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Abstract. Despite a vast literature examining semantic impairment in Alzheimer’s disease (AD), consensus regarding the nature
of the deficit remains elusive. We re-considered this issue in the context of a framework that assumes semantic cognition can break
down in two ways: (1) core semantic representations can degrade or (2) cognitive control mechanisms can become impaired [1].
We hypothesised and confirmed that the nature of semantic impairment in AD changes with disease severity. Patients at mild
or severe stages of the disorder exhibited impairment across various semantic tasks but the nature of those deficits differed
qualitatively for the two groups. Commensurate with early dysfunction of the cognitive control, temporoparietal-frontal-cingulate
network, characteristics of deregulated semantic cognition were exhibited by the mild AD cases. In contrast, the severe AD
group reproduced features of additional degradation of core semantic representations. These results suggest that spread of
pathology into lateral anterior temporal lobes in later stage AD produces degradation of semantic representations, exacerbating
the already deregulated system. Moreover, the dual nature of severe patients’ impairment was highlighted by disproportionately
poor performance on tasks placing high demand on both conceptual knowledge and control processes – e.g., category fluency.
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1. Introduction

Semantic cognition encompasses the processes and
representations that support the storage and controlled
use of our everyday factual knowledge, including the
meanings of words, pictures, objects, faces, sounds and
events. It provides the foundation for almost everything
we do and so it is no surprise that a deficit in this domain
can have a highly debilitating effect on patients’ dai-
ly lives. Direct comparisons of different semantically-
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impaired neurological populations have allowed us to
examine the neural network underpinning conceptual
knowledge in detail [1–3]. These studies have shown
that core semantic cognition is supported by at least
two interacting principal components: (1) a repository
of semantic knowledge formed through a unified distil-
lation of modality-specific sources of sensorimotor and
verbal information; and (2) an executive control com-
ponent responsible for shaping or controlling semantic
activation in a time, task and context appropriate fash-
ion. Consistent with this hypothesis, a few direct com-
parisons of different neurological groups have shown
that damage to these different aspects of semantic cog-
nition lead to qualitatively distinct impairments [1,4].

Alongside profound episodic memory impairment,
patients with Alzheimer’s disease (AD) exhibit notable
deficits in their semantic performance, even at the very
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early stages of the disorder [5–7]. Although there is
a vast literature examining semantic memory in AD,
no consensus regarding the nature of the deficit has yet
been reached. Two possible causes have been identi-
fied; on the one hand, AD has been characterised as
a ‘storage’ disorder in which representations are lost
from semantic memory. Proponents of this view re-
port a pattern of gradual decline of knowledge in AD,
leading to a consistent impairment of the same con-
cepts across different tasks [8–13]. Alternatively, oth-
ers have shown that the level of semantic impairment
in this condition is not stable but varies in line with
changing task demands. Performance on semantically-
demanding lexical and conceptual decision tasks, for
example, has been shown to improve significantly with
the provision of constraining cues [14–17]. This find-
ing is not consistent with the notion that knowledge has
been permanently lost in AD but can been explained
in terms of a problem with accessing that information.
There are some hints in the literature that the dispar-
ity between these viewpoints could reflect a severity-
related difference. For example, while early AD pa-
tients’ level of semantic knowledge seems to vary in
line with executive difficulty [17], the same is not true
of more severely-impaired patients who exhibit greater
consistency across different tasks [18]. The relation-
ship between severity and the nature of semantic im-
pairment in AD has not, however, been examined di-
rectly in previous studies. It seems likely that gradu-
al spreading of pathology over the course of AD will
compromise separable components of the semantic net-
work at different times. This view anticipates that the
qualitative nature of semantic impairment in AD will
change throughout the disease. By taking severity in-
to account, therefore, it might be possible to resolve
the longstanding conundrum regarding the nature of
semantic impairment in this disorder.

We have previously employed a case-series, compar-
ative design to inspect semantic impairments arising in
different neurological groups (e.g., HSVE vs. semantic
dementia (SD): [4]; semantic aphasia (SA) vs. SD: [1].)
SD is a neurodegenerative disorder characterised by a
selective semantic deficit affecting knowledge across a
full range of modalities in both expressive and recep-
tive tasks [19–23]. This condition occurs in the con-
text of atrophy focussed on the ATL bilaterally [24,
25]. Multimodal semantic deficits are also observed in
some patients following a stroke [1–3]. In contrast to
SD, however, patients with SA have damage to left pre-
frontal and/or temporoparietal regions with complete
sparing of the ATL (see [3]). In a direct comparison,

Jefferies and Lambon Ralph [1] found that these two
groups failed semantic tasks for different reasons. The
ATL atrophy in SD was associated with a pattern of
impairment indicative of degraded semantic represen-
tations and their semantic performance was impervi-
ous to changes in task demand and modality. Greatest
impairment was observed for the least familiar/low fre-
quency concepts suggesting that these items were most
vulnerable to degradation. In contrast, the SA patients’
performance suggested that conceptual knowledge was
not degraded in these cases, but a failure of regulatory
cognitive control underpinned their impaired semantic
cognition. The SA patients’ performance was distinct
in the following key ways: a) they were much less con-
sistent across tasks and strongly influenced by task de-
mands; b) in addition to coordinate and superordinate
naming errors (e.g., squirrel → “rabbit” or “animal”),
the SA patients produced associative errors (e.g., squir-
rel→ “nuts”) which were almost never observed in SD;
(c) naming and comprehension scores were improved
or diminished by the provision of cues or other forms of
task constraint (which had little or no effect in SD); (d)
the SA patients exhibited semantic “access” and refrac-
tory symptoms in contrast to the “storage” deficits of
SD [26–28] and (e) their performance on comprehen-
sion tasks was predicted by the control requirements
within an individual trial. These findings are consistent
with the view that two interacting components support
semantic cognition: 1) a modality-invariant, represen-
tational hub supported by the ATL bilaterally [29–32]
and, 2) an executive control component underpinnedby
a network encompassing the left prefrontal cortex and
regions in the temporoparietal cortex [1–3,33]. For-
mal meta-analyses of functional neuroimaging in nor-
mal participants indicate that, in addition to these two
regions, cingulate cortex also contributes to semantic
cognition [34]. As noted below, these three areas are
implicated in the earliest phases of AD.

A considerable volume of research has been dedicat-
ed to tracing disease pathogenesis over the course of
AD. These studies indicate that the functionally sepa-
rable components of semantic cognition are likely to
become compromised at different stages of the disease.
In the earliest stages of AD, amyloid plaques and neu-
rofibrillary tangles occupy the medial temporal lobe
(MTL) – a critical region supporting episodic memo-
ry [35–37]. The broader MTL network incorporating,
amongst other regions, the posterior cingulate cortex is
also found to be hypometabolic at this early stage of
the disease, with probable impact on episodic memory
as well as executive control functions [38–40]. Beyond
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Table 1
Performance on attentional/executive and semantic tasks

Task Max Control SA mean Mild AD Severe AD SD mean
mean (s.d.) mean mean

Executive/ attentional
WCST (categories) 6 1* 1.2 2.1 0.4 NT
Elevator counting 7 6* 5 6 4 NT
Elevator counting (with distraction) 10 2*‡ 2 5 1 NT
Ravens’ Matrices (percentiles) − − 4/10 cases = 50, 4/10 cases = 25, 7/10 cases = 5, 9/10 cases > 90,

remaining cases 1 case = 50, remaining cases remaining case
< 10 remaining cases = 10 = 75

� 80
Semantic
PPT picture 52 51.2 (1.4) 40 42 34 41
PPT word 52 51.1 (1.1) 41 45 35 39
64 item battery
Naming 64 62.3 (1.6) 21 49 40 27
WPM 64 63.7 (0.5) 50 57 46 46
CCT picture 64 58.9 (3.1) 36 38 26 40
CCT word 64 60.7 (2.06) 37 46 33 37
Environmental sounds
Spoken word – picture 48 47.8 (0.6) 39 40 30 33
Sound – picture 48 41.2 (2.5) 28 19 11 22
Sound – word 48 40.8 (3.8) 25 17 11 20
Category fluency (6) – 95.7 (16.5) 14 37 10 31
Letter fluency – 44.2 (11.2) 5 26 8 21

*denotes normal cut-off; NT = not tested. ‡normal cut-off for participants aged 65–80.

the MTL, early AD neuropathology critically under-
mines the frontal-temporoparietal control network in
two key ways: 1) cells within the superior longitudinal
fasciculus are selectively affected causing disconnec-
tion of frontal and temporoparietal regions [3]; and 2)
spreading of pathology into the basal forebrain, par-
ticularly the basal nucleus of Meynert, undermines the
cholinergic system that normally provides critical in-
nervation to areas of the neocortex supporting executive
control, including prefrontal and parietal lobes as well
as the thalamus [41]. Consistent with these changes,
patients in the early stages of AD have executive and
attentional deficits [42–45]. As the disease reaches
more moderate stages, generalised hypometabolism of
the temporal lobe (TL) is joined by plaques and tangles
invading inferolateral aspects of this region [7,46] –
notably the same areas that underlie the semantic im-
pairment in SD [24,25,47,48].

The present study examined the hypothesis that the
evolution of pathology in AD generates qualitatively
different semantic impairments over the course of the
disease. In the early stages, damage to the frontal-
temporoparietal-cingulate control network should pro-
duce deregulation of semantic cognition. As neu-
ropathology spreads into the inferolateral aspects of the
ATL, in the more severe phase of AD, semantic repre-
sentations themselves will begin to degrade, thus exac-
erbating the already deregulated semantic system. As-

suming this hypothesis is true, early AD cases should
exhibit semantic impairment that is characteristically
similar to that observed in SA, while additional traits
typical of SD should emerge when the disease reaches
a later stage. We tested this hypothesis by extending
Jefferies and Lambon Ralph’s [1] case-series, compar-
ative design to include patients with AD. In doing so
we were able to compare the nature of semantic im-
pairment at mild and severe stages of AD against these
two “reference” groups.

2. Method

2.1. Participants

This work was approved by local health authority
ethics committees and informed consent was obtained
for all participants. Twenty patients with Alzheimer’s
disease (n = 10 mild, n = 10 severe) were recruited
from dementia services in Manchester, UK. All cas-
es were diagnosed by an experienced Old Age Psy-
chiatrist (AB) with respect to the standard, interna-
tional consensus criteria. Patients with a history of
stroke or other neurological conditions were exclud-
ed. All participants in the mild AD group scored 19 or
more (out of 30) on the Mini-Mental State Examination
(MMSE [49]), whereas all severe cases obtained 14 or
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less (mean score: mild = 21.3; severe = 10.1; t(18) >
8.82, p < 0.001, see Table 1). The mild group were
numerically but not significantly older than the severe
group. The two AD groupswere comparedwith the SA
and SD patient groups previously reported by Jefferies
and Lambon Ralph [1] and Bozeat et al. [50]. The ten
SApatientswere recruited from stroke clubs and speech
and language therapy services in the Manchester area.
SA patients were identified on the basis that they failed
bothword and picture versions of the Camel andCactus
semantic association task [50]. Every case had chronic
impairment from a stroke at least a year prior to testing.
All patients had damage to the left prefrontal cortex
and/or areas in the temporoparietal region. The sec-
ond comparative group comprised ten patients with SD
who were identified through the Memory and Cogni-
tive Disorders clinic at Addenbrooke’s Hospital, Cam-
bridge. These patients met all published criteria for
SD [51]; they had word finding difficulties despite flu-
ent speech and showed impaired semantic knowledge
and single word comprehension but phonology, syn-
tax, visuo-spatial abilities and day-to-day memory re-
mained relatively well preserved [50]. Focal bilater-
al atrophy of the infero-lateral aspects of the anterior
temporal lobe was identified in every case using MRI.

2.2. Assessments

2.2.1. Attentional/executive
All four groups were assessed on the Raven’s

coloured progressive matrices test of non-verbal rea-
soning [52]. In addition, the AD and SA groups’ atten-
tional/executive skill was assessed with the Wisconsin
Card Sorting Test [53] and the Elevator Counting task
with and without distraction (taken from the Test of
Everyday Attention [54]).

2.2.2. Semantic memory assessment
A range of tests were used to assess semantic cog-

nition. The Pyramids and Palm Trees test examines
semantic associative knowledge (PPT [55]). This task
requires participants to decide which of two response
options (e.g., palm tree/pine tree) is most closely re-
lated to the probe item (e.g., pyramid). The task was
assessed in both picture and word formats. Fluency
was examined for six categories (animals, birds, fruit,
household items, tools and vehicles). Patients were
given one minute to produce as many members of each
category as possible. Category fluency was compared
to performanceon a letter fluency task (participants had

to produce as many words beginning with the letters
F/A/S).

Three tasks from the Cambridge semantic battery
were used to assess knowledge of sixty-four concrete
concepts drawn from the same six categories listed
above. The tasks were:

i) The Camel and Cactus test (CCT [50]): this is
a semantic association task similar to the PPT.
Participants are required to select which of four
response options is most related to a probe item.
The test was administered in both word and pic-
ture formats.

ii) Spoken word-to-picture matching: participants
are given the name of an item and asked to select
the corresponding picture. Ten picture stimuli
(the target and nine foils) drawn from the same
semantic category were presented on each trial.

iii) Picture naming: patients were presented with a
line drawing of each item in the battery (n = 64)
and asked to name it.

The environmental sound battery [50] employs char-
acteristic sounds to assess knowledge relating to 48
items drawn from six categories (domestic/foreign an-
imals, human sounds, household items, vehicles and
musical instruments). The battery requires the par-
ticipants to match a probe to a target within an array
of eight possible within-category alternatives. Three
identity-matching conditions were assessed: sound-
picture, sound-word and spoken word-picture match-
ing.

Two tests were used to examine the effect of cueing
on picture naming in AD.

(a) Cued and miscued naming: Patients were asked
to name the 60 pictures from the Boston Naming
Test [56]. Each item was assessed under cued, miscued
and uncued conditions on separate occasions. A cue
consisted of the first two phonemes of the target re-
sponse whereas the phonemes of a semantic competitor
were provided on the miscued trials. (b) Progressive
phonological cueing: participants were asked to name
thirty items selected from the Snodgrass and Vander-
wart [57] stimulus set. If an item was not named spon-
taneously, then the first phoneme of the target response
was provided as a cue. Cues increased in length, one
phonemeat a time, until either the item had been named
correctly, or the final phoneme had been provided.
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3. Results

3.1. Background neuropsychological examination

3.1.1. Attentional/executive
Jefferies and Lambon Ralph [1] found that SA pa-

tients performed poorly across a range of attention-
al/executive tasks (see Table 1 for mean scores). Con-
versely, patients with SD rarely show a deficit on this
type of assessment. All SD cases re-reported in the
present study, for example, scored within the top 25th
percentile of the Raven’s coloured progressivematrices
test.

We examined the AD patients on a number of atten-
tional/executive measures previously used to examine
the SA patients. In line with previous assessments of
this domain in early AD [42,44], the mild AD group
exhibited some evidence of impairment on these tasks
while the severely impairedAD patients attained scores
below the normal level on all attentional/executivemea-
sures (see Table 1 for mean scores and Table 1a for in-
dividual AD patient data). The two groups performed
equivalently on the WCST; 6/10 mildly impaired cases
and 7/10 severely impaired patients did not complete
a single category (t (18) = 1.83, n.s). The elevator
counting task (without distraction) was passed by 9/10
cases in the mild group compared to only 5/10 patients
in the severe group but the groups’ overall scores did
not differ significantly (t (11) = 2.06, n.s.). When el-
evator counting was examined with distraction a sig-
nificant group difference was observed with only 3/10
mild cases scoring below the normal cut-off compared
to 7/10 patients in the severe group (t (13) = 2.53, p =
0.026). Significantly better performance in the mild
group was also observed for the Raven’s progressive
matrices task (t (9) = 5.21, p < 0.001).

3.1.2. Semantic
All groups exhibited impairment across a full range

of picture/word and sound-based tasks suggesting a
multimodal semantic impairment in every case (see Ta-
bles 1 and 1a). The severity of semantic impairment
was largely equivalent for the SA and SD groups whose
scores only differed significantly on two tasks: letter
fluency (SD > SA: t (17) = 4.3, p < 0.001) and sound-
picturematching (SA>SD: t (18)= 2.2, p = 0.04). The
severely impaired AD group performed substantially
worse than the mild group on all tasks in the semantic
battery (t(15–18) > 2.45, p < 0.018). Relative to the
SA patients, the mild AD group obtained substantial-
ly higher scores on four semantic tasks (naming, word

CCT, category fluency and letter fluency: t (12–18) >
2.31, p < 0.03) but significantly poorer scores on two
of the environmental sounds tasks (sound-picture/word
matching: t (18)> 2.75,p < 0.01). The SDgroupwere
substantially worse than the mild AD group in picture
naming (t (11) = 3.11, p = 0.01). In contrast, the se-
vere AD group obtained significantly lower scores than
the SA group on seven semantic assessments (naming,
picture/word PPT, picture CCT and all three subtasks
from the environmental sounds battery: t (11–18) >
2.06, p < 0.05) and were worse than the SD patients for
five tasks (picture CCT, category fluency, letter fluency,
sound-picture matching and sound-word matching: t
(12–17) > 2.33, p < 0.04).

3.2. Examining the nature of semantic impairment

In their case-series comparative study, Jefferies and
LambonRalph [1] identified a number ofways in which
semantic impairments due to a failure of regulatory
control (SA) could be distinguished from those due
to degraded semantic representations (SD). The same
analyses were employed in the present study to exam-
ine the nature of semantic impairment at mild and se-
vere stages of AD. We hypothesised that a failure of
regulatory control processes in the early stage of AD
would lead to deregulated semantic cognition. Specif-
ically, we expected mild cases to exhibit the following
three characteristics of semantic deregulation previous-
ly observed in SA: 1) an association between perfor-
mance on semantic tasks and attentional/executive as-
sessments; 2) a strong relationship between the ability
to make semantic associative judgements in the CCT
and the degree of conceptual control required by a par-
ticular trial; and 3) naming accuracy can be both im-
proved (by the provision of correct cues) and dimin-
ished (by miscues). Due to the progressive nature of
AD, however, it was expected that a qualitatively dif-
ferent semantic impairment would emerge later in the
disorder as semantic deregulation was joined by gradu-
al degradation of semantic representations. The impact
of this dual impairment would be expected to be espe-
cially pronouncedon tasks that place a large demand on
both conceptual knowledge and semantic control, such
as category fluency. Furthermore, relative to mild AD
patients, severe cases should begin to show character-
istics of a storage problem as exhibited by SD patients,
including: 1) more consistent impairment of conceptu-
al knowledge across different semantic tasks; and 2) a
stronger influence of conceptual familiarity/frequency
on performance. Given that we have formally demon-
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Table 1a,
Individual AD patient data

Task Max Control Mild AD Severe AD
mean (s.d.) EM1 EM2 LL MH DS MO JM1 DM JH TA EA JL ER BL AD LA ML EB JM2 AW

Executive/ attentional
WCST (categories) 6 1* 6 6 3 0 0 0 0 0 0 6 0 1 0 0 0 0 0 0 2 1
Ravens’ Matrices − − 95 25 90 50 82.5 80 25 92.5 25 25 10 5 5 5 5 10 5 5 5 10
(percentiles)
Elevator counting 7 6* 7 6 7 4 6 7 6 7 6 7 6 2 0 3 1 7 7 7 4 7
Elevator counting 10 3* 10 3 6 0 1 4 4 9 0 8 2 1 1 1 0 0 5 3 0 0
Semantic
(with distraction)
PPT picture 52 51.2 (1.4) 44 43 52 32 47 37 40 46 42 40 29 42 25 26 32 32 45 43 25 36
PPT word 52 51.1 (1.1) 45 47 49 34 46 40 46 46 45 49 39 42 24 26 30 39 41 46 27 33
64 item battery
Naming 64 62.3 (1.6) 49 42 61 44 49 45 57 49 57 39 52 48 39 39 36 42 37 29 41 32
WPM 64 63.7 (0.5) 63 50 64 40 57 58 61 56 61 56 48 59 48 27 48 52 42 51 34 48
CCT picture 64 58.9 (3.1) 46 39 56 23 41 30 26 46 43 32 37 30 23 20 19 28 26 34 17 28
CCT word 64 60.7 (2.06) 52 53 56 31 53 44 45 40 43 46 42 47 16 18 25 47 39 47 21 28
Environmental sounds
Spoken word – picture 48 47.8 (0.6) 48 39 47 30 43 40 40 40 44 32 26 40 26 21 23 40 32 30 32 NT
Sound – picture 48 41.2 (2.5) 22 19 26 10 11 14 25 20 21 19 8 22 7 5 6 17 11 NT 10 NT
Sound – word 48 40.8 (3.8) 25 13 25 11 14 12 21 14 21 15 10 13 11 5 11 15 15 NT NT NT
Category fluency (6) − 95.7 (16.5) 54 41 48 18 31 35 31 31 50 33 21 8 0 0 9 28 19 12 5 0
Letter fluency − 44.2 (11.2) 48 17 19 19 10 20 9 16 60 39 10 5 6 0 0 15 24 12 9 0

*denotes normal cut-off. NT = not tested. TA = Test abandoned.

strated these behavioural patterns previously for SD and
SA patients, the results below concentrate specifically
upon the new AD data.

3.3. Indicators of deregulation

3.3.1. Correlations between semantic and executive
tasks

For the AD groups, we assessed the relationship be-
tween performance on four executive tasks (elevator
counting with/without distraction, WCST and Raven’s
matrices) and all ten tasks from the semantic battery
(excluding letter fluency). The mild AD group exhibit-
ed significant associations between the elevator count-
ing task and six semantic tasks, including: WPM, word
and picture versions of the PPT and CCT as well as cat-
egory fluency (r > 0.56, p < 0.046). Two further cor-
relations approached significance (sound-picture and
spoken word-picture matching from the environmental
sounds battery: r > 0.53, p < 0.059). Significant as-
sociations were not observed for the remaining exec-
utive tasks, which is probably attributable to floor ef-
fects on these assessments. Notably, however, associ-
ations that approached significance were observed for
the following task combinations: 1) elevator counting
with distraction and word PPT/sound-picture matching
(r > 0.47, p < 0.087); WCST and word PPT/word
CCT/category fluency (r > 0.47, p < 0.088) and, 3)

Raven’s matrices and picture PPT/picture CCT/spoken
word-picture matching (r > 0.51, p < 0.068).

The more severely impaired patients also exhibited
a degree of association between their performance on
semantic and executive tasks. Significant correlations
occurred for the elevator counting task (without distrac-
tion) and the following semantic assessments: word
PPT, both versions of the CCT and category fluency
(r > 0.55, p < 0.052). Associations approaching sig-
nificance were observed for elevator counting with dis-
traction/word PPT and Ravens matrices/picture CCT
(r > 0.51, p < 0.067).

3.3.2. Factors affecting performance on CCT
Jefferies and Lambon Ralph [1] found that measures

of the semantic control required to complete a task were
able to predict item-by-item performance differentially
in SA and SD patients. The ease with which distractor
responses could be rejected (as rated by control par-
ticipants) in the CCT was particularly sensitive to SA
patients’ control deficit. The patterns exhibited by the
mild and severe AD groups reflected those observed
previously in SA and SD respectively. Performance
on the CCT (mean word/picture score) correlated with
ease of rejecting distractors for the mild AD group (r =
0.43, p < 0.0001; two-tailed) but not the severe pa-
tients (r = 0.20, n.s.). Using simultaneous logistic re-
gression, a combined analysis revealed a significant in-
teraction between group and semantic control demands



F. Corbett et al. / Unpicking the semantic impairment in Alzheimer’s disease: Qualitative changes with disease severity 29

Table 2
Breakdown of picture naming errors

Error type SA Mild AD Severe AD SD

Semantic 0.33 0.72 0.60 0.45
Phonological 0.11 0 0.06 0.02
Perseveration 0.15 0.08 0.07 0.11
Omission 0.32 0.14 0.2 0.37
Unrelated 0.10 0.06 0.07 0.05

All perseverative errors made by the AD groups and SD patients were
also semantically related to the target.

(Wald = 6.52, p = 0.011), which was indicative of a
greater influence of this factor on the mild AD group’s
performance (ExpB: mild = 1.51; severe = 1.16).

3.3.3. Naming errors/Cueing
On the 64 set picture naming task all groups made

mostly semantic and omission errors (see Table 2). The
SA and SD groups exhibited no differences in the fre-
quency of semantic, unrelated, perseverative or omis-
sion errors. The same pattern was observed when the
mild and severe AD groups were compared; the only
significant difference occurred for phonological errors,
which constituted a greater proportion of errors for the
severe AD group (t (18) = 2.45, p = 0.03).

SA patients’ impoverished picture naming can be
improved significantly with the provision of external
support in the form of phonemic cues. In line with
the highly consistent nature of semantic impairment in
SD, however, very little difference is observed between
spontaneous and cued naming scores [58]. This, cou-
pled with the high omission rate in SD, is indicative of
degradation of the core representations in the semantic
repository.

3.3.4. Cued and miscued naming
In a repeated measures ANOVA comparing the mild

and severely impaired AD groups, there were signif-
icant main effects of cue type (cue/miscue/no cue; F
(2,36) = 25.49, p < 0.0001) and group (mild/severe; F
(1,18) = 6.16, p = 0.02) as well as a significant inter-
action between the two (F (2,36) = 5.49, p = 0.008;
see Fig. 1). The mild group performed significantly
better than the severely impaired group in the cued and
uncued conditions (cued: t (18) = 3.01, p = 0.008;
uncued: t (18) = 2.56, p = 0.02) but no difference
was observed for the miscued condition (t (18) = 1.59,
n.s.). For the mild patients significant differences were
observed between all three conditions (cued > uncued
> miscued: t (9) > 3, p < 0.015) whereas the severe
group did not show a significant difference between the
uncued and miscued conditions (cued > uncued: t (9)
= 2.95, p = 0.016; uncued = miscued: t (9) < 1).

Fig. 1. Performance on the Boston Naming Test under different
cue conditions. * indicates significant difference. Error bars denote
standard error of the mean (SE).

3.3.5. Progressive phonological cueing
In a repeated measures ANOVA there were signifi-

cant main effects of cue size (no cue/ two phonemes/
more than two phonemes provided: F (2,36) = 49.56,
p < 0.0001) and group (mild/severe: F (1,18) = 6.60,
p = 0.019) but no interaction between the two (F (2,36)
= 1.93, n.s.). We examined the proportion of phonemes
required to cue an item that was not named sponta-
neously. On average the mild group required 37% the
target’s phonemes for successful cueing, which was
substantially less than the severe group (56%; t (17)
= 3.33, p = 0.004; patient BL was excluded from this
analysis as no items were cued successfully).

3.4. Increasing indication of semantic degradation in
severe AD

3.4.1. Naming and category fluency
The relative contribution of semantic control vs. rep-

resentation varies across different semantic tasks and
thus the relative performance across these tasks can be
used to diagnose which aspect(s) of semantic cogni-
tion are affected in a particular disorder. We examined
patients’ performance across picture naming and cat-
egory fluency. These tasks draw on knowledge from
the same semantic categories but differ in important
ways. Picture naming is fundamentally dependent on
the integrity of a concept’s representation. A degree of
control is, arguably, also required to inhibit competing
names. Like picture naming, category fluency requires
intact semantic knowledge but also places substantial
demand on control processes. Participants must per-
form an online search of the semantic repository, se-
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Fig. 2. Naming and category fluency performance. Verbal fluency tasks, unlike confrontational naming, do not have a maximum score. Thus to
compare performance directly we expressed the patients’ performance as a proportion of the control mean on each task. Error bars denote SE.

lecting items that possess key characteristics of a giv-
en category and rejecting close competitors, as well as
monitoringprevious responses. The demandon control
processes becomes greater as representations degrade
and normal category boundaries become distorted.

All groups performed within the impaired range for
both tasks but the pattern across tasks differed across
the groups (Table 1). While all four groups performed
worse on the categoryfluency task compared to naming,
this decline was exaggerated for the severe AD group
(raw scores divided by control mean; see Fig. 2). In
repeated measures ANOVAs, significant task by group
interactions were found when the severely impaired
AD patients were compared with each of the other pa-
tient groups (mild AD: F (1,18) = 5.39, p = 0.032;
SA: F (1,17) = 9.14, p = 0.008; SD: F(1,18) = 6.27,
p = 0.022). Borderline interactions were also observed
when the mild AD group were compared with the SA
patients (F (1,17) = 3.14, p = 0.094) and the SD group
(F (1,18) = 3.06, p = 0.098). Performance on cate-
gory fluency was significantly worse than naming in
the severely impaired AD patients (t (9) = 13.51, p <
0.0001) and the mild AD patients (t (9) = 10.33, p <
0.0001), but not the remaining two groups (SA: t (8) =
2.23, n.s.; SD: t (9) = 0.64, n.s.).

These results are consistent with the view that there
is a combination of regulatory control failure and de-
grading semantic representations in the later stages of
AD. The milder patients showed a similar but less acute
decline in performanceacross the two tasks, reflecting a
gradual transformation from a purely semantic control

disorder into a combined storage and control disorder
across the course of the disease.

3.4.2. Consistency
Simultaneous logistic regression was used to deter-

mine whether items passed or failed in one task would
predict performance on the same items in a different
task. Familiarity was also included as a predictor be-
cause it contributes to some of the consistency exhib-
ited by the SD patients. In addition to separate analy-
ses of the different patient groups, combined analyses
were used to compare consistency across the different
groups. Patients who score at floor/ceiling on a task
were excluded from the analysis (i.e., < 10% or > 90%
correct). Previous studies found significant item con-
sistency for SD and SA patients for within task com-
parisons but only consistency for the SD patients when
comparing across different task types.

3.4.2.1. Consistency across different modalities within
the same semantic task

The mild and severe AD groups also performed con-
sistently across word and picture versions of the CCT
(Mild: n = 10, Wald > 26.15, p < 0.0001; Severe:
n = 9, Wald < 16.02, p < 0.0001). Familiarity was
a significant, or nearly significant, predictor of perfor-
mance on both CCTp/CCTw tasks for the mild and
severely impaired groups (Mild: Wald = 4.18 and 9.97,
p = 0.04 and 0.002; Severe: Wald = 14.87 and 2.8,
p =< 0.0001 and 0.094, CCTp and CCTw respec-
tively). Interactive analyses did not reach significance
(Wald < 1.05).
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Fig. 3. Familiarity effects in picture naming. Error bars denote SE.

Consistency was also examined across three tasks
from the environmental sounds battery: sound-picture,
sound-word and spoken word-picture matching.

The mild AD cases exhibited consistency for 9/12
analyses (sound-picture/sound-word n = 10, spoken
word-picturen = 7; Wald = 4.19–66.95,p = 0.04− <
0.0001) with exceptions arising for combinations of
sound-word and spoken word-picture matching (Wald
< 1). The severe group were consistent across all
twelve comparisons (sound-picture n = 7, sound-word
n = 6, spokenword-picturen = 9; Wald= 7.84–19.75,
p = 0.005 − < 0.0001). Interactions approached sig-
nificance for three task pairs, which were indicative of
a greater degree of consistency in the severely impaired
group (spoken word-picture vs. sound-picture; sound-
picture vs. spoken word-picture; sound-word vs. spo-
ken word-picture: Wald = 2.88–3.72, p = 0.09–0.054,
mean ExpB: Mild = 1.71; Severe = 3.96).

3.4.2.2. Consistency across different semantic tasks
The mild AD cases only exhibited consistency for

one task pair (naming/WPM, n = 5, Wald > 7.40,
p < 0.007). In contrast the severely impaired group
performed highly consistently across 6/10 task com-
binations (naming/WPM: n = 9, Wald > 6.71, p <
0.01; naming/CCTp: n = 10, Wald > 4.33, p < 0.04;
WPM/CCTw, n = 8, Wald > 3.41, p < 0.065).

3.4.3. Familiarity
Naming performance on the 20 most familiar items

in the 64 set battery was compared with that of the 20
least familiar items (n = 20 in each set). The SD pa-
tients showed substantially larger effects of familiari-
ty than the SA group. When the mild and severe AD
groups were compared (see Fig. 3), a significant group
by familiarity interaction was found (F (1,16) = 4.34,
p = 0.054; see Fig. 3b). The mild group were more

impaired when naming lower familiarity items (t (8)
= 2.8, p = 0.023) and a highly significant effect of
familiarity was observed for the severely impaired AD
group (t (8) = 5.07, p = 0.001). While the two groups
performedcomparably on the high frequency items, the
more severely impaired group performed significantly
worse on the low frequency items (t (18) = 2.99, p =
0.008).

4. Discussion

We extended Jefferies and Lambon Ralph’s [1] case-
series comparison of SA and SD to examine the nature
of semantic impairment in AD. Both mild and severe
AD patients performed below the normal level across
a full range of semantic assessments. When patients at
mild and more severe stages of the disease were con-
trasted directly, however, qualitative differences in the
nature of their semantic impairments emerged. These
findings suggest that the evolution of Alzheimer pathol-
ogy over the course of the disease affects separate com-
ponents of semantic cognition at different times. While
a failure of control processes leads to semantic deregu-
lation initially, by the later stage of the disease seman-
tic representations themselves have also begun to de-
grade. Our results could explain why it has not previ-
ously been possible to determine the nature of semantic
impairment in AD without explicitly considering the
impact of disease severity.

In their original case-series comparative study, Jef-
feries and Lambon Ralph [1] identified an important
link between the semantic impairment exhibited by pa-
tients with SA and their impaired executive control pro-
cesses. In the present study, the same pattern of dereg-
ulated semantic cognition was also exhibited by mildly
impaired AD patients. Like SA patients, the mild AD
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group showed an association between performance on
attentional/executive tasks and assessments of concep-
tual knowledge. The severely impaired group also ex-
hibited a degree of correlation between semantic and
executive measures but fewer reached significance. We
specifically explored the relationship between perfor-
mance on the CCT semantic association task and the
cognitive demands of an individual trial. It was found
that the ease with which distractor responses could be
rejected only correlated with performance for the SA
and mild AD patients suggesting that executive burden
was particularly important for these groups. Moreover,
we investigated the effect of manipulating the degree
of external constraint provided in a picture naming task
and found striking group differences. As previously
observed in the context of SA [1,58], the mild AD
group showed substantial improvement when provid-
ed with the first phoneme of the target while perfor-
mance diminished when patients were miscued with
the phoneme of a semantic competitor. Conversely, the
severe AD group showed only a limited improvement
with highly constraining cues and no effect of mis-
cues. The parallel nature of semantic deficits observed
in mild AD and SA suggests that, like SA patients, the
mild AD cases performed poorly on semantic tasks due
to a failure to control or shape their knowledge in a
task appropriate fashion. A relative lack of correspon-
dence between SA and severe AD, however, suggests
that a qualitatively different impairment underlies poor
performance on semantic tasks at a later stage of AD.

We examined the hypothesis that the executive deficit
underlying semantic impairment in the early stages of
AD not only worsens over time but is eventually joined
by an additional, gradual degradation of the semantic
repository itself. This view anticipates that later stage
AD patients should be less comparable with SA cases
and begin to exhibit characteristics of degraded knowl-
edge already described in the context of SD. To inves-
tigate the nature of semantic impairment in severe AD
we examined patients’ performance across tasks that
made different demands on individual components of
semantic cognition: picture naming and categoryfluen-
cy. Both tasks depend on a large repository of concep-
tual knowledge. In addition, however, category fluency
also places a much greater demand on control process-
es than does picture naming. In order to generate cate-
gory members, a participant must be able to search the
semantic repository, select appropriate exemplars and
reject inappropriate items as well as monitor previous
responses. While all four patient groups obtained low-
er scores in category fluency than picture naming, this

difference was particularly exaggerated for the severe-
ly impaired AD group. The growing influence of se-
mantic degradation over the course of AD was also re-
flected by the increasingly consistent nature of patients’
impairments. While the mild patients performed most
consistently across the same task presented in differ-
ent modalities (i.e., when the task demands remained
constant), the severely impaired group also exhibited
a degree of consistency across tasks tapping the same
concepts but in distinct ways (e.g., naming/CCT). The
different patterns of consistency observed in mild and
severe AD echoed those already observed in SA and
SD respectively. Moreover, a growing tendency toward
item consistency in later AD coincides with the view
that representations are gradually but permanently de-
graded in this condition. In line with this hypothesis,
we observed an influence of concept familiarity not on-
ly in SD but also in the severe AD patients. Conversely
the SA and mild AD patients showed no difference in
performance for low and high frequency concepts.

By directly comparing patients with mild and severe
AD, we have demonstrated that the nature of seman-
tic impairment is not stable but subject to qualitative
changes over the course of the disease. Disruption of
the frontal-temporoparietal-cingulate control network
leads to deregulation of semantic cognition in the early
stages of the disease. This problem not only persists
and worsens over time but also becomes compounded
by degradation of amodal semantic representations sup-
ported by the ATL. Our results represent a key advance
in understanding the nature of semantic impairment in
AD. We assert that it is no longer useful to characterise
AD as either a storage deficit or an access/control dis-
order. Instead, research in this area should be direct-
ed toward tracing changes in the nature of semantic
impairment with disease progression.

Acknowledgements

We would like to thank all of the patients and their
carers for their support of our studies. We are also
grateful to Dr. Sarah Craig for identifying suitable
cases for the study. This work was supported by an
MRC-ESRC studentship (to F. Corbett), and an MRC
grant (G0501632). We are grateful to Profs. John
Hodges and Karalyn Patterson for continuing to share
the original SD data with us.



F. Corbett et al. / Unpicking the semantic impairment in Alzheimer’s disease: Qualitative changes with disease severity 33

References

[1] E. Jefferies and M.A. Lambon Ralph, Semantic impairment in
stroke aphasia versus semantic dementia: a case-series com-
parison, Brain 129 (2006), 2132–2147.

[2] F. Corbett et al., Qualitatively different conceptual impair-
ments in semantic dementia and semantic aphasia: Converg-
ing evidence from the non-verbal domain, Brain 132 (2009),
2593–2608.

[3] K.A. Noonan et al., Elucidating the nature of deregulated se-
mantic cognition in semantic aphasia: Evidence for the roles
of prefrontal and temporoparietal cortices, Journal of Cogni-
tive Neuroscience 22 (2010), 1597–1613.

[4] M.A. LambonRalph, C. Lowe andT.T. Rogers, Neural basis of
category-specific semantic deficits for living things: evidence
from semantic dementia, HSVE and a neural network model,
Brain 130 (2007), 1127–1137.

[5] S. Ahmed et al., Naming of objects, faces and buildings in
mild cognitive impairment, Cortex 44 (2008), 746–752.

[6] J.R. Hodges, S. Erzinclioglu and K. Patterson, Evolution of
cognitive deficits and conversion to dementia in patients with
mild cognitive impairment: Avery-long-term follow-up study,
Dementia and Geriatric Cognitive Disorders 21 (2006), 380–
391.

[7] J.R. Hodges and K. Patterson, Is semantic memory consistent-
ly impaired early in the course of Alzheimer’s disease? Neu-
roanatomical and diagnostic implications, Neuropsychologia
33 (1995), 441–459.

[8] J.R. Hodges, D.P. Salmon and N. Butters, Semantic memo-
ry impairment in Alzheimer’s disease: Failure of access or
degraded knowledge? Neuropsychologia 30 (1992), 301–314.

[9] P. Garrard et al., Semantic feature knowledge and picture nam-
ing in dementia of Alzheimer’s type: A new approach, Brain
and Language 93 (2005), 79–94.

[10] J.R. Hodges et al., Naming and knowing in dementia of
Alzheimer’s type, Brain and Language 54 (1996), 302–325.

[11] J.R. Hodges, D.P. Salmon and N. Butters, Recognition and
naming of famous faces in Alzheimer’s disease: A cognitive
analysis, Neuropsychologia 31 (1993), 775–788.

[12] H. Chertkow and D. Bub, Semantic memory loss in dementia
of Alzheimers type - What do various measures measure?
Brain 113 (1990), 397–417.

[13] H. Chertkow, D. Bub and D. Caplan, Constraining Theories
of Semantic Memory Processing - Evidence from Dementia,
Cognitive Neuropsychology 9 (1992), 327–365.

[14] R. Nebes and E.M. Halligan, Sentence context influences the
interpretation of word meaning by Alzheimer patients, Brain
and Language 54 (1996), 233–245.

[15] R. Nebes and E.M. Halligan, Contextual constraint facilitates
semantic decisions about object pictures by Alzheimer pa-
tients, Psychology and Aging 10 (1995), 590–596.

[16] R. Nebes, Semantic memory in Alzheimer’s disease, Psycho-
logical bulletin 106 (1989), 377–394.

[17] K. Bayles, Alzheimer’s disease effects on semantic memory:
Loss of structure or impaired processing? Journal of cognitive
neuroscience 3 (1991), 166–182.

[18] K. Bayles, Performance of Alzheimer’s disease patients in
judging word relatedness, Journal of the International Neu-
ropsychological Society 5 (1999), 668–675.

[19] S. Luzzi et al., Distinct patterns of olfactory impairment in
Alzheimer’s disease, semantic dementia, frontotemporal de-
mentia, and corticobasal degeneration, Neuropsychologia 45
(2007), 1823–1831.

[20] M. Coccia et al., Semantic memory is an amodal, dynamic sys-
tem: Evidence from the interaction of naming and object use
in semantic dementia, Cognitive Neuropsychology 21 (2004),
513–527.

[21] S. Bozeat et al., When objects lose their meaning: What hap-
pens to their use? Cognitive, Affective & Behavioural Neuro-
science 2 (2002), 236–251.

[22] M.A. Lambon Ralphet al., Naming in semantic dementia:
what matters? Neuropsychologia 36 (1998), 775–784.

[23] M.A. Lambon Ralph et al., Is a picture worth a thousand
words? Evidence from concept definitions by patients with
semantic dementia, Brain and Language 70 (1999), 309–335.

[24] C.J. Mummery et al., A voxel-based morphometry study of
semantic dementia: Relationship between temporal lobe at-
rophy and semantic memory, Annals of Neurology 47 (2000),
36–45.

[25] J.S. Snowden, P.J. Goulding and D. Neary, Semantic demen-
tia: A form of circumscribed cerebral atrophy, Behavioural
Neurology 2 (1989), 167–182.

[26] S.J. Gotts and D.C. Plaut, The impact of synaptic depres-
sion following brain damage: A connectionist account of “ac-
cess/refractory” and "degraded-store" semantic impairments,
Cognitive, Affective & Behavioural Neuroscience 2 (2002),
187–213.

[27] E.K. Warrington and R.A. McCarthy, Category specific access
dysphasia, Brain 106 (1983), 859–878.

[28] E.K. Warrington and L. Cipolotti, Word comprehension: The
distinction between refractory and storage impairments, Brain
119 (1996), 611–625.

[29] M.A. Lambon Ralph et al., Taking both sides: do unilater-
al anterior temporal lobe lesions disrupt semantic memory?
Brain 133 (2010), 3243–3255.

[30] M.A. Lambon Ralph, G. Pobric and E. Jefferies, Conceptual
Knowledge Is Underpinned by the Temporal Pole Bilaterally:
Convergent Evidence from rTMS, Cereb Cortex 19 (2009),
832–838.

[31] M.A. Lambon Ralph et al., Coherent concepts are computed
in the anterior temporal lobes, Proceedings of the National
Academy of Sciences 107 (2010), 2717–2722.

[32] G. Pobric, E. Jefferies and M.A. Lambon Ralph, Category-
Specific versus Category-General Semantic Impairment In-
duced by Transcranial Magnetic Stimulation, Current Biology
20 (2010), 964–968.

[33] C. Whitney et al., The Neural Organization of Semantic Con-
trol: TMS Evidence for a Distributed Network in Left Infe-
rior Frontal and Posterior Middle Temporal Gyrus, Cerebral
Cortex Online early-view (2010).

[34] J.R. Binder et al., Where is the semantic system? A criti-
cal review and meta-analysis of 120 functional neuroimaging
studies, Cerebral Cortex 19 (2009), 2767–2796.

[35] B. Deweer et al., Memory disorders in probable Alzheimer’s
disease: the role of hippocampal atrophy as shown with MRI,
Journal of Neurology, Neurosurgery andPsychiatry 58 (1995),
590–597.

[36] N.C. Fox et al., Presymptomatic hippocampal atrophy in
Alzheimer’s disease: A longitudinal MRI study, Brain 119
(1996), 2001–2007.

[37] B.C. Dickerson et al., Increased hippocampal activation in
mild cognitive impairment compared to normal aging and AD,
Neurology 65 (2005), 404–411.

[38] P.J. Nestor et al., Limbic hypometabolism in Alzheimer’s dis-
ease and mild cognitive impairment, Annals of Neurology 54
(2003), 343–351.



34 F. Corbett et al. / Unpicking the semantic impairment in Alzheimer’s disease: Qualitative changes with disease severity

[39] P.J. Nestor, T.D. Fryer and J.R. Hodges, Declarative memory
impairments in Alzheimer’s disease and semantic dementia,
Neuroimage 30 (2006), 1010–1020.

[40] S. Minoshima et al., Metabolic reduction in the posterior cin-
gulate cortex in very early Alzheimer’s disease, Annals of
Neurology 42 (1997), 85–94.

[41] A.D. Lawrence and B.J. Sahakian, Alzheimer Disease, atten-
tion, and the cholinergic system, Alzheimer disease and asso-
ciated disorders 9 (1995), 37–49.

[42] R.J. Perry and J.R. Hodges, Attention and executive deficits
in Alzheimer’s disease – A critical review, Brain 122 (1999),
383–404.

[43] M.C. Silveri et al., Attention and memory in the preclinical
stage of dementia, Journal of Geriatric Psychiatry and Neu-
rology 20 (2007), 67–75.

[44] R.J. Perry, P. Watson and J.R. Hodges, The nature and stag-
ing of attention dysfunction in early (minimal and mild)
Alzheimer’s disease: relationship to episodic and semantic
memory impairment, Neuropsychologia 38 (2000), 252–271.

[45] S.A. Wylie et al., Inefficient response inhibition in individuals
with mild cognitive impairment, Neuropsychologia 45 (2007),
1408–1419.

[46] H. Braak and E. Braak, Staging of Alzheimer’s disease-related
neurofibrillary changes, Neurobiology of Aging 16 (1995),
271–278.

[47] C.J. Galton et al., Differing patterns of temporal atrophy in
Alzheimer’s disease and semantic dementia, Neurology 57
(2001), 216–225.

[48] R. Davies et al., Development of an MRI rating scale for
multiple brain regions: comparison with volumetrics and with
voxel-based morphometry, Neuroradiology 51 (2009), 491–
503.

[49] M.F. Folstein, S.E. Folstein and P.R. McHugh, “Mini-mental
state”: A practical method for grading the mental state of
patients for the clinician, Journal of Psychiatric Research 12
(1976), 189–198.

[50] S. Bozeat et al., Non-verbal semantic impairment in semantic
dementia, Neuropsychologia 38 (2000), 1207–1215.

[51] J.R. Hodges et al., Semantic Dementia: Progressive fluent
aphasia with temporal-lobe atrophy, Brain 115 (1992), 1783–
1806.

[52] J.C. Raven, Coloured Progressive Matrices Ssets A, AB, B,
1962: London: H.K. Lewis.

[53] D.T. Stuss et al., Wisconsin Card Sorting Test performance in
patients with focal frontal and posterior brain damage: effects
of lesion location and test structure on separable cognitive
processes, Neuropsychologia 38 (2000), 388–402.

[54] I.H. Robertson et al., The Test of Everyday Attention, 1994,
Flempton: Thames Valley Test Company.

[55] D. Howard and K. Patterson, Pyramid and Palm Trees: A Test
of Semantic Access from Pictures and Words, 1992, Bury St
Edmunds: Thames Valley Test Company.

[56] E. Kaplan, H. Goodglass and S. Weintraub, Boston Naming
Test, 1983, Philadelphia: Lea & Febiger.

[57] J.G. Snodgrass and M. Vanderwart, Standardized Set of 260
Pictures – Norms for name agreement, image agreement,
familiarity, and visual complexity, Journal of Experimental
Psychology-HumanLearning andMemory 6 (1980), 174–215.

[58] E. Jefferies, K. Patterson and M.A. Lambon Ralph, Deficits
of knowledge versus executive control in semantic cognition:
Insights fromcuednaming, Neuropsychologia46 (2008), 649–
658.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


