

sizes obtained in each of the two test sessions across all

40 retested subjects. The correlations were - .31 for word

length with auditory presentation, - .02 for word length

with visual presentation, -.0 I for phonological similarity

with auditory presentation, and .09 for phonological sim

ilarity with visual presentation. These correlations indi

cate a complete lack oftest-retest reliability for any ofthe

effects. Since these four effects have been replicated very

widely with groups ofnormal subjects, including the group

tested in Experiment I, this suggests that the effects are

statistically reliable across a group tested on a single oc

casion. Thus, it would seem reasonable to expect that the

effects also would be reliable from one occasion to another

with the same individuals. However, when examined ex

plicitly, the test- retest reliability did not live up to expec

tations. One caveat is that half of the subjects were se

lected for retest on the grounds that they failed to show

one or more of the effects. In Experiment I, we showed

that the effect size was closely related to memory span,

and, as such, our selected subjects tended to have memory

spans from the lower half of the distribution. Since the

other 20 subjects were matched on span, it follows that

they too had lower spans. Thus, the poor reliability may

have resulted in part from this process of selecting sub

jects and may not be wholly representative of test-retest

reliability for the full sample. Nevertheless, the dramati

cally low or negative correlations obtained together with

the lack of consistency for the presence of the effects can

be taken as indicative that the poor reliability of the mea

sure is genuine.

A further possibility is that the poor correlations may

have arisen from the fact that we combined data from two

rather different groups ofsubjects: One group showed ef

fects on the first test session, and the second group did

not. On retest, each of these groups may have a tendency

to produce scores that regress toward the mean, but in dif

ferent directions. It may then be misleading to report cor

relations based on data from the two groups combined.'

One way to assess whether this might be the case is to ex

amine the variability in the scores for each group and each

effect across test sessions. The relevant means and stan

dard deviations are shown in Table 5, from which it ap

pears that, for the subjects who failed to show effects the

first time around, the variability in the group was some

what greater on the first test session than on the second.

For the group who did show effects the first time around,

the variability appeared to increase the second time around.

Therefore, it appears that only one of the groups shows

signs ofregressing to the mean. Wealso calculated the cor

relations on the effect sizes across the first and second test

sessions, separately for each of the two groups. For the

effects-present group, the correlations were as follows:

phonological similarity with auditory presentation, r =

.08; phonological similarity with visual presentation, r =

.14;word length with auditory presentation, r = - .10;word

length with visual presentation, r = .11. For the effects

absent group, the correlations were as follows:phonological
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TableS
Means and Standard Deviations of Proportion Effect Sizes for

Each ofthe Two Test Sessions for Subjects Who Failed

to Show One or More Effects or Who Showed

All ofthe Effects on the First Test Session

Word Length Phonological Similarity

Auditory Visual Auditory Visual

M SD M SD M SD M SD

Effects Absent

Test I 0.04 0.22 -0.09 0.28 0.26 0.26 0.15 0.24
Test 2 0.25 0.14 0.24 0.22 0.32 0.15 0.25 0.18

Effects Present

Test 1 0.26 0.11 0.27 0.08 0.28 0.12 0.37 0.12
Test 2 0.11 0.30 0.19 0.20 0.37 0.12 0.24 0.17

similarity with auditory presentation, r = - .05; phono

logical similarity with visual presentation, r = .12; word

length with auditory presentation, r = - .42; word length

with visual presentation, r = .05. In summary, none of the

correlations are significant and the highest correlation ob

tained is negative.These results should, ofcourse, be treated

with some caution, since each is based on data from only

20 subjects. However, they indicate an impressive lack of

test-retest reliability within each of the groups, thereby

supporting our earlier conclusion about the reliability of
these effects.

The primary purpose ofExperiment 2 was to assess the

test-retest reliability of the four effects under study. The

low level of reliability found suggests that, in attempting

to apply these findings to studies ofneuropsychological pa

tients, it is not legitimate to take the lack ofeffects on a sin

gle test occasion with a given test as necessarily reflecting

an underlying cognitive deficit. By the same token, these

findings suggest that it is difficult to draw firm conclusions

for models ofnormal cognition from patient data patterns.

A further issue with respect to the reliability ofeach of

the effects concerns the extent to which a failure to find an

effect is due primarily to random error in the measurements

being used. The lack of a consistency for individual sub

jects suggests that random error may indeed be a factor.

Wetested this more formally by calculating the confidence

limits for each subject's effect magnitude for each of the

four effects, taking into account their overallvariability over

the two test sessions.

The effect magnitude confidence limits (90%) for each

condition were calculated using a formula derived by Huber

(1973). This formula takes into account the test-retest re

liability and the variability in the scores as follows:

Observed effect magnitude ±

[(1.645 X SD) X "(I-reliability)],

where the value 1.645 allows inclusion of 90% of scores

(excluding 5% at each end of the distribution), and reli

ability is essentially the correlation between the effect

magnitudes on each of the two test sessions. The formula

allows us to calculate the expected confidence limits for

each effect size for each individual subject. In other words,

given a particular observed effect magnitude in Experi

ment 1,we can derive with 95% confidence either the max-

imum or the minimum effect magnitude that each subject

could have achieved. If the maximum expected effect mag

nitude is then equal to or less than zero, we can be confident

that the effect was not present for that subject. As we men

tioned above, it is possible that the method used to select

subjects for retest might have led to lower reliability than

if the retested sample had been more representative of the

whole sample. However,a lower levelofreliability will lead

to wider confidence limits for each subject's score, mak

ing it less likely that we will find effect magnitudes ofzero

or less that fall below the upper confidence limit. There

fore, our derived scores will give us a conservative measure

as to whether there are some subjects who still fail to show

one or more effects.

From this analysis, 6 ofour original 251 subjects failed

to show one of the four effects. The spans for phonologi

cally different words for these subjects were 3.0, 4.0, 4.7,

5.0,5.7, and 6.7. For 3 of these subjects, the missing ef

fect was word length with visual presentation. The other

3 subjects each failed to show one of each of the remain

ing effects. Thus, when taking into account confidence

limits and test-retest reliability, the number of subjects

failing to show effects dramatically decreases, and no sub

ject fails to show more than one of the effects. Neverthe

less, there were still 6 subjects from our sample ofosten

sibly neurologically intact individuals-some of whom

had relatively high span scores-who failed to show at

least one of the effects even when the reliability of the

measures is taken into account.

These results from an exploration of the test-retest

reliability for measures of short-term verbal memory

performance suggest that it would be useful to assess the

test- retest reliability of measures of normal cognitive per

formance before drawing conclusions from the group ag

gregate data. Nonetheless, the question remains as to why

the measures examined here should be so unreliable. One

possible response would be to attribute this to random error.

However, this too begs the question as to whether the re

searcher has simply failed to take into account relevant fac

tors that might have a systematic effect on the data. We

pointed to one such factor in Experiment 1 when we noted

that memory span accounted for at least some of the vari

ability.Other possible factors are strategy choice and possi

ble undetected brain damage. For example, in a previous

paper (Della Sala et aI., 1991), we have shown that strategy

choice can have a substantial influence on word length and

phonological similarity and that this influence is indepen

dent of the subject's span. The potential contribution ofthese

factors to the variability in our own data is addressed next.

ANALYSIS OF SUBJECT REPORTS

One major factor that could contribute to variability in

our data from Experiments 1 and 2 is the use of differing

strategies across our subject sample. With respect to the

effects under scrutiny, models of short-term verbal mem

ory are based on the assumption that subjects use verbal

rehearsal and phonological coding when attempting to re

tain the items. The appearance of phonological similarity
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and word-length effects even with visually presented words

is taken as evidence that the visually presented material is

translated into a phonological or articulatory-based code

(Conrad, 1964). However, if subjects attempted retention

by means of a semantic strategy or a visual mnemonic,

this would undermine all ofthe four standard verbal short

term memory effects. For example, subjects may use se

mantic associations between words in the list or visual

imagery for linking the words together, rather than relying

on verbal rehearsal. In this respect, it was interesting to

note that despite the dramatic influence ofspan on the ap

pearance or otherwise ofthe four effects in Experiment 1,

a small number ofour subjects with relatively normal spans

of around 6 items also failed to show one or more of the

standard effects. Of the 6 subjects failing to show effects

following our consideration of confidence limits in Ex

periment 2, the spans ranged from 3.0 to 6.7. In our previ

ous work (Della Sala et aI., 1991), we reported one normal

subject (Wo.) who persistently failed to show both phono

logical similarity and word-length effects with auditory

presentation, despite having a very high span of8.0, and de

spite extensive testing. When questioned about adopted

strategies, he reported using mnemonic techniques. On a

third test session, we specifically asked him to use sub

vocal rehearsal in the retention ofthe word sequences, and,

under these conditions, the effects were clearly present.

These previous observations together with the findings in

Experiments 1 and 2 led us to suspect that the unreliabil

ity in these measures could well reflect the use of differing

strategies by different subjects. They may also reflect dif

fering strategies by the same subject on different occasions,

or even for different trials within the same test session. We

tackled this issue by considering the reports from subjects

who took part in Experiments 1 and 2 about the strategies

that they adopted in attempting to perform the task.

A second issue in this analysis was the possible contri

bution from hitherto undetected brain damage. In studies

ofnormal subjects, it is generally assumed that subjects who

take part in experiments are genuinely drawn from the nor

mal, non-brain-damaged population. However, it is pos

sible that some subjects who volunteer to take part in such

experiments have in fact suffered some form ofmild brain

damage. Such subjects may not spontaneously report this,

and not every experimenter specifically asks about medical

history. In studies where subjects have been asked about

head injury, approximately 20% of students in secondary

or higher education reported having suffered an injury that

was sufficiently severe to cause a loss ofconsciousness for

a variable amount oftime (Crovitz, Hom, & Daniel, 1983;

Segalowitz & Brown, 1991). This is substantially higher

than the number of people who spontaneously seek med

ical advice (Carlson, 1986) orrequire hospitalization (Rich

ardson, 1990). These studies suggest that it would be worth

exploring further the incidence and the effects ofpossible

brain damage in our own data.

Reported Strategies
From our sample of 25 I subjects in Experiment I, 209

were interviewed about strategies they had used. Ofthese,

196 reported using one or more strategies. The remaining

13 subjects' reports included statements such as "I just

concentrated" or "I found the visually presented words eas

ier" without reporting a coherent strategy.

The classification scheme for the reported strategies and

the number of subjects from Experiment 1 reporting each

strategy are as follows: verbal rehearsal (55 subjects),

subjects reported repeating the words inside their heads or

repeated "parrot fashion"; chunking (30 subjects), sub

jects reported grouping items in twos or threes;first letter

(11 subjects), subjects reported remembering just the first

letter ofeach of the words rather than the whole word; se

mantic mnemonic (20 subjects), subjects reported forming

semantic associations between the words for recall; visual

mnemonic (14 subjects), subjects reported generating vi

sual images of the meanings of the words; mixed strategy

(66 subjects), subjects reported using varying combina

tions of the above strategies.

Influence of Strategy on Effect Magnitude

The effect magnitudes for each ofthe four effects were

entered into an ANOVA to examine the influence ofeach

of the reported strategies. The analysis revealed that there

was an overall difference in effect magnitude according

to the strategy adopted [F(5,190) = 5.509, P < .0001].

There was also an overall difference in the effect magni

tudes for each of the four effects [F(3,570) = 44.142, P <
.0001]. Reported strategy did not interact with effect type

[F(15,570) = l.331,p > .1]. Given the influence of span

on effect magnitude shown in Experiment 1, it is possible

that the influence of strategy could be entirely accounted

for by span. To assess this, we ran another ANOVA where

mean span over all list types was taken as a covariate. Even

when span was taken into account, there was still a sig

nificant influence ofreported strategy [F(5,189) = 2.825,

P < .02]. The mean magnitude effect sizes obtained for

each reported strategy are shown in Figure 4.

It is evident from Figure 4 that the largest effect sizes

were obtained from subjects who used verbal rehearsal or

rehearsal of"chunks." Newman-Keuls tests indicated that

the means for rehearsal and for chunking did not differ but

that both ofthese strategies differed (p < .01) from each of

the other reported strategies (first letter, semantic, visual,

or mixed). These other reported strategies did not signifi

cantly differ from one another.

These results indicate that the magnitude ofboth phono

logical similarity and word-length effects are heavily re

liant on the consistent use ofa verbal rehearsal strategy and

that this reliance is independent of the size of span. In this

respect, it is notable that only 85 of our subjects adopted a

consistent strategy ofusing some form ofverbal rehearsal.

Thus, the majority ofour sample reported using strategies

that do not necessarily rely on the use of short-term ver

bal memory. This provides a coherent account as to why

so many subjects failed to show one or more effects in Ex

periment 1.

It is also notable that around one fourth of our subject

sample (66 subjects) reported changing strategies within

the test session. For example, some subjects reported try-
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Figure 4. Magnitude of all verbal short-term memory effects as a function of subject-reported strategies.

ing to use some form of word association or visual mne

monic but then found that it did not work very well and

switched to verbal rehearsal. A few subjects reported that

they used verbal rehearsal for visually presented words but

that they used visual imagery for the auditorily presented

words. Several subjects reported switching from one strat

egy to another within trials and between trials as well as

between types oflist and presentation modalities. This ten

dency to swap strategies may provide an indication as to

why the effects are so unreliable. To test this, we examined

the consistency in reported strategies between the first

and second test session.

Ofthe 40 subjects retested, 7 in the effects-absent group

and 8 in the effects-present group reported using mixed

strategies on the first occasion. Only 7 subjects in total re

ported using the same strategy on the second session as

the one they had used on the first session, and 3 of these

were from the effects-absent group; 2 of these reported

using verbal rehearsal, and 1reported using a semantic strat

egy. From the effects-present group, 3 reported using ver

bal rehearsal, and 1 reported using a semantic strategy. A

further 2 subjects reported using a mixture ofstrategies on

both occasions. The remaining 31 subjects reported using

different strategies on the two test sessions. Among these,

8 did not report any strategy on one of the test sessions. It

appears then that a lack of consistency in strategy choice

could account in a large part for the lack of test-retest re

liability in the four effects.

We also examined the strategies of the 6 subjects who

failed to show effects even after test-retest reliability was

taken into account. Three ofthese subjects reported a mix

ture of strategies involving visual mnemonics, first letter,

or some form of word association. One subject reported

consistently using visual mnemonics. The remaining 2 sub-

jects reported using verbal rehearsal, and both failed to show

phonological similarity effects. However, 1 ofthe subjects

who failed to show the effect with auditory presentation had

a span of3 .00 for auditorily presented, phonologically dif

ferent words. The other subject failed to show the effect with

visual presentation and had a span of2.33 for visually pre

sented, phonologically different words. To summarize, the

subjects who reliably failed to show effects either were not

using subvocal rehearsal or had very low spans, and this

provides additional support for the conclusion that the ef

fects depend on either memory span or choice ofstrategy.

Possible "Undetected" Brain Damage
Variability among our subject sample might also have

arisen from possible brain damage in some of our osten

sibly "normal" subject group. From the posttest interview,

7 ofour 251 subjects reported aspects oftheir medical his

tory that could be associated with possible brain damage.

These included epilepsy, minor stroke, alcohol abuse, head

injury, and possible sequelae ofchicken pox encephalitis.

One way in which brain damage could affect performance

in the current context is in the form of poor verbal short

term memory capacity (Vallar & Shallice, 1990). On this

basis, we looked at the verbal span performance of these

7 subjects in relation to the distribution ofspan for the re

mainder ofthe subject sample. For this purpose, we chose

to examine span for auditory verbal short-term memory as

measured by scores for the auditorily presented, phono

logically different words. Mean span for the 244 subjects

who did not report possible brain damage was 5.45 items,

with a range of3.00-8.67 (SD = 1.03). Span for our 7 pos

sible brain-damaged subjects ranged from 2.33 to 5.67,

with a mean of4.00. Three ofthem had spans of3.67 or less,

which were in the bottom 5% of the distribution. Only 1
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of these subjects (Subject 236) reported having a "lousy

memory,"and he was 1ofthe 2 subjects who failed to show

three out of the four verbal short-term memory effects in

Experiment 1. As such, he appeared to present a pattern

similar to that found for verbal short-term memory patients.

Three ofthe subjects who reported that they might have

suffered from brain damage were included in the sample

for retest. All 3 subjects, when retested, showed clear ef

fects of phonological similarity and word length with both

presentation modes. This result mirrors the low test-retest

reliability found for the retested group as a whole and is

in contrast to the absence ofeffects found for these 3 sub

jects in Experiment 1.

The extent to which mild head injuries or other unre

ported potential causes of brain damage may affect cog

nitive performance has still to be determined (Richardson,

1990), although our own data are at least suggestive that

some of these subjects might exhibit patterns similar to

those described for single neuropsychological cases.

GENERAL DISCUSSION

Our broad intention in this paper was to explore a po

tential, largelyneglected problem in interpreting results de

rived from groups ofnormal subjects. Our arguments have

been directed primarily toward the implications for devel

oping models ofnormal cognition, using data derived from

both normal subjects and neuropsychological patients. The

arguments also have implications for clinical neuropsy

chology, but that has not been our focus here.

Wehave concentrated on the effects in immediate, serial,

oral recall of word sequences, of phonological similarity,

and of word length with auditory and visual presentation.

At least in the case of verbal short-term memory, it ap

pears that some ofour concerns were justified. A substan

tial minority ofapparently normal subjects failed to show

one or more ofthese effects that have been widely reported

and widely replicated with groups of normal subjects and

that have been used to interpret data from patients with

verbal short-term memory deficits. Moreover, individual

normal subjects appear to show an element of unreliabil

ity in the magnitude of the effects when tested on separate

occasions. Two factors that influence the size of these ef

fects appear to be memory span and reported strategy.

These findings have implications for the development

ofat least one model ofverbal short-term memory and for

the study of patients with verbal short-term memory def

icits. They also have wider implications for the interpre

tation of data from studies ofother aspects ofnormal cog

nition. We shall discuss each of these topics in turn.

One widely adopted model of verbal short-term mem

ory has been developed by Baddeley and his colleagues.

They have interpreted the effects of phonological similar

ity and word length in terms of a model of verbal short

term memory referred to as the phonological loop (e.g.,

Baddeley, 1992). The model comprises a passive phono

logical store and an active subvocal rehearsal process, and

these two components commonly act in concert. The

phonological similarity effect is thought to reflect mutual

interference among items in the passive phonological store,

the contents of which are prone to decay over time and to

disruption from concurrently or subsequently presented

material (Baddeley et al., 1984; Salame & Baddeley, 1982).

The word-length effect is seen as the signature of subvo

cal rehearsal, in that longer words take longer to rehearse,

and the system is limited by the amount of material that

can be rehearsed in around 2 sec (Baddeley et al., 1975;Ellis

& Hennelley, 1980). Subvocal rehearsal serves the addi

tional functions of refreshing the contents of the phono

logical store and translating visually presented verbal ma

terial into a phonological code. There is now a large body

of evidence in support of the model, some of which we

discussed in the introduction (see Baddeley, 1986, 1992;

Della Sala & Logie, 1993;Logie, 1995).

How might such a model account for the findings re

ported here? One approach is to consider the two major

determining factors that arose from our data-namely, ver

bal memory span and strategy. The phonological loop is

thought to playa key role in verbal memory span tasks,

with subvocal rehearsal serving to enhance performance.

One reason for believing this to be the case is that when

presentation of the material for recall is accompanied by

the subject's repeating aloud an irrelevant word (articula

tory suppression), then memory span is severely impaired

(Murray, 1968). Furthermore, articulatory suppression re

moves the effect of word length with auditory or visual

presentation and removes the effect ofphonological sim

ilarity when the material is presented visually (Baddeley

et al., 1984). Articulatory suppression is commonly inter

preted as a technique to suppress the use of subvocal re

hearsal. Thus, when subjects are prevented from using

subvocal rehearsal, their memory span is very low, and

they fail to show the effects under scrutiny in our experi

ments. One very plausible interpretation of our own re

sults would be that, should subjects simply fail to use sub

vocal rehearsal for oral serial recall tasks, this would have

an effect similar to that found when subvocal rehearsal is

suppressed. This interpretation fits well with our finding

that those subjects who reported consistently using a ver

bal rehearsal strategy produced the largest effects. Sub

jects who reported other strategies or a mixture of strate

gies showed smaller effects.The interpretation also fits with

our finding that subjects with very poor memory span were

less likely to show each of the effects. A further implica

tion of having a low span is that there is little variability in

the data, with performance close to floor. This leaves lit

tle room for the appearance ofeffects that are, in any case,

somewhat unreliable.

One possible criticism of our methodology is that we

have relied on one particular measure of span, and it may

be that this measure is peculiarly unreliable. There are in

deed alternative measures of span (e.g., Gregg, Freedman,

& Smith, 1989). However, as mentioned earlier, our cho

sen measure ofspan has been widely used in clinical and ed

ucational settings as a measure ofverbal short-term mem

ory capacity, as well as in experimental studies both with
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normal subjects and with neuropsychological patients.

Moreover, we have previously demonstrated similar find

ings with a smaller subject sample, but using a different

measure of span (Della Sala et aI., 1991).

A second possible criticism is that we have collected too

few data points per subject, with one data point for each

type oflist for recall. However, it is worth noting that each

span score is derived from performance on a series oftri

also Thus, for example, a span of 4.33 would involve the

subjects' being required to undertake 12 trials, with 3 tri

als at each list length from 2 items to 5 items. Thus, the

span is a measure that summarizes a number ofdata points

for each subject in each condition. In this sense, the span

measure serves a function that is very similar to the widely

adopted practice ofusing mean data to summarize subject

performance. Ofcourse, there is still no guarantee that in

creasing the number of data points per condition or per

subject would increase the reliability in any useful way.

This view stems from the observation that a large number

of subjects reported changing strategy within the testing

sessions (mixed-strategy group). If subjects change strate

gies from one occasion to another, they may well be using

different aspects of their cognitive architecture on each of

those occasions. Thus, a summary measure that incorpo

rated a larger sample of data would most likely be gener

ated from the use ofa larger range ofstrategies. Therefore,

it might provide a statistically more reliable measure, but

it would be a very poor indicator ofthe cognitive functions

underlying performance on the task.

Evidence for this argument comes from our previous

work on this topic (Della Sala et aI., 1991) described ear

lier, in which we gathered data on phonological similarity

and word length from 15 subjects using both visual and

auditory presentation. The appearance or absence of the

effects ofphonological similarity and word length was suc

cessfully manipulated by requiring the use of subvocal re

hearsal or by allowing subjects to choose an alternative

strategy. Moreover, as in the experiments reported here,

without specific instructions on strategy, subjects sponta

neously changed strategy from one occasion to another.

Therefore, had we taken a simple summary measure from

all ofthe testing sessions with these subjects, the measure

would not have provided a very accurate reflection of the

subjects' performance patterns.

A further issue arises from the observation in Experi

ment 1 that each of the four effects seemed to be differen

tially reliable. Nearly all ofthe subjects showed phonolog

ical similarity effects, especially with auditory presentation,

whereas a large number of subjects failed to show word

length effects. One possible view is that since articulatory

rehearsal is a control process that subjects may choose not

to employ, then the word-length effect may be vulnerable

to strategy choice. In contrast, the passive phonological

store may be less prone to such strategic effects, particu

larly with auditory presentation, since, in this case, there

is thought to be obligatory access to the store (Salame &

Baddeley, 1982). However, such an interpretation gains lit

tle support from our analysis ofeffect size as a function of

reported strategy. There was no interaction between these

variables; therefore, it is unclear whether the magnitude of

the word-length effect benefited from subvocal rehearsal

any more than did the magnitude of the phonological sim

ilarity effect.

A possible interpretation of our data is that the phono

logical loop model of short-term verbal memory is simply

wrong. Another possibility is that different subjects may

have different cognitive architectures, and these differences

are reflected in the differing patterns ofdata obtained. The

results from our analysis ofreported strategies and from our

previous work (Della Sala et aI., 1991) suggest an alter

native view that there is indeed a common organization for

human cognition and the phonological loop system is just

one ofa number ofpossible cognitive mechanisms, one or

more of which may be applied to oral verbal serial recall.

In other words, different subjects adopt different strategies

for performing verbal temporary retention tasks, and these

strategies mayor may not use the phonological loop. In

stead, such subjects may perform the task by using, for ex

ample, a visual short-term memory system, a lexical sys

tem, or a semantic system.

A related argument has been put forward by Wetherick

(1975, 1976; Wetherick & Alexander, 1977) who demon

strated that when items are drawn from a single semantic

category, immediate verbal recall is better than when items

are drawn from several different categories. That is, the se

mantic category could act as a cue for recall. An analogous

result was observed by Hulme et al. (1991) who reported

that memory span for familiar items is higher than it is for

unfamiliar items. Both these and other studies (e.g., Bou

rassa & Besner, 1994; Cowan, Wood, & Borne, 1994) are

persuasive that semantic and/or lexical information in long

term memory can contribute to performance on memory

span tasks.

It is interesting to note that, in each of these lines ofar

gument, verbal recall performance was measured on group

aggregate data and semantic information contributed sig

nificantly to the variance across the group as a whole. Never

theless, these data could be interpreted as suggesting that

most (or all) subjects took some advantage ofsemantic in

formation. Alternatively, they could suggest that some

subjects adopted a semantic strategy while other subjects

adopted other strategies, such as subvocal rehearsal. Which

of these interpretations is closer to reality could have a

profound effect on the kind ofmodel proposed to account

for task performance. For example, a model based on the

former interpretation might argue that subvocal rehearsal

has a very minor role in these tasks. A model based on the

latter interpretation would view subvocal rehearsal as one

component of a "constellation" of components (Morris,

1986) that can be employed strategically. Unfortunately, it

is not possible to determine which interpretation is correct

without taking into account the individual strategies adopted

by subjects in these tasks. Wetherick (1976, 1978) recog

nized that strategies during retrieval affected whether se

mantic information influenced recall performance. Our own

data support the second suggestion-namely, that some of

the subjects in these studies were using a semantically based

strategy some ofthe time but that other subjects were using
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verbal rehearsal or other strategies. That is, long-term mem

ory could make a contribution to memory span to a much

greater extent in some subjects than in others, depending

on which strategy they adopt or which components oftheir

cognitive architecture are employed. Moreover, it is not pos

sible to glean from memory span alone which aspects of

cognitive architecture are being used. For example, it is pos

sible for the span scores obtained to fall on a normal dis

tribution, with no evidence ofbimodality and yet for scores

from different subjects to be derived from different un

derlying cognitive processes. We can glean more from the

appearance or absence of specific phenomena associated

with span such as the effects studied here. However, even

here, it seems crucial to assess the reliability of the effects

across individuals and within the same individuals across

time. Thus, studies that fail to take account of individual

differences in the strategies adopted may be presenting a

misleading picture of the nature of the cognitive architec

ture responsible for task performance.

Of course, we have to rely on subject reports as to the

strategy adopted. However, we obtained a systematic ef

fect ofthe reported strategy, and our findings are unlikely

to have reflected simply the ease with which the subjects

could accurately report their strategies in retrospect (Erics

son & Simon, 1980, 1984).

We would argue that the phonological loop survives in

tact as a useful model of verbal short-term memory, al

though it does not necessarily provide an entirely adequate

account of performance on oral verbal serial recall tasks.

What about the status ofneuropsychological data as a source

ofevidence for the characteristics of the model? Ifthe use

of the phonological loop is dependent on one particular

strategy that normal subjects mayor may not adopt, there

is no guarantee that a failure to use subvocal rehearsal re

flects impairment of the phonological loop. By the same

token, there is no guarantee that a lack of the effects of

phonological similarity and word length reflect damage to

verbal short-term memory. It is true to say that patients

with damage to their verbal short-term memory system

might tend to avoid using such a system or be unable to

use it, but we cannot tell if this is the case solely by look

ing at their facility with words differing in phonological

similarity and word length. Neither would it be sufficient

to demonstrate that patients with verbal short-term mem

ory impairments reliably failed to show these effects, since

it is possible that they may reliably use a strategy that does

not rely on subvocal rehearsal.

Patients may, ofcourse, choose to use such a strategy be

cause the phonological loop system is damaged, or they may

choose an alternative strategy regardless of any damage.

Thus, we cannot tell ifthe data pattern reflects an attempt to

use a strategy that relies on a damaged system, or if it reflects

the operation of an alternative part of the cognitive system

that is not optimal for oral serial verbal recall tasks.

One way forward in using the neuropsychological data to

develop a theory of verbal short-term memory might be to

ask patients to use subvocal rehearsal and then examine

whether this instruction results in the appearance ofthe ver

bal memory effects. Vallar and Baddeley (1984) tested ar-

ticulatory rehearsal in their short-term verbal memory pa

tient PV and found that her articulation was relatively nor

mal. They also found that articulatory suppression had no

effect on PV's verbal memory span and concluded that sub

vocal rehearsal was possible for PV but that she gained lit

tle benefit from it in verbal short-term memory tasks. How

ever, Vallar and Baddeley did not conduct the crucial test of

asking PV to use subvocal rehearsal as a strategy on the

grounds that it might affect her performance on subsequent

testing sessions. Given the rarity of relatively pure verbal

short-term memory patients, this is a sensible precaution. In

other words, the patient might have adopted a strategy that

could undermine the data pattern thought to reflect the dam

age to her cognitive system and, hence, make her data less

useful for theory development. For this very reason, it

might be highly beneficial to explore which strategies pa

tients adopt spontaneously in the light of their damage and

perhaps systematically to explore the extent to which in

structions to use particular strategies affect the data pattern

obtained. Any researcher clearly would have to bear in mind

the possible impact ofsuch procedures on future testing ses

sions with the same patients. However, it is also possible

that the patients might spontaneously change their strate

gies from one occasion to another, and a systematic inves

tigation ofstrategy use in patients could be highly informa

tive for both theory development and rehabilitation.

The issue of strategy choice has wider implications for

studies ofhuman cognition other than those on verbal tem

porary memory. Much ofexperimental cognitive psychol

ogy rests on the assumption ofa common cognitive archi

tecture, and this is an assumption that we have adopted in

our discussion thus far. Notably, research on human cogni

tion also rests on a second, related assumption-that, given

a common cognitive architecture, most, ifnot all, subjects

will use the same components of that architecture to per

form the same task. Given that researchers rarely report

individual anomalies in their group results, we have no

way ofknowing how many other well-established and well

replicated phenomena have similar (or even more extreme)

patterns ofvariability when tested on more than one occa

sion with the same subjects or with a wider range of sub

jects. Theory development that does not incorporate such

tests ofgenerality may lead to theories that have very lim

ited utility. One paper that cogently illustrates this point was

concerned with the topic of children's arithmetic (Siegler,

1987). Siegler points to the "perils of averaging over

strategies." In his study ofchildren's addition, he noted that

when taking group average data, he successfully replicated

results reported by other researchers. However, on closer

examination, he discovered considerable individual vari

ability in the strategies adopted by different children, sug

gesting that the group effect was largely a statistical arti

fact. Therefore, basing a theory of children's addition on

the average data was very misleading.

A further, general point stems from the low test-retest

reliability found in our own data. One response to this find

ing would be to suggest that most researchers use a range

of tests to provide converging evidence for a particular in

terpretation. This is not always the case in studies of normal
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subjects, although, as we have discussed, this is common

practice with single case studies ofpatients. However, we

have already pointed to one difficulty with this interpre

tation-namely, that subjects may adopt different strate

gies for a given test conducted on different occasions. By the

same argument, subjects could adopt different strategies

for each ofa range oftests on different occasions. Thus, the

test-retest reliability of a battery of tests may not be any

better than the test-retest reliability ofeach ofthe tests in

dividually. Unless the test-retest reliability ofeach test and

of the test battery is measured explicitly, the argument that

equivocal data converge remains an untested assumption.

A record ofreported strategies might add greatly to the con

fidence placed in the interpretation of the data obtained.

Subjective reports of strategy choice may, of course, not al

ways be informative, and their utility will depend on the na

ture of the task. It is a truism to say that subjects are not al

ways aware ofhow they perform a task (Ericsson & Simon,

1984; Nisbett & Wilson, 1977; Pylyshyn, 1973). However,

if the test-retest reliability ofa test proves to be very low,

this might indicate the differential use of strategies by sub

jects on different occasions, even if subjects are unable to

report their strategies adequately. Thus, test- retest relia

bility measures may be highly informative but are rarely

collected or reported. This is true in studies ofnormal sub

jects and in studies of neuropsychological patients. In the

case ofthe latter, the argument applies to the collection of

data for development of theories of cognition and to stud

ies conducted for clinical purposes.

In sum, we have attempted to contribute to studies ofver

bal short-term memory by providing some new insight into

the characteristics ofsome widely reported short-term mem

ory phenomena. It appears that the test-retest reliability is

rather poor for these phenomena, and their extent is deter

mined both by memory span and by strategy choice. It ap

pears also that several different components ofcognitive ar

chitecture contribute to performance in verbal short-term

storage tasks, not all ofwhich could be considered as part of

a verbal short-term memory system. Whether the researcher

is interested in a model of short-term verbal memory or a

model of how subjects perform verbal short-term storage

tasks, it would appear essential to consider both the range of

memory span and the range ofstrategy choice among the ex

perimental participants at all stages ofdata collection. Also,

we have argued that these findings have implications for the

generality ofconclusions drawn from studies ofnormal sub

ject groups and for the use ofneuropsychological data in de

veloping theories of cognition (for related discussions, see

Caramazza, 1986, 1990,and Cohen, 1994).In this respect, the

rather neglected data sources of test-retest reliability, of in

tersubject reliability, and of reported strategy choice could

be highly informative routine, rather than periodic additions

to the toolkit wielded by researchers in human cognition.
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