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Abstract

This study examined the case of a brain-damaged patient, I.R., who exhibits the pattern of performance typical of

persons with a selective short-term memory deficit. Part 1 reveals a dissociation in performance between impaired short-

term memory and preserved long-term memory. Part 2 examines an alternative explanation of I.R.�s performance under
a processing view of memory that rejects the notion of dual stores. The results indicate that the patient�s performance on
immediate serial recall of short lists was influenced by the semantic properties of items. In contrast, the patient did not

use phonological properties. A similar pattern was found in supraspan tasks, in which I.R. demonstrated excellent recall

of lexico-semantic material, but impaired memory for phonological information. These data suggest that there is a

disruption of memory for phonological features with preserved memory for lexico-semantic features, irrespective of the

short-term/long-term memory distinction.
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One classic characteristic of memory research in-

volves the interplay between a temporary memory sys-

tem (short-term memory or working memory) and a

long-term memory system. A widespread theoretical

position claims that these two systems occupy different

locations in the brain and cognitive architecture and as a

result are independent (Baddeley, 1986; Baddeley &

Hitch, 1974; Shallice, 1988; Shallice & Warrington,

1970). One of the most compelling arguments in support

of the existence of two different stores is provided by

studies of patients with brain damage. In neuropsy-

chology, the observation of a double-dissociation be-

tween different cognitive systems supports the notion

that the systems are distinct and independent. A double-

dissociation refers to the finding that two patients ex-

hibit the opposite pattern of performance on sets of

tasks purported to measure two different processes. Such

a double-dissociation has been reported with regard to

short-term and long-term memory. For example, fol-

lowing brain damage to the hippocampal formation,

amnesic patients exhibit severe deficits on tasks reflect-

ing long-term memory but show intact performance on

tasks that measure short-term memory. The second as-

pect of the double-dissociation is provided in a de-

scription of patients with brain damage who exhibited a

selective impairment in short-term memory tasks with

intact performance on long-term memory tasks (Basso,

Spinnler, Vallar, & Zanobio, 1982; Warrington &

Shallice, 1969; Warrington, Logue, & Pratt, 1971). This

double-dissociation was used to support the dual-store

model because it suggests that the two forms of memory

are differentially affected by a lesion.
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However, there are memory models that challenge

the independence of short and long-term memory. These

models are based on the premise that memory results

from reinstantiation of information processing. This

processing approach (or proceduralist approach,

Crowder, 1993) proposes that storage and processing

reside in the same neural units and that there are no

separate stores into which information is placed for

immediate or long-term retention (Allport, 1985; Cantor

& Engle, 1993; Craik & Lockhart, 1972; Crowder, 1989,

1993; Foster & Jelicic, 1999; McLelland, 1994; McLel-

land & Rumelhart, 1985; McLelland, Naughton, &

O�Reilly, 1995; Squire, 1987). In Crowder�s words, there
is no such thing as �pure memory.� Experience is thought
to result in long-term changes in the nature of the units

involved in the original experience.

According to the processing view, memory systems

are defined as ‘‘different ensembles of information

processing units—different codes—not different organi-

zational or operational rules.’’ (Crowder, 1993, p. 145,

para 3). Codes refer to aspects of the world that are

processed by specialized information processing sys-

tems. The visual, phonological or semantic properties

of a word are examples of different codes processed by

information processing units. Even if there were con-

siderable overlap in the memory processes or codes

involved in particular tasks, different tasks would vary

according to the codes that they require for successful

completion. Thus, the fundamental distinction between

classic short-term memory tasks and long-term memory

tasks can be accounted for by their requirement for a

different combination of codes. There is indeed a fun-

damental gap between tasks and processes, and even

�pure tasks� are a mere approximation of the underlying
putative processes. Aside from differing with respect to

time scale, short-term and long-term memory tasks also

contrast on a number of other dimensions. In this

context, one can postulate that the phonological code

is more involved than other codes in verbal short-term

memory tasks due to their particular nature (e.g., recall

is usually serial and follows a short delay) whereas

the semantic code is more useful than other codes in

long-term memory tasks (e.g., recall is usually not se-

rial and follows long delays). Thus, under this model, it

is unnecessary to postulate the existence of different

stores.

The process approach to memory has received some

neuropsychological support from the discovery of a re-

lation between impairment in short-term memory and

language processing systems. Research has shown that

aphasic patients can be sensitive to either the phono-

logical or semantic characteristics of items when per-

forming short-term memory tasks (Martin & Saffran,

1997; Martin, Shelton, & Yaffee, 1994; Saffran, 1990).

Furthermore, this short-term memory pattern parallels

the pattern patients exhibit in language processing tasks

(Martin & Saffran, 1997; Martin et al., 1994). These data

support models in which information activates various

representational levels until a response is required (Dell

& O�Seaghdha, 1992; Monsell, 1987). These representa-
tions are thought to be activated on different time

courses. Hence, in repetition tasks phonological repre-

sentations would be activated first, which accounts for

their greater impact on recall with a short delay (Martin

& Saffran, 1997).

Unfortunately, the process account has not been

tested with patients with a so-called �pure short-term
memory deficit.� This is a crucial test for the process
hypothesis for several reasons. First, patients with �pure
short-term memory deficits� are typically thought to
have intact language capacities. This is in contrast to the

patients reported above, all of whom are aphasic and

may suffer from an association of symptoms that is due

simply to the presence of a lesion that encompasses both

the area involved in language processing and the one

involved in short-term memory. A process view suggests

that language should be slightly impaired in patients

with a �pure short-term memory deficit.� Indeed, Allport
(1983) has observed that patients with �pure short-term
memory deficits� have subtle language deficits that are
left undetected using the standard procedures. He pro-

posed that patients with an impairment of the phono-

logical processing system experience a deficit in

performance on short-term memory tasks because these

tasks are very demanding at the phonological level.

A second major issue is that there are few published

data addressing the parallel between short-term and

long-term memory. Thus, it is unknown whether the

dichotomy between phonological and semantic codes is

also observed in long-term memory tasks. Reports of

patients with selective short-term memory impairment

represent key evidence for the dual-store approach and

pose a challenge to theorists who favor process models

of memory. Thus, in light of the different memory

models, it is essential to test these patients.

The goal of this work is to provide such data. Within

a process framework, selective short-term memory im-

pairment documented in neurological patients may be

accounted for by an impairment of the processing sys-

tem rather than impairment of a store. The most prob-

able candidate is the phonological processing system, as

classical short-term memory tasks rely heavily on a

phonological code. Thus, brain damage could affect the

phonological code in relative isolation. The interaction

between the task demands on one hand, and the prop-

erties of the damaged system on the other hand, would

yield an apparent selective short-term memory deficit.

The phonological code would decay rapidly, whereas the

semantic code would be more durable (Martin &

Romani, 1994). Thus, even if short-term memory pa-

tients� phonological codes were to fade very rapidly, they
could quickly access semantic codes (see also Just &
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Carpenter, 1992). If lexico-semantic codes are intact in

these patients, they could be used in short-term or long-

term memory tasks. If this view is correct, brain damage

leading to an isolated short-term memory deficit would

spare most, but not all, of long-term memory, as pho-

nological memory would be impaired. Moreover, such

damage would spare lexico-semantic effects in short-

term memory, but would impair phonological effects in

span tasks.

The present study reports the case of a patient, I.R.,

who shows the typical ‘‘selective short-term memory

deficit’’ pattern of performance. It is proposed that the

patient�s pattern of memory performance is better ac-
counted for within a process account than a dual-store

approach to memory. In Part 1 of this study, we examine

I.R.�s pattern of performance on typical short- and long-
term memory tasks. This was conducted to establish that

I.R.�s profile is comparable to other individuals with so-
called �pure short-term memory� deficits. In Part 2, we
compare the effect of phono-articulatory and lexico-se-

mantic factors on short-term memory and long-term

memory tasks in a series of eight experiments. The

findings revealed that I.R. uses lexico-semantic infor-

mation—but not phono-articulatory information—to a

normal extent, irrespective of task type.

Case report

I.R. is a 39-year-old woman whom we have studied

extensively over the last six years. I.R. has 10 years of

education and is right-handed. I.R.�s brain lesion is
consecutive to the rupture in 1984 of a giant aneurysm

located on the left middle cerebral artery and to a sub-

sequent intervention on an aneurysm located on the

right middle cerebral artery in 1985. The extent of I.R.�s
lesion has been described previously (Patel, Peretz,

Tramo, & Labrecque, 1998). Due to the presence of

ferrous clips, an MRI scan of I.R.�s brain was not rec-
ommended. Therefore, to localize I.R.�s lesion more
precisely, a second CT scan was performed recently us-

ing a high-resolution spiral sequence producing 1.5mm

slices (see also Griffiths et al., 2000). Most of the supe-

rior temporal gyrus (STG) in the left hemisphere is in-

farcted. Heschl�s gyrus was completely destroyed, along
with the anterior portion of the planum temporale (PT).

However, the most posterior portion of the PT appears

to be spared. The lesion in the temporal lobe extends

inferiorly into the middle temporal gyrus and superiorly

into the supramarginal gyrus. The damage extends an-

teriorly into the pre- and post-central gyrii, also de-

stroying the posterior half of the insula. There does not

appear to be any damage to the inferior temporal gyrus

or to the medial temporal lobe structures, such as the

parahippocampal gyrus, hippocampus, or the amygdala.

In the right hemisphere, any damage to the temporal

lobe appears to be confined to the most anterior and

superior portion of the STG near the pole. The anterior

portion of the insula is infarcted, and the lesion en-

croaches medially into a small portion of the putamen.

There is also a large frontal lobe lesion including most of

the precentral and inferior frontal gyrii, as well as the

white matter underlying them. Damage also encroached

on small regions of the lateral orbital frontal and middle

frontal gyrii.

I.R. underwent detailed examinations in speech pa-

thology and neuropsychology. She showed normal au-

diometry. In terms of language, she is fluent at a

conversational level (see Peretz, Belleville, & Fontaine,

1997 for language assessment). Her spontaneous lan-

guage contains neither phonemic, lexical or semantic

anomalies in spontaneous conversations. She has mod-

erate articulatory disorders and a bucco-facial apraxia.

A standardized language assessment was conducted

using the Token Test (De Renzi & Faglioni, 1978),

French-adapted subtests of the Boston Diagnostic

Aphasic Examination (Goodglass & Kaplan, 1972) and

the Montr�eeal-Toulouse 86b (B�eeland & Lecours, 1990).

As shown in Table 1, the results were normal on the

majority of the standardized tests. The only anomalies

detected were a minor dysgraphia and difficulty repeat-

ing long sentences.

Additional linguistic tasks were used (Table 1,

B�eeland, Bois, & Seron, 1999; Peretz et al., 1997). I.R.

had no difficulty recognizing auditorily presented words

in a lexical decision paradigm. She scored perfectly on a

picture-to-auditory-word matching task. Repetition and

reading aloud of phonologically simple and complex

words was normal. I.R. showed no difficulty in same–

different judgment of auditorily presented words and

syllables. She was able to derive phonology from word

reading, as demonstrated by normal results in a visual

rhyme judgment test (e.g., ROYAUME—FANTÔOME)

and a visual homophony judgment task (e.g., PAIN—

PIN; Belleville et al., 1992). Her performance on a pic-

ture-to-written word matching task was in the normal

range. I.R.�s reading, repetition and rhyme judgment
were also assessed using non-words, as these stimuli do

not allow for the use of lexical and or semantic capaci-

ties (see Table 1). Repetition and reading of 30 non-

words varying in phonological complexity and length

was tested (B�eeland et al., 1999). In both conditions,
I.R.�s responses were tape recorded and scored by an
experienced linguist naive with respect to the goal of the

study. The rhyme judgment task involved the visual

presentation of 32 pairs of bisyllabic non-words, half of

which rhymed and half of which did not. Reading of

non-words was normal. However, I.R. performed below

controls in the repetition and rhyme judgment of non-

words. Thus, I.R. exhibited a slight impairment of

phonological processing of items that are devoid of

lexico-semantic information.
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An examination of cognitive functions (Table 2) in-

dicated a fairly normal mental status. I.R. has a normal

I.Q. (global¼ 94; verbal¼ 98; performance¼ 95) and a
memory quotient compatible with her intellectual ca-

pabilities (MQ¼ 99). However, a remarkable aspect of
her performance was a very low score on the ‘‘digit’’ and

‘‘arithmetic’’ sub-tests, which may be related to a short-

term memory impairment. Consistent with this obser-

vation, one of I.R.�s major complaints was an inability
to repeat long words and sentences, as well as problems

organizing her ideas when there were many things to

process simultaneously. Again, this is compatible with a

Table 1

I.R.�s results on tests of language

I.R. Maximum possible

or (cut-off score)

Auditory comprehension

Word discrimination 5 5

Token test 56 62

Verbal command

Complex sentences 24 26

Image naming

Nouns, verbs 31 (30)

Animals 24 (15)

Oral reading

Words 29 30

Sentences 3 3

Written comprehension

Word–image matching 5 5

Sentences, paragraphs 8 8

Repetition

Words 28 (24)

Well-formed sentences 6 8

Anomalous sentences 2 8a

Paraphasia

N�eeologism 0 0

Verbal 0 0

Literal 0 0

Automatic language

Automatic sequences 8 8

Writing

Mechanic 3 3

Image written naming 9 12

Spelling 6 10

Sentence dictation 1 3a

Lexico-phonological processing

Auditory lexical decision 77/80

Word-to-picture matching task 95/95

Word repetition 66/66

Word reading 63/66 (Controls: 63–66)

Auditory word matching 36/36

Auditory non-sense syllable matching 38/40

Visual word rhyme judgment 23/24

Visual word homophony judgment 10/10

Oral–written non-word matching 30/30

Non-word repetition 24/30a (Controls: 28–30)

Non-word reading 29/30 (Controls: 28–30)

Non-word rhyme judgment 24/32a (Controls: 31–32)

a Indicates that I.R. is impaired.
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short-term memory disorder. Visuo-perceptual process-

ing was normal. I.R. showed no constructive or gestural

apraxia. Finally, executive functions were intact in spite

of a general slowing on both the Trail A ð101000Þ and
Trail B ð104600Þ. I.R.�s performance on the Tower of
London and ‘‘Wisconsin card sorting test’’ were normal.

I.R. showed severe difficulties with music (Griffiths

et al., 2000; Patel et al., 1998; Peretz & Gagnon, 1999;

Peretz et al., 1997; Peretz, Gagnon, & Bouchard, 1998a).

I.R.�s major symptom of a musical deficit consists of an
inability to sing and a severe recognition impairment for

musical stimuli with which she was previously familiar

(Peretz & Gagnon, 1999; Peretz et al., 1997). In contrast

to her severe deficit in identifying music, I.R. is able to

recognize the emotional tone (Peretz & Gagnon, 1999),

the mode (minor and major) and the tempo (slow vs.

fast) of music (Peretz, Lussier, & B�eeland, 1998b).
After a period of withdrawal, I.R. experiencedmarked

improvements in her psychosocial adjustment toher brain

damage. She now lives an autonomous and active life: she

drives her car, takes care of her house andher family and is

involved in a large number of social activities. Since 1993,

I.R. has performed in the theater. She also became in-

volved in volunteer activities in her son�s school, in par-
ticular with the Newsletters, for which she wrote many

articles and poems (Peretz et al., 1997). Nevertheless, her

condition did not allow her to return to a normal pro-

fessional occupation. I.R.�s memory was tested between
1995 and early 1999. No modification in her performance

level was noted during this period.

I.R.�s performance was compared to that of four
neurologically intact control subjects matched with her

according to age, sex, and education (mean age¼ 42.8;
mean education¼ 13.2 years). The same four control
subjects were tested with all tasks and over a comparable

time period. This study complied with APA ethical

principles.

Part 1: The short-term memory/long-term memory dis-

tinction

Results from the clinical assessment suggested that

I.R. displayed the pattern of performance typical of

persons with an isolated short-term memory deficit. She

failed tests that were sensitive to short-term memory

deficits and her complaints were indicative of an im-

pairment at this level. In contrast, I.R. does not have

any particular long-term memory problems in her daily

life. She remembers the names and identities of the dif-

ferent clinicians and examiners that she meets, has ex-

cellent prospective memory as she never misses

appointments, and easily learns new roads and proce-

dures. In addition, I.R.�s performance on the verbal and
non-verbal long-term memory subtests of the Wechsler

memory scale is in the normal range. The first part of

this paper was designed to confirm this clinical impres-

sion with laboratory tests typically used to measure

short-term memory (span for various material, Experi-

ment 1) and long-term memory (free recall and cued

recall, Experiment 2).

Experiment 1: Short-term memory span

To verify and delineate I.R.�s short-term memory

impairment, we assessed the patient�s span with verbal
material presented in the auditory and visual modalities.

To assess whether I.R.�s reduced span was limited to
verbal material or encompassed retention of non-verbal

information, she was also tested with three visuo-spatial

span tasks.

Table 2

Examination of cognitive functions

Visuo-spatial perception

Benton judgment of line orientation 21/30

Benton visual discrimination test 28/30

Benton facial recognition test 43 (cut-off score¼ 41)
Hooper test 28/30

Ideo-motor praxia Normal

Construction praxia (Rey figure) Normal

Frontal task

Tower of London Normal

Trail A 101000

Trail B 104600

Wisconsin card sorting task Normal

Music perception Impaired

Songs 0a

Memory

Memory Quotient, MQ 99

(Wechsler memory scale)

Information 5 (normal¼ 5.8)
Orientation 5 (normal¼ 4.9)
Mental control 2 (normal¼ 7.2)a
Memory passages 13 (normal¼ 10.4)
Digits total 6 (normal¼ 10.5)a
Visual reproduction 13.5 (normal¼ 11.5)
Associate learning 21 (normal¼ 17.7)

Intellectual functioning

Intelligence quotient, IQ 94

Information 8

Comprehension 14

Digits 4a

Arithmetic 8

Similarities 14

Picture arrangement 8

Picture completion 10

Block design 7

Object assembly 12

Digit symbol 10

a Indicates that I.R. is impaired.
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Materials and procedure

The general method consisted of presenting se-

quences of items, commencing with two items and in-

creasing the length of the sequences by one item every

four trials. Subjects were required to recall each se-

quence in order immediately after presentation. A se-

quence was judged as correct if all of the items

comprising it were reported in their correct order.

Testing was interrupted when the subject was unable to

report at least 50% of the sequences at a given length.

Span corresponded to the longest sequence for which

recall was correct on 50% of the trials or greater. These

tasks were taken from the computerized Côote-des-Nei-

ges memory battery (Belleville et al., 1992b; Chatelois

et al., 1993).

Verbal material. Verbal span was measured with

digits, words, and letters presented either auditorily or

visually. In the auditory modality, the items were pre-

sented at a rate of one item per second by the examiner

and the response was oral. In the visual modality, the

items were presented at a rate of one item every two

seconds on a computer screen. Word span was measured

with nine monosyllabic, concrete, and frequent (Baudot,

1992) words (pain, jupe, sac, tuile, chien, corde, fleur,

jambe, gare; in english, bread, skirt, bag, tile, dog, rope,

flower, leg, and train station). The stimuli used in the

letter span task were nine monosyllabic and non-rhym-

ing consonants (F, J, H, K, R, M, and L). In the digit

span conditions, the procedure was the same as that

used above with the exception of the visual modality, in

which subjects responded by pointing the presented

digits in a 3 by 3 array.

Visuo-spatial span. Visuo-spatial spans were measured

with a location task and with faces. In the location span

task, sixteen squares were distributed randomly on a

white screen of a Macintosh Quadra. Each square was

white with a black contour and measured 18mm�
18mm. In a sequential condition, a random series of

squares was darkened sequentially at the rate of one item

per second. The subject was asked to point to the squares

that had been shown in the same order. In a second con-

dition (pattern location span), the squares were darkened

simultaneously and the subject�s task was to point to all
the squares that had been darkened in any order. The

stimulus set used to measure face span consisted of six

black-and-white pictures of male faces taken on the same

background, and under identical luminance conditions

and angle (three-quarter) and presented on a Macintosh

Quadra with a high-resolution screen. After the presen-

tation, subjects were presented the complete set of faces

and required to indicate, in the proper order, those that

had been presented.

Results and comments

Table 3 indicates the span performance of I.R. and

the corresponding range obtained in the matched con-

trols for the different span tasks used in the first exper-

iment. The span sizes obtained by the control subjects

were within the range of those reported in the literature

for normal subjects (Cavanagh, 1972). In contrast, I.R.

exhibited a severe span reduction for stimuli that can be

encoded verbally. Her span was well below the normal

range for digits, consonants, and words. Furthermore,

her verbal span deficit was equivalent whether she was

tested in the visual or auditory modality. In contrast,

there was no span impairment when non-verbal visuo-

spatial material was used.

Experiment 2: Long-term memory, free and cued recall

I.R.�s long-term memory for verbal material was

tested in a condition where she was asked to memorize

and recall words without the provision of particular

instructions. In a second condition, I.R. was oriented at

encoding toward the semantic properties of the words.

Materials and procedure

Two 15-word lists were created, one to be used in

each condition (Belleville et al., 1992b; Chatelois et al.,

1993). Each word in a list belonged to a different taxo-

nomic category. The same 15 taxonomic categories were

used in each list. The words in the two lists were mat-

ched according to their frequency of occurrence and

typicality. They were not among the three most typical

words in each category to prevent correct recall by mere

guessing in the cueing part of the task. The 15 words

were shown in a matrix on the screen of a Macintosh

computer. In the no orientation condition, the examiner

read aloud each word from the list and the subject was

asked to find and memorize it. The location of the whole

Table 3

Short-term memory span for (a) verbal material and; (b) non-

verbal material

I.R. Controls

(range)

(a) Verbal material

Auditory modality

Digits 3a 6–8

Words 3a 4–5

Letters 2a 5

Visual modality

Digits 4a 5–8

Words 3a 4–5

Letters 2a 4–5

(b) Non-verbal material

Faces 4 3–4

Location sequential 4 4–6

Location simultaneous 6 5–8

a Indicates that I.R. is out of the range of matched controls.
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set of words in the matrix was changed on each occasion

so that location was not used to facilitate recall. After

the list was encoded, a 60-s counting backward period

was used. This was followed by a free recall period. In

the semantic condition, the examiner oriented encoding

toward the semantic properties of the items by asking

subjects to indicate the word that corresponded to a

given taxonomic category (for example, �show me the

means of transportation�). After counting backwards,
the subject was asked to engage in free recall of the

words and the taxonomic category was presented as a

retrieval cue for omitted items.

Results and comments

The results are shown in Table 4. Normal subjects

made use of semantic orientation at encoding since they

were better in the semantic orientation than the no-ori-

entation condition. Recall also improved when subjects

were given a semantic cue. I.R.�s results were compara-
ble both quantitatively and qualitatively to those of

normal controls.

Discussion

I.R.�s pattern of performance was comparable to that
of patients with selective impairment of verbal short-

term memory. I.R.�s span was reduced to about three
items on tests of immediate serial recall of verbalizable

items. This reduction was found regardless of whether

the stimuli were presented auditorily or visually, and

both with pointing and an oral response. In contrast,

I.R. did not exhibit any deficit when memorizing visuo-

spatial items that did not lend themselves to phonolog-

ical recoding. I.R.�s long-term memory for supraspan

lists of words was normal when she was tested in con-

ditions of free or cued recall and regardless of whether

she was provided with cues at encoding. At first glance,

I.R.�s memory deficit appears to consist of selective
impairment on tasks that are classically used to assess

verbal short-term memory. Although tasks are different

due to differences in language and time period, this

particular combination, impaired short-term memory

with normal long-term memory performance, matches

the pattern observed in classic cases in the literature

(Basso et al., 1982; Warrington & Shallice, 1969; War-

rington et al., 1971).

Part 2: Assessment of semantic and phonological codes

The goal of Part 2 was to assess whether I.R.�s per-
formance can be accounted for by a processing view of

memory. If this is the case, a general disruption of

phonological memory with preserved lexico-semantic

memory (regardless of the short- or long-term memory

distinction) should be observed. To test this hypothesis,

we assessed whether I.R. could make use of phonolog-

ical information in both short-term and long-term

memory tasks. Furthermore, we determined whether she

made use of semantic information when tested on either

short or long-term memory tasks. Specifically, our study

crossed code (semantic vs. phonological) with task

(short vs. long-term memory tasks). If I.R.�s deficit re-
sides at the level of an independent short-term memory

store, the dissociation should not cross stores: she

should perform at a normal level when learning pho-

nological information in a classical long-term memory

paradigm. On the other hand, if I.R.�s apparent short-
term memory deficit is in fact due to the defective use of

a phonological code, she should be impaired on tasks

that involve the long-term learning of phonologically

based information, but should perform normally on

long-term memory tasks that rely on lexico-semantic

properties of words. A similar pattern should be found

in classical short-term memory tasks, in which she

should be sensitive to the semantic but not to the pho-

nological properties of words although the latter pre-

dominates in normal brains.

Experiment 3: Effect of phono-articulatory parameters on

immediate serial recall

Immediate serial recall is largely determined in nor-

mal subjects by the articulatory and phonological

properties of items. Span is typically better for short

than long words and for phonologically dissimilar than

similar items. The latter effect is related to the fact that

as items of a series share many phonological features,

there will be fewer features among which to distinguish

at recall (Nairne, 1990; Schweickert, 1993). The word-

length effect has been explained by the fact that longer

items take more time to rehearse and are thus more

susceptible to degradation (Baddeley, 1986; Baddeley &

Andrade, 1994; Baddeley, Thomson, & Buchanan, 1975;

Schweickert, 1993; but see Caplan & Waters, 1994 and

Cowan et al., 1992 for alternative accounts).

In Experiment 3, the effect of phonological and ar-

ticulatory parameters on I.R.�s immediate serial recall
was investigated. In this as well as the following exper-

Table 4

Performance on list-learning with no cues and with semantic

cues at encoding only and at encoding and retrieval

I.R. Controls

(mean and range)

No cues

Free recall 6 7.8 (5–10)

Semantic cues

Free recall 11 10.8 (10–12)

Cued recall + free recall 15 13.5 (11–15)
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iments, subjects were tested with series for which the

length was individually adapted to span capacities. This

procedure is required when one is interested in com-

paring the effect of a particular variable (for example,

phonological similarity or concreteness) in normal sub-

jects and span-reduced subjects. Using series of fixed

length would yield either floor effects in I.R. (if using

long sequences) or ceiling effects in controls (if using

short sequences). Furthermore, the classical span pro-

cedure is not very sensitive because the first trials in a

span procedure are very simple. Testing the effects of

experimental variables at each subject�s span capacity
allows for the control of these factors. This procedure

has been used frequently in other studies (Belleville,

Peretz, & Arguin, 1992a; Belleville, Rouleau, & Caza,

1998; Waters, Rochon, & Caplan, 1992).

Materials and procedure

Phonological-similarity effect. Immediate serial recall

of 20 sequences of phonologically dissimilar (non-

rhyming: F–H–J–K–L–M–R–S) letters was compared to

the immediate serial recall of 20 sequences of similar

(rhyming: B–C–D–G–P–T–V) ones. Presentation was

auditory and recall was oral. Subjects were tested at

their span for monosyllabic dissimilar words. Thus, I.R.

was presented with sequences of three items.

Word-length effect. Immediate serial recall of mono-

syllabic words was compared to immediate serial recall

of four-syllable words. Short words were the same as

those used to measure word span. Long words were

paired with the short words according to frequency of

occurrence (photographie, anniversaire, m�eedicament,
�eeducation, biblioth�eeque, d�eecoration, automobile, ado-
lescent, exposition; in English, picture, birthday, medi-

cation, education, bookcase, decoration, car, teenager,

and exposition). The same testing procedure was used as

that for the phonological-similarity effect.

Results and comments

The percent recalled correctly for phonologically

dissimilar and similar items, as well as for short and long

words, is presented in Table 5. To appreciate the size of

the effects in normal subjects and facilitate comparison

with I.R., an effect score was also computed according

to the formula [dissimilar–similar/dissimilar] for the

phonological-similarity effect and [short–long/short] for

the word-length effect. The results indicate that matched

controls were sensitive to the phonological-similarity

effect, as they recalled less similar than dissimilar items.

In contrast, I.R. failed to show better recall for phono-

logically dissimilar than similar items. In fact, her recall

performance was better for similar items. This result is

atypical, but has been found in other patients (Belleville

et al., 1992a). It has also been found in normal subjects

following a 24-s delay and different items on every trial

(open set; Nairne & Kelley, 1999). These authors inter-

preted their findings as arising from an increase in list

discrimination relative to within-list discrimination.

I.R.�s better recall of phonologically similar items may
arise from the fact that she uses the general pattern that

was common to the set rather than verbatim phono-

logical information (Brainerd & Reyna, 1990). In this

case, phonologically similar items were part of the same

phonological category (i.e., all items were letters with the

sound /e/). This allowed her to restrict her search to a

much smaller pool of items, and therefore increased her

chance of recall in the absence of verbatim information,

relative to dissimilar items. Table 5 also indicates that

I.R. had only a modest word-length effect.

Experiment 4: Effect of lexico-semantic parameters on

immediate serial recall

To examine the effect of lexico-semantic representa-

tions on short-term memory, we assessed the influence of

three parameters on immediate serial recall: frequency,

concreteness, and semantic similarity. The frequency

effects measure the influence of lexical parameters,

whereas the concreteness and semantic similarity effects

measure semantic parameters (e.g., Forster, 1976). Sep-

arating the two parameters is of theoretical significance

if one assumes that short-term memory performance

shares underlying mechanisms with language processing.

In many language models, lexical and semantic levels of

representation are separated (e.g., Dell & O�Seaghdha,
1992; Martin & Saffran, 1997; Martin, Lesch, & Bartha,

1999) and distinct influences from these representations

have been observed recently (Caza & Belleville, 1999;

Caza, Belleville, & Gilbert, 2002).

Materials and procedure

Frequency effect. The frequency effectwasmeasured by

comparing the immediate serial recall of frequent vs. rare

bisyllabic abstract words (Baudot, 1992). The frequent

Table 5

Percent immediate serial recall on span-adjusted lists for pho-

nologically dissimilar and similar items and for short and long

words

Material

Phonological

similarity effect

Dissimilar Similar Effect score

(D� S=D)

I.R. 63.3% 90% )26.7%a

Controls 83.78% 76% 12.5% (2.3–20)

Word-length

effect

Short Long Effect score

(S � L=S)

I.R. 50% 43.3% 13.4%

Controls 96% 75.3% 21.5% (10.9–30)

a Indicates that I.R. is out of the range of matched controls.

A negative score indicates that the expected effect is reversed.
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words were recherche, million, service, conseil, moyen,

mesure, affaire, histoire, ensemble (in English, research,

million, service, advice, means, measure, business, his-

tory, and whole) and had an average frequency of 353.66

(299–439). Each rare word had a frequency of one. They

were idylle, foison, rechute, pagaille, afflux, cesure, em-

bauche, charisme, impair (in English, idyll, abundance,

clutter, relapse, surge, caesura, vacancies, charisma, and

blunder). For this and the following task, the procedure

was similar to that described in Experiment 3. The length

of the sequences to be learned corresponded to each in-

dividual subjects� word span. Thus, I.R. was tested with
series of three items.

Concreteness effect. The concreteness effect was

measured by comparing recall of concrete and abstract

words. Concrete words (bol, train, poire, m�eeche, jambe,
porte, source, clou, table; in English bowl, train, pear,

wick, leg, door, source, nail, and table) were matched to

abstract words (cause, bruit, genre, truc, tort, perte,

norme, tri, manque; in english, cause, noise, kind, trick,

fault, loss, norm, sorting, and lack) according to the

number of syllables, syllabic structure and frequency of

occurrence.

Semantic similarity effect. The effect of semantic

similarity was measured by comparing the recall of items

belonging to the same taxonomic category to items be-

longing to different taxonomic categories. The first set

consisted of animal names (pigeon, gazelle, fourmi, co-

lombe, renard, lapin, taureau, vautour, baleine; in En-

glish, pigeon, gazelle, ant, dove, fox, rabbit, bull,

vulture, and whale). The semantically dissimilar items

were balance, triangle, momie, lunette, sapin, chanteur,

enclume, perdrix, volant (in English, scale, triangle,

mummy, glasses, pine, singer, anvil, partridge, and

wheel). Words from the two sets were matched for fre-

quency of occurrence and they were all bisyllabic, con-

crete items.

Results and comments

The results of the lexico-semantic manipulations are

presented in Table 6. First, normal subjects were mini-

mally influenced by the concreteness and semantic sim-

ilarity of the items. However, their recall was affected by

lexical parameters, as they recalled more frequent than

rare words. These results are consistent with previous

work indicating that semantic parameters have small to

non-existent effects in normal subjects when they are not

tested in a condition of articulatory suppression (Caza &

Belleville, 1999). Consistent with a processing view hy-

pothesis, I.R.�s immediate serial recall was highly influ-
enced by lexico-semantic parameters. The magnitude of

the effects was much larger than that for the matched

controls. These results indicate that when performing

immediate serial recall, I.R. relies largely on lexical and

semantic codes and that she does this to a greater extent

than the controls.

The particular manipulations performed here were

meant to dissociate lexical from semantic factors.

However, the words that were chosen as rare had a

very low frequency and it was noted that although

they were familiar, the meaning of some of these

words was unknown to our subjects. Thus, frequent

and rare words might have differed both in terms of

lexical and semantic content, which made it more

difficult to distinguish between the two factors. Hence,

the goal of the subsequent study was to differentiate

clearly between the lexical and semantic influences on

I.R.�s short-term recall.

Experiment 5: Grammatical category effect

To assess the distinct contributions of the semantic

and lexical levels of representation, we measured the

recall of items that belonged to two different gram-

matical categories (content and function words) in

addition to the recall of non-words. Although words

from both grammatical categories have lexical repre-

sentations, function words are assumed to contain

little or less semantic features than content words, as

measured by the ease with which they give rise to a

number of features or predicates (Jones, 1985). In

normal participants (Caza & Belleville, 1999), imme-

diate serial recall is better for function words than for

non-words. Additionally, content words are better

recalled than function words in conditions that reduce

access to phonological representations such as when

recalling lists of rhyming words (Caza et al., 2002). In

the case of I.R., whom we propose has a phonolog-

ical deficit, both lexical and semantic effects were

expected.

Table 6

Percent immediate serial recall for frequent vs. rare items,

concrete vs. abstract words, and semantically dissimilar and

similar words on span-adjusted lists

Material

Frequency

effect

Frequent Rare Effect score

(F � R=F )

I.R. 51.7% 16.7% 67.7%a

Controls 89.5% 71.1% 19.3% (5.7–38)

Semantic

similarity effect

Dissimilar Similar Effect score

(D� S=D)

I.R. 70% 50% 28.7%a

Controls 72.6% 74% )1.7% ()9.1–6.3)

Concreteness

effect

Concrete Abstract Effect score

(C � A=C)

I.R. 73.3% 53.3% 27.3%a

Controls 82% 74% 10.2% (2–19.4%)

a Indicates that I.R. is out of the range of matched controls.
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Materials and procedure

The content words were perte, ann�eee, moment, lieu,
matin, id�eee (in English, loss, year, moment, place,

morning, and idea). The function words were certes,

ainsi, comment, mieux, selon, ici (in English, indeed, like

this, how, better, according to, and here). The non-

words (surtes, insat, connint, miot, serun, and imi) were

derived from the function words by changing one or two

phonemes. Across conditions, items were matched ac-

cording to number of syllables, number of letters,

number of phonemes, and bigram frequency. Further-

more, content and function words were matched ac-

cording to their frequency of occurrence (Baudot, 1992).

Items were presented auditorily at the rate of one item

per second and recall was tested in writing.

Results and comments

The results for I.R. and the control subjects are

presented in Table 7. In addition to showing the raw

data, the table indicates the size of the lexical effect

(function—non-words/function) and the size of the se-

mantic effect (content—function/content). The findings

for the normal subjects indicate a large lexical effect

and a small to non-existent semantic effect. This is

congruent with results published previously using a

similar procedure (Caza & Belleville, 1999). In contrast,

I.R. demonstrated both lexical and semantic effects at a

large magnitude. Her lexical effect was within the range

of that found in the controls. However, her semantic

effect was much larger and clearly surpassed that of

controls.

A closer look at the results reveals that I.R.�s recall
of non-words was relatively high compared to her

recall of function words. This finding is somewhat

surprising, considering our hypothesis of a phonolog-

ical impairment. Furthermore, her recall of non-words

was better than her recall of the rare words from the

previous experiment. We believe that these inconsis-

tencies are in fact related to procedural differences

across Experiments 4 and 5. First, in the latter ex-

periment, written responses were used. This allowed

for the use of a graphemic code in addition to a

phonological code. Second, the non-words used in this

experiment were shorter than the rare words used in

the previous one. Finally, these non-words were de-

rived from the function words. As a result, their bi-

gram frequency was particularly high because the

function words used to derived them typically have

high bigram frequency and I.R. may have been helped

by their similarity to the function words.

Experiment 6: Long-term memory for lexical vs. non-

lexical items

In this experiment, we compared long-term memory

for phonological vs. lexico-semantic material by con-

trasting I.R.�s learning of familiar pairs of words that
were rich in lexical and semantic information with her

learning of non-words that had neither lexical nor

semantic representations and that required the reten-

tion of phonological aspects. Within a processing view,

it was hypothesized that I.R. would be more impaired

in the long-term learning of non-words relative to

words.

Materials and procedure

Two lists of eight pairs of words (word–word paired-

associate task) and two lists of eight words associated

with eight non-words (word–non-word paired-associate

task) were created (Dubord and Belleville, unpublished

material). The words were bisyllabic, concrete and fre-

quent (Baudot, 1992). Words were matched across lists

in terms of frequency of occurrence. Words that made a

pair were not semantically or phonologically related.

The non-words were matched to the words according to

their letter and syllable number, as well as their syllabic

structure. All of the non-words obeyed the phonological

and orthographic rules of French.

The procedure was similar for the two types of ma-

terial. Subjects were first asked to read aloud the words

and non-words that were written on a sheet of paper.

This was done to familiarize them with the items and to

ensure that they derived the correct phonology from

print. They were then given one practice trial prior to

each condition. Memory testing involved the presenta-

tion of each pair on the screen of a Macintosh at a rate

of 2 s per pair. At the end of the presentation of a list, a

20-second counting backward period was used. Then the

first word from a pair was presented visually and I.R.

was asked to recall the item that was paired with it. The

Table 7

Percent immediate serial recall for content words, function words and non-words on span-adjusted lists

Material

Content

(F � N=F )
Function Semantic effect

(C � F =C)
Non-words Lexical effect

I.R. 100 86.7% 13.3%a 60% 30.8%

Controls 93.5% 92% 3.4% (0–8) 25.8% 76.4% (25–91)

a Indicates that I.R. is out of the range of matched controls.
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correct answer was then visually provided. Three

learning trials were given for each list.

Results and comments

The data averaged from the two lists of a given

material type is presented in Table 8. The performance

of the matched controls was quite variable. Given that

this task is critical, we therefore tested a larger group

of unselected participants (four women, four men;

mean age: 23.1; mean education: 15.2). This allowed

for an assessment of I.R.�s performance with the use
of Z scores. I.R.�s results were clearly within the

normal range for long-term learning of words on the

three learning trials and for the total number of words

recalled. This was also the case when using the Z

score as a criterion. The recall of non-words was at a

floor level on Trial 1 for normal subjects as well as for

I.R. However, whereas the performance of the normal

subjects improved on Trials 2 and 3 and for the total

number of items recalled, I.R�s performance remained
severely impaired on these last trials. Thus, I.R.

showed normal learning of lexical items (i.e., the

words), but impaired learning of phonological material

(i.e., the non-words). However, performance was

generally poor for non-word memory and it appears

that the task was particularly difficult for all subjects.

This observation is especially critical for I.R. in the

non-word condition because her dysarthria may have

resulted in a more difficult articulation of non-words.

We thus re-tested her with a recognition procedure

that did not require verbal output.

Experiment 7: Non-word recognition

There is evidence that I.R. is impaired in the long-

term learning of items that depend on phonological

traces, specifically non-words. In this experiment, we

wanted to use a recognition task that did not require

subjects to speak aloud. A processing view would predict

impaired performance on this task because it requires

memorizing items with no semantic representation.

Materials and procedure

Twelve non-words were created. Each non-word was

composed of bigrams that are frequent in French (Ar-

guin, personal communication). The non-words were

read to the subject at the rate of one item every 2 s. The

list was read twice to the subject in a different order.

Then, the experimenter read a list of 24 non-words

composed of the 12 previously presented ones and 12

distractors of the same bigram frequency. Of the 12 di-

stractors, four started with the same syllable as a target,

four ended with the same syllable as a target and four

were entirely different. The subject�s task was simply to
indicate whether the item she heard had or had not been

presented in the learning phase.

Results and comments

The results reveal that I.R. experienced difficulty on

the task. Specifically, her hit rate was 6, a score that is

much lower than that of the matched controls

(�XX ¼ 10:3, range¼ 10–11). Furthermore, a score that
takes into account both Hits and False alarms (H-FA)

Table 8

Long-term learning of word–word and word–non-word pairs

Trial 1 Trial 2 Trial 3 Total

Word–word paired associate task

I.R. 0.5 3 3.5 7

Matched controls 2.6 4.5 6.6 12.5

(range) (0.5–4.5) (2.5–7.5) (3.5–7.5) (6.5–8.5)

Unselected controls 3.7 5.6 6.5 16

(range) (0–8) (1–8) (3–8) (4–24)

SD: 3.6 SD: 2.9 SD: 2.3 SD: 8.3

Z score )0.89 )0.89 )1.3 )1.1

Word–non-word paired associate task

I.R. 0.5 1.5 1.5a 3.5a

Matched controls 0.4 2.1 4.2 6.5

(range) (0–8) (0.5–4) (2.5–6) (4–10)

Unselected controls 1.4 4.9 7.1 13.4

(range) (0–3) (2–7) (5–8) (9–18)

SD: 1.3 SD: 1.8 SD: 1.2 SD: 3.7

Z score )0.69 )1.9a )4.7a )2.7a

a Indicates that I.R. is out of the range of matched controls or that her Z score is below )1.64.
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indicates impaired recognition in I.R. relative to the

controls (I.R: 4; all matched controls¼ 8).

Experiment 9: False recognition effects

The goal of this experiment was to examine the dis-

sociation between phonological and semantic material

by avoiding a comparison of words and non-words. To

achieve this objective, we took advantage of the false

recognition effect. When presented with large lists of

items that are semantically related to a lure, subjects

tend to believe that the lure was shown previously

(Deese, 1959; Roediger III & McDermott, 1995). The

false recognition effect is interpreted as arising from a

difficulty in discriminating items that were actually

presented from items that were activated through con-

nections in an associative network (Roediger III &

McDermott, 1995; Sommers & Lewis, 1999). We as-

sessed false recognition effects in a semantic and in a

phonological condition.

Our hypothesis was that I.R.�s phonological system is
degraded. In this case, elements should be less easily

discriminated from one another in the phonological

condition. This would cause a larger number of errors

and a larger false recognition effect in this condition. On

the basis of the short-term recall data, we expected I.R.

to use semantic properties to a greater extent than pho-

nological properties. Thus, she may be better able to

discriminate items presented from those not presented

when they are semantically related than when they share

the same syllabic onset. This would yield a smaller false

recognition effect in the semantic than syllabic condition.

Materials and procedure

We created 21 lists of 15 semantically related words

and 21 lists of 15 phonologically related words. For each

critical target from the semantic condition, the corre-

sponding list was obtained by choosing the first 15 as-

sociated words listed in Kent-Rosanoff word association

norms in French (Freibergs, 1968, 1970). The targets

were chosen from the Roediger III and McDermott

(1995) list. The list was presented in decreasing order of

association to the target, starting with the one most

associated to it. The recognition lists included 63 studied

and 63 non-studied items. The 63 studied items were the

words in position 1 (e.g., for critical word king, queen),

nine (e.g., for critical word king, throne), and 11 (e.g.,

for critical word king, country) of each studied list.

There were three types of non-studied items in the se-

mantic recognition list: 21 critical words (e.g., king), 21

weakly related words (e.g., for critical word king, no-

bility), and 21 unrelated words (e.g., for critical word

king, tobacco). The weakly related items of the semantic

condition were chosen from each association list among

those that followed position 15. The unrelated words

were unrelated to any of the target words.

In the phonological condition, all words in a list

started with the same syllable as the critical target. The

first syllable was chosen as a criterion because it allowed

for the generation of more lists and longer sets of as-

sociates than do rhymes. Furthermore, the syllable is the

relevant segmentation unit in French (Mehler, Dom-

mergues, Frauenfelder, & Segui, 1981; Peretz et al.,

1998b). Finally, it has been shown that errors rates are

higher for words that share the initial rather than the

latter segments (Wallace, Stewart, & Malone, 1995). The

recognition list of the phonological condition was also

made of 63 studied and 63 non-studied items (21 critical

targets, 21 unrelated words, and 21 related words). The

unrelated words started with a syllable completely dif-

ferent from any of the targets, whereas the weakly re-

lated words shared only the first letter with the target.

The words were all selected from the Brulex fre-

quency table such that targets in the phonological lists

were of equal frequency as targets in the semantic list

(11,730 and 11,604, respectively). The average frequency

of the targets, weakly related items and unrelated items

was equivalent. Subjects were instructed to listen care-

fully to the words and that their memory would be tested

subsequently. The two conditions were tested in two

sessions separated by a few days. The lists were pre-

sented successively at the rate of one word every 1.5 s.

After each list, subjects were asked to count backwards

for 30 s. After the 21st list was presented, there was a

brief conversation that lasted 3–4min. Then, subjects�
recognition was tested auditorily.

Results and comments

The results for the semantic condition are presented in

Table 9(a). In this condition, controls exhibited a clear

false recognition effect (Target)Unrelated). The size of
the effect was among the largest ones in the literature.

Thus, our procedure was successful in eliciting the effect.

Like the control subjects, I.R. exhibited the expected ef-

fect. Her recognition level of the critical target (highly

related lure)was equivalent to that of the presented item in

approximately themiddle position of the list (Position 11).

Furthermore, recognition of the unrelated and weakly

related lures was much below that of the critical target

lure. However, it is important to note that I.R.�s false
recognition effect (T � U ) was of a smaller magnitude
than that found in controls in the semantic condition. This

was also the case when using a score that takes into ac-

count the recognition level (Hit) of items at Position 11

(½T=11� � ½U=11�). The results were strikingly different in
the syllabic condition (see Table 9(b)). In this latter con-

dition, control subjects exhibited a small false recognition

effects. Their recognition rate of the critical target was

11%. This is smaller than the rate reported by Sommers

and Lewis (1999) but close to the rate reported by

McDermott and Watson (2001). Of note is the fact that

the phonological false recognition effect may not be as
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robust as the semantic effect and may vary according to

presentation rate (McDermott & Watson, 2001). Inter-

estingly, however, I.R. clearly exhibited a false recogni-

tion effect in the syllabic condition. Her pattern of

performance in this condition differed from that in the

semantic condition: she presented a high rate of false

recognition (52%) for the critical target lure and numer-

ous false recognitions of the weakly related lures (48%),

but rejected unrelated lures (19%).

Considering that the false recognition effect results

from a difficulty to distinguish between activation in an

associative network and events that actually occurred,

I.R. revealed a better capacity than the controls to

achieve this in her semantic network, but a worse ca-

pacity than controls to do it in her phonological or

syllabic network. Payne, Elie, Blackwell, and Neuschatz

(1996) suggested that false recognition effects can be

interpreted as reflecting memory for the gist, rather than

memory for verbatim information (see Brainerd &

Reyna, 1990). Accordingly, I.R. would not remember

the verbatim for phonological information but would

remember the gist, that is, the pattern that is common to

all presented items. This would increase her likelihood of

producing false recognition. This is consistent with her

impaired recognition of non-words seen in the previous

Experiment. Above all, both findings are compatible

with a processing account of I.R.�s pattern of deficit,
with poorer memory in the phonological than in the

semantic condition.

Discussion

The results presented in Part 2 support a process view

of memory. The findings suggest that I.R. does not use

phonological properties of words in short-term recall, as

she does not exhibit a phonological-similarity effect and

has only a very small word-length effect. This pattern of

performance is parallel with respect to long-term mem-

ory. I.R. had difficulty on tasks that required her to

memorize the phonological structure of items (i.e., non-

words) but she did not have difficulty recalling words

that have semantic content. Furthermore, I.R. had

greater difficulty discriminating items relative to controls

when processing was directed toward the syllabic prop-

erties of items than when processing was directed toward

the semantic properties, yielding to a larger a number of

false recognitions in the syllabic than semantic condition.

In contrast, I.R.�s short-term recall was influenced by
the lexical and semantic properties of items, indicating

that these are the properties upon which her recall relies.

She showed heightened effects of concreteness and se-

mantic similarity. Furthermore, her recall increased

when items that possessed semantic content (content

words) were used relative to material that lacked se-

mantic content (function words).

General discussion

I.R. is an individual with brain damage who displays

the pattern of performance that is generally judged as

typical of pure short-term memory deficit patients. Our

initial strategy was to show that I.R.�s profile corre-
sponds well with what is expected from pure short-term

memory patients with tasks that are within the realm of

a dual-store view, and to demonstrate subsequently that

her performance could be envisioned in a completely

different way with further testing. In Part 1, we obtained

the classical dissociation between impaired short-term

recall and normal long-term recall of verbal material.

This was achieved with the use of classical tasks: span

for words, digits, and images of well-known objects for

short-term recall, and supraspan lists of words for long-

term recall. In Part 2, we found strong indications that

the dissociation relies on the defective use of a phono-

logical code, with other codes (in particular the semantic

one) remaining functional. The impaired use of phono-

logical information was found to cross the short-term/

long-term memory distinction. Thus, I.R.�s dissociation

Table 9

Recognition results for Experiment 9

I.R. Matched controls

(a) Semantic condition

Studied

Position 1 .71 .76 (.52–.90)

Position 9 .61 .61 (.43–.71)

Position 11 .52 .63 (.52–.71)

Non-studied

Unrelated lure .28a .07 (0.0–.24)

Weakly related lure .19 .24 (.14–.33)

Critical target .52a .63 (.57–.71)

False recognition effect

(T � U )
24%a 55.8% (43–66%)

False recognition effect 46%a 87.3% (64.2–100%)

(T/Pos.11)) (U/Pos.11)

(b) Syllabic condition

Studied

Position 1 .57 .60 (.24–.86)

Position 9 .62 .57 (.14–.81)

Position 11 .62 .62 (.29–.86)

Non-studied

Unrelated lure .19 .19 (.05–.38)

Weakly related lure .48a .10 (0–.19)

Critical target .52a .11 (0–.19)

False recognition effect

(T � U )
33%a 8.5% ()4–28%)

False recognition effect 54%a 15.7% ()5.6–45.2%)
(T/Pos.11)) (U/Pos.11)

Proportion of items recognized in the (a) semantic condition

and (b) syllabic condition as a function of study status.
a Indicates that I.R. is out of the range of matched controls.
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lies along the informational domain (e.g., phonological

vs. semantic) rather than memory type (i.e., short-term

vs. long-term).

Implications for the distinction between short-term and

long-term memory

The existence of a neuropsychological double-disso-

ciation between a transient form of memory and en-

during memory is the strongest argument for the

distinction between the two systems. Patients with short-

term memory deficits, together with amnesic patients,

display the double-dissociation that implies the presence

of two separate stores. Thus, our results have important

theoretical implications for the debate. Prior to dis-

cussing the implications of our case within a process

view, we will address whether models that distinguish

short-term and long-term stores can account for I.R.�s
pattern of results.

Better short-term recall of words over non-words and

frequency effects indicates a contribution of lexical fac-

tors to short-term memory. This finding, which has been

obtained by other researchers with normal subjects, is

difficult to reconcile with a view whereby only phono-

articulatory factors are involved in short-term recall.

More recent models of working memory have accounted

for this finding by proposing close interactions between

the phonological loop of working memory and phono-

logical forms in long-term memory (Baddeley, Gather-

cole, & Papagno, 1998). However, the presence of

semantic effects in I.R. is more difficult to account for

within a view that dissociates short and long-term

memory. Indeed, there is no actual implementation of

how and when semantic factors might come into play.

I.R.�s association between an impaired phonological
store and impaired ability to learn non-words is not

novel, and has been accounted for within the working

memory model. For instance, P.V., a patient argued to

have a deficient phonological loop, has difficulty learn-

ing non-words as compared to words (Baddeley, Pap-

agno, & Vallar, 1988). Furthermore, children with

difficulties learning new vocabulary also exhibit deficits

in non-word repetition (Gathercole & Baddeley, 1989,

1990). These results have been explained by the role of

the phonological loop in new vocabulary (or non-word)

learning. Thus, there would be an obligatory passage

through the loop for non-words, but not for words.

However, it is also possible that both P.V. and chil-

dren with vocabulary learning deficiencies exhibit the

type of general phonological memory deficits found in

I.R., which would represent a more parsimonious ac-

count of their associated decrement in phonological

short- and long-term memory tasks. Furthermore, I.R.�s
results with the false recognition paradigm are not easy

to reconcile within a view that new lexical items rely on

the phonological loop. Indeed, the task used to test false

recognition effects is not easily assimilated to the learn-

ing of new vocabulary activity as it implicates words, not

non-words. The relevant factor in the false recognition

paradigm is the information domain, phonological or

semantic, that the task promotes due to the relation

shared by the words. The role of phonological short-

term memory in vocabulary learning cannot be invoked

to explain I.R.�s high false recognition rate in the pho-
nological condition. This can only be explained by

suggesting that this information does not allow her to

discriminate items in episodic memory.

Other arguments have been used in the literature to

support the functional distinctionbetween short-termand

long-term stores. One group of arguments relies on ex-

perimental dissociation effects from empirical studies of

normal subjects. For example, typical short-termmemory

and long-term memory tasks are not affected by the same

experimental variables: semantic parameters influence

long-term memory tasks more than short-term memory

tasks, while phonological and articulatory variables have

major effects on short-term memory but very little influ-

ence on long-termmemory tasks.However, these could be

well accounted for by models that do not postulate dif-

ferent storage space. For example, one could propose that

the activation of different information has different decay

functions. Thus, phonological information would decay

more rapidly than semantic information (Martin & Saf-

fran, 1997). Experimental dissociations between short-

term and long-term memory have been found by using

completely different procedures across memory types:

serial ordered span task is the norm for short-term

memory, whereas free recall tasks are typically used to

assess long-term memory. Thus, it is possible that the

ordered nature of the task interacts in particular ways

with the phonological or semantic characteristics of the

items. As discussed in Crowder (1993), the fact that the

short-term memory/long-term memory distinction over-

laps with the phonological/semantic distinction is still a

further argument to suggest that the distinction may very

well be based on informational domain. Finally, there are

numerous studies showing that these experimental dis-

sociations are not as clear cut as once thought: lexico-se-

mantic properties do affect short-term recall (Caza &

Belleville, 1999; Hulme, Maughan, & Brown, 1991; Poi-

rier&Saint-Aubin, 1995; Tehan&Humphreys, 1988) and

phonological properties influence long-term recall (Pap-

agno & Vallar, 1992; Papagno, Valentine, & Baddeley,

1991). Thus, again, there may be no need to assume the

existence of different storage space.

Implications for the language based and process views of

short-term memory

Some models of memory propose that there is a close

relationship between representations involved in lan-

guage perception and production, and representations
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involved in short-term memory (Caplan, Rochon, &

Waters, 1992; Hulme et al., 1997; Martin & Saffran,

1997; Martin et al., 1999; Nairne, 1990; Schweickert,

1993; Schweickert, Chen, & Poirier, 1999; Walker &

Hulme, 1999). The theoretical position differs somewhat

across researchers, with some clearly proposing that

span is based on the remaining activation of the repre-

sentations implicated in language. The major prediction

of these models is that deficits in language processing

parallel deficits in short-term memory. Thus, some of

these models predict that a patient with a phonological

short-term memory deficit would also exhibit impair-

ment in phonological processing. In contrast, because

lexico-semantic processing is intact in I.R., the presence

of lexical and/or semantic effects on short-term memory

tasks is expected. I.R.�s pattern of results on linguistic
and short-term recall tasks is compatible with these

predictions. In particular, I.R.�s impairment in the non-
word repetition and rhyme judgment task is notable.

Two findings are worth discussing in more detail in

relation to previous data. The first is related to the dif-

ferent effects of semantic vs. lexical manipulation on

short-term recall in I.R. Indeed, the patient exhibited

normal lexical effects in immediate serial recall, but she

was more sensitive than matched controls to semantic

manipulations. This is a solid effect because it was found

with three different manipulations: concreteness, se-

mantic similarity and grammatical class. This pattern of

results is consistent with some of our previous findings

showing better short-term recall of abstract words over

function words in normal subjects, but only in condi-

tions that limit phonological processing (Caza & Belle-

ville, 1999).

One explanation for these findings is that the impact

of semantic representations is more visible when pho-

nological representations are not present simply due to

metric factors. When representations have strong effects

on performance, other less important effects may simply

be more difficult to observe due to a lack of sensitivity of

behavioral measures. In turn, it is also possible that the

different representations have inhibitory effects on each

other, as is the case in selection systems. Thus, when a

representation level is weakened due to a lesion, other

representations might be free from a certain level of

inhibition and have larger effects on performance.

Consistent with this proposal, the false recognition

paradigm also indicates that I.R.�s semantic system is

somewhat enhanced relative to controls. She demon-

strated better item discrimination capacities than mat-

ched controls in long-term recognition in the condition

that promoted semantic processing, whereas discrimi-

nation was decreased in the condition that required

phonological processing. Thus, our data suggest that

some representations normally function in opposing

ways and that it is possible to release inhibition from

these representation levels.

Summary and conclusions

In sum, our results are compatible with the conception

of memory as consisting of activated parts of information

processing modules consistent with a processing model.

On this account, the distinction between short and long-

term memory tasks is explained by their reliance on dif-

ferent features: phonological features are more largely

required for immediate serial recall tasks whereas se-

mantic ones are particularly useful on tasks that require

long-term recall or recognitionofwell knownwords.Note

thatwe donotmean to suggest that only semantic features

are involved in long-term memory tasks. Clearly, long-

term memory tasks rely on a wide variety of representa-

tions, including contextual ones (McLelland, 1994;

McLelland & Rumelhart, 1985; McLelland et al., 1995).

The hippocampus has also been proposed to be involved

in binding processes (Mackay, Burke, & Stewart, 1998).

Contextual or binding processes may be the relevant

component impaired in amnesic patients.

However, there appears to be no need to postulate an

independent short-term store. On the contrary, short-

term recall likely depends on a collection of domain-

specific processes. Short-term memory deficits due to

brain damage are always observed in the context of

aphasia (Allport, 1983, 1985; Caplan & Waters, 1990).

They occur either in patients who exhibit clear language

deficits or in those who have shown language difficulties

that have regressed. Thus, it is quite possible that short-

term memory tasks represent particularly sensitive tests

of phonological difficulty. Second, studies using imaging

techniques of the neural basis of the phonological loop

have determined localizations that correspond to those

involved in language processing, in particular, the left

supramarginal gyrus and Broca�s area (Paulesu, Frith, &
Frackowiak, 1993; Smith, Jonides, & Koeppe, 1996). If

the same sites are implicated in language processing and

short-term recall, why would short-term memory as a

storage site still be considered distinct from processing?

Finally, because I.R.�s performance is relatively typical
of that of short-term memory patients, it is conceivable

that the same pattern of results would be observed in

other patients. For example, P.V. also had difficulty

learning non-words in comparison to words. It would be

theoretically significant to determine whether she also

exhibits the other aspects of I.R.�s performance. We
surmise that this is the case, however, further research is

necessary to examine this possibility.
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