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Abstract

Current views of long-term memory presume that both the hippocampal complex and the neocortex play interactive,
but separate, roles in the storage of memories. While the neocortex is considered the eventual and permanent store
for our memories, the encoding of recently experienced events is thought to be initially dependent upon the
hippocampus and closely related structures. Neuropsychological studies have demonstrated that damage to the
medial temporal lobe results in a retrograde amnesia extending back in time, with better preservation of older
memories. The converse pattern has been shown in patients with semantic dementia, who have focal atrophy of the
inferolateral temporal neocortex, but relative sparing of the hippocampal complex (Graham & Hodges, 1997). Here
we demonstrate that such patients can show relatively preserved new learning on a forced-choice recognition
memory test (based on real and chimeric animals), while patients in the early amnestic phase of Alzheimer’s disease
show severely impaired learning on the same test. This result provides support for the view that new learning is
primarily dependent upon the hippocampus and related structdibk§ (1997,3, 534-544.)
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INTRODUCTION previous study list, or tell the experimenter what they were
doing when they heard that Margaret Thatcher had re-
signed. Semantic memory, on the other hand, applies to our
knowledge of the world, including vocabulary, concepts and
facts: Information that can be retrieved without recalling
a\{¥£1en and where it was learned (e.g., a patient may have to

Over the_ past 20 years t_here has been considerable deb verify that Margaret Thatcher was a Conservative Prime Min-
concerning the fractionation of long-term memory. One par-

ticularly influential model is that first proposed by Tulving ister or define the meanings of words (such as “politician,

(1972, 1983) who hypothesized the division of long-term rh.moc.eros, table, _etc.). Tulving (1972) suggested .that
) . . .episodic and semantic memory were both psychologically
memory into episodic and semantic memory. The term epi- . - o
. . and neurologically distinct systems, and that this dichot-
sodic memory applies to our store of personally based mem- ! :
: . . . .._omy reflected the way the brain processed and stored infor-
ories, and involves conscious recollection of the specific ation

temporal—spat]al settmg of a previously experlenced. EVent. i was initially hoped that research with amnesic patients
For example, in an episodic memory test, the participant L . -
X : -~ would support Tulving’s (1972) hypothesis, as it was pro-
might have to recall or recognize words they had seen in a S : .
posed that the deficits found in amnesics could be ex-
plained in terms of impaired episodic but preserved semantic
. ) o ) memory (Kinsbourne & Wood, 1975; Parkin, 1982). Re-
Reprint requests to: Kim Graham, University Neurology Unit, Box 165, .
Addenbrooke’s Hospital, Cambridge, CB2 2QQ, U.K. E-mail: Kim. S€&rch over the last decade, however, has suggested that this

Graham@mrc-apu.cam.ac.uk. simple dichotomy is probably incorrect. For example, am-
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nesic patients have equal difficulty in acquiring new factsaddition, remembered where the experimenter had hidden
and in learning about new events (Shimamura & Squirethree objects after a delay of approximately 1 hr. This was
1987). Amnesic Korsakoff's patients also show a strikingin striking contrast to the patient’s profound loss of seman-
impairment in semantic knowledge about the world (as testetic memory, impaired single-word comprehension and im-
by their ability to recognize famous scenes and faces andoverished general knowledge.
recent vocabulary, when that knowledge is related to events Some researchers, however, have proposed that patients
that occurred many years before, as well as since, the onsefith progressive loss of semantic memory have impaired
of the amnesia; e.g., Kopelman, 1989; 1993; Hodges, 1994pisodic memory; for example, Horner (1990) points out
Verfaellie et al., 1995). Comparisons of episodic and semarthat the patients included in Warrington’s (1975) paper on
tic memory from the distant past and more recent past (i.eselective impairment of semantic memory were impaired
after the onset of amnesia) also demonstrate that amnesim two subtests from the Wechsler Memory Scale (recall of
patients can recall episodic memories from early life (Zola-a short story and reproduction of visual designs from im-
Morgan et al., 1983). These studies have cast some doubtediate memory; Wechsler, 1987). Furthermore, on two tests
upon the view that amnesia is simply a selective impair-of long-term memory (a forced-choice recognition memory
ment of episodic memory. test for words, faces and paintings, and a test of retention of
While the results from studies with classic amnesic pawords) the patients were almost as impaired as global am-
tients suggest that episodic and semantic memory may natesics (except for their recognition of paintings). War-
be functionally or neurologically separate, clinical observa-rington (1975) writes, however,
tions from patients with semantic dementia appear to offer
support for such a separation. The term semantic dementia, Yet these patients were not_at all like amngsic patients yvith a
first coined by Snowden et al. (1989), has recently been global amnesia for all on-going events. Un!|ke an amnesic pa-
widely adopted to describe patients with progressive fluent tient t,hey .(a” three p‘?lt'ents) were We"'or'.emed in time and
L . . place; their conversation was not so repetitive and they were
aphasia in whom t.he breakdown in Ianguage ProCessINg - e 1o refer forwards and backwards to detailed events of im-
flects an underlying Io_ss of semantic memory (Hodges portance in their lives(p. 650)
etal., 1992, 1994; Breedin et al., 1994; Snowden et al., 1994).
On tests of picture naming (and in spontaneous speech) the It seems, therefore, that we still do not fully understand
patients have severe word finding difficulties, yet show presthe nature of long-term memory and that the neuropsycho-
ervation of the phonological and syntactic aspects of laniogical data from patients with amnesia and patients with
guage. In addition, there is loss of both word and objecsemantic memory loss is contradictory. Tulving’s (1972,
meaning. Nonverbal problem-solving, basic perceptual and983) dichotomy between episodic and semantic memory
visuospatial abilities, and working memory are notably un-is almost certainly simplistic, since it assumes that the ac-
affected, even at relatively advanced stages of the diseaspiisition, storage, and retrieval of these two putative cat-
(Hodges et al., 1994). egories of information depends upon separate systems. This
With respect to episodic memory, the patients seem welview cannot realistically be correct: If amnesic patients have
oriented and, within the literature, there are anecdotal redifficulty acquiring both new semantic facts and new events
ports of relatively preserved recall of recent events. Clini-after the onset of the amnesia, surely this indicates that both
cal observations of our patients confirm these accounts: Ontypes of information may be acquire@h the same system.
of our patients reported to her husband a phone call 3 housurthermore, the fact that some patients with amnesia can
earlier, but could not remember the name of the person wheecall events from their childhood, but not from their recent
had rung; on another occasion, a patient was able to recgbast seems to imply thaiot all events (i.e., new and old)
who had tested him, where he was tested, and the type @fre dependent upon the same neuroanatomical structure or
experiments he had received over the past week in hospitadystem. Moreover, there is now convincing evidence that
In addition, it is not uncommon for patients with semantic patients may selectively lose (or retain) certain domains of
dementia to produce relatively detailed (if anomic) autobio-long-term memory. For instance, autobiographical memory
graphical accounts of events from their recent past in spormay be severely impaired, yet knowledge of famous per-
taneous speech (Hodges et al., 1992; Graham & Hodgespns from the same period is preserved (Hodges & McCar-
1997). These detailed autobiographical memories are ithy, 1993; Evans et al., 1996) antte versa Evans et al.,
striking contrast to the profound loss of semantic memory1995).
that affects the patients’ recognition of common objects and More recent, data-driven, approaches to the study of long-
influences their everyday functioning and communicationterm memory have been based, therefore, on a consider-
(Schwartz et al., 1979; Snowden et al., 1989, 1994; Diesation of both neuropsychological and neuroanatomical
feldt, 1992; Hodges et al., 1992, 1994). research. Models, especially computer-based formulations
Although there have been few detailed studies of epi-of memory processes that emphasize the temporal dimen-
sodic memory in these patients, Diesfeldt (1987, 1992) testesion of long-term memory, the nature of the material stored,
new learning in a single case using a forced choice recogand the type of reconstructive processes required to recall
nition memory task: The patient was 100% correct on recincidents and facts offer more comprehensive hypotheses
ognition of five pictures after a delay of 10 min, and, in against which to test neuropsychological data (Alvarez &
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Squire, 1994; McClelland et al., 1995; Squire & Alvarez, than events from the distant past (see Graham & Hodges,
1995; Murre, 1996). 1997). As mentioned previously, however, the second pre-
diction, that patients should show relatively normal perfor-
mance on tests of nonverbal new learntig controversial.
Long-Term Memory Storage: The aim of this study was to investigate the integrity of
A Computational Perspective new learning in patients with semantic dementia using an
experiment based on an object decision task (Humphreys
In current computational models of long-term memory stor-et al., 1988). We predicted that the patients would be im-
age, permanent representations are establisfethter-  paired on the object decision test, either because the task
actions between two different neuroanatomical regions: theequires access to visually based semantic knowledge (as
hippocampal complex and the neocortex. It is believed thasuggested by Chertkow et al., 1992) or alternatively be-
the hippocampal complex is crucial for the initial, tempo- cause interactions with semantic memory are necessary for
rary encoding of an experienced event, while the neocortethe integrity of stored structural descriptions (see Patterson
is the permanent repository for long-term memories. Ther& Hodges, 1992; Graham et al., 1994; Hodges et al., 1994,
are a number of computational instantiations of this theoryfor further discussion of this issue). By contrast, we pre-
Murre (1996), and also Alvarez & Squire (1994), suggestdicted that the patients would be unimpaired on a forced-
that new (temporary) episodic memories are initially en-choice recognition memory test based on the same items. A
coded through connections between higher-order cortical agroup of patients in the early amnesic phase of Alzheimer’s
eas and the hippocampal complex. With repeated rehearsalisease (in whom the pathological processes are presumed
corticocortical connections develop in the neocortex, allow-+o involve the hippocampal complex preferentially) were also
ing the representation and recall of the memory to becomeested in this study: It was predicted that they would show
independent of the hippocampal complex. By contrast, Mcthe opposite pattern of performance to the patients with
Clelland and colleagues (1995) propose that recently expesemantic dementia (i.e., normal performance on the object
rienced memories are actually stored in the hippocampuslecision test, impaired learning on the object decision rec-
Over time, the hippocampus-dependent memories are inteognition memory test).
leaved with memories already permanently represented in
the neocortex. Damage to specialized regions of neocortex
could impair specific domains of knowledge. Research Participants

Trlese tlme-bi\se_d VIEWS of memory, In which MEMONESA total of 19 individuals participated in the study: 4 pa-
are “transferred” within the brain, provide an explanation

for much of the amnesic literature. For example, as botﬁtIentS in the early amnesic stage of presumed Alzheimer's

new factual information and new events would be encodeglsease (2 male and 2 female), 5 patients with semantic de-

. .. _mentia (3 male and 2 female), and 10 age-matched (to the
via the same process (see McClelland et al., 1995), it is nQ . . :

: : . e Semantic dementia patients) controls (5 male and 5 female).
surprise that amnesic patients have equal difficulty encod= : )
. . o : The mean age for the patients with presumed AD was 72.5
ing new semantic and episodic memories. Furthermore, the

models also account for the fact that amnesic patients sho ears GD= 5.51), for the patients with semantic dementia,

. . 9.8 years $D = 2.2) and for the controls, 59.3 years
a pattern of retrograde amnesia: Damage to structures in tQ%D — 4.1). Average years of education wereSD(= 0)
medial temporal lobe will result in the loss of all memories Y gey X

entirely dependent on the hippocampus. More distant meml-3 (SD = 4.19) and 10.5%D = 8) for the patients with

: . . Alzheimer’s disease (AD), the semantic dementia patients,
ories encoded in the neocortex will be unaffected. Y .
. . : . and the control participants, respectively.
With respect to the disorder of semantic dementia, there . . -
. . ) . . The amnesic AD patients presented to the Memory Clinic
is neuroradiological and neuroanatomical evidence to sup- , . . . .
. . . : at Addenbrooke’s Hospital, Cambridge with an informant
port the view that the hippocampal complex is relatively : . o .
. . . confirmed history of an insidiously progressive antero-
spared, in contrast to severe, circumscribed atrophy of thé

inferolateral temporal neocortex (Hodges et al., 1992; Har—grade memory disorder, which was interfering with every-

asty et al., 1996; Hodges & Patterson, 1996). It is predicteé‘ay functioning. The patients with semantic dementia also

therefore, that both new learning and recall of memories fronpresented to the Memory Clinic, complaining of difficulties

the recent past should be unimpaired in such patients (thvf-i\lIth word production (especially for the names of people,

. : . laces, and words that were previously familiar to them).
opposite pattern to that seen in amnesia). By contrast, th . . T

. . .Spouses confirmed the anomia and also noted difficulties

permanent representations of experiences from the more d'\?\/_ith comprehension of word meaning. All 9 patients have

tant past (e.g., childhood) together with the factual data; h 9. P

! . .been studied longitudinally, at 6-month intervals, over the
base of knowledge that constitutes semantic memory, WI|P 9 y
be disrupted and lost since it is assumed that both depend
upon neocortical regions that are severely atrophic. It has *Itshould be noted that patients with semantic dementia perform poorly
aIready been established that one prediction from the conf tests of verbal new learning (e.g., the Logical Memory subtest fror_n t_he
. . . . . . Wechsler Memory Scale, 1987; see Table 1). It is suspected that this im-
putational models is correct: Patients with semantic deme

’ ) r"ﬁairment reflects the problems the patients have with language production
tia remember events from the recent past substantially bett@end comprehension, rather than a specific deficit in new learning.
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past 3 years, during which time detailed neuropsychologipictures—words goes best with a target (e.g., targetind-
cal testing has confirmed the original clinical observations.mill, related item= tulip, foil = daffodil). The other 2 pa-
The amnesic AD patients have shown a progressive detients (I.H. and S.C.) performed well on most of the tests of
cline in new learning of both verbal and nonverbal material.semantic memory, apart from category fluency, which seems
At presentation in 1993 they showed no other cognitive dif-to be a sensitive marker of early semantic memory impair-
ficulties, but over time they have developed mild semanticment (Hodges & Patterson, 1995). The 4 AD patients were
memory (as measured using category fluency, in which thenarkedly impaired on all tests of episodic memory: recall
subject generates as many exemplars from a category, suohthe Rey Complex Figure; Warrington’s Recognition Mem-
as animals, as possible) afod visuospatial deficits (copy- ory Test (RMT; Warrington, 1984); and the delayed logical
ing of the Rey Complex Figure: Osterrieth, 1944; and Judgmemory component from the Wechsler Memory Scale—
ment of Line Orientation: Benton et al., 1983). Revised (Wechsler, 1987). I.H., although impaired on the
Table 1 shows the performance of the 4 AD patients on avords component of the RMT (Warrington, 1984), showed
battery of neuropsychological tests. In all 4 cases, the tesfiormal performance on the recognition of unfamiliar faces.
ing was given approximately 3 to 6 months after the experThe AD patients have also started to show impairment of
iment described in this paper. On the tests of semantigisuospatial and perceptual abilities: Although only S.C. was
memory (Hodges Semantic Battery: Hodges et al., 1992impaired on Benton’s Judgment of Line Orientation Test,
Hodges & Patterson, 1995), two of the AD patients (R.B.all 4 patients produced poor copies of the Rey Figure.
and H.M.) show impaired performance: Both were im- It should be noted that patients with a history of closed
paired on a picture naming test, in which they had to naméead injury, excessive alcohol intake or with risk factors for
48 relatively high-frequency black-and-white line draw- cerebrovascular disease were excluded from this group. A
ings, a naming-to-descriptions test, in which the patient ha&ull battery of investigations, including CT ayior MRI has
to name an item from a description (e.g., “a small greerfailed to reveal any alternative cause for the patients’ mem-
animal which leaps around ponds”), and on a category fluery loss. Studies of similar patients have suggested that such
ency test. These 2 patients (R.B. and H.M.) were also mildlyan isolated amnesic prodrome may present for as much as a
impaired on the picture version of the Pyramid and Palmtreedecade prior to the development of a full-blown dementia
Test (Howard & Patterson, 1992) of associative semantisyndrome (Weintraub & Mesulam, 1993; Lucchelli et al.,
knowledge, in which the participant decides which of two 1994; Tanabe et al., 1994).

Table 1. A comparison of the performance of the 4 amnesic patients with presumed early Alzheimer’s disease
(and controls; see Hodges & Patterson, 1995) on a range of neuropsychological tests

Patient
Controls \ = 24)
Tests M (SD) I.H. R.B. S.C. H.M.
Language
NART (n = 50) 39 (6.2) 35 26 26 18
TROG (h = 80) 78.8 (1.8) 79 78 76 70
Semantic memory
Naming (48) 43.6 (2.3) 48 22 44 35
Naming to description (24) 22.5 (1.3) 23 9 21 15
Category fluency-living 58.5 (12.3) 24 11 26 23
Category fluency—manmade 55.4 (8.6) 24 18 35 18
Word—Picture matching (48) 47.4 (1.1) 48 a7 45 45
PPT (3 picturesn = 52) 51.2 (1.4) 50 44 48 44
Episodic memory
Recall of Rey figure (36) 15.25 (7.4) 3 0 2 4
WRMT-faces (50) 44 (3.8) 50 NT 35 34
WRMT-words (50) 47  (2.8) 42 NT NT 27
Logical memory—delayed (24) 8.5 (3.4) 0 0 0 0
Visuospatial
Rey copy (36) 34 (2.9 175 25 12 16
Line orientation (30) 27.4 (4.0) 30 30 19 27

Results are taken from tests given close to the time of the study. Tests (and abbreviations) are as follows: NAfInhal Adult
Reading Test (Nelson, 1982); Rey Figure (Osterrieth, 1944); TRO®st for the Reception of Grammar (Bishop, 1989); RPT
Pyramid and Palm Trees Test (Howard & Patterson, 1992); WRMWNarrington Recognition Memory Tests (Warrington, 1984);
Line Orientation (Benton et al., 1983); Logical Memo#y subtest from the Wechsler Memory Scale—Revised (Wechsler, 1987);

NT = Not tested.



538 K.S. Graham et al.

The 5 patients with semantic dementia have shown proeits. Like most other reported cases of progressive fluent
gressive difficulty with word production and single-word aphasia, none of the patients with semantic dementia have
comprehension. At time of presentation, all 5 showed markegdhown noticeable decline on tests tapping other cognitive
impairment on subtests from the Hodges semantic battergomains; for example, all 5 continue to perform well on tests
(Hodges et al., 1992; Hodges & Patterson, 1995). Table ®f working memory (digit span), perceptual and visuospa-
shows the degree to which the patients were impaired otial abilities (e.g., copying the Rey Figure; Osterrieth, 1944),
the picture naming test, the naming-to-descriptions test andonverbal problem-solving (e.g., Coloured Matrices; Ra-
category fluency. On tests of semantic comprehension, sucken, 1962) and syntactic comprehension (e.g., the Test for
as selection of an item from a number of foils (word—the Reception of Grammar; Bishop, 1989).
picture matching) and the Pyramid and Palm Trees test
(Howard & Patterson, 1992), all 5 patients exhibited evi-
dence of knowledge loss (see Table 2). Four of the patientye UROANATOMY: MRI
JL., G.C,, P.S., and A.M., showed moderate to severe loss
of semantic memory, which has worsened considerably oveCoronally oriented MRI scans showed that 3 of the 5 pa-
time. The 5th patient, F.M., showed only modest impair-tients with semantic dementia (P.S., G.C., and F.M.) had focal
ment on measures of semantic memory when she first preatrophy of the left inferolateral temporal lobe, with relative
sented, and over time, despite a profound and progressiyaeservation of the hippocampus and parahippocampal gy-
anomia, has only just started to show any significant loss ofus. The other 2 patients (J.L. and A.M.) had atrophy of par-
semantic knowledge (4-5 years after she first presentedallel regions of both the right and left temporal lobes, with
Elsewhere, we have described her as a case of progressimeore marked involvement of the right side in J.L., and the
pure anomia (see Graham et al., 1995). Although she diteft side in A.M. The hippocampal region in both patients
not initially fulfill the criteria for semantic dementia, we looked relatively preserved.
have included her in this study in spite of her milder seman- CT and/or coronally oriented MRI scans of the brains of
tic memory impairment, so as to provide a spectrum of defithe amnesic AD patients revealed selective and asymmetric

Table 2. A comparison of the performance of the 5 patients with semantic dementia (and controls; see
Hodges & Patterson, 1995) on a range of neuropsychological tests

Patient
Controls \ = 24)
Tests M (SD) JL. G.C. F.M. P.S. AM.
Language
NART (n = 50) 39 (6.2) 4 0 4 NT 11
TROG (h = 80) 78.8 (1.8) 73 73 72 71 75
Semantic memory
Naming (48) 43.6 (2.3) 9 NT 4 5 3
Naming to description (24) 225 (1.3) 4 2 3 0 0
Category fluency-living 58.5 (12.3) 13 NT 4 3 12
Category fluency—-manmade 55.4 (8.6) 12 NT 9 5 6
PALPA word—picture matching (40) 38.9 (2.2) 29 34 35 27 30
Word—picture matching (48) 47.4 (1.1) 27 23 44 24 36
Picture pointing (S & Vn = 260) NT 192 233 250 192 NT
PPT (3 picturesn = 52) 51.2 (1.4) 36 44 46 37 39
Episodic memory
Recall of Rey figure (36) 15.25 (7.4) 8 12 8 9.5 12.5
WRMT-faces (50) 44  (3.8) 22 30 46 35 30
WRMT-words (50) 47  (2.8) 32 23 34 NT NT
Logical memory—delayed (24) 8.5 (3.4) 0 NT 0.75 0 25
Visuospatial-problem-solving
Rey copy (36) 34 (2.9) 34 36 30 35 36
Line orientation (30) 27.4 (4.0) 27 NT 21 23 30
Coloured matrices (36) NT NT 34 22 36 NT

Results are taken from tests given close to the time of the study. It should be noted that some of the tests were not given to G.C. He
was, however, poor at picture naming tests [on the Boston Naming Test (Kaplan et al., 1983) he scored 6 correct] and category fluency
(for animals he produced 6 items). Like the other patients, he showed normal performance on visuospatial tests. For tests (and
abbreviations) see legend to Table 1 (also PALPA Word—picture matching (Kay et al., 1992); Coloured Matrices (Raven, 1962); and

S & V = Snodgrass & Vanderwart (1980).



Recognition memory in semantic dementia 539

hippocampal atrophy, with relatively little involvement of participant was asked to indicate, by pointing, which pic-

the temporal lobes. ture in the pair they had seen in the object decision test.
METHOD RESULTS

The results from each version of the object decision test
Materials (i.e., the semantic and episodic components) were analyzed

_ . ) . separately using one-way factorial ANOVAs. The one-way
The same 32 items were used in both the semantic (objegﬂENOVA revealed a significant main effect of group

decision) and the episodic (forced-choice object decision recn:(2 16)= 24.7,p < .001]: post-hocScheffé pairwise com-
ognition memory) tests. These were selected from the Ob;')arisons indicated that the patients with semantic dementia

ject decision test.designed by Humphreys et al. (1988)yqe significantly worse on the object decision test than the
Fourteen of these items were real animals, and 18 were NOiher two subject groups [Alvs SD: mean difference

real, chimeric animals (e.g., the body of a dog and a donf) = 4.0,p < .005: controls/s SD:8 = 6.6,p < .001]. By

key’s head; see Figure 1 for examples). In addition, 32 novel 4t there was no difference, although there was a trend

items (14 real and 18 nonreal), selected from the original, . 4s significance, between the AD patients and the con-
object decision test, were used in the recognition memory, o (6 = —2.5,p = .07). Figure 2a, which illustrates the

component of this experiment. mean performance of the three participant groups on the ob-
ject decision test, confirms the results from the ANOVA and

Procedure post-hocanalyses.
The one-way ANOVA for the object decision recognition
The two tests were as follows: memory test, like that for the object decision, revealed a
significant main effect of groud(2,16)= 20.2,p < .001].
Object decision Post-hocScheffé pairwise comparisons, however, revealed

o _ _ _ a converse pattern to that described above: The patients with
The participant viewed each of the 32 line drawings of realsemantic dementia were as good at the recognition memory
and nonreal animals singly in random order and was askegsk as the controlsS(= 1.2, p = .46), while the amnesic
to indicate whether they thought the picture was real or nonalzheimer patients showed significantly poorer perfor-

real by responding “yes,” or “no,” respectively. mance than both the control subjects and the semantic de-
mentia patients (AD¥s controls: = —10.7,p < .001; AD
Object decision recognition memory test vs SD: 8§ = —9.5,p < .001). Figure 2b demonstrates the

difficulty the amnesic Alzheimer’s disease patients have with

Five min after the object decision test, the participant wasgyq recognition memory test, compared to the other two par-
presented with 32 pairs of line drawings. One of the ””eticipant groups.

drawings in every pair had been seen previously by the par- 14 510w a comparison of the performance of the individ-

ticipant in the object decision test. The other member of thg, 5| natients with reference to that of the 10 control subjects,

pair was a novel item. The pairs were matched; that is, g gcore conversions (for both the object decision and the
real familiar picture was always paired with a real novel

\ recognition component) were performed. Table 3 demon-
one, and the same was true for the nonreal pictures. Thgyates that, although all 5 patients with semantic dementia
obtained scores that were at least 2 standard deviations out-
side the control mean in the object decision task, none of
the patients performed outside this range in the object de-
cision recognition memory test. It should be noted that F.M.
was only marginally more impaired than the control partici-
pants on the object decision test, a fact that is consistent
with her milder semantic memory impairment.

The amnesic patients were all at least 2 standard devia-
tions outside the control mean on the object decision rec-
ognition memory test, although 1 patient (I.H.) was only
mildly impaired. On the object decision test, 2 of the pa-
tients (R.B. and S.C.) showed evidence of some difficulty
judging whether the animals were real or not. It is not clear,
at least from this study, whether this reflects a semantic or a
visuospatial deficit. The other 2 amnesic Alzheimer pa-
tients showed no impairment on the object decision task,
Fig. 1. Examples from the object decision test (Humphreys et al. although it should be noted that none of the patients achieved
1988). a score that was near the top range of the control group.
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presumed Alzheimer’s disease and the control participants. Staramnestic patients with presumed Alzheimer’s disease and the con-
dard deviations are represented as bars. The horizontal axis stattsl participants. Standard deviations are represented as bars. The
at chance (number correet 16). horizontal axis starts at chance (number correct6).

DISCUSSION choice recognition test (after a delay of 10 min). By contrast,

. . . . . Warrington’s (1975) patients were as poor as global amne-
Our hypothesis that patients with semantic dementia, at leagics when they were given two-alternative forced-choice rec-

at a relatively early stage in the disease, would show Pressgnition memory tests of words and faces, although they
ervation of nonverbal new learning, was based on clinical

observations of their behavior, and the fact that their MRI
scans showed relative preservation of the neuroanatomical

structures (the hippocampus, parahippocampal gyrus, etclpble 3. The performance of each patient on the object decision
thought to be crucial for encoding new memories. In thisand object decision recognition memory tests with respect to the
study, all the semantic dementia patients performed poorl§'€an of the control subjects (measured usisgores)

(to varying degrees) on the object decision test, yet showed

relatively preserved performance on the two-alternative Zscores
forced-choice recognition memory test based on the same Object decision
items. This result demonstrates that the patients can cor- Object recognition
rectly identify which items they saw in the object decision Patient decision memory
test, even though they were sometimes unable to say whethgemantic dementia
these pictures were true or false representations of the ani- J.L. -7.92 -.72
mals. By contrast, the amnesic patients with presumed early G.C. —3.90 —.39
Alzheimer’s disease performed poorly on the forced-choice F-M. —2.28 —-.72
recognition memory test. Two of these patients showed per- P-S- —7.15 —-1.37
formance within 2 standard deviations of the control par- A-M- o 47 26
ticipants on the object decision test, while the other 2 showe@n;'r;es'c Alzheimer's disease - 03
a mild impairment. RE. 309 367
Our results support those found by Diesfeldt (1987,1992) ¢ ~ 309 466

in a pilot study involving a single semantic dementia pa- Hpm. —1.46 —367
tient who remembered all items in a four-alternative forced
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performed within the control range when asked to recogencing the performance of patients with semantic dementia
nize paintings they had been shown previously. Warringtoron tests of episodic memory. It is hoped that further studies
proposed that some aspect of the paintings (she suggestédr instance, manipulations of the degree of visual and se-
the color) was meaningful to her patients, which allowedmantic similarity between items used in recognition mem-
them to score as well as control participants. Since our obery tests) will help clarify this controversial issue.
ject decision test involved black-and-white pictures, this hy- A further explanation for the pattern of performance seen
pothesis cannot account for our patients’ success. in patients with semantic dementia is that recognition
The most likely explanation for the pattern of results acrossnemory can be supported by familiarity based processes
the various studies is that patients with semantic dementiéSchacter, 1987). It is important, therefore, that experi-
show normal performance on tests of recognition memorynents be undertaken that systematically manipulate the de-
when verbal encoding strategies are inappropriate or ungree of perceptual familiarity between to-be remembered
available. This may happen in tests where all pictures arstimuli and targets in the recognition memory test. We sus-
similar (landscapes) or where there are similar and repeatqukct that patients with semantic dementia might have greater
items from the same semantic category (object decisionYifficulty with a recognition memory test in which the two
When attempting to remember whether one has seen an iteitems, although the same (e.g., two pianos), vary both with
(e.g., aface or aword) in a previous study episode, it is posrespect to orientation and as many perceptual features (i.e.,
sible to use verbally an@dr semantically based strategies grandvs upright piano) as possible. Results that confirm
(often without conscious awareness) to support recognithis hypothesis would suggest that the “normal” recogni-
tion. For example, remembering a face because the persdion memory performance sometimes seen in semantic de-
resembles your next door neighbor, or someone famous, suchentia may reflect support from intact perceptual processing.
as British film actors, for example, John Cleese and Den- The fact that the patients were able to recall seeing items
holm Elliott (see the faces component of the RMT). Wordsthat they have previously failed to classify appropriately as
are even more amenable to semantic “scaffolding”: first,real or nonreal clearly suggests that patients with degraded
words already have a meaning; and second, it is possible ttnowledge are able to, at least temporarily, retain the mem-
create connections between items to aid retention. For exery of novel or partially familiar stimuli. In this study it
ample, the first six words presented in the RMT &emat,  was not possible to compare performance on individual test
dive rush, rest, fall, andbark A restcould be areat, dive items (i.e., those that were “known” or “unknown” to the
andfall, both involve dropping, and someone couldbgh-  patients) with performance on the recognition memory test.
ing because they have belkarkedat. Patients with semantic It seems likely, however, that such an experimental com-
dementia are certainly going to be disadvantaged in thesgarison would not reveal a direct one-to-one relationship
types of tests (especially word-based tests), and will therebetween what a patient knows about an item, and whether
fore process material more shallowly than normal individualsthey can remember seeing it in a previous test session.
There is tentative evidence in support of this hypothesis: Other researchers have reached a different conclusion, pro-
Patients with semantic dementia show poorer forced-choicposing that episodic memory cannot be intact in patients
recognition memory on either words or faces depending omvith loss of semantic memory. Dalla Barba et al. (1996) in-
which temporal lobe (the left or right) has the greater atro-vestigated whether intact episodic memory (as measured
phy. For example, F.M. (see also G.C.), who has more atdsing nonverbal recognition memory) could be demon-
rophy on the left, scored 460 and 3450 on the faces and strated in aphasic (etiology not specified) patients with vary-
words versions of the RMT (Warrington, 1984), respec-ing degrees of semantic memory impairment. Three types
tively; this pattern was reversed in J.L., who had predomi-of pictorial triads were presented to the patients (prior to
nantly right-sided atrophy (see Table 2). A patient describedhe recognition memory test): One comprised three seman-
by Evans et al. (1995), who had a progressive prosopagndically unrelated items, and two comprised three semanti-
sia with selective atrophy to the right temporal neocortexcally related items. In Experiment 1, the patients were
showed a similar pattern on the RMT: She was profoundlypresented with 12 semantically unrelated triads one after each
impaired when asked to remember the unfamiliar faces, yedther, and given no further instructions. This was followed
showed normal performance on the words version and on By Experiment 2, in which the patients were presented with
test in which she had to remember 50 unfamiliar buildings.12 semantically related triads. As before, the patients were
It is important to note that we are not claiming that the given no instructions. In the final experiment (3), 12 (new)
semantic dementia patients show entirely normal episodisemantically related triads were presented to the partici-
memory performance. The object decision recognition tespants and, unlike Experiments 1 and 2, the participants had
used in this study is not a very sensitive index of episodido choose which of two items was more related to the target
memory: Only a relatively small number of itend$ € 32)  (a test of semantic association). Immediately after presen-
were used, and the time delay between the object decisiatation of the three series of 12 triads, patients were given a
test and the recognition memory task was quite shoryes—no recognition memory test consisting of the 36 previ-
(5 min). Any generalization from this experiment to other ously studied items.
circumstances should be circumspect. Itis clear that we have Dalla Barba et al. noted two results: (1) the aphasic pa-
at present a limited understanding of the conditions influ-tients, as a group, were poor on the semantic judgment task
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(Experiment 3), and showed poor performance on the recAt this moment, however, there have been no studies to in-
ognition memory task (which tested memory for all 36 tri- vestigate this possibility.

ads); (2) when the aphasic patients were split into two groups In summary, this study provides further evidence in sup-
based on their performance on the semantic association taglort of the view that the neuroanatomical substrate crucial
(Experiment 3), the patients who showed poor performancéor new learning is distinct from that involved in the repre-
on the semantic association test were worse on the recogentation and recall of semantic knowledge and old autobio-
nition memory task. On the basis of these results Dalla Barbgraphical memories. This result has important implications
et al. wrote: for patients who have similar, nonprogressive, semantic
memory impairments. If, as in semantic dementia patients,

The point of this study was to show that when some kind of s he hi . . .
X ) . ; i mpal m is relatively preserv itm
mantic knowledge about an item is lost, that same item can netg e hippocampal system is relatively preserved, it may be

longer be recognised in an episodic memory task. This is Whapossible to devise strategies to help such patients relearn,
the present study show. 365) and maintain by rehearsal, semantic knowledge that has been

lost. It is important to note, however, that new learning de-

For a number of reasons, we find this a curious interprepends on the connectivity of the hippocampal links with ac-
tation. First, to demonstrate, beyond reasonable doubt, théivated areas of the neocortex. The hippocampus may be
loss of semantic knowledge about an item leads to an inable to compensate, on a temporary basis, when there is par-
ability to recognize that item in an episodic memory task, ittial breakdown of the neocortical representations, but can-
is surely necessary to do direct item-by-item comparisonsnot work in isolation. We postulate that, over time, patients
Dalla Barba and colleagues did not perform such analysesvith semantic dementia will inevitably show impoverished
Secondly, their results show that episodic memory benefiteonverbal new learning. Likewise, patients with severe post-
when the initial encoding stresses semantic processing, nttaumatic destruction of vital neocortical regions, even in
that episodic memory cannot existthoutsemantic mem- the presence of an intact hippocampus, would show im-
ory. This effect, where semantic encoding produces bettepaired learning.
retention than nonsemantic processing, is well established
(see Craik & Tulving, 1975) and as mentioned earlier, pa-
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