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Abstract

An in¯uential theory of long-term memory, in which new episodic learning is dependent upon the integrity of semantic
memory, predicts that a double dissociation between episodic and semantic memory is not possible in new learning. Contrary to

this view, we found, in two separate experiments, that patients with impaired semantic memory showed relatively preserved
performance on tests of recognition memory if the stimuli were perceptually identical between learning and test. A signi®cant
e�ect of semantic memory was only seen when a perceptual manipulation was introduced in the episodic task. To account for
these ®ndings, we propose a revision to current models of long-term memory, in which sensory/perceptual information and

semantic memory work in concert to support new learning. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

1.1. The organisation of long-term memory

Over the last 25 years there has been considerable
controversy amongst neuroscientists over the cognitive
and neural organisation of long-term memory
[38,51,55±58]. In one of the earliest, and most in¯uen-
tial, models of long-term memory, Tulving proposed
the fractionation of memory into two distinct types,
episodic and semantic [55,56]. Episodic memory refers
to our repository of personally experienced events, the
retrieval of which requires conscious recollection of the
speci®c temporal-spatial setting of an episode from the
past. By contrast, semantic memory applies to our
store of culturally-shared general knowledge about the
world (e.g. the meaning of words, objects, concepts,

facts and people). Unlike episodic memory, this type

of information does not require recollection of when

and where it was initially learnt.

In Tulving's original conception of long-term mem-

ory [56], episodic and semantic memory were con-

sidered psychologically and neurologically distinct, a

dichotomy re¯ecting the way in which the human

brain is supposed to acquire, process and store infor-

mation. It was initially thought that patients with

amnesia, who show impaired new episodic learning but

spared semantic knowledge [35,40,61,64], supported

the fractionation of long-term memory, although

recent studies have challenged this view [8,11,62,65].

To account for the evidence against a simple dis-

sociation between episodic and semantic memory in

amnesia, Tulving [38,55,57,58] revised his model,

suggesting that episodic memory is a subsystem of

semantic memory and is, therefore, dependent upon

the integrity of semantic knowledge (see Fig. 6a). The

most recent instantiation of his theory (termed SPI,

standing for Serial encoding, Parallel storage, and
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Independent retrieval) expands on this hierarchical
view. In this model, there are four major categories of
cognitive memory system: perceptual representation;
semantic; working; and episodic memory. There are
three crucial premises to the model: (1) information is
encoded into systems serially, with encoding in one sys-
tem dependent upon output from the previous stage;
(2) information can be stored in di�erent systems in
parallel; and (3) information in di�erent systems can
be retrieved independently without any e�ects on
retrieval of information from other systems. This view
explains why a patient with a de®cit of episodic mem-
ory (amnesia) may still be able to retrieve semantic in-
formation that was acquired earlier in life [57].

Our study addresses one prediction that has
remained constant throughout the revisions to
Tulving's model of long-term memory, i.e. that `` . . . a
double dissociation between semantic and episodic
memory is not possible and only single dissociations
(impaired episodic memory and preserved semantic
memory) can occur'' (p. 844) [57]. This prediction
stems from the fact that in the SPI model, encoding of
material is serial, that is, the registration of infor-
mation in episodic memory is contingent upon the out-
put from semantic memory, which in turn is dependent
upon input from perceptual systems. Although there is
already some neuropsychological evidence that calls
into question the strictly serial nature of Tulving's hy-
pothesis [7,9,27], the claim that episodic memory is
dependent upon semantic memory, and that one
should never see patients with normal episodic memory
for events and/or stimuli that they fail to comprehend,
has never been directly challenged or tested.

In this article, we document precisely this `imposs-
ible' side of the double dissociation in new learning in
patients with the disorder of semantic dementia
[22,48], and propose an account of the cognitive and
neural architecture of long-term memory which re¯ects
the di�erential contributions of semantic and percep-
tual inputs to the hippocampal complex.

1.2. Semantic dementia: a speci®c disorder of long-term
semantic memory

Tulving's prediction about the dependence of new
learning on semantic memory has never been speci®-
cally tested due to the fact that, until recently, there
was little evidence (apart from some early reports
[45,63]) that patients could present with a selective
impairment to semantic memory. This situation has
been recti®ed by a newly described syndrome termed
semantic dementia [22,48], also called progressive ¯u-
ent aphasia [32] or the temporal variant of frontotem-
poral dementia [4,6,24,33,34], which results in a
progressive, relatively selective deterioration of seman-
tic memory. It was Pick [41] (English translation in

[10]) who, a century ago, ®rst noted that patients with
neurodegenerative disease could exhibit a focal cogni-
tive de®cit such as impaired language. Some 90 years
after this initial description, Mesulam [32] reported six
patients with slowly progressive aphasia, some of
whom exhibited ¯uent and articulate speech which
notably contained few content words. This anomic
pattern, which is typically present early in semantic
dementia, has been shown to re¯ect a progressive
breakdown in the central store of semantic memory
a�ecting both verbal and non-verbal aspects of con-
ceptual knowledge about objects, people, facts, con-
cepts, and the meanings of words.

Patients with semantic dementia perform poorly on
any task which requires semantic knowledge, such as
picture naming, category ¯uency (i.e. generating exem-
plars from semantic categories such as household
items), word-picture matching, de®ning and drawing
concepts in relation to their names, selecting an appro-
priate colour for a black and white line drawing (e.g.
red for a tomato) and sorting words or pictures
according to a pre-speci®ed criterion (e.g. living or
non-living). By contrast, performance on tests measur-
ing other cognitive domains, such as the phonological
and syntactic aspects of language, non-verbal problem-
solving, working memory and visuo-spatial and per-
ceptual abilities, is relatively una�ected, even at rela-
tively late stages of the disease [19,22,23,48,49].

Neuroradiological investigations in semantic demen-
tia typically reveal focal atrophy of the antero-lateral
aspects of one or both temporal lobes, especially the
pole and inferior and middle temporal gyri (Brodmann
areas (BA) 38/20) [21,36], with sparing (at least at
early stages of the disease) of the hippocampal com-
plex (hippocampus proper, parahippocampal gyri and
subiculum) [13,16,18]. In a recent functional neuroima-
ging study, in which regional cerebral blood ¯ow was
measured in four patients with semantic dementia
while they performed a semantic decision task, the
patients showed a signi®cant reduction in activity in
the left posterior inferior temporal gyrus compared to
control subjects (BA 37) [36]. The imaging results
suggest, therefore, a structural and functional disrup-
tion to the temporal lobes in semantic dementia. While
there has been relatively little neuropathological data
collected in the disease (although see [16,28,44,46,50]),
a meta-analysis of published and unpublished infor-
mation for 13 cases revealed that all patients had
either classic Pick's disease pathology or non-speci®c
neuronal loss without characteristic Pick or Alzheimer
histological markers [17].

The selective nature of the semantic memory impair-
ment in semantic dementia presents cognitive neuro-
psychologists with a unique opportunity to investigate
the cognitive and neural organisation of long-term
memory [12,13,19,21±23,48,49]. Recent experiments
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that have investigated autobiographical and semantic
memory in semantic dementia have found evidence for
a reverse temporal gradient (i.e. recent memories were
better preserved compared to those from the more dis-
tant past) [13,15,18,49]. These studies are important
because they hint at the possibility that, at least at an
early stage in the disorder, new learning may be nor-
mal, a ®nding which would have fundamental impli-
cations for our understanding of the nature of episodic
and semantic memory.

In our ®rst experiment, therefore, we investigated
episodic and semantic memory in patients with seman-
tic dementia and in amnesic patients with presumed
early Alzheimer's disease. In particular, we related the
patients' ability to name a picture of a familiar object
during a study phase to their subsequent recognition
memory for either the identical item or a perceptually
di�erent exemplar of the same object. The essence of
our hypothesis is that new learning is normally based
on a combination of sensory/perceptual information
provided by the learning event and semantic infor-
mation about the content of the event. If the target
from the study phase of a recognition memory exper-
iment is replaced at test by a perceptually di�erent
exemplar, this manipulation should reduce the useful-
ness of sensory/perceptual information and place more
demands on input from semantic memory. We pre-
dicted, therefore, that patients with semantic dementia
would show relatively preserved recognition memory
in the perceptually identical (PI) condition but that
their ability to select the target item in the perceptually
di�erent (PD) condition would be reduced relative to
control performance as a result of the patients'
impaired conceptual knowledge of the items. By

contrast, the patients with early Alzheimer's disease
should be impaired relative to controls but with
equally poor performance on the PI and PD con-
ditions of the episodic task.

2. Experiment one

2.1. Method

2.1.1. Participants
Eight patients with a diagnosis of semantic dementia

(mean age 62.6 years, SD=6.2), eight amnesic patients
with presumed early Alzheimer's disease (mean age
73.1 years, SD=6.5) and 18 elderly healthy control
participants (mean age 67.4 years, SD=5.7) were
tested on two specially designed experimental tasks
tapping semantic and episodic memory.

All the patients tested in our study presented
through the Memory Clinic at Addenbrooke's
Hospital, Cambridge, UK and have been tested longi-
tudinally on an extensive neuropsychological battery.
The eight patients with semantic dementia have all
shown progressive di�culty with word production and
both verbal and non-verbal comprehension, as
measured by subtests from the Hodges semantic bat-
tery [20] such as category ¯uency, word-picture match-
ing and synonym judgement, and the Pyramids and
Palmtrees test [25] (see Table 1). It is worth noting
that the word-picture matching task is quite an easy
test of semantics, and some of the milder patients
performed relatively normally. On a more stringent
measure like synonym judgement, however, all the
patients with semantic dementia were several standard

Table 1

Summary of the performance of the two patient groups at the time of the experiment and 24 healthy controls [20] on a range of neuropsychologi-

cal tests

Controls (n= 24) Semantic Dementia Alzheimer's Disease

Tests Mean SD Mean SD Mean SD

Semantic memory

Category ¯uency Ð 4 categories 55.4 8.6 14.4 17.8 27.9 12.7

Synonym judgement (50) 47.6 2.1 23.8 9.9 44.8 5.4

Word-picture matchinga (64) 63.7 0.5 39.0 22.5 61.9 1.6

PPT Ð pictures (52) 51.2 1.4 40.5 6.0 48.6 3.1

Episodic memory

Rey ®gure Ð delayed recall (36) 15.3 7.4 13.8 6.6 3.6 2.7

Visuospatial ability

Rey ®gure Ð copy (36) 34.0 2.9 34.0 2.2 29.4 7.0

Object matching (40) 37.3 3.1 38.4 1.5 38.2 1.3

Working memory

Digit span Ð forwardsb 6.8 0.9 6.3 1.0 7.1 1.1

a Control n = 14 for word-picture matching test. Table abbreviations and references: PPT=Pyramids and Palmtrees test [25]; Rey

Figure=Rey Complex Figure [39]; Object Matching test [26].
b It was not possible to obtain forwards digit span scores for two of the patients with semantic dementia.
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deviations outside the control mean. Like other
reported cases, the majority of the patients showed no
noticeable decline on tests tapping other cognitive
domains such as non-verbal episodic memory, working
memory, and visuospatial abilities.

The amnesic patients with presumed early
Alzheimer's disease presented with a history of pro-
gressive decline in new learning of verbal and non-ver-
bal material. Neuropsychological testing (see Table 1)
demonstrated that the group performed as well as con-
trol participants on most tests of semantic memory
(although category ¯uency was mildly abnormal, poss-
ibly re¯ecting either early frontal or temporal involve-
ment in the disease process). The patients were
markedly impaired on tests of episodic memory, such
as recall of the Rey Complex Figure [39] (see Table 1)
but had working memory and visuo-perceptual skills
within the normal range.

2.1.2. Neuroimaging
Coronally oriented MRI scans for the patients with

semantic dementia revealed focal atrophy to one or
both infero-lateral temporal lobe(s), with relative pres-
ervation of the hippocampal complex. CT and/or cor-
onally oriented MRI scans for the amnesic patients
with presumed early Alzheimer's disease showed selec-
tive hippocampal atrophy, with relatively little involve-
ment of the lateral temporal lobes. Fig. 1 presents
sample images from (a) a healthy control subject, (b)
an amnesic patient with presumed Alzheimer's disease,
and (c) a patient with semantic dementia.

2.1.3. Materials
Forty coloured pictures of familiar objects and ani-

mals, scanned from picture books and magazines, were
used as stimulus items in the Naming task. In one con-
dition (perceptually identical, PI) of the Recognition
Memory task, the same 40 items were used as targets;

in the other condition (perceptually di�erent, PD), 40
di�erent pictures constituted the targets. Each PD pic-
ture depicted the same stimulus object as an original
item but displayed either a di�erent orientation (e.g. a
side view of an elephant vs a front view) or a di�erent
example of the same item (e.g. a touch-button vs a
round-dial phone). A further 160 novel items, semanti-
cally related to the target items, were used as foils in
the recognition memory task.

2.1.4. Procedure
The experimental design consisted of two tests. In

the initial semantic test, the participants were asked to
name 40 coloured pictures of familiar objects and ani-
mals (see Fig. 2a for an example). Thirty minutes later
(during which time they engaged in a ®ller task not
involving pictures), recognition memory for the 40
items was tested. Participants were asked to select the
item seen earlier from sets of three consisting of either
(1) the perceptually identical (PI) target plus two
semantic foils, as in Fig. 2b or (2) a perceptually di�er-
ent (PD) exemplar of the same item (e.g. a di�erent
type of telephone) plus two semantic foils, as in Fig.
2c. The position of the target amongst the foils was
balanced across arrays for each of the three positions
on the page. Participants were asked to indicate which
of the three items they had seen previously by pointing
to their choice.

2.2. Results

As illustrated in Fig. 3a there was a signi®cant e�ect
of group (F(2,31)=25.5, p < 0.001) on the picture
naming task. Further statistical analyses revealed that
the patients with semantic dementia were poorer at
naming the pictures of objects compared to the other
two groups (controls: t(7)=4.2, p < 0.005; patients

Fig. 1. Coronally oriented MRI scans showing the di�erent patterns of damage due to semantic dementia and Alzheimer's disease. Panel a shows

the brain of a healthy control subject, marking the temporal lobe (arrow) and hippocampal complex (h). Panel b shows the scan of an amnesic

patient in the early stages of presumed Alzheimer's disease, with bilateral shrinkage of the hippocampal complex (arrows). Panel c displays the

brain scan of a patient with semantic dementia, with striking atrophy of inferior and lateral regions of the left temporal lobe (arrows).
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Fig. 2. Examples of the stimuli used in (a) the semantic naming task and (b) the perceptually identical (PI) and (c) perceptually di�erent (PD)

conditions of the episodic recognition memory test.
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with presumed Alzheimer's disease: t(8)=3.4,
p < 0.01).

Fig. 3b shows the mean scores (and standard errors)
for the three groups in both conditions of the episodic
task. Statistical analyses revealed main e�ects of both
group (F(2,31)=128.9, p < 0.001) and condition
(F(1,31)=63.9, p < 0.001), plus a signi®cant inter-
action between the two factors (F(2,31)=10.8,
p < 0.001). For both the control group and the
patients with semantic dementia, there was a signi®-
cant advantage in recognition memory on the percep-
tually identical as compared to perceptually di�erent
targets (controls: t(17)=5.6, p < 0.001; patients with

semantic dementia: t(7)=6.1, p < 0.001). The patients
with early Alzheimer's disease showed no reliable
di�erence between these two conditions of the episodic
memory task (t(7)=2.2, ns).

Further statistical analyses revealed signi®cant
e�ects of group for both the perceptually identical
(F(2,31)=211.2, p < 0.001) and perceptually di�erent
(F(2,31)=53.5, p < 0.001) conditions. In the PI con-
dition, there was no signi®cant di�erence between the
control participants and the patients with semantic
dementia (t(7)=3.1, ns). By contrast, the patients with
early Alzheimer's disease performed more poorly on
this condition compared to both the control partici-
pants (t(7)=13.1, p< 0.001) and the patients with
semantic dementia (t(14)=10.3, p < 0.001). In the PD
condition, there were signi®cant di�erences between all
of the groups (controls vs semantic dementia:
t(8)=4.3, p < 0.005; controls vs Alzheimer's disease:
t(8)=9.9, p < 0.001; semantic dementia vs Alzheimer's
disease: t(14)=2.6, p < 0.05).

In order to assess our hypothesis about the impact
of semantic knowledge on new learning, we examined
the degree of item-speci®c correspondence between
performance on the picture naming task and in the
perceptually di�erent condition of the episodic test.
Two patients were excluded from this analysis because
they produced no correct picture naming responses.
Although object naming in semantic dementia is not a
pure measure of the integrity of semantic knowledge,
because there is evidence that some patients show ad-
ditional post-semantic naming di�culties [14,29], nam-
ing ability is highly sensitive to and correlated with
degree of semantic impairment. We found a signi®cant
item correspondence between picture naming and epi-
sodic memory for the perceptually di�erent stimuli
(w 2=4.57, p < 0.05). Table 2 reveals that 55% of the
items that failed to result in correct recognition mem-
ory choices for patients with semantic dementia were
also not named correctly. Furthermore, despite the
patients' profound naming di�culties, more than

Fig. 3. Performance of the controls, the patients with semantic

dementia (SD), and the patients with presumed Alzheimer's disease

(AD) on (a) the semantic picture naming task, and (b) the percep-

tually identical (PI) and perceptually di�erent (PD) conditions of the

episodic recognition memory test. Standard errors are represented as

bars.

Table 2

Summary of item correspondence between performance of six of the

patients with semantic dementia on the semantic picture naming test

and the perceptually di�erent (PD) condition of the episodic memory

taska

PD recognition

[ x

Picture naming [ 97 22

x 59 27

a Patients were only credited for consistent correct or incorrect re-

sponses across both exposures of the naming test. Two of the

patients were excluded from this analysis as their language problems

precluded any naming of the items.
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three-®fths (62%) of the items that were correctly
selected in the PD condition of the episodic memory
task were `known' to the patients (as measured by cor-
rect naming).

Further con®rmation of a direct connection between
semantic memory and performance on the PD, but not
the PI, condition in semantic dementia is demonstrated
in Figs. 4a and b. These graphs show each patient's
performance on the two episodic conditions contrasted
with an index of semantic memory (a composite score
based on the picture version of the Pyramid and
Palmtrees Test [25] and a 64-item word-picture match-
ing test). A regression analysis based on these data
revealed a signi®cant interaction between the compo-
site semantic memory score and the two versions of
the episodic memory test. The slope of the PI con-
dition with respect to semantic memory was signi®-
cantly less than that for the PD version (b (PI)=0.15,
b (PD)=0.65; t (12)=3.7, p < 0.005).

2.3. Discussion

In our experiment, patients with semantic dementia
showed impaired semantic knowledge, as measured by
picture naming, yet relatively preserved episodic mem-
ory, as measured by selection of an identical target pic-
ture in a recognition memory test; this combination of
results is contrary to the predictions of Tulving's SPI
model [57,59]. The patients only showed impaired epi-
sodic memory when the target item seen at study was
replaced with a perceptually di�erent example of the
same object at test. As we had predicted, the patients
with semantic dementia tended to achieve a high level
of success in recognising PD objects as episodically
familiar only if they retained some substantial semantic
knowledge about the target, as measured directly by
the patients' ability to name the items and indirectly
by the concordance (shown in Fig. 4b) between per-
formance on the PD items and other tests of semantic
memory.

By contrast, the amnesic patients were signi®cantly
impaired on both conditions of the episodic memory
task, despite demonstrating relatively normal semantic
knowledge about the target stimuli in the picture nam-
ing test. As mentioned in the Introduction, the evi-
dence for a dissociation in this direction (e.g. impaired
episodic memory in combination with normal semantic
memory) is well documented in numerous other studies
[40,61,64].

The interpretation of this experiment, at least with
respect to semantic dementia, must be treated with
some caution because the control subjects performed
close to ceiling on the PI condition, making it di�cult
to establish whether PI episodic memory was truly
normal in the patient group. This is a pervasive pro-
blem in recognition memory experiments, but it is
worth noting that normal episodic memory in semantic
dementia has been documented on a recognition mem-
ory test in which control subjects do not perform at
ceiling [12].

It is also important to exclude two uninteresting po-
tential explanations for the observed performance in
semantic dementia on the PD condition. The ®rst is
that the patients might have a high-level perceptual
de®cit which interferes with their ability to perceive
objects from di�erent views. They do not: on an object
matching task [26] (see Table 1), in which the partici-
pant has to select which two photographs (out of
three) represent the same object viewed from di�erent
orientations, all patients showed normal performance.
Secondly, the impairment of the patients with semantic
dementia on the PD condition might, in theory, be due
to the PD exemplars being harder to identify than the
PI exemplars. It is unlikely, however, that the less
`identi®able' version of each item was consistently
assigned to the PD condition, because the exemplar

Fig. 4. Performance of each individual patient with semantic demen-

tia on (a) the perceptually identical and (b) the perceptually di�erent

conditions of the episodic memory test (dark bars), and a composite

semantic memory score (light bars) based on performance on the 3

picture version of the Pyramids and Palmtrees test [25] and a 64-item

word-picture matching test (see Table 1 for details).
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photographs for each target item were distributed ran-
domly between the PI and PD sets. It seems improb-
able, therefore, that the results obtained here are due
to di�erences in object identi®cation across PI and PD
exemplars of the same item.

Our interpretation of the striking results in this ex-
periment is that the manipulation in the PD condition
had two e�ects: (1) it decreased the usefulness of the
sensory/perceptual information available from seeing
the item earlier in the picture naming task; and (2) it
made the episodic decision more reliant upon the con-
ceptual information activated by the original picture.
In support of this hypothesis, we found a signi®cant
item-speci®c correspondence between picture naming
in the semantic study phase and episodic memory for
the perceptually di�erent stimuli (see Table 2).

One of the cases of semantic dementia who partici-
pated in Experiment 1, JH, was tested in an additional
experiment (Experiment 2) in which it was possible to
manipulate more directly the status of her semantic
knowledge regarding the material to be remembered.
Following an assessment of her knowledge for pre-
viously familiar items, an episodic memory test using
perceptually identical (PI) and perceptually di�erent
(PD) targets was constructed using one set of items
still `known' to the patient, and another set that were
now `unknown' to her. On the basis of the results
from Experiment 1, we predicted that JH would have
signi®cantly poorer recognition memory in the PD
`unknown' condition compared to the other conditions
(i.e. PI and PD `known' and PI `unknown'). Note that
we always place the terms `known' and `unknown' in
inverted commas, to signal the important acknowl-
edgement that semantic knowledge about objects and
concepts degrades along a continuum and is essentially
never all-or-none.

3. Experiment two

3.1. Method

3.1.1. Materials
JH (aged 59 years) was initially given both a picture

naming test and a comprehension test (spoken-word-
to-picture matching) on all 260 line drawings of fam-
iliar objects from the Snodgrass and Vanderwart pic-
ture corpus [47]. On the basis of her success on these
two tasks, 76 items were selected such that half (38)
could be classi®ed as concepts still `known' by JH
(items that she could name and comprehend) while the
other half were now `unknown' (i.e. previously familiar
objects that she could no longer name/comprehend).
The `known' and `unknown' sets were matched as clo-
sely as possible for familiarity (`known' set mean 4.16,
SD=0.5; `unknown' set mean 3.36, SD=0.5) and for

syllable length. For 38 items (19 pairs of `known' and
`unknown' pictures), another perceptually di�erent
black and white line drawing of the same object was
selected from other picture naming tests. In the PI
condition, the foils were always pictures from the
Snodgrass and Vanderwart picture corpus [47], while
in the PD condition, the foils were the black and white
line drawings from the other picture sets.

3.1.2. Procedure
In the initial semantic naming task, each of the 38

PI target drawings (half `known' and half `unknown')
was presented singly and JH was asked, without any
time pressure, to name the object, and to provide iden-
tifying information about it. Fifteen minutes after the
study phase (®lled with a task not involving pictures),
yes/no recognition memory was tested for all 76 items,
with the `known'/`unknown' manipulation applying to
both targets and foils, the PI/PD manipulation apply-
ing to targets, and the various types of stimulus item
occurring in a random order. The line drawings were
presented singly and JH was asked to say whether or
not she thought each item had been seen in the study
phase.

3.2. Results

Fig. 5a con®rms that JH possessed substantially
more semantic knowledge, as measured by the pro-
duction of an appropriate name, a superordinate cat-
egory (e.g. `fruity one' for apple ) or a piece of
functional semantic knowledge (e.g. `put on the hand'
for glove ), for items in the pre-selected `known' set
compared with stimuli which were classi®ed as
`unknown' for her (F(1,36)=47.42, p < 0.001). Fig. 5b
shows how JH's semantic knowledge in¯uenced her
ability to respond `yes' to target objects that had been
seen in the study phase (hits) and to reject items which
were not seen previously (errors noted as false posi-
tives, FP) for each of the four test conditions (PI and
PD `known'; PI and PD `unknown'). As predicted, JH
showed a statistically signi®cant superiority in yes/no
recognition memory for items in the PI `unknown'
condition compared to the PD `unknown' condition
( p < 0.05), as measured by comparing the d ' measures
of sensitivity for each of the conditions [30] (d '=2.94
for PI `unknown' and 1.14 for PD `unknown'). By
contrast, she performed perfectly on both the PI and
PD `known' items (d '=3.88 for PI and PD `known').
Note that, in the PI `unknown' condition, JH correctly
selected all of the items presented 15 min earlier for
naming (hit rate=1.0) but made three false positive
errors to foil pictures.
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3.3. Discussion

This second experiment compared performance on
PI and PD recognition memory, in a single case of
semantic dementia, for familiar items which could be
classi®ed as still `known' or now `unknown' to the
patient on the basis of prior assessments of compre-
hension as well as naming. In the circumstances where
JH's semantic knowledge about an item was degraded,
she was signi®cantly less likely to succeed in recognis-
ing the perceptually di�erent item as one seen pre-
viously in the study phase of the experiment. These

results provide convincing additional evidence that it is
degraded semantic knowledge for the materials used in
Experiment 1, rather than just the ability to name
those pictures, that in¯uenced performance on the PD
condition in our group study of semantic dementia.

Interestingly, JH also showed a mild impairment on
the `unknown' PI condition in Experiment 2, by
responding `yes' to three items which were not seen at
study. Three of the semantic dementia patients in
Experiment 1 (including JH, see Fig. 4a) also made
errors in forced choice recognition memory on a very
small number of trials in the PI condition. On the
basis of existing behavioural and neuroanatomical evi-
dence, we suggest that episodic memory for percep-
tually identical stimuli can be preserved early in
semantic dementia but, as the syndrome progresses,
this cognitive ability may be compromised by the
encroachment of the disease into medial temporal lobe
structures. The data in Fig. 4a, demonstrating that it
was the three most severely semantically impaired
patients tested in Experiment 1 (including JH) who
were mildly impaired on the PI condition, are consist-
ent with this hypothesis.

4. General discussion

In our two experiments, patients with semantic
dementia showed impaired semantic knowledge yet
relatively preserved episodic memory for perceptually
identical items. These results refute Tulving's hypoth-
esis about the hierarchical nature of episodic and
semantic memory: it is clearly not the case that the cre-
ation of a new episodic memory requires normal func-
tioning of the semantic knowledge system. It was only
possible to demonstrate direct e�ects of impaired
semantic knowledge on new episodic learning when the
studied target item was replaced by a perceptually
di�erent (PD) example of the same object at test.

Our interpretation of these results is that, in neuro-
logically normal subjects, perceptual information and
conceptual knowledge about depicted items both sup-
port new episodic learning. In the circumstances where
there is reduced or impoverished output from the
semantic system (as in semantic dementia), episodic
memory is only normal if the target picture in the rec-
ognition memory test is perceptually similar to the stu-
died item (as was true in the PI condition). The
manipulation in the PD condition decreases the useful-
ness of the sensory/perceptual information available to
the subject and, as a result, the episodic decision
required in the recognition memory test becomes more
contingent upon semantic knowledge. Thus, patients
with semantic dementia show an item-speci®c corre-
spondence between the status of their semantic knowl-

Fig. 5. (a) JH's semantic knowledge of the `known' and `unknown'

sets of familiar objects. An item was scored as correct if JH pro-

duced an appropriate name, a superordinate category (e.g. `music

one' for piano ) or a piece of functional semantic knowledge (e.g. `for

your timings' for clock ) about the object. (b) JH's performance on

the perceptually identical (PI) and perceptually di�erent (PD) con-

ditions of the `known' and `unknown' familiar objects recognition

memory test.
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edge about an item and their ability to select it as one
seen previously in the PD condition.

4.1. A multiple input account of new learning in humans

This study has advanced our understanding of both
cognitive and neural aspects of long-term memory.
The results suggest that the relatively `normal' recog-
nition memory seen in semantic dementia [12], and the
ability of normal participants to remember unfamiliar
stimuli [3,5,54], is supported by information from per-
ceptual areas in the brain.

At a cognitive level, we are suggesting that the abil-
ity to lay down a new memory relies upon a number
of di�erent inputs to episodic memory. Tulving's SPI
model [57,58] is based on the view that the encoding
of information is serial and that perceptual infor-
mation about a stimulus feeds only into the semantic
system, which subsequently transmits information
about the meaning of the stimulus to episodic memory
(see Fig. 6a). The encoding of information into episo-
dic memory is dependent, therefore, upon the output
from the semantic system. Our results suggest that this
premise cannot be correct: instead we propose, as illus-
trated in Fig. 6b, that information from components
of the perceptual system can feed directly into episodic
memory. Thus perceptual information will Ð typically
in conjunction with, but even in the absence of mean-
ingful input from the semantic system Ð support new
learning.

This revision to Tulving's SPI model also explains
why patients with semantic dementia typically perform
more poorly on verbal tests of new learning (words)
compared to those based on non-verbal stimuli (e.g.
pictures) [12,63]. In semantic dementia, when the epi-
sodic decision is dependent upon input from the
semantic system (as in the perceptually di�erent con-
dition), recognition memory is impaired. New episodic
learning of word-based material requires substantial
access to semantic information because there is rela-
tively little perceptual information available to aid dis-
crimination in an episodic memory task. By contrast,
pictures (in particular, landscapes, coloured drawings,
etc.) provide large amounts of useful visual infor-
mation, reducing the need for input from semantic
memory. Face stimuli presumably occupy an inter-
mediate position in the continuum of perceptual and
semantic a�ordance: while faces are perceptually rich
in information, they are also more perceptually confu-
sable than objects because faces are inherently visually
similar. As there has been no detailed study comparing
recognition memory for words, faces and objects in
semantic dementia, further studies are required to
address this prediction about relative levels of recog-
nition memory for these stimulus classes in semantic
dementia.

4.2. The neural basis of long-term memory

The cognitive model proposed here ®ts with our
understanding of the neural basis of long-term mem-
ory. It is widely agreed by neuroscientists that the hip-
pocampal complex, which is typically damaged in
amnesic patients [2,42], is critically involved in the ac-
quisition of new episodic and semantic memories
[13,31,37,43,51,53,66], and that inferolateral areas of
the temporal lobes, which are damaged in semantic
dementia [36], form the neural substrate for enduring
autobiographical and semantic knowledge
[13,22,23,31,37,52].

The idea of gradual cortical consolidation is compa-
tible with poor retrieval of recent, and better preserved
distant, autobiographical memories in amnesia [42,66],
and also with the opposite gradient recently demon-
strated for semantic dementia [13,49]. The same idea
®ts the data presented here: while new learning was
impaired in the amnesic patients with presumed early
Alzheimer's disease, it was not impaired (except in the
perceptually di�erent condition) in the patients with
semantic dementia.

To unite the cognitive and neural aspects of this hy-
pothesis, there must be multiple links between di�erent
areas in the temporal lobe (and other cortical regions)
to the hippocampal complex. For example, while there
is obviously a pathway from the neuroanatomical
areas subserving semantic memory (in the infero-lateral

Fig. 6. Diagrams illustrating (a) Tulving's SPI model, demonstrating

the dependence of episodic memory upon semantic memory; and (b)

our revision, which emphasises the reliance of episodic memory upon

perceptual input (e.g. stored structural descriptions) as well as

semantic memory. It is also likely that there are links between other

sensory modalities (e.g. auditory, tactile, etc.) and episodic memory.
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temporal lobe) to the hippocampal complex, there
must also be connections from a higher-order visual
system [1], and from perceptual systems dedicated to
the analysis of auditory and tactile stimuli [60].

In summary, a model of long-term memory in which
episodic memory takes input solely or principally from
semantic knowledge cannot explain why patients with
semantic dementia can, under certain conditions, show
normal new episodic learning. Instead, our results
argue that inputs from di�erent neocortical areas in
the brain, which subserve perceptual analysis and
semantic memory, work in concert to support new
learning. This theory provides a more parsimonious
explanation than other views (e.g. Tulving's SPI
model) for the patterns of results found in both the
normal and neuropsychological memory literatures.
Furthermore, the research reported here clearly
demonstrates that patients with semantic dementia
provide cognitive neuropsychologists with an unprece-
dented opportunity to investigate the architecture of
long-term memory, and to advance our understanding
of how the human brain acquires, stores and retrieves
episodic and semantic information.
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