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a  b  s  t  r  a  c  t

Wernicke’s  aphasia  (WA)  is  the  classical  neurological  model  of  comprehension  impairment  and,  as  a
result, the  posterior  temporal  lobe  is  assumed  to be  critical  to semantic  cognition.  This  conclusion  is
potentially  confused  by  (a)  the  existence  of  patient  groups  with  semantic  impairment  following  dam-
age  to  other  brain  regions  (semantic  dementia  and  semantic  aphasia)  and  (b)  an  ongoing  debate  about
the  underlying  causes  of  comprehension  impairment  in WA.  By  directly  comparing  these  three  patient
groups  for  the  first  time,  we demonstrate  that  the  comprehension  impairment  in Wernicke’s  aphasia  is
best accounted  for  by  dual  deficits  in  acoustic-phonological  analysis  (associated  with  pSTG)  and  semantic
cognition  (associated  with  pMTG  and  angular  gyrus).  The  WA  group  were  impaired  on  both  nonverbal
osterior STG
osterior MTG
omprehension
honology
emantics

and  verbal  comprehension  assessments  consistent  with  a generalised  semantic  impairment.  This  seman-
tic deficit  was  most  similar  in  nature  to that  of  the  semantic  aphasia  group  suggestive  of  a  disruption
to  semantic  control  processes.  In  addition,  only  the  WA  group  showed  a  strong  effect  of  input  modal-
ity  on  comprehension,  with  accuracy  decreasing  considerably  as  acoustic-phonological  requirements
increased.  These  results  deviate  from  traditional  accounts  which  emphasise  a single  impairment  and,
instead,  implicate  two  deficits  underlying  the  comprehension  disorder  in  WA.
. Introduction

Wernicke’s contribution to the study of language and aphasia
s undeniable. His identification of the neuroanatomical correlate
f sensory (Wernicke’s) aphasia and his interpretation of its role
n comprehension continues to influence neurobiological mod-
ls of language. Despite this, fundamental questions remain over
he cause of the comprehension impairment in sensory apha-
ia (Wernicke’s aphasia from here on, WA). This study examined
hree hypotheses about the comprehension impairment in WA
y comparing their performance on a range of phonological and
emantic assessments against two other comprehension-impaired
linical groups, semantic dementia (SD) and semantic aphasia
SA). SA refers to individuals with stroke aphasia who  display a

ulti-modal semantic impairment (Head, 1926; Jefferies & Lambon

alph, 2006). SA and SD provide neuropsychological models of dif-

erent types of comprehension impairments thereby providing a
aseline against which the comprehension impairment in WA can
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be assessed. In the current study, we  used a case-series compari-
son method to investigate the ways in which the comprehension
impairment of WA is similar to that found in SA or in SD and also
to reveal the features that are unique to WA.

WA is characterised by three core diagnostic criteria, impaired
auditory comprehension, impaired repetition and fluent speech
(Goodglass, Kaplan, & Barresi, 2001a).  Wernicke originally iden-
tified the neuroanatomical correlate of WA  as a lesion to the
posterior superior temporal gyrus (pSTG: Eggert, 1977). Outside
these core behaviours, considerable heterogeneity in other lan-
guage and cognitive behaviours has been noted which has been
mirrored by variation in anatomical lesion correlates (e.g., Bogen
& Bogen, 1976). For example, variation in reading and writing
skills and the extent and types of errors in spoken language is
observed clinically and within reports of Wernicke’s aphasia in
the literature (Anzaki & Izumi, 2001; Benson & Ardila, 1996; Ellis,
Miller, & Sin, 1983; Lytton & Brust, 1989; Warrington & Leff, 2000).
Although stroke aphasia is notoriously heterogeneous in nature,
an additional source of this observed behavioural variation may
be due to differences in the diagnostic methods, procedures and

assessment tools used. Studies which define the inclusion criteria
solely by the presence of a comprehension impairment and/or
fluent speech run the risk of including a wider variety of clinical
aphasia subtypes (including SD, transcortical sensory aphasia and

dx.doi.org/10.1016/j.neuropsychologia.2011.11.021
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
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onduction aphasia). Such variation in diagnosis and inclusion
riteria has lead to difficulties in comparing results between
tudies and so this investigation used explicit diagnostic/inclusion
riteria for WA  in order to facilitate future generalisation.

Three hypotheses have been proposed to account for the com-
rehension impairment in WA:  (1) a disruption to acoustic and/or
honological analysis; (2) a semantic impairment; or (3) a com-
ined phonological-semantic impairment (referred to here as the
ual hypothesis). The current study examined all three hypotheses

n a case-series of relatively homogenous WA participants.

.1. The acoustic-phonological hypothesis

Wernicke hypothesised that the posterior pSTG formed a
tore of auditory images for words (Wortklangbilder: Eggert,
977). Damage to these auditory images would result in sounds
eing heard but the words would be meaningless (Eggert, 1977;
ichtheim, 1885). Later, this hypothesis was refined by Luria who
roposed that an inability to perceive semantically relevant phone-
ic  contrasts led to a deficit in phonemic decoding of the incoming

coustic stream (Luria, 1976; Luria & Hutton, 1977). Thus, Luria’s
ypothesis implicates a more general deficit in acoustic analy-
is whereas Wernicke’s interpretation implies impairment to the
honological representations themselves. Throughout this paper,
his position will be referred to as the ‘acoustic-phonological’
ypothesis. This hypothesis has the additional attraction that it
an account for both core impairments in WA:  repetition as well
s comprehension would be disrupted through a deficit in the
coustic-phonological analysis of spoken words.

Functional and structural neuroimaging studies have provided
onsiderable evidence for the acoustic-phonological hypothesis.
he left pSTG and surrounding areas, particularly the superior
emporal sulcus (STS), are consistently activated in response
o phonological stimuli and during tasks requiring phonological

anipulation (e.g., Graves, Grabowski, Mehta, & Gupta, 2008; Leff
t al., 2009; Mummery, Ashburner, Scott, & Wise, 1999; Narain
t al., 2003; Saur, Kreher, Schnell, Kummerer, Kellmeyer, & Vry,
008; Wise et al., 2001). In line with Wernicke’s original hypothe-
is, the pSTG in particular has been implicated in both production
nd comprehension networks (Buchsbaum, Hickok, & Humphries,
001; Heim & Friederici, 2003), phonetically disambiguating the
coustic stream in comprehension (Glasser & Rilling, 2008) and act-
ng as an interface between auditory and motor representations for
roduction/repetition (Warren, Wise, & Warren, 2005).

Despite this, behavioural evidence for the acoustic-phonological
ypothesis has been difficult to find in WA itself. In two  experi-
ents, Blumstein, Baker, & Goodglass (1977) and Baker, Blumstein,

 Goodglass (1981) tested Luria’s decoding deficit hypothesis.
hile individuals with WA displayed a deficit in auditory discrimi-

ation, as predicted, the degree of this impairment did not correlate
ignificantly with the level of the comprehension deficit. Although
his lack of a relationship between acoustic-phonological process-
ng and comprehension performance was interpreted as counter
o the acoustic-phonological hypothesis, it should be noted that, as
tated by the authors, this null result might have reflected the small
umber of participants (n = 6). Indeed, a recent study utilising a new
honological discrimination task and a larger case-series of typical
A cases did find a relationship between acoustic-phonological

rocessing and comprehension performance (Robson, Lambon
alph, & Sage, in press).

.2. The semantic hypothesis
A second prominent hypothesis to account for the comprehen-
ion deficit in WA implicates disruption to a semantic level of
nalysis. Evidence for the semantic hypothesis has been gained
ogia 50 (2012) 266– 275 267

from in-depth lesion studies as well as behavioural experiments.
While the pSTG is considered by many to be the core of Wernicke’s
area, lesions associated with WA spread beyond this region in all
directions but particularly into the angular gyrus (AG) and posterior
middle temporal gyrus (pMTG) (Bogen & Bogen, 1976). More recent
evidence suggests that the pMTG is the region of greatest lesion
overlap in chronic WA (Dronkers, Redfern, & Ludy, 1995; Dronkers,
Wilkins, Van Valin, Redfern, & Jaeger, 2004; Ogar et al., 2011). Fur-
thermore, lesions to the pSTG and surrounding areas, particularly
the STS, may  be more strongly associated with conduction apha-
sia (an aphasic disorder associated with impaired repetition but
intact comprehension: Dronkers et al., 2004). Consistent with this
view, a previous study found that in aphasic patients who  present
with nonverbal as well as verbal semantic impairments, the lesion
extends from pSTG/STS to include pMTG (as well as inferior parietal
areas: Chertkow, Bub, Deaudon, & Whitehead, 1997). Functional
neuroimaging strongly implicates the pMTG and AG in seman-
tic processing, including conceptual and lexical retrieval (Binder,
Desai, Graves, & Conant, 2009; Cabeza & Nyberg, 2000; Indefrey &
Levelt, 2004; Vigneau et al., 2006) and recent tractography studies
have proposed the MTG  to be the core node in the semantic net-
work (Saur et al., 2008, 2010) as have TMS  studies (Hoffman, Pobric,
Drakesmith, & Lambon Ralph, in press; Whitney, Kirk, O’Sullivan,
Lambon Ralph, & Jefferies, 2011). Under this hypothesis, a pSTG
lesion would not be the root cause of the comprehension deficit in
WA but would contribute to their impaired repetition as observed
in conduction aphasia (Hickok, 2000).

Various behavioural studies also support the semantic hypoth-
esis. Individuals with WA  can present with concurrent nonverbal
semantic impairments including difficulties with colour-to-picture
matching (De Renzi, Faglioni, Scotti, & Spinnler, 1972), picture-to-
picture matching (Cohen, Kelter, & Woll, 1980) and drawing from
memory (Gainotti, Silveri, Villa, & Caltagirone, 1983). Recent explo-
rations in other patient groups have shown that there are at least
two  ways in which semantic cognition may  break down; semantic
representations may  be degraded as observed in SD or the regula-
tory processes governing the verbal and nonverbal use of semantic
knowledge may  be damaged, as found in SA (Bozeat, Lambon Ralph,
Patterson, Garrard, & Hodges, 2000; Jefferies & Lambon Ralph,
2006; Rogers et al., 2004). There is now convergent evidence from
fMRI, TMS  and PET studies that the ventrolateral anterior temporal
lobes underpin a modality-invariant representation to the forma-
tion of coherent concepts, such that this region acts as a core hub
for the semantic “database” (Binney, Embleton, Jefferies, Parker,
& Lambon Ralph, 2010; Lambon Ralph, Sage, Jones, & Mayberry,
2010; Patterson, Nestor, & Rogers, 2007; Pobric, Jefferies, & Lambon
Ralph, 2010a; Visser, Jefferies, & Ralph, 2010). In contrast, SA is
associated with damage to prefrontal or temporoparietal regions,
areas that have been implicated in semantic and cognitive con-
trol (Jefferies & Lambon Ralph, 2006; Thompson-Schill, D’Esposito,
Aguirre, & Farah, 1997; Wagner, Pare-Blagoev, Clark, & Poldrack,
2001). Given that the lesion sites implicated in WA are remote to
the anterior temporal lobe and overlapping with temporoparietal
areas then any general semantic impairment might be expected to
pattern with the characteristics observed in posterior SA and less
so with the features of SD (see below).

1.3. The dual hypothesis

A third hypothesis accounts for the comprehension impairment
in WA in terms of a combined deficit in acoustic-phonological anal-
ysis and semantic processing (Baker et al., 1981), hereafter referred

to as the dual hypothesis. There is some limited behavioural
evidence for this theory. For example, in a four-choice spoken
word-to-picture matching experiment with semantically related,
phonologically related and unrelated distracters, WA  patients were
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ound to make both semantic and phonological errors (Baker et al.,
981). The dual hypothesis might also fit with the lesion loca-
ion in WA and its varying extent. The lesion distribution in WA
as been shown to include both superior and middle temporal
egions (Bogen & Bogen, 1976), which functional imaging studies
ave implicated in phonological and semantic processing, respec-
ively. This lesion distribution raises the question of whether both
coustic-phonological and semantic analysis have to be disrupted
as in the dual hypothesis) in order to produce the comprehension
ehaviours observed in WA  or whether it is possible to account
or the comprehension impairment in WA  through either dis-
upted acoustic-phonological or semantic processing alone as a
esult of smaller lesions isolated to superior or middle temporal
egions.

.4. The case-series comparison approach

This study used a case-series comparison design in order to
nvestigate each of the three hypotheses. This method allows
ne to observe whether group patterns hold true across severity
t an individual level as well as allowing for direct compari-
on between different clinical groups by assessing all cases with
he same materials. This design has been employed to reveal
nsights into the nature of the semantic impairment across groups
uch as semantic dementia, semantic aphasia and herpes sim-
lex encephalitis (Corbett, Jefferies, Ehsan, & Ralph, 2009; Jefferies

 Lambon Ralph, 2006; Lambon Ralph, Lowe, & Rogers, 2007).
omparisons of semantic dementia (SD) and semantic aphasia
post-stroke aphasia resulting in multimodal semantic impair-

ents: SA) have been previously undertaken by Lambon Ralph
nd colleagues (Corbett et al., 2009; Jefferies & Lambon Ralph,
006). Jefferies and Lambon Ralph (2006) compared participants
D, resulting from atrophy of the bilateral anterior temporal lobes
nd participants with SA resulting from inferior frontal and/or tem-
oroparietal infarction. Despite equivalent overall accuracy the
wo groups demonstrated clear, qualitative differences in seman-
ic performance, in line with the very different brain lesions and
ocations. For example, the SD group displayed strong sensitivity to
tem familiarity and high consistency between all types of seman-
ic test. In contrast, the SA cases displayed no familiarity effect
nd consistency was found only between tasks with similar task
emands. The SA group displayed a correlation between semantic
asks and executive assessments whereas no such correlation was
ound in the SD group. These and other results suggested that SD
eflected degradation of the modality-invariant hub for semantic
epresentations (Lambon Ralph et al., 2010; Patterson et al., 2007;
obric, Jefferies, & Lambon Ralph, 2010b)  whereas SA reflected
mpaired executive processes which normally regulate the use
f semantic information for task- and time-appropriate semanti-
ally driven behaviour (Corbett et al., 2009; Jefferies & Lambon
alph, 2006; Noonan, Jefferies, Corbett, & Lambon Ralph, 2010)

 which fits with Head’s original description (1926).  The present
tudy compared a WA  case-series to the SA and SD data reported
reviously by Jefferies and Lambon Ralph (2006).  The SA and SD
ata provide neuropsychological models of expected performance
cross the various semantic tests in the face of two types of multi-
odal semantic impairment. If the WA participants demonstrate
odality-differences (as predicted by the acoustic-phonological

nd dual hypotheses, see below) then the SA/SD groups provide an
mportant contrastive dataset and allow us to be more certain that
ny performance differences are not due instead to task difficulty or
articipant severity. Furthermore, if a multimodal semantic impair-

ent contributes at least in part to the comprehension deficit in
A,  then these direct comparisons allow us to consider whether

his reflects faulty control mechanisms or degraded semantic
epresentations.
ogia 50 (2012) 266– 275

1.5. Testing the hypotheses

Each of the hypotheses makes the following predictions about
how the WA group should perform on semantic tests in relation to
the SA and SD groups.

a) The acoustic-phonological hypothesis:  predicts that the three
groups (WA, SA and SD) should all exhibit deficits in seman-
tic assessments which require acoustic-phonological input
whereas the WA participants, unlike the two other groups,
should not show impairment on nonverbal semantic assess-
ments.

b) The semantic hypothesis:  predicts that there will be no contri-
bution of acoustic-phonological disruption to comprehension
and, therefore, all three groups should show overlapping perfor-
mance on all semantic assessments independent of task input
modality.

(c) The dual hypothesis:  predicts that the WA  group should show
a nonverbal semantic impairment like the SA or SD groups
with an additional, disproportionate impairment on assess-
ments which rely on acoustic-phonological input.

Both the dual hypothesis and the semantic hypothesis impli-
cate a semantic impairment. As noted above, previous studies have
shown that the qualitative nature of semantic impairment can
vary across patient groups (e.g., semantic dementia vs. seman-
tic aphasia). Accordingly, we  analysed the nature of the semantic
impairment in the WA group. The predictive value of item famil-
iarity, the correlation with executive skills and the degree of
item consistency between assessments provide diagnostic fea-
tures which indicate whether the semantic impairment in WA
corresponds more closely to that observed in the SA or the
SD.

2. Method

2.1. WA  participants and lesion analysis

This research was carried out with full approval of the local ethics commit-
tee.  Nine participants with chronic WA  were recruited from speech and language
therapy services in the North of England. Table 1 contains background screen-
ing assessment and biographical details. All tables present participants ordered
by  the degree of comprehension impairment as measured by the Boston Diag-
nostic Aphasia Examination – Short Form (BDAE) (Goodglass, Kaplan, & Barresi,
2001b).  The initial recruitment guidance sought participants with comprehension
impairments, fluent speech and errors on repetition or naming. Following refer-
ral, participants were formally screened and diagnosed using the BDAE (Goodglass
et  al., 2001b). Patients were required to show a comprehension impairment below
the  45th percentile and a sentence repetition impairment below the 65th per-
centile on the BDAE. However, in the current case series all participants fell into
the bottom 20th percentile on repetition and comprehension subtests. In addition,
average phrase length in everyday speech was required to be above six words. In
structured picture description paraphasias had to occur at least every few utter-
ances. These paraphasias could be semantic or phonological. In fact, all patients
primarily produced phonological or neologistic paraphasias with limited semantic
errors.

Neuroimaging data were acquired for all the WA  participants. Four participants
(LB, EL, DM,  RD) consented to and were able to take part in T1w structural MRI
scanning. Chronic MRI  scans were acquired on a 3 T Philips Achieva scanner with
an eight element SENSE head coil with a sense factor of 2.5. An inversion recov-
ery sequence produced a 256 × 256 matrix of 128 transverse slices with 1 mm3

voxels. For the remaining participants CT scans taken at an acute stage as part of
routine clinical practice were obtained. CT scans were analysed using templates for
analysis of CT scans (Damasio & Damasio, 1989). For those with MRI  scans, lesions
were detected using the automated lesion detection procedure described in Seghier,
Ramlackhansingh, Crinion, Leff, & Price (2008).  Table 2 summarises relevant lan-
guage processing regions and the extent to which these were affected over the case
series.
Comparing the lesion distribution in current WA aphasia cases to the lesion
distribution in the ten SA and ten SD cases previously reported in Jefferies and
Lambon Ralph (2006), partially distinct and partially overlapping patterns of cortical
involvement could be observed. The ten SA cases all showed left temporopari-
etal and/or prefrontal lesions on MRI  and/or CT scans (see Table 2) and the
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Table 1
Demographic information and BDAE – Short Form results for the WA group.

Case Age Sex Time post-onset at
testing

BDAE
comprehension
(percentile)

BDAE fluency
(percentile)

BDAE sentence repetition
(percentile)

BDAE word repetition
(percentile)

AB 85 F 6–12 months <1 75 <1 <1
LB 78  F 6 years 5 68 5 15
EL  60 M 4–6 months 6.5 84 5 10
MR  64 M 5–7 months 10 68 15 15
RD  86 M 12–14 months 10 80 5 10
DH 74 M 5–7 months 12 51 10 15
DM 86 M 5–7 months 13 57 <1 <1
AC 53  M 5–9 months 15 68 <1 <1
HS  81 F 6–8 months 18 75 15 15

BDAE = Boston Diagnostic Aphasia Examination – Short Form (Goodglass et al., 2001b). Auditory comprehension percentile derived from three subtests (basic word discrim-
ination, commands and complex ideational material). Fluency percentile derived from articulatory agility, phrase length, melodic line and grammatical form. All participants
fell  within the WA profile defined by the BDAE.

Table 2
Lesion summary for the WA  group and SA group taken from (Noonan et al., 2010).

Participant Type of scan pSTG SMG pMTG sOT AG TP

BA 22 BA 40 BA 21 BA 37 BA 39 BA 38

AB Acute CT + − + + − −
LB  Chronic MRI  + + + + + −
EL  Chronic MRI  + + + − + −
MR  Acute CT + − + + − −
RD  Chronic MRI  + + + − + −
DH Acute CT + + + + − −
DM  Chronic MRI  + + + + + −
AC Acute CT + + − − − −
HS  Acute CT + − + − + −
%  WA  cases with damage 100 66 89 55 55 0
%  SA cases with damage (n = 10) 33 33 56 78 44 0

WA  = Wernicke’s aphasia, SA = semantic aphasia, pSTG = posterior superior temporal gyrus, SMG  = supramarginal gyrus, pMTG = posterior middle temporal gyrus,
sOT  = superior occipito-temporal area, AG = angular gyrus, TP = temporal pole, NA = not available. No neuroimaging data were available for one participant with WA (LB).
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Fig. 1. Wernicke’s aphasia, semantic dementia and post

en  cases of SD showed the typical bilateral atrophy centred on the inferolat-
ral  aspect of anterior temporal lobes (Jefferies & Lambon Ralph, 2006). The WA
ases showed some overlap with the SA cases with posterior temporo-parietal

esions, but more consistent and extensive involvement of superior tempo-
al  regions. Fig. 1 provides lesion/hypometabolism overlap maps for the three
roups.1

1 The lesion overlap maps were produced using the MRIcro program (Rorden,
005). Lesions analysed from CT scans for the WA  cases and CT and MRI  scans for the
A cases were manually drawn onto a standardised MNI  template. For the WA lesion
verlap map, manually drawn lesions from CT scans were combined with lesions
dentified from MRI  scans using the automated lesion detection procedure (Seghier
t al. (2008).  The region highlighted for SD reflects the area of hypometabolism
escribed by Nestor et al. (2006).
emantic aphasia lesion/hypometabolism overlap maps.

2.2. Assessments

Data were collected from the WA  group to compare directly with existing results
from the SA and SD cases. A number of additional assessments were performed in
the WA  group alone in order to investigate phonological processing and modality
effects in greater detail.

2.2.1. Phonological assessments
The WA  cases were tested on five assessments of phonological integrity. Word

and nonword repetition were assessed using the 9th subtest from the Psycholinguis-
tic  Assessment of Language Processing in Aphasia (PALPA: Kay, Coltheart, & Lesser,

1992). Forward digit span was used as a measure of phonological short term mem-
ory. Nonword and word minimal pair discrimination (PALPA 1 & 2: Kay et al., 1992)
was  used to examine processing of phonological input without spoken output. Com-
parative word repetition data were available for the SA group and digit span data
were available for all three groups.
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.2.2. Semantic memory assessments
All semantic assessments were carried out in at least two  modalities to allow

or  comparison of access to and manipulation of the same concepts across different
nput modalities. All assessments required a nonverbal response (pointing) only.

Pyramids and Palm Trees (PPT, Howard & Patterson, 1992): is a standardised test
f  semantic association in which the participant decides which of two  items is most
emantically related to a probe item. This was performed in both the three picture
nd three written word formats.

Environmental sounds battery (ESB): Four tests from the battery (Bozeat et al.,
000)  were administered: (a) environmental sound-to-picture matching; (b) envi-
onmental sound-to-written word matching; (c) spoken word-to-picture matching
sWPM); and (d) written word-to-picture matching (wWPM). In this 48-item test
attery the participant matched the target stimulus (sound or word) to the correct
icture which was  placed within 9 semantically related items. wWPM  data were
ot available for the SD group.

Cambridge semantic battery: This 64-item battery (Bozeat et al., 2000) assesses
nowledge of the same concepts over different types of semantic judgments and
odalities. Two versions (picture and written word) of the Camel and Cactus Test

CCT) were performed. This test required the participant to identify which of four
emantically related items was  the most related to a probe item. The CCT may  be
ore sensitive to some types of semantic impairments than the PPT due to the

reater number of choices per trial (Jefferies & Lambon Ralph, 2006). Two additional
ubtests from the 64-item battery were administered; spoken word-to-picture
atching (sWPM) and written word-to-picture matching (wWPM).2 Participants
atched a spoken or written word to a picture from a group of ten semantically

elated items. Only sWPM data were available for the SA and SD groups.

.2.3. Familiarity ratings
Previous studies provided concept familiarity ratings (Garrard, Lambon Ralph,

odges, & Patterson, 2001) for the 64-item battery and concept and sound familiarity
atings for the environmental sounds battery (Bozeat et al., 2000).

.2.4. Other cognitive skills
Cognitive assessments used captured a range of nonverbal executive processes.

he  WA  group were assessed on the Coloured Progressive Matrices (Raven, 1962),
 commonly used test of nonverbal reasoning and spatial perception, and selected
ubtests from the Visual Object and Space Perception Battery (VOSP, Warrington

 James, 1991) – dot counting, position discrimination, number location and cube
nalysis, assessments of visual space perception and discrimination. Comparative
ata were available from both other groups for these assessments. The WA group
ere examined on three additional tests of attention and executive skills for which
ata were also available for the SA group – the Wisconsin Card Sort test (WCST,
rant & Berg, 1993) to further assess nonverbal reasoning and inhibition, the Brixton
patial Rule Attainment task (Burgess & Shallice, 1997) which assesses monitoring
nd detection of sequence changes, and an auditory attention task, the Elevator
ounting subtests, with and without distraction, from the Test of Everyday Attention
TEA, Robertson, Ward, Ridgeway, & Nimmo-Smith, 1994).

. Results

Mean group and individual data from the WA  participants are
resented alongside the mean and standard deviation data from the
reviously reported SA and SD cases for comparison. Phonological
ssessment results are presented in Table 3 and semantic memory
ssessment results in Table 4. Individual participant data for the SA
nd SD groups are available in Jefferies and Lambon Ralph (2006)
nd Bozeat et al. (2000),  respectively.

.1. Phonological assessments

The WA  group were severely impaired on the four phonologi-
al measures: word repetition, nonword repetition, digit span and
honological discrimination (see Table 3). This result held for all
embers of the case-series across tasks requiring both phonolog-

cal analysis and production (repetition and digit span) and input

lone (phonological discrimination). Half of the group (AB, LB, EL
nd HS) performed within chance level on phonological minimal
air discrimination and 7/9 WA  participants were within chance

evel for nonword minimal pair discrimination (AB, LB, MR,  DH,

2 Note: both batteries (the environmental sound battery and the Cambridge
emantic battery) included separate measures of spoken and written word–picture
atching.
SA = sem antic aphasia, SD = semantic dementia

Fig. 2. Environmental sounds battery results across patient groups.

DM,  AC, HS). The WA  group was  clearly delineated from the SA
and the SD groups on these phonological measures. The WA par-
ticipants were significantly more impaired than the SA group on
word repetition (t(16) = –5.2, p ≤ 0.001) who scored within normal
limits on this measure (group mean = 73.8) when one SA partici-
pant with no verbal output was  excluded (KA), this result should
be treated with caution however as impaired single word repeti-
tion was  an explicit inclusion criteria of the WA  participants. There
was  an overall difference in performance on digit span between
the three groups (F(2,25) = 27.5, p < 0.001); the WA participants dis-
played significantly shorter digit spans than both the SA (t(1) = 3.6,
p = 0.002) and the SD (t(17) = 3.0, p = 0.008) groups.

3.2. Visual nonverbal semantic impairment

As a group, the WA  participants were impaired on both nonver-
bal semantic association assessments (picture PPT and picture CCT;
see Table 4). A repeated measures ANOVA indicated that the degree
of nonverbal semantic impairment was  comparable across all three
groups with no significant group effects (PPT: F(2,26) < 1, CCT:
F(2,26) < 1). At the group level, therefore, the acoustic-phonological
hypothesis was insufficient to account for the comprehension
impairment in WA because their performance was  abnormal on
both verbal and nonverbal versions of this semantic test. In addi-
tion, there was considerable variation within the WA case-series;
two  of the nine participants (RD and AC) performed within nor-
mal  limits on the picture PPT and CCT, which might be indicative of
differential semantic performance across modalities – a possibility
investigated below.

3.3. Modality effects – three group comparison

A repeated measures ANOVA was  used to investigate whether
input modality affected accuracy in any of the groups. The groups
were compared on the environmental sounds battery (ESB: spoken
word–picture matching, sound–picture and sound–word condi-
tions – see Fig. 2) and Cambridge semantic battery (CBB: spoken
word–picture matching, picture CCT and word CCT conditions –
see Fig. 3). Significant condition × group interactions were found
in both batteries (ESB: F(4,52) = 10.4, p < 0.001, CSB: F(4,48) = 5.0,
p = 0.002). These interactions were not found when the WA
group was  removed from the analyses (ESB: F(2,34) = 0.7, p = 0.5;
CSB: F(2,32) = 1.8, p = 0.2). Subsequent t-tests showed that the

interaction in both batteries was driven by the WA group’s poor
performance in the spoken word–picture matching tests. This was
significantly worse than the SA group (ESB: t(17) = 3.9, p = 0.001;
CSB: t(17) = 2.9, p = 0.009) and the SD (ESB: t(17) = 2.0, p = 0.03,
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Table 3
Phonological assessment results for the WA,  SA and SD groups.

Assessment Max. Normal cut-off AB LB EL MR RD DH DM AC HS Mean SA mean (sd) SD mean (sd)

Word repetitiona 80 73 20 7 14 6 7 36 0 6 42 15.3 65.6 (22) NT*
Nonword repetitiona 80 62.5 11 0 0 3 0 30 0 4 12 6.67 NT* NT*
Forward  digit span 3 2 2 2 1 2 0 2 2 1.78 4.4 (1.7) 6.5 (1.4)
Minimal  pair discriminationa 72 64 38 37 36 57 50 47 50 43 32 43.3 NT* NT*
Nonword minimal pair discriminationa 72 65 29 39 45 33 44 42 42 40 41 39.4 NT* NT*

NT* – data for this specific assessment are not available for the SD and SA cases. However, numerous previous studies have observed excellent repetition performance in
these  two groups (Jefferies & Lambon Ralph, 2006). Italicsed font indicates score within chance level, binomial test.

a Subtest 9 of the PALPA was used to measure word and nonword repetition (Psycholinguistic Assessment of Language Processing in Aphasia: Kay et al., 1992). Subtest
2  of the PALPA was  used to measure word minimal pair discrimination and subtest 1 was  used for the nonword minimal pair discrimination. Normal cut off = 2 standard
deviations below mean.

Table 4
Semantic memory assessment results for the WA,  SA and SD groups.

Assessment Max. Normal cut-off AB LB EL MR RD DH DM AC HS WA  mean SA mean (sd) SD mean (sd)

PPT pictures 52 49 34 48 48 50 50 39 43 49 40 44.6 40.1 (6.7) 40.5 (10)
PPT  words 52 49 28 42 36 39 52 28 40 46 35 38.4 41 (4.9) 38.7 (10)
CCT  words 64 57 18 43 36 46 55 22 40 48 23 36.8 37.1 (10.1) 37.1 (16.1)
Spoken word–picture 64 64 23 26 30 32 47 41 45 47 34 36.1 49.7 (10.8) 45.4 (19.4)
Written word–picture 64 NA 30 58 59 58 64 48 62 63 38 53.3 NT NT
Environmental sounds battery
Sounds–picture 48 36 10 25 30 20 39 30 35 36 16 26.8 28.3 (3.7) 19.5 (6.2)
Sounds–word 48 34 9 26 24 17 32 18 22 40 14 22.4 25.1 (7.5 18.6 (5.0)
Spoken word–picture 48 46.6 8 15 21 26 36 29 31 29 14 23.2 38.1 (7.3) 33.1 (11.8)

46

P Cactus
s

o
u
v

3

T
m
i

3

C
t
t
p
v

Written word–picture 48 NA 25 41 45 40 

PT = Pyramids and Palm Trees test (Howard & Patterson, 1992), CCT = Camel and 

tandard deviations below mean.

ne-tailed). These results indicated that the WA  group were
niquely affected by input modality, with especially poor auditory-
erbal performance, providing support for the dual hypothesis.

.4. Modality effects in Wernicke’s aphasia

Modality effects in the WA  group were investigated in depth.
he results indicated that impaired acoustic-phonological analysis
ade a significant contribution to the comprehension impairment

n WA.

.4.1. Written vs. pictorial
Performance on the word and picture versions of PPT and

CT were compared. The WA group were significantly worse on

he written than picture versions of the PPT (t(8) = 4.0, p = 0.004,
wo-tailed) and the CCT (t(8) = 1.9, p = 0.04, one-tailed). All bar one
articipant (RD) scored lower on the written than the picture
ersion of the PPT and this difference was significant at the

NB. sWPM = spoken word picture matching, CCT = Camel and Cactus 

Test, WA = Wernicke’s aphasia, SA = semantic aphasia, SD = semantic 

dementia 
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Fig. 3. Cambridge semantic battery results across patient groups.
 43 40 42 28 38.9 39.1 (8.0) NT

 Test (Bozeat et al., 2000), NA = none available, NT = not tested. Normal cut-off = 2

individual level for three participants (two-tailed McNemar tests,
EL: p = 0.004, MR:  p = 0.001, DH: p = 0.03). Two  cases (EL and AC)
exhibited a significant difference between the written and the
picture CCT (two-tailed McNemar tests, EL: p = 0.01, AC: p = 0.04).

3.4.2. Spoken vs. written verbal
Spoken word–picture matching (sWPM) and written

word–picture matching (wWPM) from the Cambridge semantic
battery and environmental sounds battery were compared. The WA
group performed significantly worse on the sWPM than wWPM in
both the environmental sounds battery (t(8) = 8.1, p < 0.001, two-
tailed) and the Cambridge semantic battery (t(8) = 5.1, p = 0.01).
McNemar two-tailed tests showed that this difference was  signif-
icant at the individual level for eight of the nine participants in
the environmental sounds battery and for six participants in the
Cambridge semantic battery (ESB; AB p < 0.001, LB p < 0.001, EL
p < 0.001, MR p = 0.003, RD p = 0.002, DH p = 0.003, DM p = 0.035,
AC p = 0.004. CSB; LB p < 0.0001, EL p < 0.0001, MR  p < 0.0001,
RD p < 0.0001, DM p = 0.0001, AC p < 0.0001). Crucially the two
participants (RD and AC) who scored within normal limits on the
picture CCT were both impaired on the sWPM from the Cam-
bridge semantic battery. This is consistent with modality-specific
differences as per the acoustic-phonological and dual hypotheses.

3.4.3. Speech vs. environmental sounds
Modality differences were investigated within the auditory

domain by comparing sWPM to environmental sound–picture
matching. The WA group were impaired in both conditions. The
group was significantly more impaired in the sWPM condition than
the sound–picture matching condition (t(8) = 2.2, p = 0.029, one-
tailed). This result becomes more noteworthy when the pattern of
performance in the control population is taken into account. Elderly
control participants (n = 20) were assessed on the environmental

sounds battery for previous studies (Bozeat et al., 2000; Jefferies
& Lambon Ralph, 2006). The control participants performed sig-
nificantly worse on the sound-to-picture matching task than the
sWPM task (t(38) = 11.3, p < 0.0001). Thus the WA  participants were
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Table 5
Executive assessment results for the WA,  SA and SD groups.

Assessment Max. Normal
cut-off

WA WA
mean

SA mean (sd) SD mean (sd)

AB LB EL MR RD DH DM AC HS

Raven’s coloured matrices (centile) 50 50 75 90 75 50 50 75 10
VOSP dot counting 10 8 6 10 7 9 7 10 2 10 NT 7.6 8.2 (2.5) 10.0 (0)
VOSP  position discrimination 20 18 11 20 20 19 18 18 16 20 NT 17.8 17.6 (2.1) 19.5 (1.2)
VOSP  number location 10 7 1 7 10 5 9 8 7 9 NT 7.0 7.4 (2.5) 9.8 (0.5)
VOSP  cube analysis 20 6 6 6 6 6 3 5 1 9 NT 5.3 5.3 (2.9) 9.2 (1.6)
WCST  (no. of categories) 6 3 1 3 4 2 3 1 2 3 1 2.22 1.2 (2.2) NT
Brixton spatial anticipation 54 28 27 23 25 16 24 28 26 43 2 23.8 18 (11) NT
TEA:  without distraction 7 6 NT 7 0 7 4 7 6 7 6 5.71 4.5 (1.9) NT
TEA:  with distraction 10 3 NT 4 0 2 5 0 3 2 2 1.86 2.13 (3.5) NT
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OSP = Visual Object and Space Perception Battery (Warrington & James, 1991), W
Robertson et al., 1994).

ore impaired on sWPM despite this being an easier task for
on-neurologically impaired controls. Furthermore, the two par-
icipants with WA who scored within normal limits on nonverbal
emantic assessments (RD and AC) were unimpaired on sound-to-
icture matching but were impaired on sWPM of the same items.

.5. The qualitative nature of the semantic impairment: is WA
ike SA or SD?

.5.1. Familiarity and item consistency
In order to explore whether familiarity influenced the WA per-

ormance, logistic regression was used to predict accuracy on the
ubtests from the Cambridge semantic battery and the environ-
ental sounds battery. The following factors were entered into

he regressions: familiarity ratings from Garrard et al. (2001) and
ozeat et al. (2000),  imageability ratings derived from the Neigh-
ourhood Watch Programme (Davis, 2005) and participant. Item
amiliarity was not predictive of performance on any sub-test
ithin the environmental sounds battery or Cambridge seman-

ic battery (ESB: sWPM Wald = 2.5, p = 0.1, wWPM Wald = 0.02,
 = 0.9, sounds–pic Wald = 1, p = 0.3, sounds–words Wald = 1.9,
 = 0.2; CSB: sWPM Wald < 0.0001, p = 1, wWPM Wald < 0.0001,
 = 1, CCTpic Wald < 0.0001, p = 1, CCTword Wald < 0.0001, p = 0.99).
ogistic regression was also used to assess item consistency across
asks (as per Jefferies & Lambon Ralph, 2006). This was high
here the semantic demands remained constant across tasks;

he word-to-picture matching tasks predicted each other in both
he environmental sounds (Wald = 3.7, p = 0.05) and the Cam-
ridge semantic battery (Wald = 5.6, p = 0.02) and, similarly, the
wo versions of the CCT showed high item consistency (Wald = 7.9,

 = 0.005). In all cases except one, item consistency was low
etween tasks where the semantic demands differed (e.g., CSB:
WPM and written CCT Wald = 0.4, p = 0.5). The one exception was
hat performance on wWPM significantly predicted performance
n picture CCT (Wald = 9.7, p = 0.002). These qualitative patterns

 no predictive value of familiarity, and task requirement related
tem consistency, resembled the patterns reported by Jefferies and
ambon Ralph (2006) for the SA group.

.5.2. Correlations with executive–cognitive skills
Results of the executive and cognitive assessments for all three

roups and individual results for WA  participants are presented in
able 5. The WA  group scores were within one point of normal lim-
ts on all four subtests of the VOSP (Warrington & James, 1991).
ll WA  participants fell within normal limits on the Coloured Pro-
ressive Matrices (Raven, 1962). Only four participants achieved

hree or more categories on the WCST (Grant & Berg, 1993). All
ut one participant (AC) were impaired on the Brixton Spatial Rule
ttainment task (Burgess & Shallice, 1997). On the auditory atten-

ion subtests of the TEA (Robertson et al., 1994), the WA group were
 Wisconsin Card Sort test (Grant & Berg, 1993), TEA = Test of Everyday Attention

just outside normal limits on counting without distraction but fell
below normal limits when distraction was introduced.

Following Jefferies and Lambon Ralph (2006),  factor analysis
was  used to derive separate executive and semantic summary
scores for each WA participant in order to test the relationship
between these factors (the analysis provides the best weighted-
average of the individual test scores in order to maximise
the variance explained within attentional-executive or semantic
scores). The executive component was derived from the WCST,
Brixton Spatial Rule Attainment task and the Coloured Progressive
Matrices and the semantic component from the picture PPT and
the picture CCT. Other semantic assessments were not included in
the semantic factor because of the potential confounding influence
of impaired acoustic-phonological analysis on the results. In the
WA group (n = 9), a significant correlation was  found between the
semantic and executive component (Pearson’s correlation, r = 0.66,
p = 0.05). A similar correlation between semantic and executive
components were also found in the SA group (n = 10) reported by
Jefferies and Lambon Ralph (2006).

4. Discussion

This study investigated the basis of the comprehension impair-
ment in Wernicke’s aphasia. Three hypotheses were tested via a
detailed case-series analysis of Wernicke’s aphasia (WA) and direct
comparison to semantic dementia (SD) and semantic aphasia (SA).
The three hypotheses were: (1) an acoustic-phonological analysis
impairment alone; (2) an isolated semantic impairment; or (3) dual
acoustic-phonological and semantic breakdown. The direct com-
parison with SA and SD allowed greater inferences to be drawn
about the nature of the comprehension impairment in WA.  The
results clearly suggested that the comprehension impairment in
WA was  best accounted for by a dual breakdown in both acoustic-
phonological analysis and semantic cognition.

The WA group were significantly more impaired on phonolog-
ical tasks than both the SA and SD group and worse than control
participants. An acoustic-phonological only deficit (Hypothesis 1)
is insufficient to explain their comprehension impairment at a
group level, however, because the majority of cases (7 partici-
pants) also displayed a nonverbal semantic impairment. This result
concords with previous findings of nonverbal impairments in WA
(e.g., Cohen et al., 1980; De Renzi et al., 1972; Gainotti & Lemmo,
1976; Gainotti et al., 1983). Although a considerable nonverbal
semantic impairment was  observed at the group level, two WA  par-
ticipants were unimpaired on the nonverbal semantic assessments.

These individuals were impaired on semantic assessments which
required acoustic and/or phonological analysis such as spoken
word-to-picture matching or written semantic association tests.
These results suggested that there was a subset of individuals with
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Table 6
Summary of overlapping and distinguishing clinical features in WA,  SA and SD.

Clinical feature Clinical group

WA SA SD

Lesion location
Anterior temporal lobes (bilaterally) x x

√
Consistent lesion to left pSTG

√
x x

Lesion to pMTG/AG ∼ ∼ x
Key  characteristics of comprehension impairment

Multimodal semantic impairment ∼ √ √
Acoustic-phonological deficit

√
x x

Patterns within semantic performance
Item familiarity x x

√
Item consistency ∼ ∼ √
Correlation with attentional-executive assessments

√ √
x
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A  = Wernicke’s aphasia, SA = semantic aphasia, SD = semantic dementia, x = feature
ot present,

√
= feature present, ∼ = features present in specific circumstances,

A whose comprehension impairment was due solely to disrupted
coustic-phonological analysis.

Both the semantic and the dual hypotheses predicted a non-
erbal semantic impairment. To distinguish between the two
ypotheses, the variation of performance across input modalities
as assessed in the WA  group and compared to the SA and SD
articipants. Strong modality differences were observed in the WA
roup: (a) verbal worse than nonverbal semantic performance;
nd (b) particularly poor performance on semantic tasks requiring
coustic-phonological analysis. In summary, the comprehension
mpairment in WA is, in the majority of cases, best accounted for
y the dual hypothesis. In comparison to the SD and SA groups, the
coustic-phonological impairment made a unique and significant
ontribution to the comprehension impairment in WA.  Qualitative
nalysis found that the WA group showed a semantic impair-
ent similar in nature to that of the SA group; proposed to reflect

eregulated semantic control (which refers to executive control
echanisms – e.g., inhibition, retrieval, selection – that interact
ith semantic representations in order to generate task- and time-

ppropriate behaviour: Corbett et al., 2009; Jefferies & Lambon
alph, 2006); see also Head (1926).  Table 6 provides a summary of
he overlapping and distinguishing features between WA,  SA and

D.

Fig. 4 provides a visual summary of how the WA and SA
roups fit into the dual-dimension hypothesis–defined on the basis

ig. 4. Scatter plot to show the WA and SA participants’ abilities along executive-
emantic and acoustic-phonological dimensions.
ogia 50 (2012) 266– 275 273

of acoustic-phonological abilities and semantic control.3 While
there is important inter-individual variation in the SA group on
semantic-executive measures, they fall within or at least very
close to the normal range on the acoustic-phonological dimen-
sion. The same semantic-executive variation is demonstrated
amongst the WA cases but, in addition, they occupy a very differ-
ent (impaired) part of the acoustic-phonological dimension. This
acoustic-phonological score was derived from repetition and digit
span measures for which overlapping data was  available between
the WA and SA groups. Impaired repetition is part of the diag-
nostic criteria of Wernicke’s aphasia and therefore low scores on
this measure are expected. However, these results converge with
highly impaired performance on phonological discrimination and
significant modality differences between spoken and written word-
to-picture matching, both assessing analysis of input phonology.
That individuals with WA performed mostly at chance level on the
minimal pair tests of phonological discrimination is problematic for
analysis. This poor performance has been noted in previous work
with WA (Morris, Franklin, Ellis, Turner, & Bailey, 1996) and is likely
to reflect both the method of presentation and stimuli consisting
of inaccessible contrasts (Robson et al., in press). Overall, therefore,
an acoustic-phonological impairment is the necessary impairment
underlying the comprehension deficit in WA,  and in some cases
an isolated acoustic-phonological impairment is sufficient to cause
WA.  However, in the majority of cases there is an additive role of
impaired semantic processing. These combined deficits lead to the
severe comprehension difficulties seen in this group (all partici-
pants were in the bottom 20th percentile on BDAE comprehension
measures) and the difficulties experienced in clinical remediation
attempts.

4.1. Comparison to lesions

The behavioural results from this study correspond to the lesion
distributions in the three clinical groups. The lesion distribution in
the WA patients and posterior SA subgroup overlapped in areas
associated with semantic processing, but in no case did lesions
extend to the anterior temporal lobes where the focus of atro-
phy and hypometabolism is found in SD (Table 2 and Fig. 1). The
WA and posterior SA cases both showed a considerable degree of
involvement of posterior middle temporal regions and the angu-
lar gyrus, however, these two groups different in that the WA
group showed consistent involvement of the posterior superior
temporal gyrus and the SA group showed a greater degree of
involvement of the superior posterior occipito-temporal region.
The middle temporal region and angular gyrus have been identified
repeatedly in neuroimaging studies as components of a distributed
semantic network (Binder et al., 2009; Cabeza & Nyberg, 2000;
Vigneau et al., 2006; Visser et al., 2010) and the correspondence of
lesions underpinning WA and SA groups fits with the qualitatively
similar semantic impairment observed in both groups. Similarly,
only the WA group exhibited an effect of impaired phonological
analysis on comprehension, reflective of the greater degree of supe-

rior temporal lobe involvement. This pattern replicates a previous
comparative study of aphasic patients with comprehension impair-
ments. Those with comprehension impairment limited to the
verbal domain had smaller pSTG-centred lesions whereas patients

3 Fig. 4 was created using a principal component analysis to derive a com-
bined measure of executive and semantic skills (from Ravens Coloured Progressive
Matrices, Wisconsin Card Sorting Test, Brixton Spatial Rule Attainment task, Camel
and Cactus Tests and Pyramids and Palm Trees Tests) and a separate measure of
phonological ability (from word repetition from the Psycholinguistic Assessment of
Language Processing in Aphasia and auditory digit span). The control cut-off for all
the assessments was added into the analysis to derive the cut-off scores.
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ith multimodal comprehension impairment had larger lesions
hat extended into pMTG and inferior parietal areas (Chertkow
t al., 1997). Although the lesion-behaviour pattern in this study
onverges with previous neuropsychological evidence and current
unctional imaging evidence, some degree of caution should be
aken. Only half of the WA group had chronic scanning data avail-
ble and, therefore, the extent of the overlap between the WA group
nd the other clinical groups may  be underestimated as the acute
T scans may  not have captured the full extent of the lesion.

.2. Clarifying the dual hypothesis

The dual hypothesis is currently underspecified. This study has
een able to provide evidence to expound which elements of
emantic cognition are disrupted, by showing that the executive-
emantic impairment in WA was similar in nature to that in SA.
nferences into the exact nature of the acoustic-phonological dis-
uption are more difficult to draw from the current data. However,
ome insights can be gleaned which further research could explore
n more detail.

One question that can be addressed is whether the data from
his study concord with the somewhat different approaches to
he acoustic-phonological deficit proposed by Wernicke and Luria.

ernicke’s theory emphasised a core linguistic deficit of phonolog-
cal word forms (Eggert, 1977) whereas Luria’s account emphasised

 generalised deficit in psychoacoustic analysis which leads to
mpaired phonological disambiguation from the acoustic stream.
he results from this study were more consistent with Wernicke’s
riginal interpretation. The WA  group showed greater impair-
ent in written semantic association tasks than in pictorial ones,

 pattern which would not be expected if their impairment was
urely acoustic/perceptual in nature, such as that seen in individ-
als with pure word deafness who are unimpaired at accessing
emantic representations from written input (Buchman, Garron,
rost-Cardamone, Wichter, & Schwartz, 1986). The group was sig-
ificantly more impaired on spoken word–picture matching than
ound–picture matching of the same items even though sound-
o-picture matching is a more difficult task. Further to this, the
wo participants (AC and RD) who were unimpaired on visual
onverbal semantics also performed within normal limits on
ound-to-picture matching but outside the normal limits on spo-
en word-to-picture matching indicating their acoustic analysis of
onverbal sounds was much better or even intact. These results
ust be interpreted with caution, however, as the spoken words

nd environmental sounds are not matched for acoustic complex-
ty and presentation time. The nature of the acoustic-phonological
mpairment requires further investigation using controlled nonver-
al auditory stimuli.

.3. Dual hypothesis explains behavioural heterogeneity

The notion that more than one deficit is required to account
or the behavioural profile of WA  has been raised before. Hickok
2000) suggested that the comprehension impairment in WA could
e accounted for by an impairment to post-perceptual semantic
rocesses, while impaired repetition would be accounted for by
isrupted acoustic-motor integration. Under this hypothesis, there

s a one-to-one relationship between symptom and cause. The
pproach taken by the current study differs somewhat in that a
ingle impairment (in this case comprehension) results from dual
nderlying causes. This approach has the ability to account for the
odality differences found in the WA  group and the modality-
quivalent effects in SA and SD, which are more difficult to explain
hrough a one symptom-one cause approach. These dual deficits
ill also combine to impair speech output and repetition as well

s comprehension. Thus both receptive and expressive symptoms
ogia 50 (2012) 266– 275

arise from the same underlying dual mechanism. The dual hypoth-
esis also has the capacity to explain much of the behavioural
heterogeneity found in WA (see Fig. 4). The severity of individual
WA patient’s comprehension impairment reflects the combination
of impaired acoustic-phonology (present across all WA  cases) plus
the varying degree of additional semantic processing deficits.
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