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There is considerable debate about the extent to which
phonology and semantics are functionally independent.
The autonomy of these systems has been called into
question by Patterson, Graham, and Hodges (1994), who
argued that the semantic system provides an important
source of constraint on phonological activation, particu-
larly in demanding tasks such as immediate serial recall
(ISR). According to this theory, every time a word is spo-
ken or comprehended, semantic activation necessarily
co-occurs with the activation representing the phoneme
sequence for that word and, as a result, increases the like-
lihood that the phonological elements of the word will be
produced in the correct configuration in ISR. Other au-
thors have maintained that the integrity of phonological
representations is not dependent on input from the se-
mantic system (McCarthy & Warrington, 2001).

Patterson et al.’s (1994) contention is consistent with
research suggesting that ISR tasks draw on the full range

of representations involved in language processing. The
importance of phonological codes in ISR has long been
recognized (Baddeley & Hitch, 1974; Conrad, 1964; Con-
rad & Hull, 1964), but lexical and semantic representa-
tions also appear to make a major contribution to the re-
call of familiar words. Normal participants recall words
better than nonwords (Hulme, Maughan,& Brown, 1991;
Hulme, Roodenrys, Brown, & Mercer, 1995) and recall
frequently encountered words better than low-frequency
words (Hulme et al., 1997; Watkins & Watkins, 1977). In
addition, concrete/highly imageable words are recalled
better than abstract/low-imageability words (Bourassa &
Besner, 1994; Walker & Hulme, 1999), and recall im-
proves when items are grouped by semantic category
(Poirier & Saint Aubin, 1995).

Neuropsychological evidence concurs with the notion
that an interaction between phonologyand semantics un-
derpins verbal short-term memory (STM). R. C. Martin
and colleagues have described several patients with a re-
duced advantage for recalling words over nonwords, who
purportedly had a specific difficulty in the retention of
lexical-semantic information (R. C. Martin & Lesch,
1996; R. C. Martin, Lesch, & Bartha, 1999; R. C. Mar-
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Patients with semantic dementia can show superior immediate recall of words that they still under-
stand relativelywell, as compared with more semanticallydegraded words, suggestingthat conceptual
knowledge makes a major contribution to phonological short-term memory. However, a number of
studies have failed to show such a recall difference, challenging this view. We examined the effect of
several methodological factors on the recall of known and degraded words in 4 patients with seman-
tic dementia, in order to investigate possible reasons for this discrepancy. In general, our patients did
exhibit poorer recall of the degraded words and made more phonological errors on these items. In ad-
dition, set size affected the magnitude of the recall advantage for known words. This finding suggests
that semantic degradation influenced the rate of learning in the immediate recall task when the same
items were presented repeatedly.The methods used to selectknown and degraded items also impacted
on the recall difference. List length, however, did not affect the advantage for known words. The co-
herence of items in phonological short-term memory was affected by their semantic status, but not by
the length of the material to be retained.The implications of these findings for the role of semantic and
phonological representations in verbal short-term memory are discussed.
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tin, Shelton, & Yaffee, 1994). In addition, N. Martin and
Saffran (1997) reported that aphasic patients’ semantic
abilities, but not their phonologicalskills, were related to
the magnitude of frequency and imageability effects in
ISR, suggesting that semantic representations play a role
in verbal STM, in addition to a phonological code. In
line with this, ISR is impaired in patients with semantic
dementia (SD), who show a specific decline in semantic
memory. SD is the temporal variant of frontal-temporal
dementia and is associated with progressive focal atro-
phy of the anterior inferolateral regions of the temporal
lobe (Snowden, Goulding, & Neary, 1989). SD patients
are anomic and have impaired comprehension on both
verbal and nonverbal tasks. However, their perceptual
and spatial skills, new episodic learning, nonverbal rea-
soning, syntax, and phonology remain largely intact
(Hodges, Patterson, Oxbury, & Funnell, 1992). SD pa-
tients almost never produce phonological errors in spon-
taneous speech, have intact digit span, and generally per-
form well on phonological tasks such as minimal pair
discrimination (Knott, Patterson, & Hodges, 1997). In
contrast, all SD patients show a pattern of phonological
breakdown in ISR, in which phonemes migrate to new
positions in the list (McCarthy & Warrington, 1987; Pat-
terson et al., 1994). For example, Patterson et al. re-
ported that the onsets in the words mint and rug were ex-
changed in ISR to produce the responses rint and mug.
Normal participants show a similar pattern of phonolog-
ical migration errors in their serial recall of nonwords,
which, by definition, lack lexical and semantic repre-
sentations (Treiman & Danis, 1988).

If stable semantic representations play a role in main-
taining the phonological coherence of words in STM, the
likelihood of phonological disintegration for a given
word should be associated with the degree to which it is
semanticallydegraded.A number of studies have selected,
from such semantic tests as naming and word–picture

matching, words that individual patients understand rela-
tively well or poorly, in order to test this prediction.Patter-
son et al. (1994) found very substantial recall differences
between well-known and more semantically degraded
words for 3 patients with SD. Although the known and
the degraded words used in this study were not matched
for frequency, significant differences remained when the
known items with the highest frequency were discarded.
Several subsequent studies have shown a substantial recall
difference between known and degraded words matched
for frequency on an item-by-item basis (Jefferies, Jones,
Bateman, & Lambon Ralph, in press; Knott et al., 1997;
Knott, Patterson, & Hodges, 2000). In addition to these
studies of SD patients, ISR differences between rela-
tively known and degraded words have been reported in
semantically impaired patients following cardiovascular
accidents (Forde & Humphreys, 2002) and herpes sim-
plex encephalitis (Caza, Belleville, & Gilbert, 2002).

Although ISR differences between known and degraded
words do occur, there have been some notable failures to
find such differences (Funnell, 1996; Lambon Ralph &
Howard, 2000; McCarthy & Warrington, 1987, 2001;
Warrington, 1975), and their interpretation remains con-
troversial (see Table 1). Knott et al. (1997) did not find a
significant recall difference between known and degraded
words in one patient (B.M.), despite finding a difference
in a second patient (A.M.). In addition, McCarthy and
Warrington’s (2001) patient M.N.A. was able to recall a
normal number of words that she did not understand.
These f indings appear to challenge Patterson et al.’s
(1994) assertion that semantics plays a major role in
maintaining the phonologicalcoherence of words in STM.
As an alternative, McCarthy and Warrington (2001) ar-
gued that verbal STM could operate without the in-
volvementof semantics and that additionalphonological-
lexical impairments were responsible for the known–
degraded recall differences observed in some studies. It

Table 1
Previous Studies That Have Examined Immediate Serial Recall of Known and

Degraded Words in Patients With Semantic Dementia

Mean Known–
Mean Known Degraded Degraded

Set Frequency Items Recalled Items Recalled Difference
Study Patient Size Matched (%) (%) ( p)

Patterson, Graham, & Hodges (1994) J.L. 60 no 83 50 , .001
Patterson et al. (1994) P.P. 36 no †85* *57* , .001
Patterson et al. (1994) F.M. 36 no 97 74 , .001
McCarthy & Warrington (2001) M.N.A. 30 yes 66 69 n.s.
Knott, Patterson, & Hodges (1997) A.M. 24 yes 85 68 , .01
Knott et al. (1997) B.M. 24 yes 66 58 .09
Knott, Patterson, & Hodges (2000) F.M. 20 yes 67 48 , .001
Warrington (1975) A.B. 15 no 88 80 n.s.
Warrington (1975) E.M. 15 no 92 84 n.s.
McCarthy & Warrington (1987) N.H.B. 12 no 90 90 n.s.
Lambon Ralph & Howard (2000) I.W. 10 yes span 5 2.98† span 5 2.82† n.s.
Funnell (1996) E.P. 7 yes 69 86 n.s.

Note—The studies are arranged according to set size. When data from more than one list length or testing session were available, the average was
calculated. *Includes scores from two testing sessions in which the classif ication of words as known and degraded was up to date. †Tested using
a staircase method in which list length depended on previous recall accuracy.
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is important to note, however, that the patients who failed
to show a difference in recall accuracy between known
and degraded words still made an abnormal number of
phonological errors in ISR. Moreover, the inconsistency
in the size of the recall accuracy difference between
known and degraded words could be a consequence of
discrepancies in methodology. Consequently, in the re-
search presented here, we investigated the effect of var-
ious methodological factors on the size of the known–
degraded recall difference in SD patients.

We focused on four methodologicalvariables that could
influence the size of the known–degraded recall differ-
ence: (1) the method used to classify items as known and
degraded, (2) the length of the lists to be recalled, (3) the
frequency matching of known and degraded words, and
(4) the total number of known and degraded words in the
lists (set size). Each of these factors will be discussed in
turn.

Method Used to Obtain Known and Degraded
Words

In previous studies, a wide variety of methods have
been used to select known and degraded items for recall,
including picture naming, word–picture matching, defi-
nitions, verbal fluency, and spontaneous speech. Since
the semantic degradationunderlyingthe known–degraded
distinction varies continuously, the point of cutoff be-
tween known and degraded items may differ across these
methods. When particularly difficult semantic tests are
used, items that are selected as degraded may still be un-
derstood to a certain extent, whereas when easier tests
are used, items that are selected as known may have lost
the finer nuances of their meaning. Consequently, the
method that is adopted to select the known and the
degraded words may affect the size of the comprehension
difference between them. The choice of method may be
especially critical for patients who are particularly im-
paired at certain types of tests. For example, Knott et al.’s
(1997) patient B.M. was particularly poor at pictorial
tasks, and the tasks used to select his known and degraded
words were pictorial in nature. Consequently, his
degraded words may have been relatively well known, at
least as assessed by verbal tests. In the present study, two
different methods for obtaining known and degraded
items were compared, providing some measure of the
sensitivity of the known–degraded recall difference to
this variable.

List Length
SD patients almost never produce phonological errors

in spontaneous speech and only occasionally produce
them in single-word repetition,perhaps because the STM
system is not sufficiently taxed by these tasks. Conse-
quently, longer lists may increase the likelihoodof phono-
logical breakdown for degraded words. On very long lists,
however, phonological errors may fall away if few of the
correct phonemes are maintained until output. Knott
et al. (1997) partly attributed the small number of phono-

logical errors made by B.M. to list length. He was tested
on six-word lists and largely made omission errors. Pre-
vious studies have not manipulated list length systemat-
ically and have generally tested different patients at a
single list length, set according to their word span. In this
study, list length was manipulated for each patient, al-
lowing an investigation of this factor on the occurrence
of phonological errors for known and degraded words.

Frequency Matching
Patterson et al. (1994) obtained large known–degraded

recall differences for 3 patients, but they did not match the
items for word frequency. No control data were reported,
making it difficult to gauge how much of the recall dif-
ference was due to the known and degraded status of the
words and how much corresponded to the standard fre-
quency effect observed in normal performance (e.g.,
Hulme et al., 1997). Although it is clearly problematic
not to match for frequency, this process has its own in-
herent difficulties. First, frequency matching may use up
some of the natural variation in the known–degraded di-
mension, since the two factors are correlated and lower
frequency items generally degrade earlier in the course
of the disease (Funnell, 1995). By matching closely for
frequency, therefore, one is unable to maximize the known
versus degraded difference. Second, since known words
typicallyhave higher frequencies than do degraded words,
frequency matching will be possible only for a small pro-
portion of items, leading to small set sizes. Third, fre-
quency matching can largely be achieved for medium-
frequency words only. Finally, there are likely to be
personal oddities in word frequency, since words that in-
dividuals use regularly because of their occupations or
interests will have higher personal frequencies than those
obtained from the database counts. Therefore, frequency-
matched pairs may not be genuinely matched and, in-
stead, may be governed by these personal oddities. In this
study, the outcomes of experiments that did and did not
match for frequency were compared.

Set Size
Funnell (1996) failed to f ind an ISR difference be-

tween known and degraded words when there were seven
words in each category and suggested that the small size
of the word pool might have accounted for this null re-
sult. Some support for this suggestion is provided in
Table 1, which lists previous studies in which the recall
of known and degraded words in SD patients, arranged
according to set size, has been examined. It is clear that
studies involving larger sets of known and degraded
words obtained significant known–degraded recall dif-
ferences more often than did those involving smaller set
sizes (four out of six experiments vs. one out of six).
There is, in fact, a significant correlation of .73 between
set size and study outcome ( p 5 .007). In experiments
with small set sizes, the same items are presented re-
peatedly, making them easier to identify, retain, and pro-
duce at recall. In line with this suggestion, ISR is higher
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in normal participants when the items on each trial are
drawn from a small pool and presented repeatedly
(V. Coltheart, 1993;Conrad, 1963). Set size may affect the
recall of degraded words to a greater extent than known
words because patients can become more familiar with
the phonological forms of degraded words as they are re-
peated, allowing them to catch up with the recall of known
words. Roodenrys and Quinlan (2000) found larger fre-
quency effects for healthy participants when they were
tested in an open-set condition in which items were never
repeated, suggesting that lexical and semantic factors
might play a diminished role in verbal STM when set
size is small. Contrary to this suggestion, however, Knott
et al. (1997) found that although set size affected recall
accuracy in their patient A.B., the effect of imageability
on ISR did not differ for small and large set sizes. In the
work presented here, the effect of set size on the recall of
known and degraded words was examined.

CASE DESCRIPTIONS

In this work, we examined 4 SD patients, who are de-
scribed in order of severity. A summary of the background
neuropsychological assessment is shown in Table 2. This
research conformed to the ethical guidelinesof the Amer-
ican Psychological Association. E.K. was a 60-year-old
right-handed woman who had left school at the age of 15
and had been experiencing worsening word-finding dif-
ficulties for around 5 years. She was living alone and
doing occasional cooking and cleaning jobs at the time
of the study. An MRI scan showed bilateral temporal
lobe atrophy that was more marked in the left hemisphere.
Her neuropsychologicalprofile was dominated by a mod-

erate impairment of semantic memory. She performed
poorly on tests requiring comprehension of words and
pictures—for example, word–picture matching and the
Pyramids and Palm Trees Test (Howard & Patterson,
1992). She was severely anomic in spontaneous speech,
word fluency tasks, and confrontational picture naming.
Her naming errors were predominantly omissions and
semantic paraphasias. In common with other SD pa-
tients, she produced surface dyslexic errors in reading
aloud and surface dysgraphic errors in spelling tasks. In
contrast to her marked semantic difficulties, she was well
oriented in time and place, had excellent episodicmemory
for recent events, and had no difficulty in remembering
appointments.She performed normally on tests of visuo-
spatial processing from the Visual Object and Space Per-
ception Battery (VOSP; Warrington & James, 1991), and
she was able to produce a good immediate copy of the
Rey complex figure (Lezak, 1976). Her nonverbal rea-
soning on the Colored Progressive Matrices Test (Raven,
1962) was normal. Her speech was fluent and syntacti-
cally well formed, despite her anomia. She had intact
single-word phonology, and she did not make phonolog-
ical errors in her spontaneous speech or picture naming.
She had normal spatial STM, as assessed by the Corsi
block-tapping task, and normal verbal STM, as mea-
sured by forward and backward digit span (Wechsler,
1987). Her word span performance, however, was char-
acterized by frequent phonological errors similar to
those described in Patterson et al. (1994).

G.T., a 71-year-old right-handed male, left school at
14 years of age and worked as a builder and a technician
in a higher education college. At the time of the study, he
had been experiencing a gradual decline in his word

Table 2
Background Neuropsychological Scores

Controls

Test Maximum E.K. G.T. P.D. M.K. M SD

MMSE1 30 27* 26* 13* 21* Cutoff . 24 –
Raven’s matrices2 36 33* 35* 25* 22* – –
Digit span: forward3 – 6* 6* 7* 5* 6.8 0.9a

Digit span: backward3 – 7* 4* 5* 4* 4.7 1.2a

Spatial span: forward4 – 6* 5* – 5* b 5–6b –
Naming 64 17* 11* 4* 2* 62.3 1.6a

Word–picture matching 64 46* 32* 17* 11* 63.7 0.5a

PPT: pictures5 52 35* 37* 26* 33* 51.1 1.1a

PPT: words5 52 36* 32* 26* 26* 51.2 1.4a

Category fluency: living – 13* 13* 5* 0* 60.3 12.6a

Category fluency: man-made – 18* 11* 2* 1* 54.8 10.3a

Letter fluency (F, A, S) – 29* 24* 22* 2* 44.2 11.2a

Rey figure immediate copy6 36 34* 34* 36* 30* 34.0 3.0c

VOSP: incomplete letters7 20 20* 18* 3* 10* 19.2 0.8a

VOSP: dot counting7 10 10* 10* 10* 10* 9.9 0.3a

VOSP: position discrimination7 20 20* 20* 16* 17* 19.8 0.6a

VOSP: cube analysis7 10 10* 10* 5* 6* 9.7 2.5a

*Denotes abnormal performance. 1MMSE, Mini-Mental State Examination (Folstein, Folstein,& McHugh,
1975). 2Raven’s Colored ProgressiveMatrices (Raven, 1962). 3Wechsler Memory Scale– Revised (Wechsler,
1987). 4Wechsler Memory Scale–III (Wechsler, 1997). 5PPT, Pyramids and Palm Trees Test (Howard & Pat-
terson, 1992). 6Taken from Lezak, 1976. 7VOSP, Visual Object and Space Perception Battery (Warrington &
James, 1991). aControl data from Bozeat, Lambon Ralph, Patterson, and Hodges (2002). bNormal range for
age-matched participants. cControl data from N. L. Graham, Patterson, and Hodges (2001).
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finding and comprehension for 5 years. An MRI scan
showed marked bilateral circumscribed temporal lobe at-
rophy. His cognitive profile was similar to that of E.K.,
although his semantic impairments were a little more se-
vere. He was impaired on a range of pictorial and verbal
tests of semantic memory. In contrast, he was well ori-
ented in time and space and had intact visuospatial skills,
nonverbal reasoning abilities, and memory for recent
events. His speech was fluent and syntactically well
formed but was characterized by anomia and frequent
circumlocutions, and his conversationwas repetitive. He
did not make phonological errors in spontaneous speech
or picture naming. He had good verbal STM, as mea-
sured by forward and backward digit span, although his
word span performance was characterized by frequent
phonological errors. His hearing was slightly impaired
in his right ear.

P.D., a 73-year-old right-handed woman, left school at
the age of 14 and later worked as a regional organizer for
a large charity. She had an 8-year history of worsening
semantic memory problems, and these were very severe
at the time of testing. An MRI scan showed very marked
bilateral temporal lobe atrophy that was worse in the
right hemisphere, with relative preservation of more me-
dial temporal lobe structures including the hippocam-
pus, and also evidence of some more generalized corti-
cal atrophy. P.D. was near floor on a range of tests that
required comprehension of pictures and words. Early in
the course of the disease, she had experienced particular
problems with recognizingobjects and people, and at the
time of testing, she showed poorer performance on pic-
torial, as compared with verbal semantic, tests, consistent
with her predominantlyright-sidedatrophy (Evans, Heggs,
Antoun, & Hodges, 1995). Although she had been well
oriented for time and place when she first presented in
1996, she was more poorly oriented at the time of test-
ing and occasionallybecame lost. She also showed some
impairment in visuospatial skills and nonverbal reason-
ing. P.D. exhibited some behavioral changes, including
disinhibition, which would be consistent with the disease
process affecting basal frontal as well as temporal regions
(Snowden, Neary, & Mann, 1996). She became increas-
ingly difficult to test and withdrew from the study before
all the experiments reported here had been completed.

M.K., a 67-year-old right-handed woman, was the
most severely semantically impaired patient included in
the study. She left school at the age of 17 and had previ-
ously been employed in clerical work. Her family re-
ported a 3-year history of worsening semantic problems.
An MRI scan showed marked temporal lobe atrophy that
was strongly lateralized to the left side. She performed at
or near floor on tests of semantic memory. In contrast to
her semantic impairments, she remained well oriented in
time and place, and her memory for recent events was
excellent. Her verbal STM was normal, as assessed by
forward and backward digit span. At the time of testing,
she appeared to have good single-word phonology and
did not produce phonological errors in spontaneous

speech or picture naming. She was impaired on tests of
nonverbal reasoning and visuospatial processing, but she
did not show signs of disinhibition or other behavioral
changes.

EXPERIMENT 1
Immediate Serial Recall of Frequency-Matched

Known and Degraded Words Defined by
Naming and Definitions

If semantic representations make an important contri-
bution to verbal STM, ISR should be better for words
that are still relatively well understood than for words
whose meanings have become degraded. To test this pre-
diction, known and degraded words were selected for
each patient using two methods: picture naming and de-
finitions in Experiment 1 and synonym judgment in Ex-
periment 2. The patients were tested on a variety of list
lengths in both experiments, in order to investigate the
effect of load on the phonologicalcoherence of degraded
words.

Method
The patients were asked to name 80 pictures from the Snodgrass

set, as well as 13 colors and 11 body parts, and to provide defini-
tions for the same items. Attempts at naming were considered to be
correct when the patients produced the right specific label for a pic-
ture. Definitions were considered to be correct when they contained
enough specific information to allow the item to be identified from
its description; gestures—for example, pointing at an item—were
also accepted. For E.K., G.T., and P.D., items that were both named
and defined correctly were classified as known, and items that were
neither named nor defined correctly were classified as degraded.
For M.K., this method did not produce a suff icient number of
known words, and consequently, content words that she used cor-
rectly in her descriptions of eight complex pictures, including the
cookie theft picture, were also included.

The known and the degraded words were matched for word fre-
quency as closely as possible on an item-by-item basis, using data
from Celex (Baayen, Piepenbrock, & van Rijn, 1993) and the MRC
psycholinguistic database (M. Coltheart, 1981). It did not prove
possible to match every pair of words for syllable length, but the av-
erage numbers of syllables in the known and the degraded words
were as similar as possible. The constrained way in which the words
were judged to be known and degraded and the item-by-item fre-
quency matching of known to degraded words resulted in small set
sizes for all 4 patients. Table A1 in the Appendix gives set size,
along with mean word frequency, length, and imageability ratings,
for each patient’s known and degraded words.

Lists of known and degraded words were assembled by selecting
items at random without replacement until all the items had been
used and then repeating this process as required. The frequency-
matched known and degraded word pairs were yoked so that they
appeared in the same positions within corresponding lists. The pa-
tients were tested on lists containing three, four, five, and six words,
although P.D. was not tested on three-word lists, due to time con-
straints, and M.K. was tested on two, three, four, and five words, be-
cause her performance was poorer than that of the other patients.
There were 10 lists of known and degraded words at each length,
and they were presented in a blocked fashion, using an ABBA de-
sign to control for practice effects. E.K. and G.T. were tested twice
on lists containing four, five, and six words, and M.K. was tested
twice on lists containing four and five words, in order to increase
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the amount of data available for analysis. The repeated lists were
separated from the original testing by a period of several weeks.
Three healthy control participants were matched to each patient on
the basis of sex, age, and years of education. Each patient’s controls
were tested on the same lists as the patient and also on lists up to
seven words long, constructed in the same way. As the known and
degraded items were specific to each patient, the different patients
and their controls were tested on different sets of items. In this and
subsequent experiments, items were read aloud at a rate of one word
per second for immediate serial recall.

Results
Recall accuracy. Both list and item recall can provide

a measure of recall accuracy. The two methods generally
produce the same pattern of results, although floor and
ceiling effects can raise fewer problems for item recall.
Therefore, in the interests of brevity, only item recall will
be reported for every experiment.

Table 3 shows the number of items recalled in the cor-
rect order at each list length. A series of t tests was used
to determine whether the patients performed signifi-
cantly more poorly than their lowest scoring controls,
combining across the different list lengths at which both
the patients and the controls were tested. E.K.’s perfor-
mance on the known words was not impaired [t(29) , 1].
In contrast, her recall of the degraded words was signif-
icantly poorer than that of her lowest scoring control
[t(29) 5 4.23, p , .0001]. Similarly, G.T.’s recall of the
known words was actually better than his lowest scoring
control [t(29) 5 2.65, p , .05], but he was markedly im-
paired on the degraded words [t(29) 5 3.23, p , .01].
M.K. showed the largest ISR impairment, perhaps be-
cause her semantic deficits were particularly severe. Her
recall was substantially impaired for both known words
[t(29) 5 7.08, p , .0001] and degraded words [t(29) 5
8.42, p , .0001]. In contrast to the other patients, P.D.’s
ISR performance was not impaired. In fact, her recall

was significantly better than that of her poorest per-
forming control, for both known words [t(29) 5 3.59,
p , .001] and degraded words [t(29) 5 2.03, p 5 .05].

Two of the 4 patients displayed a significant recall ad-
vantage for the known words over the degraded words,
consistent with the notion of a semantic contribution to
verbal STM. G.T. showed a very substantial recall dif-
ference between known and degraded words when the
data were combined across list lengths [t(132) 5 4.13,
p , .0001]. M.K. also recalled a larger number of known
than of degraded words [t(112) 5 2.56, p , .05]. In con-
trast, no difference between the recall of known and
degraded words was found for E.K. [t(134) 5 1.42, n.s.]
or P.D. [t(54) , 1].

None of the control participants showed superior recall
of the known words, suggesting that the results obtained
for G.T. and M.K. genuinely reflected the involvementof
semantics in ISR and not differences in difficulty be-
tween the two sets of words. For the most part, the con-
trols showed no difference between the known and the
degraded words [t(76–98) , 1.56, n.s.], although 2 con-
trol participants showed superior recall of the degraded
words [t(75) 5 2.48, p , .05, and t(78) 5 2.15, p , .05].
This unexpected result may reflect the fact that the known
and the degraded words were not perfectly matched on
every characteristic affecting verbal STM and, when it
was not possible to f ind a match, the degraded items
were generally selected to be easier.

Table 3 shows that the percentageof recall of the known
and degraded words decreased as list lengthwas increased.
List length affected the patients and the control partici-
pants in a similar way and did not systematically affect
the size of the known–degraded recall difference.

Error analysis. The errors made by the patients and
the controls were classified as belonging to one of six
categories. Omission errors occurred when fewer items

Table 3
Recall of Frequency-Matched Known and Degraded Words

Defined by Naming and Definitions (Experiment 1)

List Length

Patient Words 2 3 4 5 6 7

E.K. known – 90.0 78.8* 64.0* 55.0 –
degraded – 86.7 73.8* 59.0* 50.0 –

E.K. controls (minimum) known – – 80.0* 60.0* 51.7 48.6
degraded – – 87.5* 76.0* 58.3 52.9

G.T. known – 93.3 90.0* 70.0* 60.8 –
degraded – 83.3 62.5* 60.0* 42.5 –

G.T. controls (minimum) known – – 87.5* 64.0* 41.7 44.3
degraded – – 82.5* 70.0* 61.7 50.0

P.D. known – – 90.0* 88.0* 70.0 –
degraded – – 85.0* 74.0* 80.0 –

P.D. controls (minimum) known – – 82.5* 58.0* 51.7 42.9
degraded – – 87.5* 68.0* 56.7 61.4

M.K. known 70.0 70.0 57.5* 50.0* – –
degraded 65.0 60.0 43.0* 38.0* – –

M.K. controls (minimum) known – 100.00 85.0* 70.0* 63.3 57.1
degraded – 96.7 90.0* 68.0* 68.3 57.1

Note—Figures indicate the percentage of items recalled in the correct order. *Recall below minimum score
obtained across all control participants on both known and degraded words.
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were recalled than were presented. Order errors occurred
when an item was identical to one of the target items but
was produced in the wrong place in the sequence. Repe-
tition errors were target items recalled more than once.
Intrusion errors were previously presented items recalled
in the wrong list. Phonological errors contained at least
half of the phonemes in a target word. Unrelated errors
did not fit into any of the previous categories and were
largely accounted for by patient responses that did not
overlap sufficiently with the target words to reach the
criterion for a phonological error.

Table 4 indicates the proportion of errors in each of
these categories for known and degraded words, com-
bining across list lengths. There were far more errors in
the phonological and unrelated categories for the pa-
tients than for the controls. Chi-square analyses showed
that different types of errors occurred on the known and
the degraded words for G.T. [c 2(5) 5 27.62, p , .0001],
E.K. [c 2(5) 5 28.93, p , .0001], and P.D. [c 2(5) 5
13.41, p , .01]. The standardized residuals were partic-
ularly high for phonological errors (range 5 1.7–3.3),
suggesting that this error category made a major contri-
bution to the chi-square outcome. In contrast, M.K. did
not make significantly different types of errors on the
known and the degraded words [c 2(5) 5 8.24, n.s.], per-
haps because a substantial number of phonological er-
rors occurred in her recall of the known words, as well as
of the degraded words.

In contrast with the patients, the control participants
did not make a larger number of phonological errors in
their recall of the degraded words and made very few
phonological errors in either condition. Ten of the 12
control participantsdid not show any significantdifference
in errors between the known and the degraded words
[c 2(5) 5 1.85–5.85, all n.s.]. Two control participants
did show a significant difference [c 2(5) 5 9.57, p , .05,
and c 2(5) 5 11.30, p , .05], but this was apparently due
to differences in the number of order and intrusion er-
rors, rather than phonological errors.

The numbers of phonologicaland nonphonological er-
rors were compared across short and long lists for E.K.,
G.T., and M.K. (see Figures 1A, 1B, and 1C). The short
lists contained three and four items for E.K. and G.T. and
two and three items for M.K. The long lists contained five

and six items for E.K. and G.T. and four and five items
for M.K. P.D. was excluded from the analysis because
there were insufficient errors on the shorter lengths to an-
alyze. For all 3 patients, phonological errors appeared in
large numbers on the shorter lists and did not increase
substantiallywith list length. Percentage recall decreased
as list length was increased, largely because the number
of nonphonological errors (predominantly omissions)
rose sharply. Consistent with this pattern, phonological
errors accounted for a greater proportion of the total er-
rors on short lists than on long lists in degraded word re-
call, for E.K. [c2(1) 5 15.24, p , .0001], G.T. [c 2(1) 5
7.90, p , .01], and M.K. [c2(1) 5 6.75, p , .01]. The
difference in the proportion of phonological to non-
phonological errors on short and long lists did not reach
significance for known words [E.K. and M.K., c2(1) , 1;
G.T., c 2(1) 5 1.93, n.s.], presumably because the number
of phonological errors was much smaller.

Discussion
Two patients, E.K. and G.T., showed impaired recall of

degraded words, but not of known words, relative to con-
trol performance. G.T. showed the predicted recall dif-
ference between known and degraded words, but this did
not reach significance for E.K. A 3rd patient, M.K., was
markedly impaired at recalling both known and degraded
words, although she nevertheless showed a significant
recall difference between them. M.K. was the most se-
mantically impaired patient in this study, and her compre-
hension of the known words may have been substantially
impaired, although still superior to her comprehensionof
the degraded words. In contrast, P.D.’s recall accuracy was
at a normal level for both known and degraded words,
despite her severe semantic impairments. In this respect,
she was similar to McCarthy and Warrington’s (2001)
patient, M.N.A., who was characterized as “repeating
without semantics.” An analysis of the errors made by the
patients and controls, however, revealed that although
P.D.’s accuracy remained at a normal level, like M.N.A.’s,
the errors that she made were anything but normal. In
our study, the number of phonological errors was much
larger in the patients than in the controls, particularly for
degraded words, suggesting that semantic impairment
does affect the phonological coherence of items in STM,

Table 4
Errors on Frequency-Matched Known and Degraded Words Defined by Naming and Definitions (Experiment 1)

Phonological Unrelated Omission Order Repetition Intrusion

Patient Known Degraded Known Degraded Known Degraded Known Degraded Known Degraded Known Degraded

E.K. .09* .38* .04* .05* .41 .28 .28 .19 .09 .06 .10 .05
G.T. .27* .59* .10* .10* .42 .20 .09 .02 .07 .06 .05 .03
P.D. .26* .67* .03* .03* .19 .03 .16 .06 .32 .15 .03 .06
M.K. .64* .65* .16* .24* .08 .06 .03 .00 .03 .03 .05 .02
All controls

(maximum) .04* .06* .02* .04* .81 .64 .43 .48 .29 .26 .37 .34

Note—The errors in each category are expressed as a proportion of the total number of errors across all list lengths. *Patient scores were larger
than the maximum observed for controls.
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as predicted by Patterson et al. (1994). Although the pa-
tients made more frequent phonological errors on the
degraded words, they also made an abnormal number of
these errors on the known words. It seems likely that these
errors reflected the fact that a continuum of semantic im-
pairment underlies the known–degraded distinction. Al-
though the known words were selected to be better under-
stood than the degraded words, the semantics of these
words may not have been entirely intact, since the patients
could have passed the naming and definitions tests without
understanding the finer nuances of the words’ meanings.
Therefore, phonological errors on both sets of items may
have resulted from semantic impairment.

Recall declined as list length was increased but de-
clined at a similar rate for known and degraded words.
The size of the known–degraded difference did not vary
consistently with length, as long as recall was off floor
and ceiling. However, list length did appear to affect the
proportion of phonological to nonphonological errors.
Nonphonological errors, predominantly omissions, in-
creased with length for both known and degraded words,
but phonologicalerrors occurred frequently for degraded
words, even on very short lists, and did not increase
markedly with length.

EXPERIMENT 2
Immediate Serial Recall for Frequency-Matched

Known and Degraded Words Defined by
Synonym Judgments

In this experiment, a second set of known and degraded
words was selected using a synonym judgment task, in
order to establish whether the results of the first experi-
ment would replicate regardless of the change in the
method used to select the items.

Method
A synonym judgment task was used to produce lists of known

and degraded words for E.K., G.T., and P.D. The participants were
asked which of three words was closest in meaning to a target word
(for example, “which word is closest in meaning to suffix: inflec-
tion, temerity, or perpetrator?” ). The test was administered twice
on two separate occasions. Known items were selected from the
consistently correct trials, and degraded items were def ined as
those trials in which performance was consistently incorrect. M.K.
was not included, since she performed too poorly on the synonym
judgment task to produce enough known words.

The frequency of the known and the degraded words was matched
on an item-by-item basis, and the groups were matched for word
length, as has been described for Experiment 1. Again, the set sizes
were small for all 4 patients. Table A2 in the Appendix gives set size,

Figure 1. Phonological and nonphonological errors on known and degraded words defined by naming and definitions
as a function of list length (Experiment 1).
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along with mean frequency, length, and imageability for the known
and the degraded words selected for each patient. Lists of known and
degraded words were assembled in the same way as that in Experi-
ment 1. G.T. and E.K. were tested on lists containing two, three, four,
and five items. P.D. was tested on three- to five-item lists. The con-
trol participants were tested on three-, four-, five-, and seven-item
lists. There were 10 lists of known and degraded words at each length,
and they were presented in a blocked fashion, using an ABBAdesign.

Results
Recall accuracy. Table 5 shows the percentages of

items recalled in the correct order at each list length by the
patients and the controls. In general, these words were
recalled more poorly than the words in Experiment 1,
perhaps because they were more abstract in nature.

A series of t tests was used to determine whether the
patients had performed significantly more poorly than
their lowest scoring controls, combining across the dif-
ferent list lengths at which both patients and controls
were tested. G.T.’s recall of the known words was not im-
paired [t(29) 5 1.55, n.s.], but his recall of the degraded
words was substantially impaired [t(29) 5 6.94, p ,
.0001]. E.K.’s recall was impaired for both known words
[t(29) 5 4.87, p , .0001] and degraded words [t(29) 5
5.22, p , .0001]. In contrast, P.D.’s recall was not impaired
for either known words or degraded words [t(29) , 1],
as in Experiment 1.

G.T. recalled the known words much more accurately
than the degraded words [t(78) 5 4.02, p , .0001], but
there was no difference in recall between the known and
the degraded words for E.K. [t(77) , 1] and P.D. [t(58) ,
1]. Therefore, this experiment replicated the findings of
Experiment 1: The same patients showed a significant
known–degraded difference, even when the words were
selected using a different method. None of the controls
showed a significant difference between the known and
the degraded words [all ts(77–98) , 1.39, n.s.].

Error analysis. Errors were classified as for Experi-
ment 1. Table 6 indicates the proportions of errors that
were omissions, order errors, repetitions, intrusions,
phonological errors, and unrelated errors for known and
degraded words, combining across list lengths. As in the
previous experiment, the patients’ recall was character-
ized by abnormally frequent phonological errors. Unre-
lated errors also exceeded the normal range. In contrast
to Experiment 1, none of the patients showed a differ-
ence in errors for known and degraded words [E.K.,
c2(5) 5 2.39; G.T., c 2(5) 5 2.12; P.D., c2(5) 5 2.52; all
n.s.]. This was largely because they made numerous
phonological errors on both the known and the degraded
words. Ten controls also showed no difference in error
types between the known and the degraded words
[c 2(5) 5 1.80–7.83, all n.s.]. The difference in errors ap-
proached significance for one control [c2(5) 5 9.71, p 5
.053] and reached significance for another [c 2(5) 5
15.91, p , .01].

The numbers of phonologicaland nonphonological er-
rors occurring on the shortest two lengths (two and three
words) were compared with those on the longest two
lengths (four and five words), in order to determine
whether list length affected the types of errors that were
committed.P.D. was excluded from this analysis, since she
had not been tested on the full complement of list lengths.
The results were similar to those obtained in Experiment 1
(see Figures 2A and 2B). Phonological errors again ap-
peared in large numbers on the shorter list lengths,whereas
nonphonological errors (primarily omissions) increased
sharply with length.E.K.’s phonologicalerrors accounted
for a greater proportion of the total errors on short, as
compared with long, list lengths, for both known words
[c2(1) 5 3.78, p 5 .052] and degraded words [c2(1) 5
14.19, p , .001], but the difference was more strongly
significant for the degraded words, because there were

Table 5
Recall of Frequency-Matched Known and Degraded Words

Defined by Synonym Judgments (Experiment 2)

List Length

Patient Words 2 3 4 5 7

E.K. known 100.0 80.0* 37.5* 48.0* –
degraded 95.0 60.0* 42.5* 36.0* –

E.K. controls (minimum) known – 100.0* 80.0* 66.0* 34.3
degraded – 93.3* 77.5* 64.0* 42.9

G.T. known 85.0 80.0* 82.5* 56.0* –
degraded 70.0 53.3* 52.5* 28.0* –

G.T. controls (minimum) known – 93.3* 85.0* 62.0* 42.9
degraded – 86.7* 77.5* 62.0* 47.1

P.D. known – 86.7* 70.0* 52.0* –
degraded – 90.0* 67.5* 46.0* –

P.D. controls (minimum) known – 86.7* 77.5* 54.0* 38.6
degraded – 90.0* 67.5* 52.0* 44.3

Note—Figures indicate the percentages of items recalled in the correct order. *Recall below minimum
score obtained across all control participants on both known and degraded words.
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more errors. G.T. showed the same pattern for degraded
words [c2(1) 5 3.99, p , .05], but the difference did not
reach significance for the known words [c2(1) 5 1.61, n.s.].

Discussion
As in Experiment 1, the patients’ recall was impaired

relative to control performance, with the exceptionof P.D.,
who showed normal recall accuracy despite her severe
semantic impairments (although her error pattern was
clearly abnormal). G.T. again showed a strong advantage
in ISR for words that were relatively well understood,
whereas E.K. and P.D. did not. There was, therefore, a

striking degree of consistency between the two experi-
ments, with respect to which patients showed a known–
degraded difference in recall accuracy, even though a
very different method was used to select the known and
the degraded words. It should be noted, however, that the
results for E.K. were somewhat different: In Experi-
ment 1, she showed signif icantly impaired recall of
degraded but not known words, whereas in this experi-
ment, her recall of both sets of items fell below the nor-
mal range.

As in the previous experiment, the patients made a
large number of phonological errors in ISR, unlike the

Table 6
Errors on Frequency-Matched Known and Degraded Words Defined by Synonym Judgments (Experiment 2)

Phonological Unrelated Omission Order Repetition Intrusion

Patient Known Degraded Known Degraded Known Degraded Known Degraded Known Degraded Known Degraded

E.K. .55* .53* .10* .08* .28 .35 .03 .03 .02 .00 .02 .01
G.T. .66* .59* .11* .15* .24 .21 .00 .00 .00 .01 .00 .04
P.D. .68* .62* .08* .10* .20 .24 .03 .02 .00 .02 .03 .00
All controls

(maximum) .14* .17* .06* .05* .74 .75 .32 .28 .18 .21 .37 .55

Note—The errors in each category are expressed as a proportion of the total number of errors across all list lengths. *Patient scores were larger
than the maximum observed for controls.

Figure 2. Phonological and nonphonological errors on known and degraded words defined
by synonym judgment as a function of list length (Experiment 2).
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controls. In contrast to Experiment 1, however, these er-
rors occurred frequently for both the known and the
degraded words, and consequently, the patients did not
show any error differences between the two conditions.
Phonological errors may have occurred more frequently
for the known words in this experiment because they
were generally less imageable and familiar and may have
been less well understood. List length did not affect the
size of the known–degraded difference but did affect the
proportion of phonological errors to other error types, as
in Experiment 1. The errors on the shorter lists were pre-
dominantlyphonologicalin nature. On longer lists, phono-
logical errors remained frequent, but other types of errors
(particularly omissions) became more common.

Experiments 1 and 2 suggest that certain patients con-
sistently show substantial ISR differences between known
and degraded words, whereas others do not. However,
methodological factors could have been responsible for
the failure to observe a known–degraded accuracy dif-
ference for E.K. and P.D., especially since they both
showed the predicted difference in errors for one experi-
ment. In the followingexperiments,we examinedwhether
a significant difference between known and degraded
words could be obtained for these patients in more fa-
vorable circumstances—for example, when the known
and the degraded words were not matched for frequency
and when set size was larger. Unfortunately, P.D. did not
wish to participate in further research, and so we were
able to investigate the role of these factors only in the re-
call of E.K., G.T., and M.K.

EXPERIMENT 3
Known and Degraded Words Not Matched for

Frequency

In the experiments above, the known and the degraded
words were matched on an item-by-item basis for fre-
quency, in order to ensure that superior known word recall

did not result from the normal frequency effect. How-
ever, as was mentioned in the introduction, frequency
matching has a number of drawbacks, which may mask
genuine known–degraded recall differences. It is partic-
ularly problematic that word frequency correlates with
the known–degraded dimension. Since low-frequency
items are also likely to be the most severely semantically
degraded, frequency matching may limit the size of the
semantic difference between known and degraded words.
In addition, frequency matching restricts the number of
experimental items that can be used (i.e., reduces the set
size). In this experiment, the patients and the controls
were compared on non–frequency-matched known and
degraded words. The known words were higher in fre-
quency and easier to recall than the degraded words for
both the patients and the controls, but the known–degraded
difference was expected to be much more substantial for
the patients.

Method
Two sets of known and degraded words were selected, using

naming and def initions, as in Experiment 1. The words were
matched on an item-by-item basis for syllable length, but not for
frequency, and consequently, the known words were substantially
higher in frequency than the degraded words. Not matching the
items for frequency allowed set size to be larger in this experiment
(see Table A3 in the Appendix). Every participant was tested on
four- and five-item lists. M.K. was additionally tested on three-item
lists, and the controls were tested on seven-item lists. The lists were
constructed following the method described in Experiment 1. There
were 20 lists of known and degraded words at each length, and they
were presented in blocks, using an ABBA design. Six age-matched
control participants were tested on the material for each patient.

Results
Table 7 shows the percentage recall for the known and

the degraded words. Both E.K. and G.T. recalled the
known words at a normal level: Their recall was within
the range of both the 6 controls tested on the same ma-
terial, and all of the control data taken together (18 data

Table 7
Recall of Non–Frequency-Matched Known and Degraded Words (Experiment 3)

List Length

Patient Words 3 4 5 7

E.K. known – 91.3* 78.0* –
degraded – 66.3* 48.0* –

E.K. controls (minimum) known – 88.8* 68.0* 47.9
degraded – 91.3* 71.0* 52.1

G.T. known – 93.8* 68.0* –
degraded – 78.8* 46.0* –

G.T. controls (minimum) known – 80.0* 63.0* 40.7
degraded – 78.8* 55.0* 43.6

M.K. known 75.0* 60.0* 68.3* –
degraded 38.3* 36.7* 31.7* –

M.K. controls (minimum) known 97.0* 84.0* 81.0* 50.0
degraded 95.0* 88.0* 66.0* 51.0

Note—Figures indicate the percentage of items recalled in the correct order. *Score below
range for each patient’s controls.
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points from 12 participants). M.K.’s recall of the known
words was impaired, however, falling below the lowest
scores obtained for controls. Recall of the degraded
words fell substantially below the control range for all 3
patients.

Every patient recalled the known words significantly
better than the degraded words when the data were com-
bined across list lengths. E.K. showed a substantial ad-
vantage for the known words [t(71) 5 5.92, p , .0001], in
contrast to the results in Experiments 1 and 2. The differ-
ence was also highly significant for G.T. [t(77) 5 3.41,
p , .001] and M.K. [t(110) 5 5.71, p , .0001]. None of
the controls showed a significant recall difference between
known and degraded words [all ts(114–158) , 1.24, n.s.].
Therefore, the controls did not recall the known words
better than the degraded words, even though they were
higher in frequency.

The difference between the patients and the controls is
further illuminated by a comparison of the size of the
known–degraded recall difference. All of the data col-
lected for the patients was included in this analysis, but
only five- and seven-item lists were included for the con-
trols (three- and four-item lists were excluded, since re-
call was close to ceiling, potentially reducing the size of
the known–degraded difference). Since it was necessary
to compare patients and controls on lists of different
lengths, percentages of differences were contrasted. The
known–degraded difference for all 18 controls was cen-
tered on zero (mean 5 0.12, range 5 26.3–5.4). The
known–degraded differences for all 3 patients were
much larger than the maximum difference observed in the
controls (E.K., 38.9; G.T., 18.9; M.K., 24.2). The partic-
ipants’ errors followed the pattern reported for the pre-
vious experiments and so are not discussed in detail here.

Discussion
In this experiment that examined known and degraded

words not matched for frequency, E.K. showed a sub-
stantial recall advantage for the known words over the
degraded words, in addition to G.T. and M.K., in con-
trast to the results of Experiments 1 and 2. Since the con-
trols did not show this advantage, it seems unlikely that
the patients’ recall could be accounted for by the higher
frequency of the known words or by any other difference
between the two sets of words. Instead, the status of the
words as known and degraded appeared to be crucial. The
lack of frequency matching in this experiment allowed
E.K.’s set size to be much larger than those in the previ-
ous experiments, and this difference in methodologymay
have accounted for the discrepancy in results. An alter-
native possibility, however, is that the known and degraded
words varied in their extent of lexical-phonological
degradation, as well as semantic degradation, given that
word frequency effects are ascribed to the accessibility
of lexical-phonological forms by some researchers (e.g.,
Jescheniak & Levelt, 1994). In the following experi-
ments, the effect of set size on the recall of known and
degraded words was examined more systematically, in

order to determine whether E.K. would show a signifi-
cant known–degraded difference when set size was large,
even for frequency-matched items.

EXPERIMENT 4
The Effect of Set Size on the Recall of Known

and Degraded Words

The set sizes in Experiments1 and 2 were small because
of the constrained way in which the words were selected.
In this experiment, the words from the two experiments
were pooled in order to increase the set size.

Method
The lists of four and five known and degraded words used in Ex-

periments 1 and 2 were re-presented to E.K. and G.T., but were in-
terspersed so that a list from Experiment 1 (based on naming and
definitions) was followed by a list from Experiment 2 (based on
synonym judgments). Consequently, a larger number of items oc-
curred between repetitions of the same word. The lists in this new
large set size condition were identical to those in Experiments 1 and
2, which constituted the small set size condition, and were pre-
sented in the same way. Six age-matched control participants were
tested on the same material as the patients and also on lists of seven
words.

Results
Recall accuracy. Tables 8 and 9 show the percentages

of words that were recalled by patients and controls in
the large and small set size conditions, collapsing across
four- and five-word lists. Table 8 shows the data for nam-
ing and definition items, and Table 9 shows the items
based on synonym judgment. Since the patients were
tested twice on the naming and definition words in the
small set size condition(Experiment 1), the data in Table 8
are averaged across the two presentations. E.K. showed
a significant difference between known and degraded

Table 8
Effect of Set Size on the Recall of Known and Degraded Words

Defined by Naming and Definitions (Experiment 4)

List Length

Patient Set Words 415 7

E.K. large known 73.3*
degraded 63.3*

small known 70.6*
degraded 64.4*

E.K. controls (minimum) large known 78.9* 50.0
degraded 86.7* 51.4

small known 68.9* 48.6
degraded 81.1* 52.9

G.T. large known 84.4*
degraded 62.2*

small known 78.9*
degraded 61.1*

G.T. controls (minimum) large known 78.9* 57.1
degraded 82.2* 52.9

small known 74.4* 44.3
degraded 75.6* 50.0

Note—Figures indicate the percentages of items recalled in the correct
order. *Recall below minimum score obtained across all control par-
ticipants on both known and degraded words.
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words in the large set size condition [t(70) 5 3.19, p ,
.01], but not in the small set size condition [t(78) , 1]
supporting the notion that set size can affect the magni-
tude of known–degraded recall differences. A more de-
tailed analysis revealed that, in the large set size condi-
tion, the known–degraded difference was significant for
synonym judgment words [t(35) 5 3.74, p , .001] but
not for naming and definition words [t(36) 5 1.48, n.s.].
Therefore, most of the effect of the set size manipulation
was brought about by the synonym judgment words,
which were recalled more poorly and with a greater pro-
portion of phonological errors than the naming and def-
inition words in Experiments 1 and 2. G.T. recalled the
known words better than the degraded words regardless
of whether set size was large [t(67) 5 3.92, p , .001] or
small [t(76) 5 4.64, p , .0001]. This was the case for
the words selected by means of naming and definitions
[large set, t(29) 5 2.54, p , .05; small set, t(34) 5 3.07,
p , .01], as well as by synonym judgments [large set,
t(35) 5 3.33, p , .01; small set, t(38) 5 3.86, p , .001].

In contrast, none of the control participants showed a
significant known–degraded recall difference for either
naming and definition items or synonym judgments
items in the large set size condition [all ts(53–58) ,
1.67, n.s.]. This analysis combined scores on four-, five-,
and seven-word lists. The performance of controls in the
small set size condition was discussed for Experiments 1
and 2 and will not be considered here.

Error analysis. Table 10 shows the number of phono-
logical and nonphonologicalerrors (omission, order, rep-
etition, intrusion, and unrelated errors) that occurred for
the items selected according to naming and definitions
and synonym judgment in the large and small set size con-
ditions. Set size did not affect the balance of phonological
to nonphonologicalerrors produced by E.K., on either the
naming and definitions items [known words, c 2(1) 5
1.07, n.s.; degraded words, c 2(1) , 1] or the synonym
judgment items [known and degraded words, c 2(1) , 1].
Set size did not affect G.T.’s errors on the naming and de-
finitions items [known and degraded words, c 2(1) , 1]
but did affect his errors on the synonym judgment items
[known words, c 2(1) , 1; degraded words, c 2(1) 5 4.97,
p , .05]. A greater proportion of his errors were phono-
logical in nature when the set size was large.

Discussion
Set size affected the magnitudeof the known–degraded

recall difference for E.K., but not for G.T. E.K. recalled
the known and the degraded words at an equivalent level
in the small set size condition but showed a significant
advantage for the known words over the degraded words
in the large set size condition.E.K.’s recall of the degraded
words defined by synonym judgmentsparticularly seemed
to benefit from small set sizes, perhaps because in Ex-
periments 1 and 2 these words were more difficult to re-
call than those selected using naming and definitions.
For G.T., a greater number of phonological errors oc-
curred when set size was large, consistent with the no-
tion that small set sizes improve recall by increasing the
familiarity of degraded phonological forms. However, it
remains unclear why set size failed to affect G.T.’s recall
accuracy. One possibility is that the variation of set size
was relatively subtle in this experiment. The manipula-

Table 9
Effect of Set Size on the Recall of Known and Degraded Words

Defined by Synonym Judgment (Experiment 4)

List Length

Patient Set Words 415 7

E.K. large known 56.7*
degraded 31.1*

small known 41.1*
degraded 38.9*

E.K. controls (minimum) large known 70.0* 41.4
degraded 66.7* 40.0

small known 73.3* 40.0
degraded 72.2* 42.9

G.T. large known 67.8*
degraded 40.0*

small known 67.8*
degraded 38.9*

G.T. controls (minimum) large known 87.8* 50.0
degraded 80.0* 44.3

small known 72.2* 42.9
degraded 70.0* 47.1

Note—Figures indicate the percentages of items recalled in the correct
order. *Recall below minimum score obtained across all control par-
ticipants on both known and degraded words.

Table 10
Errors on Known and Degraded Words as a Function of Set Size (Experiment 4)

Phonological Nonphonological

Task Patient Set Size Known Degraded Known Degraded

Naming and definitions E.K. large .04 .12 .23 .21
small .01 .16 .29 .19

G.T. large .07 .21 .09 .17
small .06 .26 .14 .12

Synonym judgment E.K. large .18 .31 .24 .37
small .29 .22 .30 .38

G.T. large .23 .43 .09 .16
small .19 .31 .13 .30

Note—The errors in each category are expressed as a proportionof the number of items presented.
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tion was applied only by changing the distance between
repetitions of the same word and did not affect the total
number of times each word was presented. In addition,
overall set size was larger for E.K. than for G.T., so the
distance between presentations of the same word may
not have been large enough to produce an effect in G.T.
We therefore examined the effect of set size in a second
experiment that manipulated the total number of times
each word was repeated and that kept set size equal for
E.K. and G.T.

EXPERIMENT 5
A Second Look at the Effect of Set Size on the

Recall of Known and Degraded Words

This experiment provided a replication of the previous
set size findings using a rather different method.

Method
The methods used to select known and degraded words in previ-

ous experiments were relaxed in order to increase the number of
words that were available for testing. Known words, selected using
naming and definitions and synonym judgment, were supplemented
with words that were produced correctly in fluency tasks. Degraded
words were identified using the procedure described for Experi-
ments 1 and 2. The known and the degraded words were matched
for syllable length and frequency on an item-by-item basis, using
data from Celex (Baayen et al., 1993) and the MRC psycholinguis-
tic database (M. Coltheart, 1981). The characteristic s of these
words are described in Table A4 in the Appendix.

Four-item lists of known and degraded words were assembled at
three set sizes: 36 words (each word was repeated twice), 12 words
(each word was repeated 6 times), and 4 words (each word was re-
peated 18 times; i.e., each list contained the same four items in a
different order). There were three different sets of 12 words, which
together made up the complete set of 36, and there were three dif-
ferent sets of 4 words, which together made up the first set of 12
words. Therefore, any recall differences between the 36-word set
and the 12-word set were likely to be the result of the number of
times each word was repeated, and not of the words included in
each set. There were 18 lists of known and degraded words in each
set presented in blocks, using an ABBA design.

Testing took place over two sessions that were several weeks
apart. On the first session, the 36-word set was tested, followed by
the first set of 12 words and two 4-word sets. On the second session,
the 36-word set was tested a second time in order to increase the
amount of data available in that condition, followed by the remain-
ing two sets of 12 words and the final set of 4 words. Three age-
matched control participants were tested on the same lists as the pa-
tients and also on lists of 7 words (although they were tested on the
36-word set only once). The lists of 7 words necessarily included a
larger number of repetitions of each word. For this reason, the con-
trols were not tested on lists of 7 words in the 4-word set condition,
since most of the items would have had to be presented twice in
each list.

Results
Recall accuracy. Table 11 shows the percentage of

known and degraded words that were recalled at each set
size. The overall pattern was similar to that observed in
Experiment 4. E.K. showed a more substantial recall dif-
ference between known and degraded words in the

36-word set condition [t(66) 5 3.52, p , .001], as com-
pared with the 4-word set condition [t(92) 5 2.92, p ,
.01], although the advantage for known over degraded
words was still significant at the smallest set size. The
known–degraded difference approached significance for
the 12-word set [t(101) 5 1.67, p , .1]. As in the previ-
ous experiment, smaller set sizes facilitated E.K.’s recall
of degraded words to a greater extent than her recall of
known words. Set size did not significantly affect the re-
call of known words [36- vs. 12-word set, t(77) 5 1.61;
12- vs. 4-word set, t(98) 5 1.38, both n.s.]. In contrast,
degraded words were recalled better when the set size
was smaller [36- vs. 12-word set, t(75) 5 3.38, p , .01;
12- vs. 4-word set, t(105) , 1].

As in the previous experiment, G.T. showed a sub-
stantial recall difference between known and degraded
words at every set size [36-word set, t(66) 5 2.72, p ,
.001; 12-word set, t(100) 5 4.19, p , .0001; 4-word set,
t(102) 5 5.99, p , .0001]. The advantage G.T. showed
for known words actually became greater as set size was
decreased, in contrast with E.K., since decreases in set
size enhanced the recall of known words more than recall
of degraded words. Set size did not significantly affect
the recall of degraded words [36- vs. 12-word set, t(78) 5
1.14; 12- vs. 4-word set, t(103) 5 1.58, both n.s.]. How-
ever, known words were recalled better when the set size
was smaller [36- vs. 12-word set, t(78) , 1; 12- vs. 4-word
set, t(104) 5 3.21, p , .01]. None of the control partic-

Table 11
Effect of Set Size on the Recall of Known and Degraded Words

(Experiment 5)

Set List Length

Patient Size Words 4 7

E.K. 36 known 70.8*
degraded 50.7*

12 known 78.2*
degraded 70.4*

4 known 83.3*
degraded 71.8*

E.K. controls (minimum) 36 known 90.3* 46.8
degraded 90.3* 44.4

12 known 90.7* 49.5
degraded 90.3* 49.2

4 known 95.4* –
degraded 94.4* –

G.T. 36 known 77.1*
degraded 61.1*

12 known 75.5*
degraded 54.2*

4 known 88.9*
degraded 62.5*

G.T. controls (minimum) 36 known 75.0* 35.7
degraded 73.6* 32.5

12 known 80.6* 49.5
degraded 81.5* 50.3

4 known 89.8* –
degraded 88.4* –

Note—Figures indicate the percentage of items recalled in the correct
order. *Recall below minimum score obtained across all control par-
ticipants on both known and degraded words.
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ipants showed a significant difference between the
known and the degraded words at any set size, collaps-
ing across list length [36-word set, t(69–70) , 1.14, n.s.;
12-word set, t(213–214) , 1].

Error analysis. Table 12 shows the number of phono-
logical and nonphonological errors (omission, order,
repetition, intrusion, and unrelated errors) that were
made at each set size. As in Experiments 1 and 2, a
greater proportion of phonologicalerrors occurred for the
degraded words than for the known words. E.K. showed
a significant known–degraded error difference for the
36-word set [c2(1) 5 10.34, p , .01], the 12-word set
[c2(1) 5 6.92, p , .01], and the 4-word set [c2(1) 5
11.58, p , .001]. G.T. made a larger number of phono-
logical errors on the known words, and consequently, the
known–degraded error difference did not reach signifi-
cance for the 36-word set [c2(1) , 1]. However, it did
reach significance for the 12-word set [c2(1) 5 4.73, p ,
.05] and the 4-word set [c2(1) 5 6.48, p , .05].

For E.K., the pattern of errors changed smoothly over
the three set sizes. Although there was no significant ef-
fect of set size on the pattern of errors when the known
and the degraded words were considered separately [for
all possible comparisons between set sizes, c2(1) , 3.21,
n.s.], the difference did reach significance when the errors
made on known and degraded words were combined. A
greater proportion of the errors were phonological for
large, as compared with small, set sizes [36-word set vs.
4-word set, c2(1) 5 6.29, p , .05; 36-word set vs. 12-word
set, c2(1) 5 3.60, p 5 .06; 12-word set vs. 4-word set,
c2(1) , 1]. G.T. did not show this reduction in phonolog-
ical errors with smaller set sizes. He showed no effects of
set size on the balance of phonologicalto nonphonological
errors for known words [for all comparisons,c2(1) , 1.01,
n.s.]. For degraded words, there were no significant dif-
ferences in errors between the 36- and the 4-word sets
[c2(1) 5 3.29, n.s.] or between the 12- and the 4-word
sets [c2(1) , 1]. There were, however, more phonological
errors in the 12-word set than in the 36-word set [c2(1) 5
5.61, p , .05].

Discussion
Some interesting differences between E.K. and G.T.

emerged in this experiment. E.K.’s recall of the degraded
words improved as set size was decreased, and she made
fewer phonological errors. She may have become more
familiar with the phonological forms of the degraded
words as they were repeated in the smaller set size con-
ditions, and this would have increased the likelihood that
their phonemes were produced in the correct configura-
tion. Consequently, the magnitude of the recall differ-
ence between known and degraded words was smaller
for more limited sets of words. In contrast, G.T. showed
enhanced recall of known words when set size was small,
but set size did not affect his recall of degraded words.
As a result, the magnitude of the recall difference be-
tween known and degraded words was actually larger for
more limited word sets.

These results suggest that the differences in the effect
of set size observed for E.K. and G.T. in Experiment 4
did not occur because the manipulation of set size was
relatively weak. Instead, these findings point to an effect
of semantic knowledge on the degree to which repeat-
edly presenting the phonological forms of words en-
hances their immediate recall. In both patients, set size
may have had the most substantial impact on those words
that were partially comprehended.E.K.’s degraded words
may have fallen into this category, whereas her known
words were more semantically intact. In contrast, G.T.
may have had very little understanding of his degraded
words but some partial understandingof his known words,
since his semantic impairments were more severe. Some
support for this hypothesis can be provided by a closer
look at the patients’ definitions. Definitions were avail-
able for all of the words used in Experiment 4 and for the
majority of the items used in Experiment 5. For the
degraded words from Experiment 4, E.K. produced 2
correct definitions (for items selected according to syn-
onym judgment) and 13 partially correct definitions. She
failed to provide any correct information for 11 items.
G.T. produced 2 correct definitions, 3 partially correct

Table 12
Errors on Known and Degraded Words as a Function of Set Size (Experiment 5)

Phonological Nonphonological

Patient Set Size Known Degraded Known Degraded

E.K. 36 .10* .33* .18* .15*
12 .06* .16* .15* .13*
4 .02* .14* .14* .13*

G.T. 36 .17* .26* .07* .10*
12 .21* .39* .07* .05*
4 .07* .31* .05* .05*

Controls (maximum): length 5 4 36 .03* .04* .22* .22*
12 .02* .02* .19* .19*
4 .00* .00* .10* .11*

Controls (maximum): length 5 7 36 .06* .04* .64* .67*
12 .02* .02* .51* .51*
4 – – – –

Note—The errors in each category are expressed as a proportion of the number of items pre-
sented. *Patient scores were larger than the maximum observed for controls.
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definitions, and 18 entirely incorrect /no-response er-
rors. This difference between the patients in the number
of partially correct definitions was significant [c2(2) 5
7.91, p , .05]. Similarly, for the degraded items from
Experiment 5, E.K. produced 3 correct definitions, 18
partially correct definitions, and 12 entirely incorrect/
no-response errors. G.T. produced no correct defini-
tions, 14 partially correct definitions, and 21 entirely in-
correct /no-response errors. Again, this difference was
significant [c2(2) 5 5.47, p , .05]. These findings are
consistent with the suggestion that G.T. showed rather
less of an effect of set size than did E.K. in degraded
word recall because small set sizes improve the recall of
partially degraded items to a greater extent than entirely
degraded words. Snowden and Neary (2002) reached a
similar conclusion in a study in which the relearning of
verbal labels for pictures was examined. They found very
poor learning of items that the patients apparently did
not comprehend at all but substantial learning of items
that the patients could not name but could demonstrate
some knowledge of.

COMBINED ANALYSIS
Serial Position Effects in the Recall of Known

and Degraded Words

Experiments 1–5 demonstrated, in line with previous
studies (Knott et al., 1997, 2000; Patterson et al., 1994),
that the likelihood of phonological disintegration in ver-
bal STM is affected by the degree to which an item is se-
mantically degraded. The analysis in this section com-
bines the data from these experiments in order to examine
the effect of semantic degradation on the shape of the ser-
ial position curve. There is considerablecontroversyabout
this topic. N. Martin and Saffran (1997) sought to account
for the effect of lexical and semantic representations on
phonological STM within Dell and O’Seaghda’s (1992)
interactiveactivationmodel of speech productionand pre-
dicted that semantic factors should have their biggest im-
pact on the early portionsof the serial positioncurve. Dur-
ing ISR tasks, activation within this model spreads up
from the phonological layer to lexical and semantic units
and then back down again, allowing lexical and semantic
activation to improve repetition accuracy. Since it takes a
number of processing cycles for the activation to spread,
the influence of semantics on ISR should be largest for
the earliest presented words. Later portions of the serial
position curve should be more heavily influenced by
phonological factors, which occur more quickly.

There is some empirical support for the claim that se-
mantic factors have the greatest influence in the initial
portions of the serial position curve, both from studies of
normal performance (Brooks & Watkins, 1990; Watkins
& Watkins, 1977) and from neuropsychological studies
(N. Martin & Saffran, 1990, 1997; R. C. Martin & Lesch,
1996; Saffran & Martin, 1990) showing that semanti-
cally impaired patients show a reduced primacy effect,
whereas phonologically impaired patients show a re-

duced recency effect. N. Martin and Saffran (1997), for
example, found an association in 15 aphasic patients be-
tween semantic impairment and the ability to recall both
the first word of a two-word list and the initial phonemes
of a single word. The literature is highly inconsistent,
however. Hulme et al. (1997) found that the recall differ-
ence between high- and low-frequency words increased
toward the end of the list, whereas Walker and Hulme
(1999) obtained parallel serial position curves for con-
crete and abstract words. In addition, several neuro-
psychological studies have shown little difference in the
shape of the serial positioncurve for relativelywell-known
and semantically degraded words (Forde & Humphreys,
2002; Knott et al., 1997). The semantically impaired pa-
tients in these previous studies showed primacy effects
but negligible recency effects, contrary to the suggestion
of N. Martin and Saffran (1997).

Method
Serial position curves were derived for E.K., G.T., P.D., M.K.,

and their controls by amalgamating the data from Experiments 1–5
and the results of two similar experiments, not reported here. In
every experiment, the patients had recalled matched lists of known
and degraded words, and these words were examined separately.
The largest amount of data was available for E.K. and G.T., and the
smallest amount of data was available for P.D. For E.K. and G.T.,
there was considerably more data involving four-word lists than
five-word lists. In total, 254 four-item lists and 110 five-item lists
were available in the known and the degraded conditions. For their
controls, 798 four-item lists, 420 five-item lists, and 636 seven-item
lists were available, combining the data from 6 different partici-
pants. P.D. was tested on 20 four-item lists and 20 five-item lists.
For her controls, 60 lists were available at each list length, combin-
ing the data from 3 participants. M.K. was tested on 50 four-item
lists and 50 five-item lists. For M.K.’s controls, 180 lists were avail-
able at each list length, combining the data from 6 participants.

Results
Figures 3A–3D show serial position curves for the 4

patients and their controls. The controls’ serial position
curves showed the standard pattern of markedly better
recall at the beginning and end of the lists. For all 4 pa-
tients, there was no significant interaction between the
known–degraded variable and serial position, on both
four-item lists [E.K., M.K., and P.D., c2(3) , 1; G.T.,
c2(3) 5 2.76, n.s.] and five-item lists [E.K., G.T., and
P.D., c2(4) , 1; M.K., c2(4) 5 1.38, n.s.]. E.K., G.T., and
P.D. showed serial position effects that did not differ
from those for their controls, for both known words
[E.K., c2(4) 5 1.34, n.s.; G.T., c2(4) 5 3.72, n.s.; P.D.,
c2(4) , 1] and degraded words [E.K., c2(4) 5 1.27, n.s.;
G.T., c2(4) 5 2.07, n.s.; P.D., c2(4) , 1]. These analyses
examined recall on five-item lists. In contrast with the
other patients, M.K. did not show normal effects of ser-
ial position, for either known words [c2(4) 5 15.99, p ,
.01] or degraded words [c2(4) 5 13.29, p , .01]. For Se-
rial Positions 1–5, M.K.’s standardized residuals in these
analyses were 2.3, 20.6, 1.4, 21.6, and 21.9 for known
words and 1.5, 0.5, 1.5, 21.5, and 22.2 for degraded
words. These values swing from positive to negative,
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suggesting that M.K.’s recall was poorer toward the end
of the lists—that is, she did not show the standard re-
cency effect.

Discussion
E.K. and G.T. showed relatively typical serial position

curves that were broadly parallel for known and degraded
words. In contrast, M.K.’s recall fell steadily across ser-
ial positions for both known and degraded words, and
she failed to show a normal recency effect. P.D. also
showed little effect of recency in her recall, although for
this patient, the effects of serial position did not diverge
significantly from the normal pattern. Our findings are
consistent with those in several other studies in which di-
minished recency effects in semantically impaired patients
and comparable serial position curves for known and
degraded words have been observed (Forde & Humphreys,
2002; Knott et al., 1997). We have found little evidence
to support N. Martin and Saffran’s (1997) contention that
semantic factors have their biggest impact on the early por-
tions of the serial position curve. According to N. Martin
and Saffran (1997), semantic impairments should reduce
the magnitude of the primacy effect but should leave the
recency portion of the curve intact. For our patient M.K.,
the opposite appears to have been true.

How can our observations be reconciled with those in
studies that have shown reduced primacy but intact recency

effects for semantically impaired patients (N. Martin &
Saffran, 1990, 1997; Saffran & Martin, 1990) and for pa-
tients who have shown a specific impairment in retain-
ing semantic information (R. C. Martin & Lesch, 1996)?
There are several potentially important methodological
differences between these studies and our own. N. Martin
and Saffran’s patients generally had substantial phono-
logical impairments, whereas the patients in our study
had relatively intact phonology; they almost never made
phonological errors in picture naming or spontaneous
speech and had normal digit spans. Consequently, N. Mar-
tin and Saffan’s patients had much more severe deficits
of verbal STM, and it was appropriate to test their ISR on
very short lists (i.e., single items and pairs of items). In
contrast, the patients in our study had much higher lev-
els of ISR and were tested on considerably longer lists.
This difference in list length may have important conse-
quences for N. Martin and Saffran’s (1997) prediction.
Even if semantic activation lags behind phonological ac-
tivation, as is predicted by Dell and O’Seaghda’s (1992)
model, over the course of longer lists there may be time
for semantic representations to become activated for all
the list items, and consequently, semantic deficits may
affect every portion of the serial position curve equally.
In addition, given the requirement for serial order recall,
the time lag between presentation and recall may have
been similar across the different serial positions.

Figure 3. Serial position curves for known and degraded words.
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We still have to explain why the recency effect was di-
minished in the more severely semantically impaired pa-
tients. One possibility is that over the course of an ISR
task, the phonological representations of the items to be
recalled become noisy and unreliable (either because re-
call proceeds more slowly than presentation, causing
more substantial phonological decay for the final list
items, or because the recall of earlier list items interferes
with the representation of subsequent items). In healthy
individuals, the appropriate phonological activation may
be sustained by lexical and semantic support, as was pro-
posed by N. Martin and Saffran (1997). When this form
of support is unavailable, however, as in the case of se-
mantically degraded words, accurate phonological rep-
resentations may not be maintained long enough to sup-
port recall of items at the end of the list (see Hulme et al.,
1997, for a similar suggestion).

GENERAL DISCUSSION

This series of experiments has explored the effect of
various methodological factors on the ISR of relatively
well-known and semantically degraded words in 4 pa-
tients with SD. Specifically, we varied the number of
known and degraded words in the lists (set size), the
method used to classify items as known and degraded,
and the length of the lists to be recalled. In general, the
patients recalled the known words more accurately than
the degraded words and made a larger number of phono-
logical errors on the degraded words, consistent with the
notion that semantic representations play a major role in
maintainingthe phonologicalcoherence of words in STM.
In this discussion, we will examine the methodological
variables that did and did not affect the magnitude of the
recall difference between known and degraded words
and will consider what these f indings might suggest
about the mechanism underlying the superior recall of
known words.

In Experiments 1 and 2, which involved small sets of
frequency-matched known and degraded words, two pa-
tients, G.T. and M.K., showed a significant advantage for
the recall of known words over degraded words, but two
other patients, E.K. and P.D., did not. In Experiment 3,
the requirement that the known and the degraded words
should be matched for frequency was relaxed, allowing
set size to be substantially increased. Under these condi-
tions, E.K. did recall significantly more known than
degraded words, whereas the controls did not, suggest-
ing that frequency differences per se could not account
for the known–degraded difference. Experiments 4 and
5 more directly compared recall in large and small set
size conditions and showed that when the same words
were presented repeatedly, E.K.’s recall improved more
substantially for degraded than for known words. E.K.
made fewer phonological errors when set size was small,
suggesting that her increased familiarity with the phono-
logical forms of degraded words improved their coher-

ence in STM. Limited set size appeared to account for
E.K.’s equivalent recall of known and degraded words in
Experiments 1 and 2. Since many of the studies showing
no recall difference between known and degraded words
also used small set sizes (see Table 1), some of the dis-
crepant results in the literature might be attributable to
this factor.

Both E.K. and G.T. were included in Experiments 4
and 5, and set size did not affect them in exactly the same
way. E.K. showed a substantial recall advantage for known
over degraded words only when set size was large, whereas
G.T. recalled the known words better than the degraded
words at every set size. Set size particularly improved
E.K.’s recall of degraded words. In contrast, for G.T., set
size either had little impact on recall or enhanced recall
of the known words to a greater extent than the recall of
the degraded words. These findings point to an effect of
semantic knowledge on the degree to which repeatedly
presenting the phonological forms of words boosts their
immediate recall. Set size might most strongly affect the
recall of words that are partially semantically degraded
but not completely forgotten. E.K.’s degraded words ap-
pear to have fallen into this category, whereas G.T.’s
degraded words were more substantially affected. These
results are consistent with those reported by Snowden
and Neary (2002). They found that patients with SD are
able to relearn the phonological forms of words that they
still partly know but are much less able to relearn the
phonological forms of words that have completely im-
poverished semantic representations.

How can the effect of set size on the recall of known
and degraded words be explained? In healthy partici-
pants, recall is enhanced by small set sizes (V. Coltheart,
1993; Conrad, 1963), presumably because the words in
small sets become more predictable as they are repeated.
As a result, words from small sets should be easier to en-
code, retain, and recall correctly. Roodenrys and Quin-
lan (2000) proposed an explanation of the set size effect
that was based on Hulme et al.’s (1997) redintegration
theory. According to this account, noisy phonological
traces in STM are automatically reconstructed from
long-term lexical representations during the process of
recall. The number of lexical candidates in the recon-
structive process is reduced when set size is small, in-
creasing the likelihood that the phonological trace will
be restored accurately. Similar effects of set size might
also be predicted by the interactive-activation account of
N. Martin and Saffran (1997). The repeated presentation
of items from limited sets might be expected to increase
lexical and semantic activation for those items. The
model predicts that this enhanced activation will con-
strain activity at the phonological level, increasing the
likelihood that the target will be produced correctly.

These theories may also be able to account for the dif-
ferential effect of set size on known and degraded words.
Words that are severely degraded do not benefit from se-
mantic support in ISR tasks, and consequently, their
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phonological elements are not produced in the correct
configuration. Set size would be expected to have little
impact on these words with completely degraded se-
mantics, since it is the lexical-semantic representations
themselves that are thought to underpin the set size ef-
fect. Set size might also be expected to have little impact
on the recall of very well known words, since these items
will be adequately supported by intact semantic repre-
sentations. Partially degraded words would be expected
to derive the most support from small set sizes, since re-
peated presentation of these words might boost any
residual lexical-semantic activation that still plays a role
in maintaining phonological coherence in STM. Rood-
enrys and Quinlan (2000) found that set size affected the
recall of lower frequency items only in normal partici-
pants, presumably because higher frequency items were
adequately supported by their more accessible lexical
representations. This result may be analogous to the ef-
fect of set size on the recall of well-known and partially
degraded words in patients with SD.

We can also consider the impact of the methods used
to select items as known and degraded. In Experiments 1
and 2, rather different semantic tests were employed to
classify words as known and degraded, but in both ex-
periments, G.T. and M.K. recalled the known words at a
substantially higher level than the degraded words,
whereas E.K. and P.D. did not. This consistency suggests
that the methods used to select known and degraded
items may not have a major impact on the magnitude of
the known–degraded recall difference in terms of accu-
racy. Some clear differences did emerge, however, be-
tween the two sets of words. For the naming and defini-
tion words, phonologicalerrors occurred more frequently
for the degraded than for the known items, even for E.K.
and P.D., who did not show an accuracy difference. There
was no such error difference for the words selected ac-
cording to synonym judgments, even for patients who
showed an accuracy difference. The synonym judgment
words were recalled more poorly than the naming and
definition words, were more strongly affected by set
size, and were characterized by frequent phonological
errors affecting both known and degraded items. These
findings suggest that the meanings of the synonym judg-
ment words may have been generally more degraded
than those of the naming and definition words.

Experiments 1 and 2 also examined the impact of list
lengthon the recall of known and degraded words. The size
of the known–degraded recall difference did not vary sys-
tematically with list length, and this factor had relatively
little effect on the occurrence of phonological errors. In
contrast, the number of nonphonologicalerrors (predomi-
nantlyomissions) rose steadily as list lengthwas increased.
We found no evidence to suggest that the coherence of
items in STM was diminished in conditionsof high phono-
logical load. Phonologicalcoherence was affected primar-
ily by the type of material to be retained—that is, the sta-
tus of the words as known or degraded—and not by the
amount of material. This finding is consistent with the

suggestion that although semantic degradation impairs
ISR performance in SD, the underlying phonological
STM mechanism is intact, allowing these patients to
show normal effects of phonological similarity and word
length in ISR (see Jefferies et al., in press; Knott et al.,
2000). Our patientswere able to retain phonological rep-
resentations of a relatively normal number of items in
STM, although the coherence of these representations
was weakened for degraded words, allowing phonologi-
cal elements to migrate between the list items.

We have demonstrated thatmethodologicalfactors, such
as set size, can affect the magnitude of known–degraded
recall differences in SD patients. In fact, almost all of the
previous failures to f ind such differences can be ac-
counted for by the use of small set sizes (see Table 1).
The one exception is McCarthy and Warrington’s (2001)
patient M.N.A., who failed to show a recall difference
between known and degraded words even though there
were 30 items in each set. Like our patient P.D., M.N.A.
had relatively normal recall accuracy for words that she
understood poorly. It is important to note, however, that
both P.D. and M.N.A. made frequent phonological errors
in ISR, suggesting that their semantic degradationdid af-
fect the phonological coherence of items in STM.

Cases such as P.D. and M.N.A., who have good imme-
diate recall despite severe semantic deficits, suggest that
individual differences in dimensionsother than semantic
degradation may contribute to the degree of ISR impair-
ment in this condition (although P.D.’s withdrawal from
the study leaves some doubt about this issue). A poten-
tially important factor is phonology: One might wonder
whether G.T. and M.K., who showed the largest known–
degraded recall differences, had phonological deficits in
addition to their semantic impairments (see Jefferies
et al., in press; Jefferies, Patterson, Bateman, & Lambon
Ralph, 2004). If an interaction between phonology and
semantics underpins verbal STM, the recall of degraded
words might be expected to be particularly sensitive to
phonological impairment, since these words should de-
rive little support from semantics. Several authors have
argued that additional phonological or lexical impair-
ments may be required to produce phonological break-
down in ISR (Knott et al., 1997; McCarthy & Warring-
ton, 2001), apparentlychallengingPatterson et al.’s (1994)
claim that semantics plays a necessary and major role in
constraining phonological activation in STM.

If the patients in this study had any phonological def-
icits, however, they must have been relatively subtle. The
patients very rarely made phonological errors in sponta-
neous speech or picture naming. In addition, all 4 pa-
tients had normal digit span abilities, and E.K. and G.T.
showed intact ISR for letters, although M.K. was mildly
impaired (P.D. was not included in this study). Moreover,
E.K., G.T., and M.K. showed effects of phonological
similarity in ISR that were within the normal range (again,
no data are available for P.D.; Jefferies, Patterson, Jones,
Bateman, & Lambon Ralph, 2004), suggesting that their
verbal STM abilities relied heavily on a phonological
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code, as in healthy participants. Nevertheless, on the
basis of these findings, we are unable to rule out the pos-
sibility that some degree of phonological impairment
contributed to the more robust and consistent effects of
the known–degraded manipulation observed for G.T.
and M.K. On a range of phonological-processing tests
(e.g., minimal pairs, phoneme segmentation, rhyme
judgment and production, and nonword repetition and
recall), E.K. showed good performance. In contrast, G.T.
displayed some weaknesses in phoneme segmentation
and nonword recall (Jefferies et al., in press; P.D. and
M.K. were not included in this experiment). In addition,
at a late stage of the condition,M.K. began to show phono-
logical errors in naming and immediate single-word repe-
tition that might have been indicative of phonological
problems (Jefferies, Patterson, Bateman, & Lambon
Ralph, 2004). It should be noted, however, that theories
that posit substantial interaction between semantics and
phonology (e.g., Patterson et al., 1994) might predict an
effect of severe semantic degradationon phonologicalpro-
cessing as well as on ISR, and consequently, these findings
do not unequivocallydemonstrate the presence of an inde-
pendent phonological impairment for G.T. and M.K.

The issue of whether known–degraded recall differ-
ences can emerge in the absence of subtle phonological
processing deficits is an important empirical question
that we have sought to address in another study (Jefferies
et al., in press). In this investigation, phonology and ver-
bal STM were examined in a group of 6 SD patients (in-
cluding E.K. and G.T.). Although it was not possible to
rule out phonological impairment in some of them, sub-
stantial known–degraded recall differences emerged even
for patients who performed well on all the tests of phono-
logical processing (e.g., minimal pairs, phoneme seg-
mentation, rhyme judgment and production,and nonword
repetition and recall), supporting the view that semantics
makes a major contribution to verbal STM.

If this conclusion is correct, how can we account for
the failure of P.D. and M.N.A. to show a significant re-
call advantage for relatively well-understood words?
Moreover, do these cases seriously challenge the notion
of a critical semantic contribution to verbal STM, given
that they appear to display intact ISR despite severe se-
mantic impairments? Not necessarily. One possibility
consistent with Patterson et al.’s (1994) semantic binding
hypothesis is that these individuals have sophisticated
phonological systems that can maintain the phonological
elements of words in the correct configuration with mini-
mal support from semantics. Indeed, both P.D. and M.N.A.
had exceptional digit spans of around eight items, and
P.D.’s digit recall exceeded the maximum achieved by
controls on some list lengths (Jefferies, Patterson, Jones,
Bateman, & Lambon Ralph, 2004), suggesting that she
did have superior phonological abilities (unfortunately,
however, P.D.’s withdrawal from the study prevented us
from obtaininga more detailed assessment of her phono-
logical capacities).

An analogy can be drawn from the domain of reading,
where it has been argued that semantics plays a major
role in translating between orthography and phonology
(e.g., Plaut, McClelland,Seidenberg,& Patterson, 1996).
According to this account, semantically impaired pa-
tients should be poor at reading low-frequency words
with atypical spelling-to-sound correspondences, and in-
deed many semantically impaired patients do show this
pattern (K. S. Graham, Hodges, & Patterson, 1994; Pat-
terson & Hodges, 1992). There are, however, reports of
a few semantically impaired patients who were normal at
reading low-frequency exception words (Cipolotti &
Warrington, 1995; Lambon Ralph, Ellis, & Franklin,
1995). According to Plaut (1997), these cases had highly
developed phonological pathways that mastered the
problem of learning to read without the usual level of se-
mantic involvement. Similarly, P.D. and M.N.A. might
have had good phonological skills as their verbal STM
abilities developed, causing their mature phonological
systems to be less reliant on semantic support. By this
view, although verbal STM is underpinned by automatic
interactions between phonology and semantics in the
mature system, interaction between these representa-
tions during development determines the eventual bal-
ance of labor in ISR tasks. If for a particular individual,
well-developed phonological representations are able to
map between acoustic and articulatory codes with little
contribution from semantics, the mature phonological
system will remain relatively independentof the semantic
system. According to this conjecture, patients who fail to
show an ISR difference between known and degraded
words should have excellent phonological skills; it will
clearly be important in future research to establishwhether
this is the case.

There appears to be no good reason for rejecting the
view that semantics makes an important contribution to
the phonological coherence of items in STM. The ma-
jority of the failures to find ISR differences between
known and degraded words can be accounted for by
methodological factors. Moreover, patients who show
smaller ISR impairments than might be expected given
their level of semantic degradation do not necessitate
functional independence between phonology and se-
mantics. Instead, these patients may represent one end
of a spectrum of phonological and semantic support for
ISR. Our results are most consistent with the view that
verbal STM is underpinned by interactions between the
full range of representations, including phonology and
semantics, which underlie language processing.
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APPENDIX

Table A1
Properties of the Known and Degraded Words Selected for Each Patient in Experiment 1

Lemma Frequency
Set Frequency (Ku†cera & Syllable

Patient Words Size (Celex) Francis, 1967) Imageability Length

E.K. known 11 18.6 15.7* (18%) 590* (27%) 2.2
degraded 19.1 15.2* (18%) 591* (00%) 1.7

G.T. known 9 18.0 14.6* (11%) 560* (22%) 2.0
degraded 18.3 14.0* (22%) 584* (33%) 2.0

P.D. known 6 59.9 28.4* (00%) 587* (00%) 1.6
degraded 51.7 27.8* (00%) 614* (00%) 1.6

M.K. known 7 85.1 52.0* (00%) 602* (00%) 1.1
degraded 76.1 54.1* (00%) 587* (14%) 1.1

Note—Imageability values are taken from the MRC psycholinguistic database (M. Coltheart, 1981)
and range from 100 to 700. *Values were unavailable for some items (figure in parentheses indi-
cates the percentage of items affected).

Table A2
Properties of the Known and Degraded Words Selected for Each Patient in Experiment 2

Lemma Frequency
Set Frequency (Ku†cera & Syllable

Patient Words Size (Celex) Francis, 1967) Imageability Length

E.K. known 15 39.3 30.5 419 2.3
degraded 37.8 38.6 390 2.4

G.T. known 14 54.9 48.5 434 2.1
degraded 53.3 50.7 405 2.2

P.D. known 14 43.6 43.1 480 1.9
degraded 44.6 37.7 447 2.2

Note—Imageability values are taken from the MRC psycholinguistic database (M. Coltheart, 1981)
and range from 100 to 700.

Table A3
Properties of the Known and Degraded Words Selected for Each Patient in Experiment 3

Lemma Frequency
Set Frequency (Ku†cera & Syllable

Patient Words Size (Celex) Francis, 1967) Imageability Length

E.K. known 23 95.7 64.8* (9%)0 587* (17%) 1.7
degraded 107.7 30.0* (13%) 592* (26%) 1.7

G.T. known 22 138.5 113.1* (14%) 584* (23%) 1.6
degraded 20.7 14.1* (9%)0 591* (23%) 1.6

M.K. known 26 169.3 168.9* (00%) 599* (4%)0 1.3
degraded 24.2 33.2* (4%)0 589* (15%) 1.3

Note—Imageability values are taken from the MRC psycholinguistic database (M. Coltheart, 1981)
and range from 100 to 700. *Values were unavailable for some items (figure in parentheses indi-
cates the percentage of items affected).

Table A4
Properties of the Known and Degraded Words Selected for Each Patient in Experiment 5

Lemma Frequency
Frequency (Ku†cera & Syllable

Patient Words (Celex) Francis, 1967) Imageability Length

E.K. known 23.5 22.9* (14%) 559* (00%) 2.1
degraded 23.9 23.5* (14%) 492* (00%) 2.1

G.T. known 34.8 36.1* (17%) 508* (19%) 1.8
degraded 32.1 31.6* (11%) 487* (22%) 1.8

Note—Imageability values are taken from the MRC psycholinguistic database (M. Coltheart, 1981)
and range from 100 to 700. *Values were unavailable for some items (figure in parentheses indi-
cates the percentage of items affected).

(Manuscript received March 12, 2003;
revision accepted for publication January 19, 2004.)
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