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Abstract

Deficits of semantic cognition in semantic dementia and in aphasia consequent on
CVA (stroke) are qualitatively different. Patients with semantic dementia are
characterised by progressive degradation of central semantic representations, whereas
multimodal semantic deficits in stroke aphasia reflect impairment of executive
processes that help to direct and control semantic activation in a task-appropriate
fashion (Jefferies and Lambon Ralph, 2006). We explored interactions between these
two aspects of semantic cognition by examining the effects of cumulative phonemic
cueing on picture naming in case series of these two types of patient. The stroke
aphasic patients with multimodal semantic deficits cued very readily and
demonstrated near-perfect name retrieval when cumulative phonemic cues reached or
exceeded the target name’s uniqueness point. Therefore, knowledge of the picture
names was largely intact for the aphasic patients, but they were unable to retrieve this
information without cues that helped to direct activation towards the target response.
Equivalent phonemic cues engendered significant but much more limited benefit to
the semantic dementia patients: their naming was still severely impaired even when
most of the word had been provided. In contrast to the pattern in the stroke aphasia
group, successful cueing was mainly confined to the more familiar un-named pictures.
We propose that this limited cueing effect in semantic dementia follows from the fact
that concepts deteriorate in a graded fashion (Rogers et al., 2004). For partially
degraded items, the residual conceptual knowledge may be insufficient to drive
speech production to completion but these items might reach threshold when they are

bolstered by cues.
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Introduction

Impairments of semantic cognition in different neuropsychological
populations can reflect a number of distinct underlying impairments. (1) There may
be degradation of semantic knowledge itself, as in semantic dementia (SD). (2)
Patients with agnosia or pure word deafness have difficulty accessing intact semantic
knowledge from a particular input modality. (3) Other stroke aphasic patients show
multimodal comprehension problems that are associated with poor cognitive control.
For ease of reference, we will adopt the term ‘semantic aphasia’ (SA) for this latter
group. Although patients with SD and SA can fail the same verbal and non-verbal
semantic tasks, research suggests that the comprehension disorder in these two
conditions is qualitatively different (Jefferies and Lambon Ralph, 2006). These
patients also have very different areas of brain damage: SD is characterised by
bilateral atrophy and hypometabolism of the anterior temporal lobes (Mummery et al.,
2000; Nestor et al., 2006), whereas poor comprehension in SA is associated with left
prefrontal and/or temporoparietal infarcts (e.g., Berthier, 2001; Chertkow et al.,
1997). Studies that compare the nature of the semantic deficit in these two conditions
may therefore provide insights into the neural and functional organisation of semantic
cognition.

Patients with SD have a highly specific, progressive degradation of semantic
knowledge that we have previously labelled “dimmed” representations (Jefferies &
Lambon Ralph, 2006): they fail diverse semantic tasks even though other aspects of
cognition and language such as phonology, visual processing and decision-making
remain intact (Bozeat et al., 2000; Hodges et al., 1992; Snowden et al., 1989). The SD
patients’ degradation of amodal semantic representations leads to substantial deficits
in nonverbal and verbal expressive tasks including speech production; indeed,
profound anomia is often the first and major presenting symptom (Lambon Ralph et
al., 1998; Lambon Ralph et al., 2001). Critically, semantic knowledge degrades in a
gradual and structured fashion (Rogers et al., 2004) and the degree of semantic
impairment observed in any task is strongly influenced by the frequency/familiarity of
the concepts being assessed (Bozeat et al., 2000; Funnell, 1995; Lambon Ralph et al.,
1998).

SA patients can also show semantic deficits across a range of input/output

modalities (Chertkow et al., 1997; Hart and Gordon, 1990; Saygin et al., 2003) but the



nature of the semantic impairment is different from that seen in SD. Comprehension
impairment in a number of stroke aphasic cases has been characterised as “semantic
access impairment’ in contrast to the “semantic storage deficits” in SD. These
patients (a) are largely insensitive to item frequency, (b) are item-inconsistent when
semantic tests are repeated, and (c) show “refractory” effects: i.e., performance is
poorer for a short time after the retrieval of conceptual knowledge, particularly when
semantically-related items are presented repeatedly (e.g., Crutch and Warrington,
2005; Forde and Humphreys, 1995; Warrington and Cipolotti, 1996).

Our recent studies using a case-series design directly compared SD patients
with SA patients who were selected as having semantic deficits on nonverbal as well
as verbal tasks (Jefferies et al., 2007; Jefferies and Lambon Ralph, 2006). Although
the two patient groups obtained broadly equivalent scores on semantic tests, they
showed qualitatively different deficits. The SD patients showed substantial
consistency when a set of items was assessed across different semantic tests and were
highly sensitive to frequency in a range of tasks. In picture naming, they made
coordinate (cow = “horse”) and superordinate (cow = “animal”) errors. These
findings are consistent with the view that SD patients have degraded amodal semantic
knowledge (Bozeat et al., 2000; Rogers et al., 2004). The SA patients, in contrast, did
not perform consistently on tasks that required different types of semantic judgement
(e.g., simple matching tasks vs. judgements of semantic association) even when the
same concepts were probed, suggesting that their deficits did not stem from a loss of
central knowledge. They often succeeded in retrieving the semantic information
required for one task, but then were unable to reshape the information to meet the
requirements of another test/situation. Their performance deteriorated when a small
set of semantically related items was repeated several times, and they were insensitive
to item frequency, showing that their comprehension impairment had a refractory
quality. They also made semantic errors in picture naming of an associative nature
(e.g., squirrel = “nuts”; glass = “ice”; lorry = “diesel”), an error type almost never
observed in SD. This suggests that the SA patients retained a considerable amount of
semantic information about the un-named items but had difficulty overcoming strong,
task-irrelevant semantic associations.

These results suggest that semantic cognition is underpinned by (at least) two
interacting components: amodal semantic representations and control processes. Our

hypothesis is, firstly, that aspects of knowledge specific to particular sensory or motor



modalities (e.g., knowing that the outside of a lemon is yellow, that the juice inside it
is tart, that the juice can be extracted by squeezing) depend upon a widespread
network of modality-specific brain regions. Higher-order amodal semantic
representations — which enable both generalisation and differentiation between similar
concepts and cross-talk between different modalities — are formed in the anterior
temporal lobes and become degraded in SD. The Rogers et al. (2004) model provides
an instantiation of this hypothesis (see Damasio, 1989; Damasio et al., 2004; Martin et
al., 1995; Wernicke, 1874, for related theories). Furthermore, we hypothesise that
these high-level semantic representations interact with executive processes that help
to direct and control semantic activation in a task-appropriate fashion. These
executive processes are critical to good performance on semantic tasks because we
know many different things about any given object or concept, and only particular
aspects of our knowledge are relevant for a specific task or context (Saffran, 2000). It
is this aspect of semantic cognition that we suggest is impaired in SA.

In the current study, we explored interactions between these two components
of semantic cognition — amodal concept knowledge and semantic control — by
examining the effect of cueing on picture naming. Cues should boost activation of the
target word relative to semantically related competitors and consequently might
overcome the SA patients’ difficulties in regulating semantic activation. For example,
if the prepotent associate “nuts” is activated in response to a picture of a squirrel, this
error will be inconsistent with the initial phonemic cue /s/; and if the further sounds of
the target name are progressively added in the cueing procedure (/s@/, /sk@/,

/skw @/, /skwl/ etc), the field of competing responses will rapidly narrow until only
the target is left. This prediction can be placed in the context of the interactive-
activation model of language processing proposed by Dell and colleagues (Dell and
O'Seaghdha, 1992; Dell et al., 1997; Foygel and Dell, 2000; Schwartz et al., 2006).
According to this account, there are bi-directional connections between semantic,
lexical and phonological nodes involved in picture naming. Consequently, cues that
activate some of the target phonemes will combine with activation in the semantic
layer, boosting semantic activation for the target and dampening down activation of
competitors. Cueing might be less beneficial in SD because these patients do not have
difficulties directing their residual semantic activation appropriately, and/or because
there is less semantic activation with which a cue can combine. Pictures of

semantically degraded items are likely to generate either very little activity in the



semantic system or responses that are general and prototypical (e.g., “fruit” for
orange). Consequently, phonemic cues are less likely to raise target responses to
threshold level.

Whilst our previous study (Jefferies and Lambon Ralph, 2006) provided some
evidence to suggest that SA patients are more responsive than SD patients to
phonological cues, the SD group were at floor on the naming test that we used, both
with and without cues (Boston Naming Test, Kaplan et al., 1983). Individuals with
SD might be more responsive to cues if tested on higher frequency items that are less
semantically degraded. In the present investigation, we directly compared the effect of
phonemic cueing in semantically-impaired patients with SD vs. SA using a set of
easier items that were more appropriate for an SD sample. We assessed a case-series
of SD patients who varied substantially in the severity of their semantic impairment.
These were compared with a subset of the SA patients studied previously by Jefferies
and Lambon Ralph (2006). In place of phonological cues of a standard length (e.g.,
two phonemes as in our previous study), we used a cumulative cueing procedure in
which the size of the phonological cue was increased one phoneme at a time (Graham,
Patterson, & Hodges, 1995; Lambon Ralph, 1998; Lambon Ralph, Cipolotti, &
Patterson, 1999; Patterson, Purell, & Morton, 1983). This allowed us to investigate
whether SD patients do cue to some extent when provided with enough of the target

phonology.

Participants

Six of the ten SA patients studied by Jefferies and Lambon Ralph (2006) were
included in this study. Two patients with extremely limited speech production were
not tested. A further two cases were at or near ceiling for uncued picture naming on
this relatively high-frequency set of items and were therefore excluded from the
analysis. Every case had chronic impairment from a CVA at least a year previously.
All of the aphasic patients were selected to show multimodal semantic deficits. Four
were transcortical sensory aphasic (TSA) patients with poor comprehension in the
context of fluent speech and good repetition; these cases had an aphasia profile that
superficially resembles that seen in SD. The remainder had less fluent speech and/or
poorer repetition relative to the degree of comprehension impairment (see Table 1 for

demographic details and aphasia classifications from the Boston Diagnostic Aphasia



Examination). All of the patients were largely accurate when repeating single words,
suggesting that they would have been able to process the spoken cues during picture
naming.

Neuroradiology for the SA cases is shown in Figure 1 and Table 1 summarises
the lesion for each aphasic stroke patient. MR images were available for four cases
(SC, ME, KH2, LS) and CT was available for one more (BB). It was not possible to
obtain scans for one patient (JM) due to a lack of consent or contraindications for
MRI, although a written report of a previous CT scan was available. In line with the
literature on semantic impairment in SA, all of the patients had left temporoparietal
and/or prefrontal lesions (Berthier, 2001; Jefferies and Lambon Ralph, 2006).

-Figure 1 and Table 1 about here-

The SD cohort included eight cases recruited from Cambridge, Bath or
Liverpool, UK. The patients fulfilled all of the published criteria for SD (e.g., Hodges
et al., 1992): that is, they had deficits in all semantic tasks administered, whether
verbal or non-verbal and receptive or expressive; but other aspects of cognition such
as visual-spatial abilities and day-to-day memory were relatively well preserved. MRI
revealed focal atrophy of the anterior and inferior aspects of the temporal lobes
bilaterally in every case. See Table 2 for demographic details and dementia severity
for the SD group.

Table 2 about here

General neuropsychology

Assessments

General neuropsychological assessments included forwards and backwards
digit span (Wechsler, 1987), the Visual Object and Space Perception battery
(Warrington and James, 1991) and the Coloured Progressive Matrices test of non-
verbal reasoning (Raven, 1962). The SA cases were given additional tests of attention
and executive skill: the Wisconsin Card Sort test (WCST; Milner, 1964; Stuss et al.,
2000), the Brixton Spatial Rule Attainment task (Burgess and Shallice, 1996), the
Hayling sentence completion test (Burgess and Shallice, 1997) and the Elevator
Counting subtests with and without distraction from the Test of Everyday Attention

(Robertson et al., 1994).



Semantic processing was assessed with a number of tests. (1) In the Pyramids
and Palm Trees Test (PPT), subjects decide which of two items is more associated
with a target — e.g., does PYRAMID go with PINE TREE or PALM TREE (Howard and
Patterson, 1992). (2) The patients were given a semantic battery designed to assess
knowledge of a set of 64 items from the Snodgrass and Vanderwart (1980) set across
different input and output modalities (Bozeat et al., 2000). There were four tasks:
naming line drawings; word-picture matching using an array of ten items from the
same semantic category; and word and picture versions of the Camel and Cactus Test
(CCT) which, like the PPT, examined judgements of semantic association. (3) We
assessed category fluency (for six categories; animals, birds, fruit, household items,
tools and vehicles) and letter fluency (using the letters F,A,S). In both fluency tests,

participants produced as many exemplars as possible in one minute.

Results

The SD patients showed a pattern of selective semantic impairment: they had
normal digit spans and relatively good non-verbal reasoning (see Table 3). The SA
patients performed poorly on the same range of verbal and non-verbal semantic tasks
but were also impaired on a variety of attentional/executive measures. Indeed,
comprehension impairment in the SA group correlated with executive dysfunction
(Jefferies and Lambon Ralph, 2006).

In every table/graph below, the patients within each group are arranged in
ascending order of the severity of semantic impairment as indicated by a composite
score. This score was derived using factor analysis from the first four semantic tasks
in Table 2, for which scores were available for all participants (word and picture PPT,
picture naming and word-picture matching).

Table 3 about here

Progressive phonological cueing experiment

Method

There were 30 individual pictures from the Snodgrass and Vanderwart (1980)
set, ten each with one, two or three syllable names (see Appendix A for details). The
patients first attempted to name each picture spontaneously. For items they could not

name, they were given phonemic cues cumulatively, adding one phoneme at a time,



starting with the first phoneme. Cueing was terminated when the patient produced the

correct response or when all the target phonemes had been provided.

Results

Spontaneous naming accuracy: There was substantial variation in the severity

of the spontaneous naming impairment for both patient groups (see Figure 2). Uncued
naming performance did not differ significantly for the SD and SA patients (¢ < 1).
There was a strong correlation between the composite semantic score (see Table 2)
and spontaneous picture naming for both the SD group (r = .89, one-tailed p = .002)
and the SA group (r = .80, one-tailed p = .03). The SD group also showed a
significant correlation between word frequency and naming accuracy in terms of the
proportion of patients who were able to name each item (r = .39, one-tailed p = .02).
This correlation approached significance for the SA group (r = .27, one-tailed p =
.08). Frequency data were taken from the Celex database (Baayen et al., 1993).

Effect of phonological cueing: Figure 2 also displays the effect of cumulative

phonological cueing for the SD and SA groups. Performance in both groups improved
when phonemic cues were provided. Naming was more accurate with a two-phoneme
cue vs. no cue (SD group: #(7) = 4.5, p =.003; SA group: #5) =4.2, p =.009) and was
even better following the final phonological cue — i.e., the whole word minus the last
phoneme (compared with the two-phoneme cue; SD group: #7) = 3.8, p = .006; SA
group: #(5) =2.7, p = .04).
Figure 2 about here

The SA patients showed a significantly larger cueing effect than the SD group,
when spontaneous naming was compared with either the two-phoneme cue (F(1,12) =
8.0, p = .02) or the final cue (F(1,12) = 5.0, p = .05). When the SD patients were
successfully cued, they also required significantly more of the target phonology than
the SA patients (an average of 54% vs. 40% of the phonemes in the target word; #(12)
= 2.7, p =.02). Figure 2 indicates that the SD patients were still severely anomic
following the final cue. The group averages show that (a) after a 2-phoneme cue, the
SD patients on average only achieved the level of naming success that characterised
uncued naming for the SA group as a whole; and (b) at the final cue, the SD patients’
success on average was still considerably lower than the SA average following 2-

phoneme cues. Due to the effectiveness of cueing for the SA patients, their name



retrieval was at or near ceiling following the final cue for every case, including those
individuals who were profoundly impaired without cues.

Every individual SA patient showed significantly better naming following the
final cue (pre- and post-cue naming was compared using McNemar; p = .03 to <
.0001). The SA patients also showed a benefit from the two phoneme cue that was
significant or nearly so in each individual (McNemar p = .06 to .0002). All but one of
the SD patients showed an advantage following the final cue (McNemar p = .03 to
.0002), and half of the cases were significantly cued by two phonemes (McNemar p =
.06 to .0002).

The SD patients cued more readily for high compared with low frequency
items. There was a significant correlation between word frequency and the proportion
of each word’s phonology that was required for the SD patients to cue (r = -.38, two-
tailed p = .05), probably reflecting the relationship of concept frequency/familiarity to
degree of retained conceptual knowledge. In contrast, the SA cases did not show this
effect (r = -.15), most likely because frequency does not have a strong influence on

comprehension/knowledge in SA (Jefferies and Lambon Ralph, 2006).

Discussion

This study examined the impact of progressive phonological cueing on the
retrieval of picture names in two groups of patients with comprehension impairment:
patients with semantic dementia (SD) and patients with multimodal semantic deficits
following stroke (“‘semantic aphasia” or SA). Although cues have been found to
facilitate name retrieval in aphasic patients (e.g., Myers Pease and Goodglass, 1978;
Podraza and Darley, 1977), there have been virtually no published investigations of
the effect of such cues in SD (see Graham et al., 1995, for an exception). Semantic
impairment in these two conditions is associated with very different areas of brain
damage (bilateral anterior temporal lobe atrophy in SD vs. left prefrontal or
temporoparietal lesions in SA; Berthier, 2001; Chertkow et al., 1997; Jefferies and
Lambon Ralph, 2006). In line with this neuroanatomical distinction, there are
qualitative differences in the nature of the semantic deficit in SD and SA which
suggest damage to two separable but interacting components of semantic cognition:
SD patients have degraded semantic representations, while SA cases have poor

executive control of semantic processing that disrupts the ability to use semantic

10



knowledge in a flexible and task-appropriate manner (Jefferies and Lambon Ralph,
2000).

Because of these different underlying impairments, we predicted that
phonemic cues — which boost activation of the target word relative to potential
competitors — should improve naming in SA more than in SD. Our results confirmed
these expectations. SA patients cued more readily than the SD patients: they displayed
much greater improvements in naming following phonemic cueing and they required
less of the target phonology to cue. Indeed, the SA patients were able to achieve near-
ceiling accuracy when provided with enough of the target phonology. In contrast, the
SD patients showed a considerable degree of anomia even when provided with the
entire word minus the last phoneme as a cue.

Patients with SD have a profound anomia because whatever partial semantic
knowledge remains is insufficient to engender production of the correct object name
(Lambon Ralph et al., 2001). We suggest that when an SD patient is asked to name a
picture of a camel for example, one of the following often happens. (a) The picture
generates so little coherent activation in the semantic system that no candidate
phonological representation rises above floor-level activation. In this case, when the
experimenter says /kae/ or even /kaem/, there is no additional phonological
information deriving from semantics with which this phonemic cue can combine. On
the basis of the cue, which is the only phonological information available, the word
could just as plausibly be “camera” as “camel”. (b) Some coherent activation occurs
in the semantic system, but it is general and prototypical rather than specific, such that
“horse” or “animal” are more likely responses than “camel”. In this case, the
phonemic cue for “camel” is not congruent with the fledgling phonological activation
deriving from the semantic system. In contrast, SA patients with poor semantic
control should be highly sensitive to cues. This is because cues act as external
constraints on semantic and phonological activation, reducing the need for internally
generated control. If conceptual knowledge is relatively intact in SA despite these
patients’ poor semantic control, cues may overcome failures of semantic retrieval to
produce near-perfect performance.

Naming by the SD patients did benefit to a limited but significant degree with
cues. It seems likely that this partial benefit follows from the fact that concepts
deteriorate in a graded fashion (Rogers et al., 2004). For a certain range of semantic

impairment (governed by the severity of the patient and the degree of item-specific
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degradation), correct target information may be partially activated but the remaining
conceptual knowledge may be insufficient to drive speech production to completion.
These items might reach threshold when they are bolstered by cues. As expected from
the combination of this explanation and the fact that semantic degradation in SD is so
strongly modulated by frequency or familiarity (Bozeat et al., 2000; Funnell, 1995;
Lambon Ralph et al., 1998), we observed a correlation between frequency and the
proportion of phonology which was required to cue. However, further research is
required to investigate whether individual SD patients cue more readily for un-named
items that they can still partially understand on semantic tests.

Phonemic cueing effects are likely to be curtailed by deficits of phonological
processing: successful cueing requires the cue to be accurately perceived and then
manipulated in order to combine it with phonological activation generated by the
picture. SD patients do not show phonological problems at least until the late stages of
the disease (Jefferies et al., 2005; Jefferies et al., 2006). However, SA can markedly
impair phonological processing — indeed, this deficit cannot be ruled out for many of
our SA patients who showed impaired repetition. This difference between SA and SD
would tend to work against the disparity in cueing that we observed and does not
provide an alternative explanation of our results. However, if we had examined stroke
aphasic patients with poor phonology as well as impaired comprehension (i.e.
Wernicke’s aphasia), we might have observed less clear differences between SD and
SA. This is because the degree to which cues can overcome deficits in semantic
control will be contingent on the ability to process spoken cues in the first place.

Finally, we note that the SA patients showed cueing effects regardless of
whether they had lesions affecting the left prefrontal cortex. Similarly, in our previous
study, patients with infarcts to left prefrontal and temporoparietal regions were not
distinguishable in any meaningful way (both apparently had failures of semantic
control). This similarity might be explained by the fact that these brain regions are
integral parts of a single distributed neural network underpinning the control of
semantic cognition. Indeed, we know that these two regions are strongly
interconnected via the arcuate and superior longitudinal fasciculi (Gloor, 1997; Parker
et al., 2005). Although previous functional neuroimaging and neuropsychological
studies have focussed on the role of the left prefrontal cortex in controlled semantic
processing and lexical retrieval (Demb et al., 1995; Gold and Buckner, 2002;
Robinson et al., 1998; Robinson et al., 2005; Thompson-Schill et al., 1997;

12



Thompson-Schill et al., 1998; Wagner et al., 2001), recent research suggests that both
prefrontal and temporoparietal cortex make an essential contribution to cognitive

control (see Peers et al., 2005).
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Table 1: Background details for the SA patients

Years BDAE BDAE BDAE Nonword Word
Years of Neuroimaging L frontal L temporo- Aetiology of since Aphasia compreh fluency repetition repetition repetition
Case Age Sex education summary lesion parietal lesion CVA CVA type %ile Yoile %ile (%) (%)
L occipital- Anomic/
SC 76 M 11 temporal (& R x v Haemorrhage 5.5 TSA 37 90 60 87 98
frontal-parietal)

KH2 73 M 9 L occipital- v v 1.5 Mixed 55 5 40 83 80
temporal & frontal transcortical

M 6 F 13 Lfrontal-temporal- v Haemorthage 6 TSA 2 63 40 87 95

parietal (CT)

BB 55 F 1 L frontal & v v Subarachnoid )5 Mlxeq 10 17 55 33 96
capsular (CT) haemorrhage transcortical

ME 36 F 11 L occipital- x v Suwbamehnold o5 pgn 33 00 100 93 100

temporal haemorrhage
LS 71 M 10 L temporal- v v 3 TSA 13 90 90 90 9%

parietal-frontal

Patients are arranged in order of BDAE comprehension scores derived from three subtests (word discrimination, commands, complex ideational

material). BDAE = Boston Diagnostic Aphasia Examination (Goodglass, 1983). Fluency percentile is derived from phrase length, melodic line

and grammatical form ratings. Repetition percentile is average of word and sentence repetition. TSA (transcortical sensory aphasia) was defined

as good or intermediate fluency/repetition and poorer comprehension and aphasia classifications were confirmed by an experienced speech and

language therapist. Word/nonword repetition: Tests 8 and 9 from PALPA (Psycholinguistic Assessments of Language Processing in Aphasia,

Kay et al., 1992).
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Table 2: Background details for the SD patients

Case  Age Sex Education Years MMSE

(leaving age) post onset

SJ 59 F 11 2 23
JC 58 M 10 6 15
EK 59 F 10 4 27
KHI 61 M 14 6 10
AT 66 M 19 4 24
GT 71 M 9 5 22
GE 49 M 11 2

PD 72 F 9 8 13

MMSE = Mini-mental State Examination (Folstein et al., 1975)



Table 3: Neuropsychological assessments

Max Norm cut- Average SD individuals SA individuals

off SD SA SJ JC EK KHI AT GT GE PD SC KH2 JM BB ME LS
Composite semantic score 1.6 07 03 02 02 -05 -08 -1.7 1.3 03 00 -04 -11 -1.7
PPT Words 52 49 34 42 42 36 36 37 36 32 28 26 51 39 44 35 39 39
PPT Pictures 52 48 37 40 48 40 35 37 43 37 34 26 50 41 35 41 29 31
64-item  Naming 64 59 17 26 29 33 18 22 8§ 11 13 4 280 30 30 10 5 5
64-item  Word-pict match 64 62 40 53 59 46 46 41 44 32 32 17 59 54 53 54 50 37
64-item  CCT words 64 56 30 37 47 NT 26 NT NT 28 27 24 56 41 37 30 34 16
64-item  CCT pictures 64 51 32 35 51 31 33 NT NT 27 32 17 46 46 37 38 13 16
Fluency 6 categories - 63 19 16 29 20 31 3 17 24 22 7 17 18 17 13 25 11
Fluency  Letters F,A,S - 22 17 68 23 8 29 0 11 24 19 22 24 0 1 0 14 8
Digit Forwards - 5 64 4.6 5 7 6 5 8 6 7 7 6 4 3 5 6 4
span Backwards - 2 3.8 1.8 3 3 7 0 4 4 4 5 2 2 2 0 3 1
VOSP Screening 20 15 19 19 20 16 20 20 20 20 20 19 20 20 16 20 19 18
VOSP Position Discrim 20 18 19 18 20 NT 20 20 20 20 20 16 17 18 19 18 15 16
VOSP Number Location 10 7 84 76 10 2 10 NT 9 10 9 9 10 9 5 8 2 8
Raven's Coloured Matrices 36 13%* 30 19 34 23 33 NT 34 25 33 25 22 12 14 24 13 16
WCST: number of categories 6 1 - 1.4 NT NT NT NT 6 NT 4 NT 6 0 2 1 0 0
Brixton Spatial (correct) 54 28 - 20 NT NT NT NT 42 NT 37 NT 25 7 NT 23 11 14
Hayling A (error) 45 - - 137 NT NT NT NT NT NT NT 24 19 4 17 3 19
Sentence B (error) 45 18 - 26 NT NT NT NT NT NT NT 26 28 33 TA 15 38
Elevator  No distraction 7 6 - 45 NT NT NT NT 7 NT 7 NT 7 6 3 4 7 3
counting  With distraction 10 3 - 21 NT NT NT NT 9 NT 10 NT 1 3 0 0 9 2

Patients are arranged in order of overall semantic score. Semantic scores for AT are an average of two testing rounds. NT = not tested. TA =
testing abandoned. PPT = Pyramids and Palm Trees Test (Howard and Patterson, 1992). CCT = Camel and Cactus Test (Bozeat et al., 2000).
VOSP = Visual Object and Space Perception battery (Warrington and James, 1991). WCST = Wisconsin Card Sort Test (Milner, 1964; Stuss et
al., 2000). *5" percentile at age 70. 'Cut-off for 50-74 year olds (regardless of educational level).
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Figure 1: Neuroradiology for the SA patients

Fig. 1a: SC Fig. 1d: LS
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Figure 2: Impact of progressive phonemic cueing on naming performance

B No cue O With 2 phonemes [ At final cue
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0.8 -
0.7
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1
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Appendix A: Lexical properties for the items included in the progressive phonological cueing experiment

Item
Sledge
Mouse
Cow
Swan
Duck
Stool
Pear
Plug
Brush
Comb

Mean
SD

One syllable
Rated Celex
Familiarity frequency

1.06 1
2.00 18
2.61 40
3.00 7
3.06 14
3.83 12
4.00 6
4.33 9
4.39 17
4.72 5
3.30 12.90
1.17 10.96

Objective
AoA
86.5
234
234
62.5
22.1
50.5
44.5
68.5
23.4
38.5

44.33
22.54

Item
Camel
Barrel
Rabbit
Cherry
Lorry
Basket
Hammer
Scissors
Dustbin
Apple

Mean
SD

Two syllable

Rated Celex
Familiarity frequency
1.22 25

2.22 21
2.39 19

3.06 7
3.17 13
3.61 24
3.89 11
4.28 4
4.67 5
4.89 30
3.34 15.90
1.16 9.16

Objective
AoA
68.5
74.5
22.1
74.5
44.5
38.5
25.1
23.4
68.5
22.1

46.17
23.06

Item
Kangaroo
Elephant
Piano
Pineapple
Strawberry
Bicycle
Aeroplane
Banana
Envelope
Tomato

Mean
SD

Three Syllable
Rated Celex
Familiarity frequency

1.17 3
2.17 24
222 27
2.83 3
3.44 6
3.67 23
4.06 12
4.56 8
4.61 24
4.78 14
3.35 14.40
1.22 9.40

Objective
AoA
44.5
234
44.5
74.5
44.5
23.4
23.4
23.4
68.5
68.5

43.86
20.63

AoA — age-of-acquisition.
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