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Abstract

-

An experinsntal neu;;paychological study was undertaken to
\investigate speed of short-term memory scanning, and the ability to
Tetrieve learnaed naterial-uﬁder two specified sets of conditions. In
addition to a NC group, two groups were studied; one, a group of
patients whose presumptive diagnosis implies primarily corkical
p;thoiagY, and a second group of patients whose diagnosis implies
primarily subcortical pathology. They were compared in order to
deternine whether slowed scanning and/or a retrieval deficit
characterize subcortical dementias, and also to distinguish them from
cortical demeAtia. Twelve non-demented Parkinsonian patients (M age =
58.3) were compared to twelve mildly demented patients with SDAT (H
age = 67.0), and both of these groups were compared to a group of
twelve normal control subjects (M age = 58.9) firstly on a task which
allowed separation of the speed of gpecific cognitive operations from
the speed of motor responses, and secondly on-a memory. task where both

organization at learning and”regyieval strategies were manipulated.

The results of the memory scanning task showed that the groups

differed neithef on the motor component nor on the purely cognitive
cénponents. However, despite intact scanning abilities, some patients
with Alzheimer's disease required a sfructured method of learning to
achieve a suc?asaful perfornanée of the task, while others could not

perfora it even with additional structure. The results of the memory

/

\



task revealed that, although both PD and SDAT patients show memory
deficits, the inpairneng’;hown by PD'patients is milder and can be
restored to normal laevels thrdugh cueing wherags cueing does not
improve the performance of SDAT patients who show a large word loas
independently of the method of learning or of retrieval. The pattern
of memory deficit shown by the Parkinsonian patients is’g;st described
by the word ‘forgetfulness’ whereas ‘amnesia' more accurately
describes tha"daficit_shown by patients with Alzheimer's disease.

The theoretical implications of these results for the conceg} of

subcortical dementia are discussed.
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Introduction

The etiology of dementia, and the relationship between ageing
and cerebral disease, are complex and not well understood. Ageing in
an individual does not neceséArily inply the presence of disease
(Peiffer, 1981), but in a large population it is asasociated with‘an

increased incidence qE various diseases {Cummings & Benson, 1984;

"Eslinger, Damasio, Benton & Van Allen, 1985). In particular, it is

asgociated with a markedly increased incidgnce of those diseases of
the brain which can cause dementia. Itrhas been predicted that the
elderly poputation of tpe United States will feach 30 mkllion just
fifteen Yearg\fron now. Given a prevalence of 6.g:§§{:ent amongst the
elderly for moderate to severe dementia (Roth, 1985), it follows that
by then the United States Health Department will have to provide
services for at legpt 2 millien demented patients. The Canadian
elderly population ﬁy the end of the century is expected to reach 3.5
million, so that at least 230,000 demented patients will require
services from Health and Welfare Canada (Health‘and Welfare Canada,
1964). Any effective attempt to provide essential medical, social,
and psychological servicqs for these individuals will have to be
founded upon both a clear underatanding of the concept of dementia,
and on scientific demonstration of the specific effects of the various
etiologies of dementia. These issues will be addressed 1f sections 1

and 2 following. Section 3 will deacribe one current theoretical

——

&
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framework relevnnt to the present uork.r In pa;ticular, it will .
conceptualize the dementias as a variety of clinical syndromes which

arise from various underlying causative diseases of two general sorts:

namely, those Ehought to be secondary to cortical damage, and those

thought to be secondary to subcortical danage; The validity and

usefulness of this recent concaptualization‘will be examined.

Dementia: An Historical Perapective

An adequate history of the concept of dementia has yet to be
written, and, to date the tera has no single universally accepted
definition (Wwlls, 1977). For this report a stated definition will
be adhered to throughout.

For as long as individuals have been able to think and
comnunicate, they have been able to notice the appearance of
deficiencies in the hiiﬁer func£ioning of others. For two-and-a-half
millenia, observations of such deficits have appeared in legal and
medical contexts. For example, in the 5th century BC Sophocles was
accused of being demented by his son and was égrced to demonstrate his
own aental competence by writing a play (his tfaqedv, “OediPUQ‘%n
Colon") {Roccatagliata, 1986). A physician in the lst century AD,

Celsus, made reference to dementia as a disorder that was well known

at that time (Mahendra, 1984).
Surprisingly, dementia as understood as early as the 4th c?ﬂfﬁ?itfﬂﬂf,ﬁf{

AD already contained the three essential core concepts which
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characterize present-day usage. At that time QOribasius "wrote of
cerebral atrophy... (Hhich) was thought to manifest itself in a loss
of intellectual capacity...(and he) tried to relate the condition to
the ugeing process...” {Hahendra, 1964, p.3}. The three core concepts
here, which have remained central down to the present time, are that

dementia refers to acquired deficits in higher intellectual

functioning that are somehow related to ageing and/or cerp?ral
disease. In the 19th century the tera still retained this
connotation. Esquirol (1845, p. 417), for exampie, defined "senile
dementia™ as "a cerebral affection ...characterized by a weakening of
the asensibility, underatanding and will, ...(which) results from the

progress of age.” Other 19th century writers did not differ

conceptually from him. Rather, they furthered his careful deaqripfion

’

of the élinical findings characteristic of the dementias through
atteapta to refine their diagnostic clasasifications. Pritchard (1835)
clapsified dementias into primary (e.g., mania, apoplexy) and
secondary (paralysis). Willie (1873/4) differentiatgd the diagnosis
of senile dementia from dementia due to general paresia; Ewenty years
before the patﬁological diagnosis of general paresis became possible.
Later, Binsuan%?f {1898) introducaed the distinction between pre-senile
and senile deleAtia; and, Kraepelin (1898) introduced ghe concept of
organic denaqti; in order to distinguish What was traditionally
referrad to by the term dementia from his new aenentia praecox (now

called achizophrenia). 1In addition, Lipowski {1980) has pointed out

that during the 19th century the distinction between dementia on the



one hand, and'lental confusion and delirium on the other, became

-

clear.

At the turn of the present century, then, dementia clearly
refered to higher functional losses, either due to organic disease of -

the nervous system, br a process in the senium (ageing) (Mahendra,

1984).

Although the term ‘dementia' has sometimes been used loogely
between th; 4th and 20th centuries, "and has conaeqdently been confuped
at various times with madness or mental confusion, it nevertheless
invariably included these three core concepts. Recengly, its usage
- has become more restricted, and so more precise, and is largely
confined to those three coficepts. The obvious historical consistency
of these central concepts, both over Pime. and between various writers
at any given time, provides testi;ony for our accurate perception of
‘the lived reality of the lqss of mental funct;oning we can be heir to,
either through brain disansé or ageing. |
Today, atteapts to further refine the term- persist (Isaacs, -
1983; Jorm & Henderson, 1985; Meaulam, 1985). A typical modern
clinical definition is the following one given by Cummings ;nd Benson
(1983):
Operationally. deiontia can be definedlhs an acquired
persi;:ent ilpaifnent of intellectual function with comprorise
in :t 1past three of tha following spheréu of mental activity: ,_////ﬁ

language, memory, visuospatial skills, enotion, or peraona{}f},

4
and cognition (abstraction, calculation, judgement, etc.) ....



The stipulation that the intellectual impairment must be
‘aéquired distinguishes dementia from thé congenital mental
retardation syndroaes ...; Persistence is iqqluded §s a
criterion to exclude confusional states. (p. 1)
H;ving defined in detail these clinical characteristics of their
nanifgst ‘dementla syndrome', they go on to point out its connectioﬁ

with qu{pg‘and disease. They state that nmost deneﬂtias are found in-
K L

people over the age of 65 years, and they then list various diseases
which impair cerebral function so as to effect the clinically obsé)veq
‘dementia syndromes'. They ul;o make reference to the APA*s DSH ITI
(1980) definition of Primary Degenerative Dementia, a new term defined
ag ‘organic mental deterioration without obvious aetiology' - a
reference to those dementias traditi&nally seen as associated with,
and possibly a conseduence of, ageing, rather than of a discrete
disease process. The increased precision, and the central core
_concepts are clear in this typical modern definition. o

The present thesis arose from very recent published suggestions
that there are two basic patterns of behavioural impairment that
conatitute two discrete, different dementias, within the wider
dementia syndroae as we have known it over many centuries. Iﬁ an
uhprecedentad manner, each of the two types of dementia was said to be

_—caused by a specified locus of pathologic change; one by cortical

(//, danage, the other by subcortical damage.



A Recent Controversy: Cortical versus Subcorticaf Dementia

~

kS

A series of new classifications appearaed during the course of the
twentieth century. For exaaple, the dementias were classified'on the
basis of their being either treatable (a.;..nqrnal pressure
hydéocephalus, pseudoderentia)} or untreatable {e.g. Alzheimer's
disease, aulti-infarct); or, according to tﬁekcharacter of any
underlying disease process, e.g. degeneratiﬁe.fe.g. Alzheiner's ‘
disease), infactious (e.g. éerabral disease), genetic (e.g.
;ongoliSl), atc., and-so on., Sufficient confusion arose out of these
numerous clasaifications for the term to fall into disuse in the
United.Statea—ln the 1950's for a brief period (Wang, 1977; Wells,
1977). It was replaced by the somewhat vague phrase ‘chronic brain
syndrome' ([SM-I, 1952). By the late 1960's, the term denenﬁia ;as
re~introduced as a sub-category of gqgchosis, asgociated with organic

brain syndrome, and was classified into ‘senile or presenile’' {DSH-II.
1968).

Degpite this confusion and the consequent changes in the
popularity of the term, general agreement has emerged that it should
continue to be used. Specifically, it is agreed that it should be
used to describe an acqguired loss of higher function secondary to
underlying neuropathologic change due either to disease, ageing or
>both. Clearly, it has coamunicative value when used in this manner,

and so has survived changes in diagnostic fashion.



Hofa recently,‘a new c¢linical appr&gcb to the deuentias has Saen
described baged o& the uoE/,pf Albert, Feldman & Willis (1974},
McHugh and Folstein (1975) and Cunnidﬁs and Benson (1984). This
clagsification, unlike the various 19th and 20th centuff)
clagsifications which preceded it, is radical in that it potentially
widens the lohg-standing core concepts_for the firat time. It |
divides them on the basis of the presumed site of their primary causal
~pathologic changes, into ‘cortical' and ‘subcortical' (the latter is
now‘hoaotinea called ‘fronto-subcortical’').

Having analysed the intellectual disturbances séen in five \
patients with supranuclear palsy, Albert et al. (1974) abstracted a
clinical profile with the four following features: (1) "some fori Af
mnemory deficit,” (2) "a general slowing down of intellectual
activity,” (3) “alte;ntions of personalitf“-typically, iﬁprtia or
apathy; occasionally with episodic irritability,” and (4) "impaired
ability to manipulat® acquired knowledge" (p. 129). A review of the
literature of othef reported cases of progressive nuclear palsy
provided supportive evidence for the occurrence of this clinical
pattern. Other ‘subcortical' diseases (for example, thalamic tumors,
olivoponto-cerebellar degeneration, Parkinson's disease} also appear
to share features of this clinical pattern.

The dbaencé of difficulties in language and praxis, and the link
between deficits in memory and learning and the slowness of
intellectual function and inertia in these ‘subcortical’ diseages

prompted Albert et al. (1974) to label the new clinical syndrome



‘subcortical dementia' in order to contrast it with those different
pattern of cognitive change traditionally thought to follow cortical

daiaga.

In an independent reﬁort,'HcHugh and Folstein (1975) described a

.- gpecific pattern of intellectual disturbances in eight patients with

Huntington's chorea. They described their syndrome as consisting of

{1} "a slowly progressive dilapidation of all cognitive powers", (2)
"a prominent psychic apathy and inertia that worsens...", {3) "an
absence of aphasia, alexia, cortical bliﬁaﬁéss or;Korsakov-like
amnesia™ (p. 274), McHugh & Folstein believed it to be present in

other diseases with subcortical pathology, such as Parkinson's

disease, but they suggestad that it was not present in diseagses with a

prinary_sita of pathologic change in thé cortex, such as Alzheimer's
disease. They also used the term ‘subcortical dementia’ for the
clinical'syndrone they had described (HcHugh‘&_Folstein, 1375).

The characteristics of the co;tical and subcort al syndromes are
presented in Tables-1 and 2. As the Tables show, a pribary conceptual
difference is that, here-to-fore, ‘dementia’ Keferred to global
deficits in higher cortical function (activi;}e Samunication,
perception and praxis), rather fﬂan to daficiés comprised of_: group
of several more specific losses such as inability to learn new
material, set shifting, rate of information processing, along with the
spacific .absence of\aphasia. apraxia, etc. This is why this newest

classification is more radical than any of its predecessors.

From its inception, the term "subcortical dementia” has been
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Table 1 -
]

Subcortica] Dementing Disorders: DBshavioral Phenomenology

\

Activity Slowing of thought, comprehension, verbalization
aovement (psychomotor retardation)

Hemory ~ Forgetfulness .L"\\%

Cognition Dilapidation

Personality Decreased drive, apathetic, perplexed

fron Banson, 1984



Table 2

Cortical Dementing Disorders: Behavioral Phenomenoloqy

Activity

Menmory

Cognition

Yisuoaspatial Skills
-

Language

Personality

Spry, active
Amnesia

Severely disturbed
Severely disturbed
Anoamia

Unconcerned, unawars

From Benson, 1984
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‘controvera§a1 (Katzaan, 1978; Roth, 1978). Marsden (1978) soon

pointed out that alterations in mental function in the subcortical
- - !

dementia of Parkinson's disease do not have the quality of a global
deciine in higher neAtal function chnracteristig_of a "true dementja”
(i.e,,_characteristic of the dementia of very long-established usage).
Rather thé;; patients "show a lack of drive and initiative"'%ith
"slownessrof thought process and memory". He therefore argued that

Ay
the tern ‘dementia' is incorrect when applied to these highly specific

changes. He suggested the alternative term ‘subcortical-fronﬁal lobe

‘ ayndrome' to emphasize Etﬁr inilarity he had observed between the

changes observedéymh gubcortical pathology, aqg,those'genernlly
asgociated with frontal lobe patholody. f

Shortly after introducing it,.Alberé {1978) himself expressed
1aution about the label "subcortical dementia". He described it asqf?
"shorthand", and stressed that he intended to describe "a
fronto-subcortical'problen”. He suggested that "froﬁtal system or
fronto-subcortical dementia” might be more appropriate than simply
subcortical dementia. Unlikelﬂafsden (1978} and Roth (1980), he did
pot questi;ﬁ'the use of the term dementia in this context. This,
despite the fact that his own reau;:a in 1978, four years after
proposing the notion of subcortical dementia demonstrate unequivocally
that the Parkinaonian patientas, an example of his subcortical
dementia, function in precisely the normal range when tested for

denentia.

Roth (1980) states that the term dementia must be reserved for
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"states oi\glpbal deterioration of intellect and personality” (p.ll)
Y .
if we are to pursue ongoing useful refinement of the well-established.
concept, and maintain clear distinctions between discrete clinical

el

syndromes. He clearly argues for our adherence %o the long-standing.?;ﬂ
. -

usage outlined above, and maintains that the use of the taram '
‘dementia’ in the label ‘subcortipal'denentia' is a misnomer which haé
cnuaeé unnecessary confusion. This is so, he suggests, despite the
fact that the description of the obaerved-élinical syndrome itself
re;ains a useful contribution to our further understanding of one of
the poséible consequences of brain diseases.

Others, too, have opposed the division of the dementias according

~

to a cortical-subcortical neuroanatomical model, pointing out that
pure cortiggljé; subcortical dementias do not exist (McHugh, 1978:
Terry, 1978; Albert, 19#8). On the one handa in Alzheimer's disease
neuronal loss has péen reported in several sitzbtjicallnuclai,
includihg the cholinergic cell bodies ﬁf the septum, the diagonal band
of Broca, the Meynert nucleus, the noradrenergic neurons in the locus
coeruleus, aﬁd the serotonic neurons in the dorsal raphe nucleus
(Rubdrg et al., 1982; Whitehouse, Hedreen, White 111, & Price, 1983;
Whitehouse, Price et al., 1982{: On the other hand, cortical changes’
have been reported in demented éatients with Parkinaon's disease
(Alvord, 1971; Bolléf, Mizutani, Hoessmann @ Gambetti, 1?53; Gaspar &
Gray, 1984; Hakim & Mathieson, 1979; Jellinger & Grisold, 1982).

Thege latter cortical changes are indistinguishable from some of those

found in demented patients with Alzheimer’s disease. Hence, it has
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been suggested that these denantins‘should be called
‘fronto-subcortical'(g;_ff;ontu}_gyateu' dementias (Albert, 1978; .
Freedman & Albert, 1985; Fréedlan, 1985) rather than the more
restrictive sqpcorticai dementias. '

This controveray renaina-unreaolvad (Benson, 1983; Benson,
Cumnings & Kuhl, 1961; Cunaings and Benson, 1983), In a careful
appraisal of the current situation, Whitehouse (1986) has recently
poiﬁt;ﬁ out that "systematic studies comparing, different dementias
have not beén performed™ (p.l}. Specifically, he states "no
conparative studies of the speed of mental procesaing have been
published to determine whether slowness of ;ognition is more
‘characteristic ;f ;ﬁbcortical than of cortical dementias {2)." He
adds that "slowness of cognitive activity (brudyphreﬁia) is Qaid to
characterize patiénta with Parkinson's disease”, and that “whefher any
actual differences in speed of mental activity (rather than physical
activity) exist among differentfdenentias should be tested
experinentally” (p.2).

The present study addresses this suggestion by investigating
nenory retrieval and speed of nenéry scanning in three separate
populations. It compares a group of patients with a subcortical
disease with a group of .patients with :\;3;€:::b disease, and both of
these with a group of normal control subjects.

#

Suppary and the Present Project
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ParKinson's diaeas;, a primarily subcortical disease, is said to
Pa charaéterized clinically by the presence of slowed thoqght,
forgetfulness, apathy, and an absence of aphasia, agnﬁaia,uand
np;axia; that is, it is said to be characterized by a subcortical
dementia. In contradistinction, tﬁe presence of the three intter
deficits is recognized as commonly characterizing the dementia of,
for BX?IEIG, Al:hdine;'s disease, a primarily cortical disease, whare
they are accoapanied by aunasia-but not by slowed mentation.

An experimental neuropsychqlogiﬁal study was undertaken to
‘investigate nquaapeéta of these dementias. In particular, speed of
short-term memory scanning, and the ability to retrieve learﬁed
material under two specified sets of conditions, were measured in
patients whose (presumptive) brain dise#ge is primarily cortical
(Alzheimer's disease), and these were coapared with those observed in
patient’'s whose brain disease is primarily Bub:ortical (Parkinson's
disease). Both were compared to similar measurements made on a group

of matched controls.

Parkinson's Digease

™~
\

Signs and_symptoms. ] -

In the early 19th century James Parkinson perceived that several

motor signsa and‘syuptOls, taken together, formed a distinct clinical
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entity. His 1817 monograph on the "Shaking Palsy" opens with this
succinct aescription: |
i - Involuntary tremulous motion, with lessened muscular power, in
parts not in action and ;;an when supported; with a propensity to
bend the trunk forwards, and to pass from a walking to a running

pace: tﬁe senses and the intellects being uninjured. (p.l)

His percepti&n was accurate aﬁd there has been no subsequent
controversy over those signs and symptoms, with the one exception of
his final statement that higher functions remained intact. His claim
that signs and synptony of deficits in higher function are uniformly
absent hae remained controversial throughout the 19th and 20th
centuries, and has given rise to the above-mentioned confusion in the
literature. ‘

For persons over 50 years of age, the prevalence of Parkinsoﬁ's
disease is 1 in 200 (Marsden, i983). Its clinical motor dysfunctions
include tremor, rigidity, postural change, and bradykinesia. These
dfsfunctions often appear insidiously and preogress gradually, with

-;ccoupanying tremor aﬁd gait changes, ending many years later with
severe disability resulting mainly from progressive akinesia and
postural instability. Tremor is chdracteristically present at rest, as
James Parkinson said, and in the early stages it is inhibited by limb
asoverent. It has been reported ‘as the initial complaint of 70% .-of
patients withlidiopathic Parkinasonism (Hoehn and Yahr, 1967).

Rigidity, which is rarely symptomatic early in the disease., is detected

clinically as resistance to paasivé movement: "Cogwheeling rigidity"
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-a jerking sensation often obsaerved on passg

\u

ly stretching a

hypertonic Parkinsonian mauscle --results Erom a combination of rigidity

and tremor (Prain & Walton, 1969). Postukal changes, including (\~

generalized flexion of the limbs, neck, an{ trunk, and postural

A

instability| during movement are not prominent in the early stages of

the diseasel Bradykinesia, the slowness and impoverishment of

voluntary yoveement without weakness, includes an inability to initfiate
(akinesix), or to execute, (hypokinesia) normal movementa. It is )
thought to part;ally account for several other sf&na of the disease,
such as the mask-like facies, reduced blinking, and monotonous speech.
It.nay also account for the characteristic early clumsinesas of fine
finger moveaents and aicrographia (Barbeau, 1984: Rice, 1984;12
Parkinson's disease and other extrapyramidal disorders are
asaaéiatad with abnormalities of the basal ganglia (Fahn, 1985), and
“are characteristically mani ted by a combination of abnorgal
involuntary moveaehts, alteratibns in muscle tone, and disturba&ces in
poatural stability. This clinical e;idence has prompted Marsden (1982)
to'foncluda that the basal gdnglia is essentially an "organ of motor
control” (Marsden, 1983). A sumanary of/the relevant neurcanatony of

the brain regionq*&ggociated with Parkinsons's disease is reviewed in

Appendix 1. A summary of its pathology follows.

Pathology '

James Parkinson hypothesized that the Shaking Palsy originated in a



damaged cervical spinal cord and lower brainstem. Freservation of
intellectual function had s;ggested to him that the cerebral
houiaphare; were spared (Parkinson, 1817). The midbrain and substantia
nigra were first iuplicataé by Blocq and Marinesco {'1893) who noted the
presence of ; circunscribed lesion in this reéion at necropsy.
Trétiakoff (1919, in Calne, 1971) was the first to observe & variety of
nore detajled degenerative features and a reduction in the nuaber of
pigmented cells in the substantia nigra. Lewy (1913, in Brain &
Walton, 1969) described.concentric hyaline cytoplasmic inclusions (now
called Lewy bodies} wh;ch c¢an be seen in melanin-containing cells in
the nucleus substantia innominata in almost every case of Parkingon's
disease. However, he failed to observe the neuronal fallout in the
substantia nigra. Foix (1921) 6bserved a gonsistent fallout of
pignented cells from the substantia nigra, whereas Hassler (1938)

found lesions of both the substantia nigra and locus coeruleus, the
most marked neuronal loss being in the central part of the zona
compacta of the subatagéia nigra. €511 loss was also observed in the
;ubatantia innominata. Lesioﬁquf the corpus sgriatun were present in
some cases but not in others. Klaus {1940) confirmed Hasszler's
findings when he compared 32 cases of PD with 22 controls., All
thirty-two cases had lesions in the substantia nigra, consisting of
cell loss, degenerative cell changes, Lewy bodies, and gliosis. MNone
of his 22 controls had any of these lesiona. Greenfield and Bosanquet

(1953) showed that nigral cell loss and Lewy bodies were constant

findings in Parkinson's disease whereas striatal lesions corresponded
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with those found in brains from non-Parkinsonian elderly subjects.

The primary pathologic abnormality found in the brains of patients
suffering from Parkinson’s disease is now generally agreed to be a
degeneration and death of pigiented neurons in Eﬁe pars compacta of the
substantia nigra. Thia loss of nigral cells leada to a marked
functional inpai;nent of the nigro-striatal pathway and a reduction of
the dopaminergic synaptic input to the caudate and putamen
(Hornykewicz, 1966). The loss of dopamine content varies from one
nucleus to another. For exanmple, approximately 90% of the dopamine
content in the putamen is lost, wheresas & comparative reduction oﬁ
approximately 64% has peen meagured in the caudate nucleus

S
{(Hornykiewicz, 1981). The unevenly depleted dopaminergic input inte
the neostriatum has been confirmed by Kish et al. {1985). The
nigrostria%nl fibers projecting from the medial section of th; nigra to
the caudate appeared to be the lsast depleted, whereas the caudal
fibers projecting to the putamen were most depleted. The relationship
between the uneven loss of dopanina, on the one hand, and the clinical
picture of Parkinson's disease, on the otheé< remains unknown. Lewy
bodies, ecsinophilic inclusion bodies composed of protein of unknéuq
origin, also charactarize this disease and are located in the
degenerating pigmented brainstem neurons of both the nigral neurons undr
locus coeruleus. It is noteworthy that Lewy bodies are found alse in
about ;% of brains from patiefits without Parkinson's disease. It has
been hypothesized that these patients may have had subclinical cases

of Parkinson's diseage (it is known that 80 per cent of the zona
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coapacta must degenerate before clinical symptoms appear). Other are§s

where Lewy bodies are found in this disease include the substantia

" innominata, the lataral grey horn of the thoracic cord, and sympathetic

ganglia.

The Prevalence of dementia in Parkinson's disease

The losses in higher function in Pgrkinson'a dibeaaq are not as
clearly documented as are its physical signs and syhptoms, and its
pathology. The first full report on any possible asscciated deficits
ih higher functioning in Parkinsoniaq'pat;enta appeared in 1880-82
(Hallié, 1908). Clinical observations on institutio;alized patients
had led several physicians to remark on the altered intellectual
ststus'of Parkinsonian patients {(Charcot, 1875; Grasset, 1879; Luys,
1881). Charcot (1@75) had pointed out that ;a un moment donné '
l'intelligence s'obscurcit et la ;éloirg se perd", and said this
appeared as a late cdnplication in the course of the disease. ‘Othersf
too, consistently'stressed the impairment in'lénory, and the loss of
intelligence (Grasset,18?9; Luys,lesl: Ball, 1882; Axenfeld & Huchard,
1883). Parant (1883) reported that all of the authors he had reviewed
referred to "la débilitati&% lentale: et la pert;-plus ou moins
compléte des diverses facultés."” Coapin (1905)53iought that patients
could be divided into two categories, one group #ith primarily

omotional ‘difficulties, and a second group with "des individus dont

1'intelligence eat réelement touchée, plus ou moins obtuse, suivant



18

les cas., La mémoire s'eat dissipée; le a@jat, plonge dans une
hébétude intense” (p.1l5},

TheVQ;ntroweray over the presence or absence of cognitive
inpairment in Parkinson's disease at Mallié's time (1908) led to at
least three guite different positions being put forth. One suggested
that there was no global impairaent of higher mental functions in
Parkinsoq‘a disease (Briag;ud, 1895; Lanmy, 1905; Parkinson, 1817;
Wellenberg, 1899). A second suggéstad th;t any observed impairment

was caused by other superinpbsed diseases (Ballet, 1903, Lalurche,

. 1898-99; Carrayrou, 1902-1903), A third view was that deficits in

higher mental functions were common in patients diagnosed with PD and
that the underlying disease process caused tﬁose deficits (Ball, 1882;
Parant, 1883;“Roger, 1885). Despite such controversy, virtually all
writers agreed that the clinical picture included nen;ry deficita, and
many mentioned mental slowing (Ball, 1882; Compin, 1902; Hallis,
1908). There were, nonetheless, a small number of workers who agreed
with James Parkinson's reaark B0 years earlier, that there was no loas
in higher function (Brissaud, 1895; Lamy, 1905; Wollenberg, 1899).
Early in the cour;e of the diséase, simultaneous with the semory
deficit, patients appeared to respond more slowly than might be
expected in social situations (Ball, 1882). For example, clinically
they uouldarespond slowly with answers to guestions, one of the
cluster of clinical characteristics that was subsequently labelled
‘bradyphrenia’ to indicate an assumed underlying slowness in thinking

N
(Wilson, 1955). As early as 1882, Ball described one patient in the
-

o
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following way: "La mémoire ...s8'est affaiblis., Le travail de la
penasée eot lent et difficile. Un poids invisible semble écraser
1'intelligence et ralengir 4 la Qgia les perceptions, les movements et
les idées (p. 26)." Hallié (1908, p. 12)'noted that "les idéesigont.
lentes 4 se former comme 4 se conﬁiner.". Compin (1902) writes of.tAQ.
initial intellectual changes in_the following manner:

Halgré une certaine "raideur” de la pensée, un léger‘
ralentiss;nent de 1'idéation, malgré aussi ce masque trompeur
qui leur donne l'aspect de gens indifférents ou hébétés, les
parkinsoniena conservant toute leur lucidité d'esprit au cours
de 1'affection dont ils sont frappés. Ce n'est habituéllenent
qu'a la période ultime de celle-ci que l'intelligence est
touchée...{p. 44)

thus stating that sléunesa 6f thoudht oceurred in the presence of
otherwisé intact mentation.

Hsét aarly clinicians agreed that if dementia appeared in
Parkinson's disease it did so only late in the disease and towards the
end of life. Some writers>took this to be evidence for the presance
of a separate couplicating disease (Ballet, 1890; Carrayrou.. 1902-03;
Lamarche, {698-99 ), while others did not (Brissaud, 1895; Laay, 1905;
‘Parkinson, 1817; Wollenberg, 1899). Virtually all agreed there were
menory deficits (Axenfield & Huchard, 1883; Ball, 1882; Charcot, 1875;
Comprin, 1902; Grasset, 1879: Luys, 1881; Parant, 1883), and a few
reported the presence of apparently slowed thinking (Ball, 1882; |

1

Mallié, 1908; Coapin, 1902).
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The attempt to clarify whether or not thefe are higher losses
amounting to a dementia in Parkinaéﬁﬁg disease continues today.

.Piro:zolo, Hansﬁﬂ, Hortimer, Webster gnd Kustrowski {19823 state th;t
the dueation regarding changes in mental status in Parkinson's disease
has ganaratad‘aore controversy than has the same question with respect
to any of the other neurologic diseases characterized by central
degenerative processes. Various invastiqat}ve techniques which have
attempted to establish the presence and nature of any dementia in
Parkinson's disease have included community studies, clinical
observations and neuropsycholoegical studies. Table 5 summarizas those
studiea that have fgfled‘to find denentia as part of the coumplex of
symptoms and signs of Parkinson's disease, whereas Tablg 4 presents
those studies that have Eqported a strong clinical impression of the
presence of a dementia specifically associated with Parkinson's
disease. Table 5 presents some studies that have reported both
specific Jeur;psychological daficits as well as u;re generalized
(higher functional) deficits, Fiﬁally, Table 6 sunnarizes'thg_gctual
incidences of gl;bal dementia recorded in Parkinson's disease in soame
of the reviewed studies reporting an associated denentia;

The studies summarized in Table 6 show an incidence oﬁ’ﬂ;:intia
vary}hg from 14 percent to 93 percent. This wide range in prevalence
rates may be partly accounted for by the methgdological weaknesses in
the design of tligse studies, including: 1. ti:\?boling together of

Parkinsonian patients of diverse etiologies; 2. the frequent use of

poorly guantified mental status -examination material; 3. the use of
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Papers at Found no Aassociation Between Dementia and Parkinson
8. (C = Clinical Evaluation; P = Foraal Paychological Tests; R

=

torature Review k\\\

Authors and Dates

]

Method

Parkinson, 1817

Wollenberg, 1899

Oppenhein, 1911

Konig, 1912

Wilson, 1921 .

Patrick and Levy, -1922
Bostroem, 1922

Schwab et al., 1951; Schwab, 1956
Diller and Ricklan, 1956
Doshay, 1960 -

Talland, 1962

Asso, 1969

Levita and Ricklan, 1970
Ajuriaguerra, 1971

Parkes ot al., 1974

Damasio and Castro-Caldas, 1975
Matthews and Haaland, 1979

MmO OQdou Q- aaoaaaaan

1

‘112

45
31
32
142
12

lgﬂu'l_l

* From Boller, 1980
Fron B



Table 4

Authors and Dates of Papers Expressing the Clinical Opinion that

Dementia can bes Found in_ P .

X = R
AN
Authors : . Dates
Charcot and Vulpian 1861; 1862
Charcot ' . 1875
Walshe 7 r 1655
McFie , . 1960
" Ryan . ' 1971
Drachman and Stahl , \\ _ 1975
_‘ fl
/ ‘
.. From Boller, 1980 Nl ~ ~
/
—
&7
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Table 5 -

Authors, Dates, and Number of Patients of Studies_that have

Found a

Neuropsychological De¥ficit in PD Patients

Authora and Datas

A. Specific Deficit: -
Talland and Schwab, 1966
Teuber and Proctor, 1964
Proctor et al.,, 1964
Horne, 1971; 1973 7
Bowen et al., 1972
Danta and Hilton, 1975
Bentin, Gordon, and Silverberg,
1Y
B. Generalized Deficit:
Hardyck an®Petrinovich, 1963
Warburton, 1967
Reitan and Boll, 1971 _{é

P . 7 : .
earce, 1974 1 //,

50
38
38
11

136
66
<32

From Boller, 1980.
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Table 6

Incidence of Dementia in Parkinaon's Disease

Authors and dates

\ %
Mjones, 1949 40
Pollock and Hornabrook, 1966 20
Hoehn and Yahr, 1967 14
Loranger etcal., 1972 37
Hartin et al\., 1973 . 81
Lieb n etjal., 1974 22
Martilla Rinne, 1976 29
Mindhar, 1970 33
Suweet et al., 1976 33
Celesia and Wannamaker, 1972 40
Lieberman et al., 1979 32
Pirozzolo et al., 1982 93
Hakim and Mathieson, 1978; 1979 56
Boller et al., 1980 55

-
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unclear and operationally.undefined diAgnostic criferia; and,
finally, 4. the failure to inclhde contrel groups,

Community sqrvé}s,such as Pollock and Hornabrook (1966}, Hartilla
anﬁtﬂ;nne (1;76) and Rujput, Offord, Beard and Kurland (1984) estimate
delahtia incidence; of 20%, 29% and 18% respectively. However,
’Pollockrﬁﬁ& Hornabrook (1966) did not have specific criteria for the
diagnosis of dementia, and used the tefn to refer to non-specific
mental change.7 Furthermore, their figure of 20% included many
patian?a with an additional diagnosis, such as arkeripsclerotic

disorder. Martilla and Rinne (1976) developed their™wwn criteria for

the diagnosis of dementia and found the prevalence of dementia to be
29%. Like the former study, patients with arteriosclerotic
Parkinsoniam (54.6%) were found to be more often demented as conp&red
to thssa without (18.2%) with a spread of 15%, mild, 5.6%, moderate
and 5.4% severe. Furthermore, neither study was controlled. Rajput
et ‘al.- (1984) used ledical records as his source of information for
both Parkinson's disease and aedical-control subjects and estimated
thdt dementia oc'c:gred in 18.4% of ﬁtients as coapared to 5.5% in the
normal control.

In addition to the methodological weaknesses already mentivmed,
all three of these coamunity atudies also suffer from othér
difficulties such as failure to control for drug toxicity, depression
and oiﬁgénpiichiatric disorders, as well as for superimposed disease
processes {such as metabolic or infective disorders), and trauma, all

of which are known to affect memory (Brown and Marsden, 1984). It has
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been proposed that a ratio of 10% to 15% represents a more realistic
risk for global dementia in Purkina;n's disease, once correction has
been made for these design errors (Broun & MHarsden, 1984). This ratio
is close to that observed by Rajput et al, (1984), and is consistent
with the 8% figure observed by Taylor, Saint-Cyr and Lang (1985) and
the 15% reported by Lees (1985) who both did careful uell-éontrollad
prevalence studies. |

Of particular interest in these at&dies is the consistent
observation that mild memory deficits, of undescribed nature, are
present early in the disease.

Matthews and Haaland (1979) suggest that heﬁerogeneity of both
patients and testing procedures used may have led to the disagreement
amongst reported prevalences of dementia. 1In a well-controlled study,
they confirmed the presence of cognitive impairment but described it
as minimal. They stressed that the use of "the label ‘dementia'’ jin
patients with Parkinaonfs disease is often inaccurate and misleading”
(Matthews & Haaland, 1979, P. 955). They observed the deficits to be
BOore CORRON in patientq with symptoms lasting more than 6 years, but
found that the cognitive deficits in the 6 to 15 ysar group were still
mild. g

In another study of the prevalence of dementia in Parkinson's

disease, Hindhnﬁ, Ahmed and Clough (1982) suggested that,

notwithstanding the methodological limitations of the mode of

assessment used, there appears to be a sub-group of patients with

Parkinson's disease in which global dementia is a reqular feature.

/
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They note that bradyphrenia, or slounegs of thought, is takén to be a
coamon component of Parkinson's disease whether 6: not there is a
dementia, and it is' therefore not a nécessary pfécursor to the global
dementia that they found had afflicted a linoritf.

- Despite this controversy, there is general agreement that some
forn of cognitive impairment is present in Parkinson's disease,
although its nature and incldence remain contrqyersial. It has been
‘suggested-that some of the inteilectual changes that occur are not
due to the subcortical pathologic changes alone, but rather result

-

from a superiaposed Alzheimer's disease.

Evidence for the co-existence of Parkinson's and Al%heimer's diseases

Recent evidence (Alvord et al., 1974; Boller, 1980; Boller,
~ere”

Hizutgni, Roessmann & Gambetti, 1980; Hakia & Mathieson, 1979; Victor,
1978} has guggested that the division of dementia into two
well-delineated clinical tyées asgsociated with anatomically localized
pathologic changes (cortical-subcortical) has not fared well. The

~
presence of Alzheimer-type cortical pathology (neurofibrillary tangles

and senile plaques), and the depletion of cortiéal acetylcholine in
the brain of demented patien;s with Parkinson's disease, has suggested
that the (true) dementia sonefiles obgserved in Parkinson's digease
patienta was due to the co-existence of Alzheimer's and Parkinson's

diseages, the deuengia being an expression of the cortical pathologic

changes thought to characterize the former.

<A
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Alvord et al, (1974) published one of the earliest studies on the

neunopqphology of Alztheimer's disease in Parkinson's disaase. In a

-
e 4
A

reprpspective'investigation'he examined 500 brains of patients who had
'Quffered Parkinson's diseuse, and he found two distinct degenerative )
pnttefna. The first consists of_Leuy bodies, which are associatad
with idiopathic Parkinson's disease; the second consistas of the
"Alzheimer tangle” type of Parkinson's disease, which is baeliaeved to
be post-encéphalitic parkinsonism. The severity of the motor symptonms
and signs correlated well with the amount of nerve cell loss in the
substﬁntia nigra, whereas the geverity of the dementia correlated well
with the a;ount of nerve cell loss in the cerebral cortex.

Hakim & Mathieson (1979) presented a report on the histological
feat&raa of the brains of 34 consecutive cases which at autopsy met
thedpathological criteria for Parkinson's disease, and they conpareﬁ—‘/

‘thel to 34 age- and sex-matched control brains. Whereas only 6% of
the controls revealed. ante-mortem evidencs fdr mental impairment, 56%
of the Parkinsonians did so, with clinical features of mental
impairment varying from disorientation and mild confusion to severe
dementia. The authors provided evidence that the incidence of
neuropathological“changes of the Alzheimer-type were more frequent in
the,braingdgf Parkinson's patients.

Boller ot al. (1980) confirmed the co;éxistance of cortiéal
abnormalities, senile plaques and neurofibrillary tangles in the

brains of patients with Parkinson's disease, and also correlated these

anatomical changes with pre-sortem mental status. The group consisted
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of 36 cases of which 7 were of indeterminate mental ﬁtatus. 0f the 29
remaining cases, 16 had showed evidénce of dementia ranging froa
soevere (9, with 7 described as being mute, vegetative, or decersbrated
at the time of'death) to mild (7 patients withrnild disorientation,

1
and impaired memory for recent events). The remaining 13 patients

were reported as having enjoyed a normal mental status except for:‘_
slowed responses. Post-mortem findings on the severely demented ‘group
confirmed the diagnosis of Alzheimer's disease which had been made
during life. Only three of the patients with mild dementia showed
evidence of the Altheimer-type pathology.

Ball (1984), however, gives telling criticisms of these reports
which he refers to .as examples of the ""Alzheimerization™ of the
central nervous system in Parkinson's disease" (p.182 ). ﬁe
criticizes Hakim and Mathieson's paper {1979) on several grounds.
Methodologically, he queastioned the "crude" scoring system used to
quantify tﬁg‘Alzhaiuer-type pathology, and he pointed out the abaence
of an interkggferver agreement for their sc%ffﬁb system. He also
criticised them for not having explicitly resﬁrted the equivalent mean
number of neurofibrillary tangles found in dp‘ented versus
non~denxented brains. So far, it appsars to be difficult to conclude
;hat the dementia found in Parkinson's disease is due to a
superimposed Alzheimer’'s disease process because of the methodological
differencf?ﬁiyongat the geveral extant reports. It appears that not
all globa}\d;;entia found in Parkinson's disease can be attributed to

' |

such a process, because reports (Mann & Yatea, 1983; Terry, Tomlinson,
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Candy, et al., 1983) are now being pubriuh;d which show that: "
concomitance of both SDAT and idiopathic parkinsonism would appear ...
to be the excepti&n; rather than the rule" (Ball, 1984, p.183),
Besides these findings of pathologic ch#nge thought to
characterize Alzheimer's disease in théubrains of patients with
Parkinson's diseape, there are also other sources of evidence which
militate against specific associations between type of dementia and
locus of pathologic change. This was provided by the discovery that
lesions in some subcortical nuclear atructures could play a
significant role in the pathogenesis of Alzheimer's disease. Such
evidence was provided by Whitehouse, Price, Clark, Coyle & Delong _
(1981) who, after reporting a loas of ;holinergic neurons in the
nucleus basalis of Meynert in one patient with a familial form of
Alzheiner's disease, replicated the Eindinja later in five other
patients (Whitehouse, Price, Struble et al.,\&QBQSQ\\:\:urther report.

demented Parkinson's disease patients, and patients with Alzheimer's

Ve
disease, shared a c¢ell fallout in the nucleus basalis of Meynert.

{Whitehouse, Hedreen, White 111, & Price, 1983) suggest that both
A

Other reporta (Ruberg et al., 1982; Perry, Tomlinaon, Candy et al.;
(1983) also stress the reduced activity of choline acetyltransferase
in Parkinson's disease. Such biochel&cal alterations are relevant
because a relationship between the geverity of the dementia and
measured reductions in choline acetyltransferase activi;; has been

demcnastrated (Perry, Toalinson, Blessed et al., 1978). It thus

appears that the distinction of dementia solely on the basis of any
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associated anatomical pathology is unyarranted. Both diseases involve
cortical and'aubcortical structures, and they have biochemical
deficits in common. I

As mentioned earlier, Freedaan ;nd Albert (1985) agree that the
initial cortical-subcortical differentiation may have been incorrect.
They auggest, howaver, that one should not throw out the baby with the
bath water, in thgt the clinical observations remain valid. A.
description of the cognitive disturbances found in idiopathic
Parkinson's dis;ase preceeded the clqgsification of Albert et al.
(1974) and McHugh & Folstein (1975). Hassler (1965) used the term
bradyphrenia to describe ; neuropaychological ayndrome which included
a "failure of attention”, a "delay in elbtional responsas”, "slowness
of thinking" and "indecisiveness™., He hypothesized that these
synptons resulted from a cell fallout in the nucleus basalis of
Meynert. It is of interest that neuronal fallout has been reported in

the nucleus basalis of Meynert of patients suffering from SDAT.

Neurogaychéloqicnﬁ findings common to Parkinson's disease and frontal

v

lobe pathology L o T
There is an acculﬁlhting bodf\of.evidence documenting the
similarity betueqh the deficits found in patients with Parkinson's
disease, and those of patiehts with frontal lobe damage. Freedman &
Albert (1985) have stated that the pattern of dementia that had been

called subcortical "can ... be distinguished as a clinical entity by

.
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the presence of a characteristic cluster of néuropafﬁhologicnl
deficits often related to frontal syst;n dysfunction together with |
aenory loss occuring without associated aphasia.<apraxia and agnosia”
{p. 314). Althoﬁqh at this stage the neurcanatoay and blochemlstry of
the syndrome remain unclear, naverthelésa there appéars to be, in
Parkinson's disegse, a frontal system disorder that includes damage to
the subcortical structures which communicate with the .cerebral cortex.

Bradyphrenia is a tera that has been used in the past to
encompasa, amongst other features, such deficita as a lack of
spontaneity, an increasing poverty of imagination, a paucity of
initiative, etc. These are now redefined as difficuities in switching
from one nenf&l set to another, a delay in central processing tine, |
deficits in attention and motivation, and perseveration. These
changses areughéﬂght to result from pathologic changes in the
mesocorticolinbic dopamine pathway (ﬁgid. Ruberg, Dubbis and’
Javoy-Agiqd, i954; Delis, Direnfield, Alexander and Kaplan, 1982; Lees,
1985. These difficulties have alsoc been obaervaed in patients with
frontal lobe pathology (Albert, 1978; Agid et al, 1984; Lees, 1985),
The evidence pertaining to patients with Parkinson's disease who show
frontal lobe like changes will now be reviewed to amsess the idlidlty
of the new tera ‘fronto-subcortical dementia’.

VYisuospatial. Teuber & Proctor (1964) challenged the -
expectation that damage to the basal ganglia produced little, if any,

alteration in higher mental functioning. Having noticed the
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similarity between the deficits in a delayed response task gseen in
monkeys with a lesion in the basal ganglia (caudate nucleus), and"
those with lesions in the cortex (bilateral frontal), they argued that
gimilar deficit; might result in humans who have either basal ganglia
damage or frontal lobe dalag;. The Aubert experiment provided a
cruclial test since pgtienta wifh front&l lobe damage had been éhown to
fail at a specific task (setting a luminous rod under condition of-
body-tilt) and Teuber and Proctér (1964) subsequently showed that

L
Parkinsonian patients failed in exactly the same manner. This

contradicted the earlier belief "that little or.no alteraltion in
higher functions should be expected, as long as the destruction is
confined to the basal ganglia" (Teuber & Proctor, 1964, p.85).

A
Switching from one mental set to another. Bowen carried out a

series of experiments to further study the visuospatial deficit
uncovered by Teuber & Proctor (1964). Her results showed that PD
patients were impaired on a route-walking test when the body position
was not oriented to map coordinates (Bowen, Brady & Yahr, 1972); and,
on/identifying body parﬁs (Weinstein body test) when stimuli were
prpsented in a contralateral orientation (Bowen, Burns, Brady & Yahr,
1376). Under these two conditions, Parkinsonian patients were unable
to reverse the information provided, or to shift tﬁeir perceptual set
to perfora these tasks correctly. It became apparent that a lack of
mental flexibility might, in part, be responsible far other similar
results such as the deficits observed in the route-wa king test {Bowen

et al., 1972), the Weinstein body test (Bowen, 1976),]and the

i



Wisconsin Card Sort (Bowen, Kamienny, Burns & f;hr, 1975). N

Given that patianta with frontal danago and those with bagal
ganglia damage exhibited similar clinical deficits, Bowen et al.

(1975) reasoned that the two groups might share other synptona-rolated
to cognitive functions. The authors chose a sorting task to assess
concept formation in those patients who suffered subcortical damage
because'this had revealed impairments in the ability to shift =sets in
patient# with frontal lobe lesions. A ‘set' may be defined as a
propensity of the brain to respond iﬁ one way. when other alternatives
are available. Control of set requires the maintenance of one's
stratag} despite the pull of othor-poaaibilitiea; and also the ability
to be sufficiently flexible to change astrategy under new
circuastances,

Using the Wisconain Card Sort, Bowen et al. {19751 showed that
Parkinsonian patients not only formed fewer concepts but also made
significantly more errors than their normal controls. Parkinsonian
patients were shown to be vulnerable to proactive interference, and to
also to have short-term memory deficits. This suggested that theae
deficits might have interfered with the recall of the correct sorting
criteria, Iq a further study on changes of personal orientation in
patients with Parkinson's disease, (Bowen, et al.,ll976),‘the
deficits found in Parkinson's disease patients on apatial orientation
tasks were also explained in terms of an impairment in switching from
one type of perceptual organization to a different one. It was

inferred that the deficits on hoth the route-walking test (Béuen et
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al., 1972) and the body scheme test (Bowen et al., 1976) aight be
TN L

explained by a primary loss of mental flexibility shown through the

inability to switch perceptual sets. These results.are consistent

with those obgerved in the Wisconsin Card Sorting Test (Bowen et al.,

1975) and Eavoured a paralieliism between the deficits found in
Se— . .

patients with Parklnsqn's disease and thos; found in patients with
damage to the convexity of the frontal lobe. However, Bowen (1976)
favoured the primacy of the short-term memory deficits which leads to
the conclusion that s;aal ganglia diseases produce deficitg of their
own, and which are only aupe}ficinlly ;ililar to deficits seconda;} to
frontal lobe damage (Stuas & Benson, 19865.ﬁ_§0wen (1976) felt that
the overall behavioural aeficits shown by the Parkinsonian patients‘
were consistent with th; "subcortical dementia syndrome” of Albert eg
al. (1974}, -

This reduced nenhal flexibility was demonstrated to be present
very early in the course of Parkinson's disease by Leeg and Smith
(1953i who tested patients at the time of diagnosis, prior to the
patients being treated. In a gimplified verasion of phe Wisconsin Card
Sorting Test (only cards having ai;gle attributes were used), Lees and
Smith confirmed that the patient group experienced difficulties in
cospleting concepts, and showed an increase in perseverative errtTs
Contrary to Bowen et al. (1975) no short-tera ienory disturbances were
found when taséed for with a two-choice recoghition memory test. The
authors hypothas;zed_that the impaired ability of these patients to

.

form and shift concepts were likely due to damage to the
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ltsoeorticolilbic pathway {ng}toﬁ, Rouquier, Javoy-Agid, 1962),
secondary to dopamine dapietion.

The loss of mental flexibility,‘or the inability to- shift sets
| in Parkinson's disa;se patienﬁs Teportad by-ﬁouen“et/:/f (1975) and
Lees and Smith (1983} waaralso reported aore 'racefitly by Cools, Van
Den Bercken, Horstink, I?P Spaendonck & Berger {(1984) who prefered to
call it a "sh%fting aptitude™. By shifting dﬁtltude,ifzg authors
specificdlly mean the "ability to reoiggﬁ/;e behavxohr according to
. the requirenents of the task” (p..4433. Patients with Pirkinaon's
disease whose ascored on standardized tests indicated an absence of
dementia were examined on various Bpeciali;ed sorting tasks tapping
the cognitive agziity to both generate and alter categories, and also
on motor sequences where the ability to correctly perform and quickly
ﬁlternatﬁ inéo another saqﬁence was required. Parkinson's disease
‘patients showed deficits on both the cognitive and the motor shifting
tasks, resulting in an overal?\reduétioh in Jshifting aptibudé".
Using this evidence, together with that provided by animals with
ddnagé to the striatal system.in the basal ganglia, the authors argued
that the intéqrity of the basal ganglia is necessary for the
preservation of ‘shifting up:;tude'. They grant that such deficits
could be found in patients with frontal lobe damage. Such deficite in
§ersevpration of incorrect responses and difficulty in naintaiging
sequences of eé;rect responses. have been demonstrated in patients with

frontal lobe damage (Stuss, Kﬁplan & Benson, 1982; Stuss, Benson et

al., 1983).
/.
-

f
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Flowers and Robertson (1985) attempted to dissociate the
"éogniﬁive 1lpuirlents", i.e. the formation’ of concepts, from the
"behavioural disturbances”, i.e. the internal control necessary to
apply concepts, in patients with Pnrkinﬁon'a disease, To do so, in

™ ~y
their Experiment ), they devised their own task (called ‘the
0dd-Han-0ut) which is a chéice discrimination task designed
specifically to monitor the internal control of set. In the first
trial, subjects were redui;ed to identify the one item amongst three
items which differed in some way from the others. Parkinsonian
patibnts produced almost as many concepts as the normal controls,
which showed that the generation of correct concepts and their
appropriate applicatioﬁ to a rule is virtuall;.unaffected‘by
Parkinson's disease. On the second trial, the subjects were asked to

choose the odd figure again but this time by following a different

rule {to the same items) from that in-the previous sequence.

- Parkinsonian patienté were found to revert to the first applied rule

and to oacill&te between two known rules. They thus showed difficulty
in maintaining a given set once an awareneig of other possible choices
had developed. Conments made after the akperiment revealed that the

control subjects had a tendency to revert to the prior set, but that

-they were able to self-correct apontaneously. Such observations have

been =ade by Bowen et al. (1975), Lees & Smith (1983), and Cools et \>

al. (1984). According to Flowers & Robertson, "Parkinson's disease

interferes with the ability to maintain one rule against a possible
;
second one" (p.523).%



XX )

The authors replicated these results by manipulating other
'factors'thaé could uccoun; for the findings (i.s. distractibility
versus propensity to intrusions). Using a modified version of the
0Odd-Man-Out, the procédure followed in their Experiment 1 was repeated
iﬁ'their Experiment 2. The results found in the former experiment
were replicated. Parkinsonian patients were still ;nable to prevent
intruding alternatives from being given ae responses, i.e. they failed
not only at maintaining set but alsc at kquing in check competing
responses:

These results, in conjunction with other results, led the authors
to suggest that Parkinson's disease is not associated with a general
dementia but rather shows very specific behaviourél changea bast
deacribed in terms of ‘subcortical dementia’, ‘limbfc system denentia'
or frontal syndrome.

In summary, the asility to shift set (Dowen et al., 1976: Bowan
et al., 1972; Bowen et al., 1975; Bowen et al., 1976; Flowers &
Robertson, 1985 Lees & Smith, 1983; Tweedy et al., 1982) or the
shifting of aptitude (Cools et al., 1984) has been found to be
impaired in Parkinson's disease, although the ability to generate
concepts has been shown to be intact (Flowers & Robertson, i965).

More specificalliy, Flowers & Robertson, clearly showed that
Parkinsonian patients failed consistently to block competing responses
from being put forth. fThia is asimilar to Milner's (1964).finding that
frontgl lobe patients were unable to overcome previously established

response patterns on a similar test (Wiscéﬁsin Card Sort).

’uI‘.



Hemory. Most clinical reporps stress that'Parkingon's disease
“affects memory. In the subcortical dementias, nemory is presumed to
be affected in a way which cle;rly distinguishes it from™ memory
changes seen in the cortiQZI dementias. Qualitatively, subcortical
darage is said to be associated with a deficit described as an
inability to ratrieve ;ute;ial that has been learned:; a ‘forgetting to
remenber' (Benson, 1978; Cummings & Benson; 1983; Caine, Ebert &
'Weingartner, 1977). T ' : )
Published experigental investigations of £he'nelory deficit in
Parkinaon;é‘diseagg are few, One study (Tweedy, Langer & NMcDowell,
1982) directly addresses tﬁéﬁclain‘fﬁat subcortical dementia does not
‘produce a true memory deficit, but rather a pure retrieval deficit.
In a pnradign designed to examine storage and retrieval capacity under
conditions of free recall, cued recall, and recognition, Parkinsonian
patients were presented with semantically related aaterial., . It was
hypothaesized that a true retrieval deficit _would be refleéted by a
poor performance under free recall“and a maximal perfornanca‘under a
forced-choice recognition condition. The evidence, in‘éarticular the
improvement gradient from free-recall to cued recall, validates the
contention that the primary higher deficit in Parkinson's disease is
one of retrieval: a) pafianta with Parkinson’'s disease performed
poorly at free recall; b) cues were of some benifit to access more of
the learned material and c¢) the forced-recognition task almost

restored memory to the level of the normal cuntrols. With respect to

the internal organization of the words, Parkinsonian patients
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clustered words semantically as well as the two other groups.

in a second experiment, Qﬁbjecta ueratroqulrad to identify
praviously seen uords';r their synonyms (the discrimination between:
learned *and novel material following a delay). Under thisAcondition.
Parkinsonian patients showed inpairad‘Facognition‘as compared to the
other groups, particularly with respect to the recognitioﬁ of synonyns
which was interpreted as reflecting a specific deficit related to
semantic content. It thus appears that the retrieval operation is not
the only impaired process in Parkinson's patients,

In the third experinpnt, supjacts were given a short-tera racall
task, a modified version of the Brown-Peterson teat, consiasting of
saenantically related words froa fogr different categories.
Parkinsonian patients were'not_inpaired when immediate recall of the
items waa requested. However, tgé impairment shown under the various
delays was proportional to the length of the delay. This performance
Was interpreted as being indicative of a faﬁlty primary registration
process which results in an accelerated loss of Intormation. Such a
deficit would be similar to that reported in Alzheimer's disease
patients (Corkin, 1982; Miller, 1971).

The similarity, it was hypothesized, aight be only apparent. 1In
an atteapt to create a release from proactive £hhibition, the
experimenteras changed, without warning, the semantic categories of tha
uérds to be learned. The results showed that Parkinsonian patienta
Wwere impaired on the release trial as compared to the other groups.

The Parkingonian group showed ilptovanen; at trial 2, suggesting that
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a difficulty in switching sets (Bowen et al., 1975; Lees & Smith,

.

J—

1983; Cools et al., 1984; Flowers & Robertson,'EQBS) aight have been
compoundad to the memory jeficit. Parkinson's disease patients may be
nora'vulnerabla to failure on this taask due to the astructure of the
test itself, as it requires two switches, one from learning to
counting and another from counting to retrieving, The observed
deficits may thus partly reflect the operation of interfarence so that
the failure in Parkinson's disease would result from qualitatively
different reasons froam those chtained in Alzheimer's disease. Failure
as a consequence of interference, as defined by t£; Brown-Peterson
technique, rather than as a consequence of a short-term memory
defiéit, has been delo;straﬁed on patients with orbital-medial frontal

leucotomy lesions (Stuss, Kaplan, Benson & Weir, 1982)

The results of Tweedy et al. {1982) are different from those of

"Caine, Ebert & Weingartner (1977) despite the use of a sinilar

protoceol. In a memory task invelving immediate recall, delayed
recall, cued recall, and recognition, Parkinsonian patienta performed
48 well as normal controls,

Recégnitipn memory was studied in a comprehensive manner by
Flowera, Pearce & Pearce (1984). The chosen taak minimized both motor
and mental manipulation of material so that the dependent variable
would give information about the effect of the disease on a patient's
ability to learn and later recognize without error the learned
material. Subjects were asked to remember listg of items (objects,

histograms, words and numbers) and to then recognize the items amongst
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other items {immediate testing with half the items and delayed testing
of fifteen, thirty or forty-five minutes with the dther half). It was
hypothesized that a deficit in registering would be reflected by the
immediate recall score whereas a lﬁsa of the information or an
impairment in the consolidation mechanism would be reflected in the
delayed tests. The results clearly showed the ?arkinaonian p;gients
performance to follow that of the controls despite a slightly lower
lavel of accuracy. Furthermore, patterns of memory processing in both
Parkinsonian patients and normal controls resmained equivalent across
the four test paradigms. Parkinson's disease, it was concludeé, is
not agsociated with a recognition memory deficit. One woul&
‘thprefore have toﬁinfer intact registering, encoding and-retrieval of
information during a passive memory task. Any deficit in an ‘active'

nemory task would have to be related to a deficient retrieval

aechanisa.

Another line of investigation of recognition memory involved
delayed response ta;ks {De Lancy Horne, 1971). 1In this protocecl,
subjects were required to identify, from a saall array, nodifieé
Chinese symbols, previously learned, after delays of either 10 seconds
or 60 seconds. Parkinsonian patients were observed to have slowed
reaction time as compared to the control group, but were equally
-accurate. The results were interpreted as reflecting purely cognitive
deficita, as the protocol excluded motor demands, and wae conasidered
to be secondary to basal ganglia damage. These results aust be

qualified, however, on at least three counts. Firstly, the use of
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very complex visuo-spatial designs placed Parkinsonian patients at an
immediate disadvantage by virtue of their symptomatology. Secondly,
the patients used in this axp;;;lent represent a subgroup of
Parkinson's disease patients as they had all suffered a thalamotomy
operutién. Lastly, a}l testing procedures were carried within one to
three weeks following the operation so that the—question of mental
status at testing is unclear.

To summarize, deficits in mnemonic processes have been reported
in non-demented Parkinsonian patients (pacie;ts who do noﬁ score
within the demented range on a dementia rating scale). The impairment
has been interpreted as being a retrieval deficit (Flowers et al.,.
1984; Tweedy et Qil, 1982) as revealed by intact recognition memory
(Flowers et al.,\E§84; Caine et al., 1977; De Lancy Horne, 1971;
Tweedy et al., 1982). When given a short-term recall task involving
filled delays, Parkinsonian patients were reported to be vulnerable to
interference (Tweedy et al., 1982), a finding also seen in patients

with frontal lobe damage {(Stuss et al., 1982b).

Memory and Reaction time. Reaction-time atudies have most often

focusaed on the motor disorder in Parkinsonism (Cassel, Shaw & Stern,
1973; Evarts, Teravainen & Calne, 1981; Flowers, 1976; 1978a; 1975#;
Heilman, Bowers, Watson & Greer, 1976; Velasco & Vaelasco, 1973;
Wilson, 1925; Yokochi, Nakamura, Narabayashi, 1985). A saall number
of studies have attempted to determine whether subcortical lesions,

such as those found in Parkinson's disease, produce a ‘slowing of

thought' (Albert et al., 1974; Albert, 1978). Wilson (1955) used the

-

S
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word ‘bradyphrenia' to refer to the "lontal.inertin and sluggish
cerebration of not 3 few Parkinsonians" but he felt that thg slowness
of thought was "probably more upparenf than real, being due to
retardéd execution but not perceptibn“ {p.933). This long-atanaing
opinion has been challenged by results reported in a study of the.rate
of motor information-processing during movement {Sanes, 1985). In
that study, Parkinsonian patients were observed to process a reduced
amount of inforlation per unit of time as compared to normal subjects,
possibly due to some deficit in either the programming, retrieval, or
execution stages of motor behaviours, or some combination of thesa.
Garron, Klawans & Narin (1972) studied a group of non-demented
potients with Parkinson's disease on four verbal tasks. One task
required the identification of synonyms, ﬁhile another required
reorganizing the letters of a given word so that it would make a new
word, if pogsible. The third task was a recognition test in wﬂich a
string of tﬁree to ten digits had to be recognized from another
string. The laat task required the judgement of whether a word did or
did notjbelong to a group of words of a given category. Responses and
tiaing were computer controlled. The results showed that the
Parkinsonian patients clustered into two subgroups: one group that did
not differ from the noramal control subjects and another group that
showed both slowness in response on all four tests and impaired
intellectual function. The main characteristic of the slawer patients
was that they were significantly older and significantly more disabled

than the patients with the faster response time. The slowing in the
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older group was interpreted as reflectinﬁ §§e.poaaible additivity of
brain disease and ageing. Warburton (1967) had.already noted that
older Parkinsﬁnian patients exhibitéd a signifi;ant degree of memory
disturbance, and she too suggested that the deficit resulted from an:
.intaraction between the natural decline in memory function associated
with increasing age (Craik & Simon, 1980; Poon, 1985; Simon, 1979)
together with that arising as a result of the Parkinson's disease
process.

The next three reviewed studies are of particﬁlar importance
because their paradigm is similar to the one used in this
dissertation. in the first study, Wilson, Kaszniak, Klawans and
Garron (1982) investigated scanning apeed in Parkinson's disease
patients using the varied-set procedure of the reaction-time paradigam
developed by Sternberg (1966). This is a particularly useful paradiga
because it clearly separates the speed of mental events from the speed
of motor events. The protocol requires the rapid search of memory for
the retrieval of learned information. A group of old (over 65 years
of age) and young (under 65 years) Parkinsonian patients were compared
to matched contrel groups in a task requiring them to decide as
quickly as possible whether a test digit was one of those seen amongst
one, two or four digits that had been presented to them a few seconds
earlier. 'If the deciéion was positive, the subject pressed a key with
his/her right hand; if it was negative, the subject pressed a key with
his/her left hand. Subjects were given 192 trials divided into 12

blocks of 16 trials each. Wilson et al. found that the older patients
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were slower to scan the items in IOIOfY (61 mse¢ per item) (as
conputed from the slope function of tﬂe linear regression performed
on the data) as compared to the older normals (29 msec per item), the
young patients (34 msec per item), and the young normals (36 asec per
item). Accturacy of response was preserved in the older §roup.
Because of the extreme variabilitylof the data, a lo%qfithnic

tranaformation was performed on the reaction times, which when

=

subnitted to variance analysia, revealed tﬁat slowed mentation is a
characteristic of older patients with Parkinson's disease. The
authors used the term ‘bradyphreni&' to describe this deficit., These
findinﬁs are similar to those of Garron et al. {1972) in that both age
and diseasse were, pérhaps'additively, linked to the slowness.

Since this dissertation was initiated, another study has been
published (Rafal, Posner, Walker & Friedrich, 1984) using Sternberg’'s
pargf}gl to investigate the characteristics of the slowed éhinkind
which‘is central to the concept of frontal system dementia. It tested

_the hypothesis that mental slowing might be the cognitive equivalant
to the motor phenoaena of bradykinesia,_ﬁnd that both may Ee linked to
the dopaminergic depletion. The subjects were ten patients, between
the ages\of 33 to 75, diagnosed as suffering from idiopathic
Parkinson's disease. Four (ages 66 to 75, mean = 71) were tested
prior to and after chemotheraphy. The six remaining patients (aged
33 to 70, mean = 58) were axperiencing treatment failure. These
patients were tested during the ‘on-off’' cycles of their fluctuations.

All patients in this group were considered mentally noraal, whereas
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-two patients in the former group were considered to have some mental
impairment.

The pubjects were shown a list of 1, 2, 4 or 6 digits, presented
simultaneocusly, for a period averaging .5 seconds per item,

( Following a one sgcond interval, subjects were shown one digit whith
they had to identify; as quickly as possible, as being a member of the
learned set or not. The fesponse node was nanu#l.

Results did not support Wilson's et al. (1980) finding of a
mental slowing in Parkinson's disease. The speed of scanning was
found to be approximately 40 msec per item, which falls within the
normal range. The aﬁthora interpreted these result as evidence
suggesting that bradyphrenia is not a component of Parkinson's disease

-

in general, and that if it does exis¥, it is not reihted to either Q\h
bradykinesia or dopaminergic dysfunction. Théy too, however, suggest
éhut bradyphrenia may occur in subgroups of Parkinsonians wholuould
have more severe deficiencies in nesolimbic or mesocortical dopamine

« pathways. These patients would differ from those h;ving mainly a
nigrostriatal dopamine deficiency, pathologically, as well as

(’ETEnically.

& Another more recent study (Hines & Volpe, 1985) investigated
semantic nct;vation in patients with Parkinson's disease using a
lexical decision task which allows separation of motoric movement from
mental processesa. The task required subjects to decide whether groups

of letters prosented formed a word or not. In contrast to Wilson's et

al. (1980) result where evidence of slowing of short-tera aemory was
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reported, Hines and Volpe found no evidence of internal mental
‘slouing. _They‘ln;grprotad their results aé indicating ;hat processes
that require effort-apd attention are impaired in Parkinson's disease
{as shown by the slower short-term scanning reported by Wilson et al.
1980) uhergas automatic processes are spared.

In summary, the results with reapect to the hypothetical
bradyphrenia in Parkinson's disease remain controversial. Despitd the
fact that slowing on thquasis of clinical impression has been
froquontlf reported over a long period of time, there are énly a few
rapofts of measured slo#ing (Garron et al., 1972; Hansch et al., 1982;
Wilson et al., 1980). An abgence of slowing has been more oftan
reported (Everts et al., 181; Garron et al.}‘1972; Hinag & Yolpe.
1985; Rafal et al., 1984). Slowing, when it occurs, seems to appear
in older and more disabled patients. One pbssibility is that.enrly
young Parkinscnians have mainly subcortical damage, as manjfested by
the motor symptoms, whilst older, longer-diseased patients have

. !
cortical damage with dopaminergic deficiencies which lead to

/‘

In 1906, Dr. Alois,Alzheiiqr described "a unique illness” at a

bradyphrenia.

Alzheimer's Disease

meeting of the German Society of Alienists, opening with the following
[4
remark: "The clinical course and pathology of thias distinctive

process separate it from the known neuralogic disorders”, He provided

. 3
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eQidenco of a disruptfdh:of neuronal function in the corﬁex of a
51-year-old woman which he asgociated with thngradual clinical
detoriorntion,in intellectual function and pefhonality he had observed
pre-mortea. Up to that time, dementia had been a functional clinical
" entity, a syndrome, treated by alieqista (psychiatri;ts), rather than
sy neurologista, If Alzheimer's discovery did not facilitate
diagnosis pre-mortem, it did allow a definitive diagnosis posf;ndrten,
of one defined subgroup of clinically demented patients. His careful
account of the progressive nature of the clinical signs and syaptors
of the'disense provided an impetus for subsequent workers both to
follow its cognitive concomitants as they presented during life, and-
to stimulate research ipto the neuropatholdgical changes at necropsy
leading to advances in our understanding of the underlying disease
process. His contribution was marked by Emile Kraepelin, who calleé.

the condition Alzheimer's disease.

Patholagy

Macroscopically, reduction of cerebral substance ig conaonly
present in the elderly. Brain atrophy is manifeated by a relative
increase in the volume of the ventricles, basal cigterns, and
subarachnoid spaces. This chang;-ia viewed as a result of the normal
process of ageing despite there being no evidence for such a reduction
in cerebral substance in the 3% of over 65's who ar; disease free. It

<

has not been found to cortelate dire tly with the clinical severity of

-
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~dementia (Jacoby, 1981).
The weight loss {ﬁ the brain of demented individuals is 10
percenthgreater than that of non-demented qged braiﬁs {Terry &
Davies, 1983), and, in part, that greater weightloss resulte ffol a
reguction in the absolute volume of neuron-bearing cortex (Corsellis,
1976; Tomlinson, 1982}.
Certain arehs of the brain of patients with jadvanced Alzheiner's
disease show more narked‘atrophy including the temporal lobes,
especially its basal, medial limbic portion (hippocampus and
amygdaloid nucleus) and the post-central parietal region.
Encephalopathy is present, though, less severe, in the frontal lobes. 3
In contradistinction to these 9reas, the primary projection areas
such as the sensorimotor corteg and calcarine gyrus are well preserveﬂ
{Brun, 1982; Brun & Gustafson, 1976:.Brun & Gustafson, 1978).
Generally, brain atrophy has been found to have little diagnostic
value. In presenile cases, it caﬁ be minimal, whereas in SDAT .
’atrophy may be either minimal or ovaershadowed by the decrease in brain -

site taken to be consequent upon normal ageing (Perry, 1986).

However, a consistent finding (both macroacopic and microscopic) is (/ : ?

the reduction in size of the temporal lcohes in brains showing

Alzheimer's disease changes, as compared to dée-nutched braina without
4

Alzheimer's disease (Hubbarb and Anderson, 1981; Tomlinson et al,

19684).

Cortical neuronal loss in Alzheimer's disease has been found to

exceed age-dependent decline rates, with the losses being most severe

&
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in the anterior temporal lobes (Brun and Gustafson, 1976; Colon, 1972;
Shefer, 1973; Terry. QGck, DeTeresa, Schechter & Horoupian, 1981),.
However, the extent of total neuron loss from the cerebral cortex in
Alzheimer's disease remains controvafsial (Tomlinson & Corsellis,
1984). Brains with Alzheimer's disease changes p;ve been reported to
show significant decreases in the nﬁlber_of large neurons in
nidlfronyai (40%), superior temporal (46%), and inferior-parietal
:;gidns'(Terry a£ al, 198l) as compared to age-matched brains of
non-demented p&%igpﬁs;

The tuo classi;ai pathological microscopic lesions associated
wiEh Alzheimer's Qisease arq\ienile plaques (SP) and neurofibrillary
tangles (NFTs). Senile plaques were firast described over 80 vears
age by Blocg gnd Marinesco (%892).‘ Three_nain morphological
conastituents may be identified in the typical SP: a) abnormal
neurites; 5) abnormal glial cells; and c¢) amyloid fibrils --found

predominantly at the central region of the plaques. Ultrastructural

observations reveal that the number of presynaptic terainals seen in

SPs suggest that the majority of their neurites are axonal, and

contain abnormal mitochondria, dense bodies, pairéd helical filaments
and lysosomes. ’Plaques are predominantly found in the gray matter of
the cortex although they'have been observed in the striatum and
diencephalon (Budélli. Ambler &.Wisniewski, 1984). The threshold
hypothesis (Blessed, Tomlinson & Roth 1968; Tomlinson, 1979) predicts
thnt; nfter a certain le¥el, plaque counts continue to increase |

without further degeneration because close to maximum damage has been

-
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achieved., Despite decadaes of researhh, the etiology and the affect of

their formation on cortical neuronal function remains elusive (Perry,

1966).

NFTs were the laih cortical microscopic abnormality reported by
Alois Alzheimer (1907). They are intracellular, cytopiasnic
gtructures which are believed to consist of abnormal fibrillary
uggregntes of protein. Tangles usually form in laréa,pyranidal-ahapad
n;urones, but may be observed in smaller, granular-type neurones or
interneurons. In the neocortex, NFT's‘ura located in nid- and
deep-corticdl regions (layers 3, 4, and 5), with preferential
localization in the hippocampus. They also are present in the raphe
nuclei of the brainstem and the neurons of the locus coereleus
(Bondaraff,‘ﬂountjoy & Roth, 1982; Hirano and Zimmerman, 1962; Ishii,
1966). The morphology of the NET's differs from one area to the
other, being flame-shaped in the hippocampal formation, curvilinear in
the neocortex, and globose in the brain stes, Ultrastructurally,
NEFT's are composed of paired filaments that are twisted around each
other in a helical fashion (Kidd, 1964; Terry, 1963), and terminate in
a single filament (Wisniewski, Narang & Terry, 1976). Their precise
chemical composition remains ungﬁoun, but it has been suggested that
they may be derived from either neurofilauen%swor neurotubules
(Grunde-Iqgbal et al, 1979; Gambetti at al, 1980).

NFPTs are a major hisﬁological hallmark of the disease and are

generally essential to the pathological diagnosis of Alzheiner's

disease. Contrary to the plaque formation, tangles are rarely found
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in the neocortex, their extent being generally associated with length
of time the disease has been present. The tesporal lobe oftyn

articularly affected, wheareas the occipi;al lobe is auch less so.
Tanglae for!ation is.aﬁundant iq archicortical regions (Tomlinson &
Corsellis, 1984) in teras of both denﬁity and proportions of neurons
involved. In this latter area, tangles are distributed in the brains
of both normal und'denented individﬁals, aé well as in oth;r‘d;sease
proceahea.. For diagnostic purposes, the posterior hippocampus has .
.baen found to be the most usefullregion to éxanine, because fangle
formation in this area was observed to be .more extensive than in the
anterior hippocaapus and, quantitatively, estimates.of tangles
reliably diagnoée cages of Alzheiner's disénse (Ball, 1977).

The significance of the SP's and ﬁFT's_for.the developaent of
the clinical syaptoms of Alzheimer's disea39 has been e;tablished
through conbined clinical and pathological studies (Perry et al,
1978; Wilcock & Esiri, 1982). These studies have demonstrated a

correlation between the number of plaques in the neocortex and the

severity of the cognitive deficits (Blessed and Tomlinson, 1965;

. Shefer, 1973).

The topography of the degenerative process has been mapped by
Brun and Gustafson (1976) and has not been found to be uniformly
severe in all regions. The hippocanpha and aaygdaloid nucleus show
the most severe damage, whereas other areas, in order ﬁf decreasing
severity, include the inferior temporal region {Brodmann area 20, 21),

the post-central parietal areas (Brodamann 7b, 19, 39), the posterior
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cingulate gyrus (Brodmann 23), and the frontal lobes unﬁarior to the
precentral gyrus. Relatively spared until late in the disease ara the
untefior cingulate gyrus {Brodmann 24), the sensorimotor region

" (Brodmann 4 - 7a), and the calcarine‘araa (Brodmann 17).. Figure 1
shows how Alzheimer's disease affects the cerebral hemispheres.

The clinical diagnosis of‘Alzheiner's disease re;ains a
‘diagnosis by exclusion', while pathological diagnosis requires the
examination of excized brain tisspe. Recent technological advances
have provided a method for the non-invasive 15 vivo quantification of
cerebral‘rates of glucose use, from the use of positron emission
tomography (PET) (Benson, 1982). This method has been applied to
patients with presumptive Alzheimer's disease (Qge-HcGeer, 1986, for
review).

A general pattern has emerged from the application of PET to
presumptive Alzheimer's patients. Results indicate a significantly
reduced cortical local cerebral metabolic rates for glucose
utilization (Farkas, Ferris, Wolf, et al. 1982; Ferris, De Leon, Wolf
et al., 1980; Foster, Chase, Fedio, Patronas, Brooks & Di Chiro, 1983;
Freidland, Budingef, Koss & Ober, 1985). Although there was variation
of glucose metabolism in the areas of the cortex involved, no
consistent pattern could be identified.

Hypometalbolism has been observed in the teaporal-parietul cortex
of Alzheimer's patients as compared to frontal cortex (Benson, Kuhl,
Hawkins, Pheips & Cummings, Tsai, 19683; Chase, Foster, Fedio, Brooks,

Hansi & Di Chiro, 1984; Friedland, Budinger, Jagust et al.,AT§85).



P 8 1. A view of the cerebral hemispheres as affaected by

'Al;hoiner's disease.

!
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. TOW DAT AFFECTS THE e
CEREBRAL HEMISPHERES |

O Nochanges
8 Mild changes

O Moderate changes .
O Severe changes f%- S
) Tolal degeneratlon e

Medilai (top) and laleral (bottom) views show distribullon of
pathologlc changes. Most saverely affscted ara ihe _
posteratemporal, temporoparietal-fjunction, and medial-jemporal
reglons (yellow, gray). corresponding abnormailities are memory -
Impalrment, visuospalial disturbances, cognlitve allerations, and
fluent aphasia. Lesser Involvement of the {rontal'and anlertor .
temporal corlices (blua, rad) Is rellaclad Ip cognllive Impairment
and personallty changes. The primary viéual, molor, and
somatosensory tegions ara largely spared (while). ‘

-
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This finding conpareé well with the regional pathology of the disease
as mapped by hiétological gtudies (Brun, 1984; Brun & Englund, 1981)
which revealed that the ar;aa nost gseverely invﬁlved were the
posterior temporal and parietal cortex.

Studies of glucose utilization have also revealed asymmetrical
hypometabolism patterns depending on whether language or
constructional apraxia werg the outstanding disturb;ﬁces. In the case
of language, Foster et al., (1983) observed the largest ﬂfduction to
be in the left frontal, parietal and temporal regions in patients with
predoninantly language disorders whereas the right temporal and
parietal lobes were more affected in patients with constructional
disturbances. When memory disturbances were the predominant deficit,
noe such asymmetrical hypometabolism patéerns were observed.

PET provides an unprecedented app?ouch to the in vivo
quantification of aspects of neural pathophysiology. Findings of such
Etudiea correlate with the post-mortem histological findi;gs and
therefore offer hope for in vivo diagnosis in the future. To date,
hypometabolism has been ;hown to be worst in the temporal-parietal
fobes, and has revealed asymmetrical patterns which relate well to thq
behavioural features of the iliness and may prove to also relate to
the age of the patient (Koss, Friedland, Ober & Jaqust, 1985).

Recent findings may challenge the view that the dementia in
Alzheimer's disease is linked to the plaques and tangles. De Boni and

McLachlan (Medical Post, 1986) have recently produced the first

succesaful culture of paired helical filaments by altering the
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environment of human ﬁrain cells in vitro with agents (glutamic and
aspartic acids) that are part of the normal functioning brain but that
become toxic when present at elevated levels. Unexpectedly, paired
helical filaments were formed after having been exposed to normal
concentration ievels of these two agents., These two amino acids act
a8 neurotransaitters and are reabsorbad by the neufonq after
completing their action, withlthe excess bd&ing broken down and leaving
a momentary higher concentration of glutamic and agpartic acid.
According to De Boni, the neurotransmitters in Alzheiner's disease are
not broken down and diésipatad as quickly or as coapletely as they are
in normal brains which results in a toxic environnent, without
reaching toxic levels. The exposure to the agents results in the
manufacturing of paired helical filaments which, over time, would
become neurofibrillary tanglas. Interestingly, De Boni suggests that,
if this is go, plaques and tangles may be no more than an
epiphenomenon and may not be related to the dementing illness.

The traditional view of the neuropathology underlying the
progressive loss of higher mental function in Alzheimer's disease
holds that it involves primary damage to the éarabral cortex where
higher mental functions are taken to reside. However, subcortical
nuclei have also been shown to be implicated in the disease (Mann,
.Lincoln, Yates, Stamp & Toper, 1980; Perry, Candy, Perry et al., 1982;
Tagliavini & Pilleri, 1983: Whitehouse, Price, Struble, Clark & De
Long, 1982).

The discovery that neuronal loss was also present in the regioh
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of subcortical nuclei has challenged the traditional notion of a
primarily cortical involvement in Alzheimer's disease. Current
neuropathological research has focussed on a group of subcortical
nuclei which give origin to axonal processes which project to the
cerebral cortex. These include the cholinergic cell bo;ies situated
in thé basal forebrain region (septum, diagconal band, Meynert
nucleua), the noradrenergic cell body located in the locus coerulus
and the serotonergic cell body situated in the dorsal raphe nucleus.
All innervate the cortex in a diffuae fashion; Table 7 presents the
subcortical nuclei known to be affected in Alzheimer's disease. Jé
Pilleri (1966) first reported neuronal loss in the Meynert
nucleus in Alzheimer's disease and Davies and Maloney (1976) first
racorded significant reduction of choline acetyltransferase in the
brain tissue of patients with senile dementia of the Alzheimer's type.
These were later confirnedg?y Whitehouse et al. (1982), Perry, Perry.
Blessed & Tomlinson (1977), Spillane at al, 1977: and Rosszor, Emson,
Mountjoy, Roth & Ivegion {1980). Because the neurcnal loss froa 75%
to little or none was not observed to be proportional to the extensive
.logs (over 90%) of the .acetylcholine synthesizing enzyme, choline
acetyltransferase, from the Meynert nucleus (Perry et al., 1982), a
retrograde axonal degeneration in response to abnormalities in their
terninal fields was hypothesized. Evidence supporting this concept
was provided by the retention of acetylcholinesterase histochemically
in individual neurons ¢f Heynert's nucieus, and absence of staining in

the cortex (Candy et al., 1983). The role of the chdlinergic systen



Table 7

Status of Some Subcortical Nuclei in Alzheimer's Disease

5%a

Nucleus

Pathological

changes

Neurotransmittsr
type

Neurone loss

Neurofibzillary
tangle formation

Heynert nucleus

(Basal forebrain)?

Substantia Nigra
(Midbrain)

Mesccortical
(AlO) subgroup
of substantia
nigra

Cholinergic

Dopaminergic

Dopaninergic

(Midbrain -ventromedial)

Ponto-
mesencephalic
reticular
formation
(Midbrain)

Dorsal raphe
(Hidbrain/
Upper pons)

Locus coerulsus
{Pons)

Dorsal nucleus
vagus
(Medulla)

Mixed, includes
cholinergic
neurons

Serotoninergic

Noradrenergic

Cholinergic

Usually pregent,
zay be
oxtengive in a
ainority of
cases

Present in less
than 20% of
cages

Quantitatively
not vet agsessed

Quantitatively
not assesgsad

Conflicting
reports;
probably not
axtensive

May be present,
particularly in
advanced or
younger cases

May be present

Moderate number
{up to 30%) of
nsurones
involved

NFT formation
rare but Lewy
body formation
may occur in a
rinority of
casges

Moderate number of
neurons involved

Hoderate number of
neurons involved

Numerous up %o
40 or 50% of
neurgnes
involved

Only occasional
neurones
involvaed

Sparge

From Perry, 1986
t Location
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in memory has been examined pharlaqologically in studies examining the
impact of cholinergic blockers on memory,

Noradrenergic neurons from téa locus coeruleus have been shown
rapentadlylto be significantly impoverished in a proportion of
patients with Alzheiner‘s disease (Forno, 1978; Tomlinson et al.,
1981). This loss appears to be related to the severity of the disease
(Toilinson. Irving & Blessaed, 1981}, seing minimal in less
advanced cases and extensive in more advanced cases. One of the wmajor
areas of projection from this system is the cerebral cortex. It is
therefore not surprising that abnormalities in noradrenergic
activities have been noted at thes cortical level (Adolfsson,
Gottfries, Oreland, Roos &.Winblad, 1978; Cross et al, 1981). A
retrograde degeneration in‘the.subcorticnl nucleus is again
hypothesised to result from primary cortical abnormalities,

The involvement of the serotenergic nuclei projecting to the
cortex is les; well known but has raised interest as numerous tangles
have been observed in the dorsal raphe nucleus (Ishii, 1966). Tangles
have been observed only rarely in the locus coeruleus and to only a
moderate extent in the Meynert nucleus. However, if appears that the
presence of these tangles is not accompanied by substantial neuronal
loss from this nucleus. The reduction in serotonin metabolite
(Gottfries & Roos, 1973, Gottfries, Gottfries & Roos, 1969) suggests
significant abnormalities in the gerotenergic projections to the
cortex. Consistently, functional changes in neurons p;ojecting to the

cortex are not correlated with primary subcortical neuronal loss
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(Croso et al., 1985},
The cholinergic hypothesais {Perry et al., 1978) of Alzheimer's

disease appears to corralate closely with a'drop in test scores from
i .

[

normality to a noderate degree of dementia (ass;saed with the Blessed
test) but less strongly with the further decline in mental function
generally seen in Alzheimers's disease. The rel&tion batueen
cholinergic transmitter activities and Alzheimer-type pathological
éhangea is not direct as can be seen by the fact that plagques and
tangles are more proainent in layers 111 to V, whareas reductions in
the cholinergic enzgnes cholipe acetyltransferase and
acetylcholinesterase are not confined or even more pronounced in thege
cortical layersL(Parry et al., 1983). Therefore, the further |
progresagive decline seen in Alzheinarfs disease may be associated with
abnormalities in other systems. However, the cholinergic‘Pypothesia
Teraina unchallenged (Perry et al., 1981:; Cross et al., 1985) a;d
provides a link between the cholinergic svstén and mental
abnormalities, ——

Other neurotransmitter systems (dopamine., aminobutyric acid,
glutamic acid) have baén investigated but the results have indicated
norral or inconsistent levels, the relationship of which, with respect
to the neuropathological_featurqs, are unknown (Reisine, Yamamura,
Bird, et al., 1978). Some neuropeptide systems have been investigated
;ut it appears that the only consistent finding relates to

somatostatin which has been found to be reduced in many cortical afeaa

(Davies, Katizman & Terry, 1980), the temporal cortex only (Rossor,
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Emson & NHountjoy et al., 1980;ior in advanced cases onl? (Perry,
Blessed, Tomlinson et.nl., 1981).

The disqasa Alois Alzheimer identified is held reaponsible for
the most conl;n forn of dementia (Wells, 1978). The underlying
putholgéy does not betray itself in bpdily signs. To estahiiaﬁ the
presence of Ai;hainer's disease, ca;eful attention to the clinical
picture is necessary, because there are at present no non-invasive
methods that will confirm the diagnosis during life. The problem of
identifying the disease process is well-documented (Freidland.
Budinger, Jagﬁst, Koss, Derenzo, Huesman & Yano, 1985; Davies, 1983;
Terry, 1978; Roth, 1985). There have also been attempts to”iéentify
the constgllution of cognitive deficits particular to Alzheimer's

disease so that a neuropsychological diagnosis may be made during
life, -

Clinica}l characteristics

Sjogren (1952) provided the first clinical analysis of histo-
pathologically verified cases of Alzheimer's disease in the following

manner:

In stage 1 in Morbus Alihginar all the cases manifest
amnestic disturbances, and, curiously enough, no fewer than
15 of the 18 cases show a predominant aspontaneity and

reduced initiative. ... The observation that the
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aspontaneity and lack of inlti&tivo are as doiinating as
th;y are in my material contradicte the views frequently
presented in the literature .... to the effect that a
hyperactivity in the general behaviour is a characteriétic
feature for Morbus Alzheinar.{pﬁﬁo)- ‘

Other atriking features in the early stage included a rapidly
progressive disorientation in space, followed by a disorientation in
tine, Stage II may begin on an average of 1 to 3 years after the
first syaptoas were noticed with the obvious presence of a progressive
loss of higher mental functions. Language fupction is observed to
deteriorate and aprnc£ic, aphasic and agnost;c distd.ﬁbnces appear.
In atage 111, such focal synptoms disappear in the face of diffqée;
loss of higher mental functions, The‘denentia is then complete, and a
physical decline becomes apparent.

Other carefully detailed studies of the evolution of the qlpuu\Jh
loss of higher mental functions in histopathologically'varified casges
of. Alzheimer's disease (Newmann and Cohn, 1953; Sims and Suasman,

1962; Sulkava, Haltia, Paetau, Wikstrom and Palo, 1983) have confirmed
that the most prominent complaint is that of memory loss for recent
events. Language deterioration either in the form of naming
disturbances or word-finding difficulties én apontaneous speech
followed. Diaorientation to both time and place are seen early

whereas apraxia appeared later in the disease. Depression appeared as

a common symptos, even at the intermediate stage of the disease
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ﬁhereaa agitation, 1f preaent, appeared'latar. In the fi?al phase,
disorientation to person, stereotypy in aovements and_spaech nnﬁ

paraphasias were evideﬁt. E ' v

_chh degcriptions confira ghat-patients with Alzheimer's disease
underéo a progressive.intellectual deterioration. Table 8 (Cummings &
Benson, 1983) and Table 9 {(Reisberg, Ferris ;nd Cook, 1982) provide ?
examples of sumamaries of the st&geé that desc;ibe the ?liniqal course
of the disease.

‘Alzheiner's diseuse is manifested through changes in cognition,

amcongst which disordered memory is the firét and amost prominent
(Benson & Cummings, 1983; Lingrenf 1952; L'thnn, 1978; Sjogren,
Sjogren & Lingren, 1952; Reisberé?et al., %352). The memory

impairment remains the most consistent symptom throuéhout the course
of the illness (Liston, 1977) and is a sine qua non for.tﬂe diagnosiﬁ

(Wells, 1979). The slow, progreassive loss of memory and of other

cognitive functions is taken to reflect both neurcopathological and

J K

biochemical alterationas in the brain tissue (Sulkava, Haltia, Paetau, -
Wikstron & Palo, 1983). The report of slowed thinking by Sjogren
(1952) is an isolatad‘one and his finding haé never been mentioned in
subsequent reports, despite some researchers having addressed the
question experimentally {(Ferria, Pirozzolo, Christensen, Ogle, Hanqch

& Thompson, 1981),

Diagnosis
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Table 8- L ‘

y Principal Clinical Findings in_E&cn Stage of Alzheimer's Disdad;

P

. Stage 1 (duration of diseaée 1 to 8 years)

Menory-new léarning defective,” romote recall inpaifed_

Yisuospatial-skills-topographic disorientation, poor construction

Language~poor word-list generation, anomia
.ersonality-apnthyi occasional irritability or sadness

Motor sygtem-normal
B

Stage 11 (duration of disease 2 to 10 years)

Memory-recent and remocte recall more severely impaired

Viauoapatial skills-poor construction, spatial disorientation

Language-fluent aphasia
Calculation-acalculia
Praxis-ideomotor apraxia
Personality-indifference and apathy
Hotor systen-restlessnéE&

s

tage 111 (durntlon of dxsaase 8 to 12 years)

Intefﬁectual functions-gseverely deteriorated
Motor-limb rigidity and flexion posture
Sphincter control-urinafy and fecal incontinence

'

. 4 i
/\7 Adapted from Cummings & Benson, 1983 '
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Table 9 B
Global Deterioration Scale (GDS) for Primary Degenerative Dementia {PDD
GDS Cunteal ~ _ , ~ Asycnomelric
staga phase . Clinicas charactanstics gcencoimitanis

1 Normal No subjective complaints of memory deficit. No memory daficit avident an clinical intar- Avarags or above av-

No cog- viaw, ’ grage parfarmance
fitive ; oo for age and WAIS

i vocabulary score on
decine J of 5 Guild (4)
t . memory subtests.
.2 : Fergettuiness  Subjsctive complaints af memary deficit, most frequantly in following areas: (a) largetting  Balow average per-

Vary mild -« whera one has placed familiar objects; (1) {argetting names one lormarty knew wall, larrmance far age
cognitive No objective avidence of mamary deficit on clinical intarview. No objective gafleits in and WAIS vocabu-
decline - amployment or sacial situations, Apprepriate concam with raspect to symptomaltoiogy. l;ry] ;carg{ ont Jots

. uild subtests.

3 Early *  Earllest clear-cut deficits. Manifestations in mare ihan one af the following areas: (a) pa- Qne standard caviation

Mild cog- Confusional  tent may have gotlan lost when traveling to an unfamiliar location: (b) co-warkars be- or greatar below av-
nitive Coma aware of patant's relatively poor narformance: (c} 'word and name linding daticit arage parfarmance
dacline become avident ta intimates; (d) patient may r2ad a passage or a baok and retan _ ler age and WAIS -

relatively litle material; () patient may ¢emonstrate cecrsased facility in remambering vacatulary score on

names upon introduction 1o new peopla: {1} patent may have fost or misplacad an ob- 3 of 5 Guild memary

ject of valye: (g) concentration daficit may be avident on clinital tasting. supigsts. Qlten no
Objectiva evidence of memery deficit obtained onfy with an intensive interviaw conductad  arrors on (he Mantal

by a trained genatric psychiatrist. Dacreased parformanca in.demandmg employmant - Stawys Questionnars

and social settings. Denial begins to become maniest in patignt. Miid o modarato (MSQ). (5)

anxisty accompaniss symptoms, - _ .

4 Late *  Claar-cut daiicit on careful ciinical intarvisw. Deficit manilest in tollowing areas: {a) de- Frequant mistakes an : I‘-."}‘

Moderate Cantusional creaska knowledge of current and recant avents: (i) may _exh:bnt soma dalicit in mem- 3 or more itams on - '.3.’_
cegnitive - ory of ona's parscnat history; (¢) concanration dacticit glicited on sanal subsiracuons; MSQ. g
decline {d) decreasad ability to traval, hancle financas. stc. ‘ ; (
- < Frequantly no daficit in following areas: (a) anantafion to time and persen: (i) recognition

of tamillar garsons and faces: () ability to travel to tamiliar locations.
Inability ta parform complex tasks. Denial is dominant cdafanse mechanism, Flattamng of
~ affect and withdrawal Irom challenging situations occur,
. i
5 Earty - Padent can no longer survive without some assistance. Patlent is unatie duning interviaw  Oellcits evigant on
- Modarately . dementia (o recall 2 major relevant aspect of their curren! lives: a.g., their adaress or talanhons onet MSQ assess-
savarg . numper of many years, the namas of close mermnters of their tamily (sych as grand- mant,
deciine - children), the name of the high schoal or college fram which they graduated,
Fraquently soma disorientation to trme (date, day of wesk, saason, 81C.) or to place. An
-_ educated person may have difficulty counting back fram 40 by 43 or from 20 by 2s.
Parsons at this stage ratain knowledge of many major facts regarding themselvas and
others. They invariably know their own names and generally know their spouses ana
childran’'s names. They require no assistance with toleting or eating, but may have )
soma difficuity choosing the proper clothing to wear and may occasionally ciothe them-
sSalves improperly (e.g., put shoes on the wrong feet, etc.). -

] Middle May occasionaily forget the namae af the dpousa upon whom thay are entirely dependsnt  5-19 errars on.MEQ.

Savers + dementia for survival, Wil be largely unaware of ail recant avéd¥s and expesiences in their lives.

. cognitive . Aetain some knaowiedge af their past lives but this is very skatchy. Generally unaware
decling . of their surroundings. the year, ths season, atc. May have difficuity counting from 10,

both backward and sometimas, forward, Will require some assistance with activities of
daily living, #.q., may becoms incantinant, wil require trave assistanca but occasion-
alty will disptay ability to travel to famillar locations. Diurnal rhythm fraquentty dis-
turted. Almost always racait their own name. Fraguently continus to bie abls to
distnguish familiar from unfamiliar persons in their envirdnmeant, -
- Personalily and emotional changes occur, Thase ars quita variable and include: (a) dalu-
sional behavior, e.g., patients may accuse their spatse of being an impastor: may talk |
lo imaginary figures in the environment, or to thair own retiection in tha mirror; (b) ob-
sessive symptoms, 8.g., person may cantinually regeat simple cleaning activities; (c)
anxisty symptoms, agitation, and aven pravigusly nanexistant vialent behavior may oc-
cur; (d} cognitive abulia, i.e., loss of willpower because an individuai cannot carry.a '
thought fong enough to detarmine a purposeful couras of actian. ‘

7 Late " All verbal abilities-are ost Fraquanty thers s no speech at all—only grunting. Incont-

Vary dementia nent of urine; requires assistance toileting and feeding. Loss basic psychomotor skills, . . ,

. Sevarae e.g.. ability to walk. The brain appears to no longer te able to tell the body what 1o do. ~ ) 1
cognit%g} ' : Generalized and cortical naurologic signs and symptoms are fraquentty prasent, '
declingiy . -

, Erﬁa"Reisberg,ﬁFerf;s & Cgok; 1982

k]

]
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The task force on the diagnosis of Alzheimer's disease (McKhann,
DraannﬁE Folstein, Katzman, Price, Stadlan, 1984) under the auspices

of the US\Repartlent of Health and Human Services has ‘developed

criteria for the provisional diagnosis of Alzheimer's disease (see
Table 10). Probable Alzheiner's'diseﬁse may be inferred if the onset
of the ﬁeldry and cogn}tive changes is insidious, and progressive, and
if diagnosi? of other possible systemic¢ or brain diseases have been

ruled out. When other significant diseases are pregsent with a
oy ' .
progressive dementia, a diagnosis of possible Alzheimer's disease may

be made if the dementia is not acéountad for by the other diseases.

r’

It can also be diagnosed if the presentation or course is atypical but
‘does not fit other possibilities., A definite diagnosis of Alzheimer's
disease can’ only be made post-mortem with histopathological evideénce.

The Alzheimer-type dementia was originally described as a

pre-senile illness, with early onset {Alzheimer, 1907). This illness
hY

was thought to be different from that-where the dementia symptonms

4

"occured at the sanium with age 65 being the artificial boundary
separating tﬁ}se two illnesses. Pathological investigations, however,

’ p
have suggested that the éarly and late onset foras s arqﬂfﬁsnuon
£
“structurni changes and the term ‘senile dementia of the Alzheimq{

: ' Ck

type' (SDAT) has been coined on this basie (Constantinidis, 1978;.
. ~

Terry, 1978; Terry & Davies, 1980). :-

Il

Uncertainty has arisen towards the .view that cases of early and‘.

‘ - , (
late onset constitute a unitary condition in the lighé of both

; .
clinical (Loring & Largen, 1985; Roth, 1981) and neuropathological
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TaSlo 10

Criteria for Clinical Diagnosis of Alzheimer's Disease

[. Thecriteria fur theclinical diagnusis of PROBABLE Alzheimer's

vther neurvlogic aboormalities in some patients, especiaily
diseass include:

with more sdvanced disease and including motor signs such a»

dementia established by clinical examination and documented ine: muscle tone, myoclonus, v vait disorder

by the Mini-Mental Test,’ Blessed Demantia Scals. or some seizures in advanced disssse; and
::r::hr examination, and cnuﬁrm«i_i{ neuropsychological CT normai for age.

deficits in two or more areas of cognition: . Fut\.u'u that make the diagnosis of PROBABLE Alzheimer's

progressive worsenisg of mamory and other cognitiva func: disasse uncertain or unlikaly include:

Lions;
no disturbance of consciousness;
onsat between ages 40 and 90, most oftan afler 2ge 63; and —

absence of systamic disorders or other Brain disesses that in
and of themsalvas could account for the progressive deficits in
memory and cognition.

[[. The diagnovis of PROBABLE Alzhaimer's disesse is supported
by:

progressive deterioration ol specific cognitive functions such as
language {aphasia), motor skills ilpmul and perception (ag-
nosia):

impaired activities of daily living and sltered pattems of be-
haviorn .

{family history of similar disorders, pqmcuhrly il confirmed
neuropathologically: and

* laboratory results of:
normaj lumbar puncture as evaluaced by standard tech.
niques,
normal pattern or nonspecific changes in EEG. such as
" incremsed slow-wave activity, and

evidence of carsbral atrophy on CT with progression docu-

suddan. apoplactic onset:

focal neumiogic findings juch 48 hemiparesis. sansory lnu,
visuai field daficits, and incourdinatinn early in the course uf
the illness: and

seizures or gait disturbances at the onset oc very early 1o the
coursse of the illness.

V. Clinical disgnosis of POSSIBLE Alzheimer's disease:

may be made un the basis of the.dementin syndroms, in the
absence of othar neurologic, psvchiatric. or systemic disurders
sutficient to causs demantia, and in the presence of variatiins
in the vnset, in the presantation. or in the clinical course:

may be mads in the presence of a secund systemic or brain
disorder sufficient to produce dementia, which is not cunsid-
ered (o be the causs of the dementis: and

should be used in resesrch studies when 3 single. gradually
progressive ses iy cognitive deficit is identified in the abrence
of other identitiable causae.

V1. Criteria for disgnosis of DEFINITE Alzheimer's disease are:

the clinica: criterin for probsble Alzheimer's disonse and

: histopathologic evidence obtained from a biopsy ar autops,.

rented by serial cbssrvation. VIIL Classification of Alzheimer's disease for ressarch purpuses
should specify fentures chat may ditferentiate subtypas ¢ the
[IL Other clinical fentures consistent with the dizgniosis of PROBA- disorder, such as:
BLE Alzheimer's disessy, aftar exciusion of causes of demantia familial occurrence:
ather than Altheimar's disease, inchuds: .
onsat beforw sgw of 83;

platssus in the courss of progression of the illness;

associated 3ymptoms of depresasion, insomnia, incontinence,
" delusions, illusions. hallucinations. catastrophic verbui, emn:
twnal, or physical gutbursts. sexual disorders, and weight loss:

presancs of trisomy-21; and

coexistence of vther relevant conditivns auch a4 Parku, -
dixense.

From McKhann et al., 1984
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evidence (Terry, 1978). Pre-senile Aliheinar's disease and senile
éenentia of the Alzgainer'a type are probably the same disease, given
their shared neuropathologic findings (senile plaques, neurcofibrillary .
. tangles, granuovacuclar bodies, Hirano bodies and the predopinnnt
transmitters deficiency (Terry, 1978). According to Constantinidis
(1978}, a number of authors have argued that it is po#sible to
recognize qualitatively different subtypes of Alzheiner's dementia
(Gustafson, 1985; McDonald, 1969; Heston, Hastri, Anderson &IWhita,
1981). Structurally, the brain in the presenile form has been
observed to be much smaller than that of both normal and SDAT patients
(Terry & Davies, 1980). Neuropathologically, it appears that the
neurons of the locus coeruleus, providing adrenegic projection to the
reat of the cerebrum, have a 60-80% fallout in presenile cases of
Alzheimer's disease. Patients with a later onsét‘of disease {(73-75)
were found to have a fallout rate of approximately 20% as compared to
normal controls (Bondareff, Baldy & Levy, 1981: Bondareff, Hountjoy &
Roth, 1982). Further differences in concentration of both structural
lesions and neurotransmitters and their markers in several brain
regions Wwere also observed in cases of early and late onset of the
disease (Winblad, Adolfsson, Carlsson & Gottfries, 1962). Both
plaque and tangle formation and naurotraésnitter deficits were

linited in the late onset types (Selzer & Sherwin, 1983; Evans et al.,
1984; Rossor, Iversen, Reynolhsv Hountjoy & Hoth, 1984). Furthermore,
neuronal faliout was not found to exceed significantly that found

among normal aged individuals (Mountjoy et al, 1983).
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Clinically, McDonald {1969) argued that t;o types of senile
dementias could be distinguished, one occurring in a younger age group
and having a 6-month life expectancy, and the other occurring in an
older age group nn& having a longer prognosis. However, as Jorm
(1965) pointed out, a definitgwdanonatration of the axistence of
subtypes would have required ;}foliow-up of fhe older group to exclude
differaences due to a variability in symptomatology, or a distinct

developmental course. Being younger, patients with the presenile fora

are less susceptible to infections, arteriosclerotic disorders, tumors

and other serious diseases and thus will more often go through all the
stages of the dementia.

Three recent studies (Breitner & Folstein, 1984; Folstein &
Breitner, 1981; Seltzer & Sherwin, 1983) appeared to give greater
validity to the presence of subtypes in Alzheimer's disease. All
three suggested that language disturbance is not invariably part of

the syaptomatology of Alzheiner's disease. Rathe?, the presence of

3
-

language disturbance appears to be associated with an early age of
onget, left handedness, an earlier death (Seltzer & Sherwin, 1983) and
to a familial prevalence (Breitner & Folsatein, 198@; Folgtein &
Breitner. 19681). All studies invoked the presence of a genetic factor
underlying this particular subtype.

Hayeux et al. (1985) pointed out that Alzheimer's diseasae does
not follow a formal predictable course. He identified four subgroups
of patients with Alzheimer's disease, two of which showed myoclonic or

extrapyramidal signs, the first being associated with severe
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intellectual decline and often mutism after a younger age of onset and
the second also with aevere intellectual and functional decline but
with frequent psychotic symptoms. The two other asubgroups were
without myoclonic and'extrapyranidal signs and showed a typical

coursé with the well known gradual pattern of decline of intellect and
function.

The guestion as to whether these features constitute actual
subtypes of Alzheinef's disease or are variants remains open. For
exanple, none of the studies controlled for stage of the disease which
means that patients at early and late stages of the disease aay have
been compared together. Thus, symptoms generally found in the late
stages might have eventually been found in patients tested at an early
stage had they been followed long enough. Evidence supporting such a
possibility comea from Breitner and Folstein (1984), Constantinidis
(1978) and Heyman (1984) who observed that patients without disorders
of language, praxis and gnosias were more likely to be older at onset
and to possibly not survive long enough to develop such deficits.
Breitner & Folstein's (1984) younger group of patients had been
institutionalized for longer periods than the older group. Heyman
(1984) correlated the appearance of language disturbances in patients
with Alzheimer’'s disease to the duration of the disease. In Heyman's
group, the figure of patients with language disorder at initial \
diagnosis was 43%; however, it became 75% after-ﬁ’?\yaar follow-up.

Heyman (1984) did not observe the finding reported by Breitner &

Folstein (1984) that patients with language disorder appeared to show
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a greater familial incidence of the disease. Thus, the question of
both subtypes of Alzheimer's disgase and of a senile-presenile
division is unresolved. Perry (1986) concludes that at this time the
similarities between SDAT and presenile Al:heinar;s disease |

outweigh the differences.

Hemory disorder in Alzheimer's disease

An impairment in memory has perhaps been the most noted aspect of
the cognitive decline associated with l;ld to moderate denenti; of the
Alzheimer-type (Coblentz et al., 1973; Katzman & Karazu, 1975; Semple,
Sgith, & Swash, 1962;'Sins & Sussaam, 1962). While in the early
studies the memory deficit had been aescribed aﬁ an inability to
recall recent events (e.g., Blessed, Tomlinson & Roth, 1968; Torak,
1978), more recent reports have taken into accoun£ some of the
aultiple processes that are known to be involved in normal memory
functioning (e.g., Corkin, 1982; Miller, 1978; Weingartner, Grafman,
Boutelle, Kaye & Martin, 1983; Weingartner et al., 1982; Wilson,
Kaszniak, Bacon & Fox, 1982).

The memory disorder secondary to Alzheimer's disease has been
described as amnesia-like in which both recent memory and remote .
mnenory are affected. The experimental studies on memory proceaéea in
patients believed €o suffar fron-either pre-senile or senile dementia

will be reviewed. Such investigations have ai;ed at exposing the

locus of failure of memory processes using_a paradigm deriving from a
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specific model of REROrYy processes (Atkinson‘& Shiffrin, 1968;
Craik and Lockhart, 19%72).

Long-tera memory and recognition in patients with senile and/or
pre-senile dementia have been studied in paradigmsa using material
such as pictures (Diesfeldt, 1978); faces (Ferris, Crook, Clark,
HcCarthy & Rae, 1980; Wilson, Kaszniak, Bacon, Fox & Kelly, 1982); and
designs (Omer, Babayov & Menczel, 1985). Results suggested that
non-verbal memory deteriorates at a faster rate than verbal memory
(Omer ot al., 1985), that high recognition is associated with a -
prinacy effect in the recall serial curve‘(Diesf%eld, 1878); and that
recognition of unfamiliar faces is preserved {(Ferris et al., 1980},
although this was later challenged (Wilson et al., 1982). The present
review of the literature on memory procaesses in Alzhelmer disease,
however, will focus on experimental studies on verbasl nmemory
proce#ses.

Miller {1971, 1972, 1973, 1975, 1977, 1978; Miller and Hague,
1975; Miller & Lewis, 1977}, a pioneer in the experimental
investigation of memory processes in Alzheimer's disease, studi;d the
memory impairment of his patients using a framework which
conceptualizes memory as a dual system. According to this systeam, two
types of memory are hypothesized: (a) a short-term store (primar?
nenory) which has limited storage capacity, holding information for no
more than a few seconds, and dependant on phonemically coded
information; and, (b) a long-term store {secondary memory) which has a

greater'capacity, and is thought of as a more permanent store which




relles heavily on semantic coding. Information, it was assumed,
always travelled from short-term store to long-term stofe and also
relied on thé short-term store for its retrieval, moving in the
opposite direction. Because iost studies have used such a framework,
the present ravieﬁ will organize the research according to the goal of
the investigationa such as, for ex;lple, short-ternlnenory and

long-term nmemory.

Experimental studies of memory processes in Alzheimer's disease

Studies focussing on short-term memory processes. Having

hypothesized that the deficit in meaory in Alzheimer's disease must
lie at the short-term store, Hiller (1971, exp. 1) attempted to
verify this hypotﬂesis using a free-recall condition of wordsllearned.
He obéerved that his.denented patients did not show the usual primacy
and recency effect indicating both a short-term and long-term store
deficit. The long-term store impairment could be thought of as
independant from that of short-term store but Miller reasoned that it
could result from the deficit in the transfer of information from
short-tera store to the long-term store. :
To test this hypothesia,ruiller (1971, exp. 2) examined recall as

a function of rate of presentation of words in & list, that is, if the
transfer to long-term store was due to the short-term memory's reduced
ubility'to transfer items from one store to another, then presenting

the wofds at a slower rate should enhance the transfer. This would
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result in an increase in the number of recallad words from the
baginning of the list (primacy effect). The results, however, showed
the manipulation to be helpful to the normal controls but not to the
demented patients. He thus concluded that the memory impairment in
senile dementia was coaposed of two independent deficits, one at the
short-tern and the other at the long~tera RemOTY. |

The involvement of short-tern né;ory in the memory deficit of
Alzheimer's disease was verified following another methodological
procedure (Miller, 1973). 1In this axperiment, patients with
pre-senile dementia failed toﬂgive back accurately an 1nledia;a
replicntion-of a short list of words after a single pragentationf
Furthermore, repeated presentations did not help this group to learn |
lists o{lwords that exceeded the word span by one, two, or three
items, although it did help the normals. Supra-span learning requires
the usé of the long-term memory in order to cope with the excess
ifena.

Miller (1977), however, felt that the short-tesrm store deficit
could be an artifact, that is, that the actual problea could reside in
processes preceding the ins;rtinn of infornatian into short-tera
memory. Such processes could include disturbed attentional abilities
or an impaired iconic memory, or the inadequate coding of the material
in short-tera memory. Using a procedure inspired by Baddeley (1966),
he conducted an experiment ﬁo investigate the effect of acoustic

1
aimilarity on recall from short-tera leléry. The results showed that

L}
the demented group were less able to utilize acoustic coding in
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short-tern neno;Q. _
| Results by’gzézﬁ,authora support.ﬁhe impairment of short-term
memory in patients with presumptive Alzheimer's disease. Corkin .
(1982) used the Brown-Peterson distracfor method, and digit and
block span test, and found th#t, in coupariﬁon to patients with global
alneaia, patients with Alzheimer's disease showed, on the i
Brown-Peterson task, an impairment in both retention capacity and
forgetting rates of short-term Remory. She'also noted that the
performance on both digit andlblock span was inpaifed with the
Alzheimer patients. Kopelman {1985) using a vergion of the
Broun—Peter;on and digit span tests, found that Alzheimer patients
consistently performed poorly as compared to a group,o?/géntrﬁl and a
group of Korsakoff patients, thus displaying a severe Impairment of
short-tera memory. Such resulta'were also observed by Sullivan,
Freely, Corkin & Growden (1984). However, the failure may bqjdue to
an interference effect as argued by Stuss, Kaplan, Benson, Weir, st
al. (1982), since Corkin (1982) found thgt short-pern ROMOTY Processes
weré Yess impaired on tasks (e.g. digit ;pan aﬂd block span) invelving
inmaediate memory without filled delays.

There are exceptions to the general finding that ahorﬁ-tern
lelog} is impaired in patients with‘Alzheiner's disease, In a study“
comparing two groups of patients (moderately and severely impaired)
with probakle A*xheiner's disease, to a normal control‘group, one
group {severely impaired) was found to have a reduction of both

-

primacy and recency effects whereas the other group (moderately

i - -

)



~learned items much more than on loqg;terl nenory.’”
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"impaired) showed only a rahuced primacy effect (Harris & Dowson,

[N

1982). Long-tera memory in the moderately impaired §roup was thus

shown to be impaired but not short-term memory. Ober, Koss, Friedland

" & Delis (1985), using the selective reminding paradigm {Buachke, 1973;
D v

Buaschke & Fuld, 1974), observed that mildly impaired patients with

Alzheimer's disease relied on short-term memory for the recall of

o
Y

Despite such exceptions, the inpairment in shzlx-tern semory is

-

a well-replicated finding across laboratories and acrosg techniques.
My -
o

Although‘oal‘rtudy‘(ﬂarfis and Dowson, 1982) found the impairament to
be present oply in the severely. impaired group, another report
{Corkin, 1982) in which subjeéts‘were divided according to saverity

reported the short-tera memory deficit to characterize gﬂi patients.

Studies focusaing on long-term memory processes: Miller (1975)
; P o

ginvestignted lpng4tern memory in dementia using a procedure in which a

lisé of words was préfénted to subjects.‘Following a filled iqtervall
three types of recailuyera initiated: a) free recall, bJ—a psrtial
information recall {(providing the initial leﬁtar of the word) and ¢) a
fecognition test in ;hich fhe correct word wasfpreadnted wiéh'a sat ;f
alternatives. Ig'th;s study, the demented subjectsa perforneg poorly
under both free recall and recognition but perforned.as wall as the
nqrnals«ﬁhen'provided with partial information. Intere?tingly, these
results h;d been observed earlier with patients with other amnesic '

syndromes (Warrington & Weiskranz, l§70}ﬂ\ Hiller (1975) thus

postulated that, rather than being a problem of aiﬁjjsition, the
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problea. was one ihvolving hoficiant retrieval mechaniams. A later

‘study (Morris, Wheatley & Britton, 1983) repkicated these reuults';n

a group of patients with penile dementia. Cueing, using partial

inforaation about the words, was found to be more effactive than a

,recognition procedure. These authoras also interpreted these results

in terms of a faulty retrieval mechapiim. However, such

interpretations are'quéstibnable'because-ttqhas been argued that

‘cueing, by providing partial information about the, words, produces

enhanced racall due‘toﬁﬁaak and decayed residual traces {Pearcy,

.12}7; Squire & Wetzel, 1978; Woods & Piercy, 1974). Therefore, the

enhancenent of memory is likely to result from wedk traces in
long-term memory laft by pdor acquisition;

Miller (;974) investigated retrieval processes on the préiise
that new information entering long-term memory might be coded
inefficiently or unusually. If this were so, then providing various
types bf\cués night give some indication as to the encoding strategy
used. fké analysis ogatha type of errors made by denented'aubjécts in
a recognition.test in which alternative stinmuli d{ffered from the .
correct one along several dimensions did not providé support for the
hypothesis of a difference in encoding strategy. -Aiﬁhough theL
Alzheimer's patients were poor at selecéing the correct response,
their type of errors were similar to those of the normal controls.

Miller (1975, 1977) insisted that both acquiaiﬁidn and retrieval

were, involved in the nemory deficit since pe;forlance improved when

retention was tested with partial information rather than a

AR \

N
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recognition prodéﬁp#é} and since recognition worsened as the number of

-

recognition alternatives incrgused. Hhitehpad (1975), hOﬁ}ver, showed
that there was a trend toward a bester recognition perfof;nnce when
Alzheimer's patients were tested with a forced-choice format rather
than a "yes" or "no" response procedure. An error analysis revealed

that it was not so much due to a reduction of the number of false

positive responses but rather because it forced the subject to answer
even when unsure. Ober et al. (19?5) have shown that a deficit in

retrieval of items is only a minor contributor to the overall memory
deficit in Alzheimer's disease, and that the severity of dementia was

an important factor with respect to the degree of impairment in long

tera memory. Thue, although mildly impaired subjects are less likely

to encode information in long-term Remory; ghey are more likely to

-~

retrieve items which appear to have been encoded into long-tern
» .
'nendr}. Hoderately impaired subjects, on the other hand, encode more
information into long-term memory but are less ﬁikely to retrieve the

information. The results were interpreted in terms of allotment of

" already-impaired attentional processes. N

The results bf studies based on the "multistore™ model have

———=-demonstrated that information fails to reach long-tera memory. They

. [

- . -

have not determined, however, where the site of failure lies in those
various stages. Weingartner et al. (1981) have shown that the memory
problem in Alzheimer's disease is too complex to be understood solely

within tgg lultispora model of memory. Their results showed that the

snenonic deficits in Alzheimer's disease involved :complex semantic
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associative networks. . o .

Orqanization of neRoOTY

Weiqgartnfr et al., (1981) explored the organizational quality and

retrieval processes in patients with suspected Alzheimer's disease by
]

comparing their performance on a series of laboratory tests designed

to investigate learning and memory with that of normal subjects. The

results showed the patients to have a severe memory failure on all of

a————

the tests, as might be expected, but their failure was ﬁhoun to have

identifiable characteristics. In the case of words learned over

» -

several trials, the patients showed aglabile or inconsistent recall of if

previously remembered words. Words recalled on a prior trial had as
nuch chance to be recalled at a subsequent recall trial as words that

had not been recalled. In the learning of,related'and unrelated O

words, the Alzheimer patients consistently failed to use the

e
"organizational or relational properties"-of worde which generally

lead to successful encoding and thus to the making of reliablezéenory

4

traces. In the retrieval of words that belonged to the same category,
the patients, again, failed to use such organizational features which
lﬁad to a poor recall. The use of external astrategies, repetition of

the/ nissed information; repetition of tha(list following the same

ségquence and prasanting\:z:;:ed words, all of which are known to

facilitate encoding, wers little help to the Alzheimer's patients.

ot only failed to relate events togetﬁer and to abstract shared
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attribuﬁészanongst events, but they also failed to aéﬁively'organiza
X ‘ 5!

. ’ r
the retrieved material and to use provided organizational atructures.
The patients were found to lack the semantic network necessary to

reliably encodawand retrieve verbal information. These results are

consistent with the levels-of-processing theory (Craik & Lockhart,

1972) in that the failure to learn and retrieve tould be explained by

-

a failure of the encoding mechanism,.

o —

This interpretation was also®supported by the findings of Corkin
(1962). In her study, Corkin compared a éroup of'patients with global

amnesia with patients with the diagnosis of Alzheimer's disease

‘ -~
divided into groups of mild, moderate and severe dementia (as aeasured -

by their disability in dagly living activities), The goal of the“’/r\\

1

otherwise intact cognitive functions differed from patients in whom a
1 -

cognitive decline had paralleled the memory loss. Encoding processes

»

study was to deterniw; whether patients with global amnesia but

and fearning processes (verbal and non-verbal paired associate

-

learning task) were investigated. Encoding processes were
investigated within the depth of processing model ﬁhereby learniﬁg was
facilitated at the sensory, phonological and semantic levels through a
series of questions. The results of this verbal recognition Bmemory

task revealed that the integrity of cognitive functions other than

memory are necessary for an effect of encoding strategies to occur,

——

the Alzheimer group being the only group that did not profit from th
I
various encoding stridtegies. Wilson, Kasznjak, Bacon, Fox & Kelly
i - -

-(1982) alsc reached a similar conclusion when their results indicate
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interpreted as part of a conp ax netuork iqyolvxng language functions.

The hypotheaxs that the nehor fai i e of Alzheiler 4 patients
nay result from ‘nlure to use attrib tes: necessary to encode
efficiently was given support in a study b? Hartin, Browers, Cox &
Fedio (1985). Condu;tad within the~Leve19-of-procassing theoretical
framework (Craik and tockhart, 19723, geverqllglter;tlons were ;
’p;ovidéd to the traditional method of controlling enceding. For
exanple, éach lisg was. learned using diffarén£ encoding strategies:
subjects were rgqgested to generate a Hofdlasﬁociate which either
rhyned (phonemic le;el) with the n;rd learnedjér to give a blace_uhera
the 6bject could be found {semantic level). Furthermore a
"semantic-praxic" condition was added which requir;d the patient to
pantomnime a movement or a sequence of movements whigh iliustrated
clearly th; use of the word. Fhua, not only was attention contro}led
at encoding but two nodalities were used to enhance learning.

Such encodiﬁg techniques proved to be useful to both the normal
subjects and the Alzheiner's disease patients'under both semantic ané
praxic encoding conditions. Furthermore, both groups uera'found to
;;code semantically spontaneously which is contrary to’the finding of '
Weingartner gé\al. (1981). A disruption of recall occurred for both
;;;upa only when asked to attend to the phoneaic features of the

words. Qualitatively, the pattern of recall of the Alzheimer's group

was a miniature of that of the normal subjects suggesting that
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"~ ability to encode semantically. :

~—

I

-,

pationta‘in the early and moderate stage of the disease retain the
f h » e .

The ‘'use- of cueing (providing the genefated associates qivép by

th; p;tient} failed to reduce the gap betnean.the perfofnance of
Alzheiner'f‘patiahtu and -normal controls. The retrieval def;ci£ was.
therefore not supported as being the site of their failure. However,
regardless of the technique used, encoding.is ;till incomplete, due to
otlier cognitiva deficité, uhich.linits the anulysia—;f the material
and leads to a lowered recali performance (Martin, Brouwers, Cox, &
Fedio et al.f 1985;_Hartin, Cox, Brou;ats'& Fe&io, 1985}, Therefore,
as*Corki; (1982} foﬁpd,‘the memcry disorder in Alzheiner's disease
cannot be separ;ted from other cognitive déficits.

Inpaired learning and memory are thus .two well-doqunented
axperinental £indings ;n SDAT. Researchers agz-prasently attenpting
to,dggfribe the processes characterizing the aemory failure secﬁndary
to the diséaae'(Hartin, Browérs, Cox, & Fedio, 1985; Martin, Cox,
Browera, & Fedio, 1985; Ober, Koss,'frieéland, & Delis, 1985).

~Attentional deficita and ;néeneral breakdown of cognitive functions
have been f;und to contribute to the severity of that memory
impairment. .
Raﬁction time and Alzheimer's disa&sg. Two studies rapoft the

S

use of choice-reaction task paradigms with. sognitively impaired

{"senile"”) patients (Ferris, Crook, Sathananthan & Gershon, 1976;
Pirozzolo, Christensen, Ogle, Hansch, & Thompson, 1981). In the

Ferris et al. study, although both simple and disjunctive reaction

- . —r
. .
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tilaa ware Blow%r in the senxle patients, dynjunc%xve reaction time
alone di;tinguiahad the senile patients fron the normal control
subjects with 86% accuracy. There also appeared to be an association
between the slowness of;reaponsa and the patients’ dependency on

others. ' .

In the Pirozzolo.et al. study, squects with Alzheimer's disease

“had significantly lohger mean RT's on all three RT measures (auditory,

.

—

visual and four-choice) but the difference between their peffornance
and that of norlal.subjects was -mogt pronounced when choice was (
required in the response. The increase in RT in the four choice task

was interpreted as reflecting an index of cognitive iapairment in

v

’
these patients. As in the Ferris et al. (1976) study, the more
- . : £ .

-

complex task distinguished the patients from the normal control

subjects with 92% accuracy. Nonapecific attentional or (unidentified)

£

more specific dimensions of cognitive information processing deficits

'i.e. at the level of the decision process, were hypothesized to

account for the slowing. ’

Findings on reaction—tine t;sks with Alzheimer's disease patients
are therefore similar to patients with brain d;:;QQ, i.e., both are
glower to respond than age-matched controls (Benton & -Joynt, 1958;
Benton, 1977). A direéct measure¢ of speed of information processing
using the item-recognition paradigm has not been applied to a

population of patients suffering from ‘Alzheimer's disgasé.

Sumaary, Description of Project angfﬂypothesié



-
It has been proposed that cﬂnractarlatzc patterna of cognitive

deficits and personality changes cuuaed by disease processea in the

-~ central nervous system can be claasified anatomaically, on the basis of

the aite of the most significant underlying pathologic chgnge&

(Albért et al., 1974; Joynt & Shoulson, 1979; McHugh & Folstein,

1975). One constellation of symptoms, associated with subcortical
pathology, (forgetfulness, inability to manipulate"acquired knowledge
with ease; ﬁeradnality changes characterized by apathy or inertia, and

a general slowing of mental operations) has been called ‘subcortical

dementia’ (Albert et al., 1974) or bradyphrenia (Hassler, 1965),

whereas another, that associated with cortical pathoiogy (amn991a,
aphasia, cognitive deficits such as impaired judgment and
abstraction, acalculia, et;j?ﬂvi;unl-spatial deficits, and personality
changes characterized by unconcern and disinhibition) (Benson, _
Cuamings & Kuhl, 1981; Benson, 1984), has beemcalled cortical
dementia (Albert, 1978; Albert et al...l974; Cummnings & Benson,.l983).
The major distinguishing features of these two generic dementias are
the preseﬂce of instrumental disorders (abha;ia, agnosia, apraxia) in
the cortical dementias (Albert, 1978; Benson, 1982; Freedman & Albert,
1985) and the preservation of such higher-order associative functions
in the subcortical dementias {Huber & Paulson, 1985).

From its inéeption, this new classification of the dementias has
been the subject of confroversy. Firstly, it Haé pointed out that

1

there are no pure cortical, or pure subcortical, dementias (McHugh,
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1978). The literature on Parkinson's and Alzheimer's diseases clearly

supports thPt. hacondly, the use of the term dementia haa been

L

criticized because it deviated from ita'historical_neaning and

Cetp

therefore confuses rather than clarifies the iaaug (Maraden, 1978;

Roth, 1980). Thirdly, because the neuropsychological deficita of

patients with subcortical damage resemble those related to frontal

——

system dysfunction, it .has been suggested that the term
‘fronto-subcortical' dementia or ‘frontal system dementia' (Freedman &
Albert, 1985) or ‘frontal-lobe syndrome' (Maraden, 1978) night be more

appropriate.

4

Although the anatomical classification of the dementias has——
suffered serious criticisms, the c¢linica)l distinction between the
syndroies themselves has been generally accepted (Foster, 1986).

Easéntinlly;_the clinicgl syndrome recently called fronto-gubcortical
N

dementia consists of specific acquired intellectual impairments, with
‘\

forgetfulhess and slowed mental processes being the outstanding ones:

the intellectual deterioratioﬁ\is not a true one as in the cortical
N

.

-dementias but rather a difficulfﬁ in manipulating acquired knowledge.

Finally, personaiity is affec;;d; commonly in the form of apathy or
depression. 1In contradistinction, the clinical syndrome which
long-standing usage refers to as cortical dementia includes deficits
in language, calculation, and learning wiih _the salient features being
amnesia, agnosia, aphasia and apraxig. Whitehouse (1?86) has
suggested that the distinction ought to be festfd

LI .
neurcpsychologically. -
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fhis thesis is an experimental neuropsychologibal study of
Albert's (19785 Prpboaed distinction.' It eganidbs two prominent
distinguishing features (élownes;-of thought processes ang memory
loas) of a group of patients with PnrkinaoﬁrE‘diseaae and then
compares these with the'fas;lta of'ai;i}ar iﬁventigationa_carried out

on a grdup of patients with Alzhainér'n disease. Both are compared

with a controlled group.

LI

Sternberq's item-recognition paradigm. The Sternberg procedure

{Sternberg, 1969) was used in order to examine the potentially slowed
but intact mental operations of the Parkinson's disease patients.

It was chosen becauge it provides a rdbust experimental technique.

An explanation of the Sterpberg procedure follows.

AThe item-recognition paradiqm. Sternberg's item recognition

paiadigi allows examination of internal scanning (Sternberg, 1963,
1966, 1969a), the rapid search of memory for retrieval of learned
information. It is carried out experimentally in the following

manner, A stimulus ensemble is chosen, which is comprised of all the

-eibers;of the memory set and the test items set.' From amongst the

-

enseable, a set of items is arbitrarily selected and defined as the

positive set; they are the items presented to the subject for

memorization. All remaining ensemble items are referred to as the

——

.negative set. A test stimulus or probe is always a single ensemble

: ™~
element presented for the subject to decide whether or not it is a

menber of the positive set. When shown a test item that has been

momorized, the subject makes a positive response, in this case by

“
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vocally éaying "yes". If the test stimulus originated from the

negative set, a negative responsa is given by saying "no". The tera

w

"item recognition task" derives from this last event of correctly
recognizing the test stimulus; as either a member, or non-meaber of

the positive set. The reaction time (RT) is measured from the onset

of the test atimulus to the subiect’s response.
The piradiél can be carried out in one of two modes: either a
fixed set can be used, in which a single memorized set is used for a
series of trials; or a varied memory set can be used, inzwhich a new
‘maemory saet is presented qith ea?h given t¥ia1. Previous research” has
indicated that hT is independent of mode (Sternberg, 1975). Since at
least one of our experimental groups {5DAT) had probable memory
disorders other than those being investigated, the varied-set noée
was used because it is dependent only on short-term memory. ,1&9
number of iteams preuanteq‘uns within the digit span range of~-all

subﬁects. . .

The study of reaction time (and index of retrieval time in

recognition asmory experi;ent) has given rise to a theory of the
process of retrieva} when learning and retention are essentially
perfect. The processing that cccurs between stimulus and response is
.conceptualized in terms of four sequential independent stagea whose
component latencies are additive. The suggested sequence is as
followas: a) sFilulus encoding or representation stage; b) a

comparison and central scanning stage operating on'the mental

representation of the stimuli; c¢) a decision making stage and 4) a



response execution stage. The events of Sternberg's (1966)
P

itea-recognition paradiga separates the four stages in the follqwing
manner. Stages one and two occur during the learnin; of the positive
set and the subsequent conpa}ison of the test itea to, this set. Stage
three occura whgn the subject has reached a dgcisi&# as .to whether the
Ltem has or has not been learned. Stage four-occurs-whep the subject
renponds.'.This analzsiq is particulariy useful in tGhe prisent atudy
becauaé, by isclating the stage or stages at which Parkinson's disease
patients are deficient, it addresses the controversy as to whether or

. s
not patients with Parkinson's diseage actually have slowed thinking -

(Wilson, 1955; Benson, 1984). ' ,
If the number of letters in the positive set is within the

subjects' short-term retsntion capacity, the RT is a linear function
I .
2

of (positive) set size. This is thought to reflect the search, by an
. hypo;heaized'conparatér, in which the items in memork are serially
compaced with the probe.

A possible scanning strategy is to terminate scanning as soon as
a mdtch between the probe itea ahd an item in short-term memory is
detected. Under such c¥;cunstancé;, the hypothesized comparator would
sometines detect the positive.iten at the beginning of the scan,
sometimes at the end, but on average, it would need to scan about half
of the itena.. However, qpe comparator would always have to scan all

the items in the set before concluding an absence of a match., Thus, -

‘the slope for negative responses should be approxxhatel;\lwice as

sté;p as that for p031t1ve responses. Sternberg (1975) gives evidence.

- i . j‘-\
| : \
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that “scanning time has been observed to be the same for negative and

positive responses. . This inplies'thut the comparator engages in an
. _ D "

exhaustive comparison even when the itea searched for is(?ncountarad

part way throudh the memory set (Sternﬁe:g, 1369; 1975). The other

-

possibility, a ‘self-terminating' scan, wherein the memor$ search is

terminated when identification of the appropriate memory set item is
R ' :
nade, did not occur., An exhaustive scan would be reasonable on the

assumption that it is much gquicker to scan an iteam to make the
decision that a match did or did not occu}.-

The éternberg précedure has been proventgg be robust as canlbe
seen 'by the reaction-time functions obtained using a variety of --
stinmulus en;embles. lFor examplae, sfimuli usadrﬁﬁve included visual
and auditory dijits and <letters, shapes, two- and three-digit
numerals, pictures of faces, drawinés of common objects, words of
v;rioua lengths, colours, phonemes, and random forms (for exanplés}
Burrows & Okada, 1973; Chase & Calfee, 1969; Clifton and Tash, 1%73;
Foss and Dowell, 1971; Hoving, Horin.&-Konick, 1970; Smith, 1967;
Sternberyg, 1969#: Swanson, Johnsen & Briggs, 1972; Wingfield, 1973).
The slopes of the functions vary for different ensembles, but in a

systematic manner.

Furthernbra, the Sternberg procedure has been &pplied to various

age groups: normals, alcoholics, schizophréniés, aphasics,

L.

Parkinsonians and brain damaged mental retardates (for exanples,
J

Anders, Fozard & Lillyguist, 1972; Eriksen, Hamlin & Daye, 1973:

Harris & Fleer, 1974; Hoving, Morin & Koniék, 1970; Mohs, Tinklenberg,



‘data that naf‘help settle the issue as to whether Parkinsonian !

choice-reaction tasks. /]
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.Roth & Xopell, 1979; Pharr & Connor, 1960; Sainnef & Taylor, 1971;

Warren, 1977). . ' ' ~

With respect to normal aging, Anders et al. {1972) found that
both the zlope and the intercept of the acan function increased with
the age'of the subject. This led the authors to conclude that rate of
gcanning slows down with age, and this has been replicated by
Ericksen, Hamlin & Daye (1973) and Anders and Fozard (1973).

At the time of the preparation of this"project, there was only
one study (Wilson et al., 1980) which had used the Sternberg procedure
with one of our patient populdtidns (Parkinsonian patients). The use
of the same procedure will provide an exténtiaﬁ of Wilsizszg,al.
{1980)'s.study which concluded that rate of scanning is slowed in

elderly Parkinsonian patients. Sinée the be of this project,

another study has been publfghed ueing -a mnodified version of the
Sternberg procedure. In the Rafal et al. (1984) experiment, the
Parkinsonian p;ﬂients were found to scan as quickly and effectively as

the normal subjects. Thié study will, therefore, also provide further

/
{

patients do, or do not, have afoued mental operations. \
Although patients with Alzheimer's disease have been found to be
slowad in choice-reaction tasks (Ferris'et al., 1976), they have not
beén studied with the Sternberg technique. Such a study promised to
be useful, because Sternberg's paradigm allows more accurate sapurafe

——

moasurement of central scanning and extra-scanning processes than do

H

-
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Finally, the study will conpare the pérfornance of these two

groups to a.group of normal, aged individuals,

.

]

Hypothesis to be Taested

Based on tpe review of the literature, the following queations

may be raised. 1Is the slowness of mental function observed in

Purkiﬁﬁgh‘s“diapase greater than that obseTved in normal aging? Does

Senile Dementia of ﬁhe-A}zhei;ér'S_typa slow the rate of inforpation
processing more than nornal:aging and, if so, how does it compare to-

—

that found in Parkinson's &iSBdB?? Can it be concluded that the

Parkinsonian group is characterized by a ‘bradyphrﬁnia' (Wilson et™
~-al., i980) which is not shared by the two other groups? Two of the
questions may be stated in the form of a null hypothesis.
There is no significﬁnt main or intaraction effect
between the diagnostic ;ategorias on the behaviou£a1
measures defined'in terms of mean reaction tinme, an& ,
latency -and slope functions. '
“~ ) . .
There is no significant main or interaction effect
in the response type (yes or no) on the behavioural
neasure of mean reaction time. . \\'

\ e
So! ) -~
One hypothesis is directional consequent on the procedure itself.



There is a significant difference between nendry loading

one, memory loading two, and memory loading three on the

¢

behavioural measure of mean reaction time. - -~

Memory Paradigm. - As reviewed in the introduétion, nemory failure

\33 a constant feature of Alzheimer's disease. ‘A disordered memory has
;lso been raeported to be part of the clinical pictﬁLe of Parkinsonian
patients who do not score within theidenented range on dementia rating
scales. 1In a gecond experiment, a comparison of the aemory disorder
sufferad by the'tuo patieht popﬁi;;;g;s éus undertaken.

A nenor? paradigm was developed to atudy the differences on
learning of ;uterial presented firstly without inforeation, and,
secondly with information, about the words to be learned: It was

reasoned that if the difficulty experienéq? by Parkinsonian patients
is one of abstraction and/or organization, then' learning sﬂould be
facilitated when subjects have been informed of the commonality
amongst the words to be learned.

Furthermore, the memory paradigm was designed to allow comparison
of various types of agsigted recall, i.e., cued recall (where the
 patient is provided with categorical cues), and recognition (when ‘the
patient is required to discriminate between target items and new
distractor items). It was reasoned that Parkinsonian patients' memory
would be improved when assisted by cues or recogﬂition if they have a

retrieval deficit. Such>strategies, however, were not expected to .

facilitate learning in the SDAT group because their memory disorder is

x
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. taken to be at the level of encoding.

- N b4

Hypotheaas ﬁo be Testhd; k

2 -

—

A review éf the literature prompted sevaeral questions. If tha .
ROROTY daf%cit in Parkinson's disease is a forgetfulness, a difficulty
in retrieving memories, then cne may bg able to repair their deficit
through the use of an appropriate stratagy: Such a stateg¥ should
result in a perforamance increment as comparad to ﬁhat/}s recalled
under sipulated ordinary conditiéns (no priming free recall}.

On the otherAhand, if the SDAT group does have a true
deterioration of nonory-function, then the use of such strategies
known to facilitate retrieval should not be effecti:a.

Although memory function has been shown to decline with age, it
is expected that normal aged subjects({will have superior recall uh;n
coapared with patients with Parkinson's disease or Alzheiner'a
disease, - | ’

[
.Stated in terme of the major null hypotheses:

1. There is no significant difference between

¢he diagnostic groups on the various .recall

~
neasures.

2. There is no significant difference between the
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;-':‘1

“

method of learning on the nuaber of words

gorrectly recalled.
\

There‘is noe significant difference between the
ratrieval strategies on the number of words

corractly recalled.

—
’

£

There(}s no significant interaction effect between
groups, condition and recall type on .the retrieval

measures.

S
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Experiment 1 ~

Method

Subjects

. Three groups of subjects were investigated. The first (Group 1)
comprised outpatients diagnosed as having idiopathic Parkinaon’s
disease (PD), Qnd who were undergoing treataent for FD either at the 'ﬁ~
Division of Neurology of the Ottawa General Hospital or at the
Parkinson's Disease out-patient Clinic of the Ottawa Civic Hospital.
The second group (Group II) comprised outpatients diagnosed as having
Senile dementia of the Alzheimer-type (SDAT), referred from the
Neurology Division and Memory Disorder Clinic¢ of the Ottawa General
Hospital. Tﬂe third group (group III) consisted of nornsl control
{NC) subjects who voluﬂteered.their participation. Thaaé‘were\
spouses of pafients (2) and volunteers from the Senior Employment
Bureau. All subjects gave informed consent for their participation
and were paid §15.00 to defray minor ;;penaes incurre&“ﬂue to the
study. In the case of patients with SDAT, informed consent was also
gought from the patient's next of kin. )
General criteria fOf inclusion in the study for all subjects

inéluded {(a) absence of a econsistent history of hospitalization for

paychiatric illness {(in the case of a history of depression,
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intaf-rggﬁr reliability from two néuroiogista was used for inclusion
in the SDAT group); (b) absence of a history of neurclogical disease
other than that being-iﬁvaatigated {no neurologicai-disoraer for Group
IIT) and, c) the presqncé of the studied diseases (Group I & II) for
at least one year. '
\ For the patient groups, possible metabolic and biochemical

disorders were investigated when required. Where clinically
indicated, an EEG, CT-scan and Doppler were used. Blooé tests
included complete blood cou;t. sedimentation rate, thyroid studies,
liver and kidney function tests, folic acid, vitamin B-12, cortisol
and VDRL. CSF analysis, RISA cisternography and ;ngiography were.not
clinically indicated in any batientsf The Hachinski-Ischemia score
was applied to the SDAT group to rule out-multi-infarct denentia.
(Hachinski et al, 1975). Brain biopsy was perforned oﬁ o;e patient
who was rejected from the study. . f

Although attempts were made to match all three groups according.
to dge, education, and Wais-R (or Barbeau-Pinard for the French
speaking subjects) vocabulary scores, this was not possible due to
the SDAT group beiﬁg at a-more advanced age when referred. Primary .
enphasis was given to matching the PD and NC groups. For all
subjects, the pregence or absence of dementia was assessed at the tiﬁe
of initiallevaluation using the Delenti: Rating Scale {Coblentz,
Hattis, Zingeaser,'Kassof. Wisniewski, & Katiman, 1973), which was
‘developped for the clinical diagnosis of Alzheimer's disease (Mattis,

-

1976). Short examinations for dementia have been generally criticized



89

for failing to identify patients at the mild stage of the.disouse
(Wells & Buchanan, 197i3;; The DRS clinical scale, however, has been
gshown to be a valuable instrument in distinguishing éﬁe Altheimer-type
dementia from other delq?tiaa, even at_ahfharly gtage of the disease

(Fuld, Katzman, Davies, Terry, 1981; Freedman, Rivoira, Butters,-Sax &
Faldman, 1984; FriedI;;d. Budinger, Koas, & Ober, 1985; Hartin &
Fediﬁ, 1983; Hatﬁis. 1976; Moss, Albert, Butters & Payne, 1986;:
Vitaliano, Breen, Albert, Russo, Prinz, 1984; Volicer, Direnfield,
Langlajia, Freedman, Bird & Albert, 1985). When possible, this
avaluation was repeated from 9 to 18 months following initial
adninistration. This allowed assessment of any progressi#e decline in
mental abilities. “Subjects in the SﬁAT group who did not shaw a
decline were excluded from the study. -

The éresencé of dementia was defiqed as follows: (1) thé profile
of behavioural disturbance was'cqncbrdant with the definition ‘that
dementia I3 "an acquirea persistent impairment of intellectual
function witp compromise in at least thrde of the following spheres of
mental activity: language; BOROLY., viauospatiai skills, emotion or
éersonality, and cognition (abstraction, calculation, judgment,
etc.}" (Cunnings & Benson, 1983, p.1): (2) the overall dementia rating
score ::3 below 133 (norms provided by Freedman, 1985); and (3) a
progressive decli;e in functioning over time was observed. In one ///'
instance (SDAT group), the first and third but not fhe second gziggrfa ’
wére net due to the patient; auéerior premorbid abilities. ,Tge

7
Washington Dementia Rating Scale (Cryer and Kissane, 197Q§ was used to

}
~ 4 \
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assess functional level. The Western Aphasia Battery (Ottawa General
Hospital adaptation) was administered to ensure basic language
__:;pabilities; tﬁe preasence or absence of depression was assessed
. through both thé Zung {1965) and Beck (1961) depression rating scales.
The Zung self-rating deéression scale was proven to bhe a reliahie" -
instruaent in.the evaluation of the elderlf {HcGarvey, Gallagher,

Thompson & Zelinski, 1980; Zung, 1967, Zung, Richards & Short, 1965),.

Group I: Parkinsogﬁdisénsa

Sixteen patients with idiopathic Parkinson disease uefe referred.
One patient was rejected due to bilateral frontal lobe @anage
documented on CT-scan. Another was rejected due to an unusual history
of juvenile Parkinsonism;  Two other patients were rejected due to
their having a severe dementia with the disease. Twelve'patients were
o “retained for the study. None of the patients showed a history of :
/’j/f\\\\ _7_,psyéhiatric illness. All patients had been diagnosed as suffering
from Parkinsonism of the idiopathic type, for at least one year, and
showed no evidence of other neurological disease. Patients were
( describ;ﬁ as having altered cognitive functioning as compared to
pre-morbid levels, but none showed evideﬁce of presence of a dementia
-as defined by our criteria (see Table 11). All patients were on a
variety of antiparkinsonian medications and were continued with
chemotherapy extant at the commencement ¢f the study (see Appendix 2
for drugs).
Signs or symptoas of parkinsonism were observed in all patients.

These included cogwheeling (3 ients ), akinesia (5 patients),

i



" Table 11

Demographic Data for Parkinsons ahg Altheimer's Diseases and Norma] Subjects

Groups

1Y

Parkinson's Alzheimer's Normal
VYariables Disease Disease Control
Sex -
Hale 9 2 7
Female 3 10 5
Agqe (in years)
M 58.3 67.0 58.9
SD 7.1 6.9 5.9
Range 49-70 57-80 46-70
Education
H 13.2 12,6 14.3
5D 2.7 3.9 2.3
Range 9-17 8-22 10-17
Duration of Disea¥e (in years)
M " B.3 2.4 N NA
SD 6.3 .99 \ONA
Range ‘ 1-21 1-4 T NA:
WAIS-R Vocabulary a)
| . ' 13.9 8.8 13.8
SD 1.8 22.6 3.0
Range 12-17 1-17 9-18
Dementia RS 1 b)
)| 140.1 118.7 142.2
SD 3.9 10.4 1.9
Range 132-144 105-143 139-144
Dementia RS 2
H 141.6 99.5 N&
SD . 1.9 24.7 NA
HRange 138-144 63-136 NA
WDR c) :
| .33 1.4 0
SD 24 .63 0
Range 0-.5 5-2.0 0
Zupg Scale 49
H . .46 A6 .35
SD .08 .09 .09
Range +31-.59 34~.63 +26-.48
Beck Scale e)——
M 7.1 7.7 3.2
SD 4.3 6.9 2.9
Range 2-17 0-26 0-9
WAB £) ST
.} 99.2 91.8 99.8
SD 1.2 9.9 .62
A Range 99-100 66-100 98-100



Hachinski Scale g)

- 'NA

| © NA 1.6
sD NA - 2.0 - NA .
Range NA 0.6 f NA

/'

a)
b}

¢)
d)
e)
£)
g)

Vocabulary g;oaonted as a standardized scale score (Wachsler, 1981,
Barbeau-Pinard (1951).

The Dementia Rating Scale is a. coupcs;ta score of several higher mental
functions. Maximum score is l44.

WDRS~-Wash'ington Dementia Rating Scale.

Zung Depression Scale. ‘

Betk Depression Iaventory.

WAB-Western Aphasia Battery. ' Maximum score is 100,

Hachinaki Iachemic gcore.
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rigidity (8 patients), tremor {12 patients), masked facies (11
patiants), seborrhea (4 patients) and various gait disturbancon (all
patients) including shuffling and festination. All patients with the:
excaption of one'shswed bilateral involvement. Speach was generally
of low pitch, and monotonous in tone for 1! patients. There was a
ra#ge of severity ofrthe Pa;kigson's symptons (Hoghn and Yahr, 1967).
One patient was at a‘functionnl leval of stade 1, four patients werse
at stage 2; 2 were at stage 3 and 5 were at stage 4 of the disease,.
None of fhe patients had visual or auditory problenms.

One patient was being treated successfully for hypothyroidisa.
Five were given an EEG, of which two showed diffuse slow backgroundr )
- (6-7 Hz) with focal sharp waves at the left tempor;k“area. Five
patients were given CT scan. Resﬁlts revealed that one patient had
diffuge cerebral atrophy and another showed early cerebellar atrophy
with considerable cerebral atrophy and some periventricular
hypodensity. These patients did not show a corresponding deficit in
general behavioral functioning.as measured by the Dementia Rating
Scale (DRS) and the Western Aphasia Ba ter?.

The DRS h;s not been validated as amTndtrument for the purpose
of identifying a dementia specifically attributed solely, or
primarily, to underlying subcortical pathological change. 1In fact,
there are,.as of yet, no instfunenté capable of this (Cu;nings &
Benson, 1984; Huber & Paulson, 1985; Whitehouse, 1986). ﬁbﬂggg;L -

useful indicators of the presence of a subcortical dementia may-be

provided from a qualitative nhglysis of patients' overall performance
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(Cummings & Denson, 1984). If groups of gatxents with cortical or
subcortical pathology both score within the range ﬂﬂdicative of a
dementia, on the DRS scale for example, the total score may be nada up
of qualitativaely different characteristics for the latter group to be

attributed to deficits in subcortical structure and function.

1
Furthermore, the plotting of the subscale profile should follow a
different pattern for one group as compared to the other. In this
study, Parkinezonian patients were chosen so that they would not gcore

within the range indicative of dementia 'on the DRS to ensure intact

general cortical function.

.

‘

Group II: Alzheimer Diseasa:

Fifty-five patients were referred with probable SDAT. Some

patients were self-referred because of experienced nemory disturbances

v - -

and/or a decline if functional effectiveness either at home, or work.

)

or both. Others were brought to their physicians (and subsequently to
)

1
~— -

the neurPlogist or Henorf Drgorder Clinic) by family members with
complaints of changed behaviou{ which p;ecluded normal liying. All™
patients had a history of employment and achievements indicating nornay -~
or higher premorbid intelligence.

Patients were submitted to a clinical-neurological di;gnostic

evaluation by & consulting neurologist, and to assessment of céb itive
,

A

functioning, as described above.

Fourty-three patients were rejected. Ninetean patients were found

to be too far advanced to participate in the experimental protocol:;

_—



sixteen either showed no progressive deteriocration or had iaproved at
time of re-teat. Five ﬁationta who were provisionally diagnosed as

‘hiving SDAT were rejected because of the atypical overall clinical

ploture and three patients were diagnosed as having multi-infarct

dementia.

Twelve patients were accepted as members of the SDAT group on the
basis of an agreement betwaeﬁ two raters, a'progresai;e loas of higher
!entﬁl functioning ns,neasured by the Dementia RQting écale and the
clinical-neurological assessment. Of these twelve patients thregr
pntighta had historical features which required inter-rater consensus:
one patient'had had in.th; past two depressive episodes with

hospitalization; one patient had had a closed head injury in his third

decade; one patient had two different CT scan readinga (one without

this). Patien

11.

. -
The SDAT group can be described as beingimildly (105-T46)

\ -
! R -

demented using the Dementia Rating Scale. None of the patients studied

were inpatients during the study; two patients were institutionalized

within the follow-up period. All others werTe &ontzgﬁously cared for by

-~

tbeirr;pousea. Patients in the mild dementia group were emotionally
" and behaviourally appropriate and could independently perfora many
activities, and could care for thenselve#.

Normal Controls

r .

TN
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- Twelve normal v;lunteers served as controls fpr the two other
groups. These were meabaers of the community who were leading normal j>
lives, either still. involved in their profession or retired. Three
were volunteers.fron an Ottawa Curling+Giub while seven other

-

volunteared from.the Senior Employment Bureau. Two other volunteers
~ : 4

were spouses of members of the SDAT group. MHembers of this group had
P

no medical complaints &nd had no prior psychiatric h{gtory. Data on
this group, including normal leve} of fuﬁctioning, is‘presented in
Table 11,

Hétprialn \‘ﬁh , ' o ‘
Th&ﬁbaried—set procedure of the }ta;:;gségnition paradignm
(Sternberg, 1975) was used in this exéeriment. Onset and offset of all

visual and auditory stimuli and timing of voice responses.were
controlled, processed and accessed through a Digital Equipméff’HINC 11

——

Computer. ?igure 2 shows akéchenatic diagray‘of equipment used for
presént;tién of the atiauli and collection of responsas.

. The gisual display (letters of the alphabet) w§s presented on an
E1e§trohone qutract Series 48 cm screen T.V, monitor (model C40 -852).
;ize, set and position on tge visual display and generation of
characters on the T.V. screen was done through a Norpak Micro Video
Processor. Letters were S centimeters in height and 2 centimeters in
Hidfh. |

A 60 @B SPL. 1000 Hz warning tone was generated by a waveforna

generator (Wavetek model 159). The tone's onset and offset was

computer controlled (5 ms rise and fall time) and was coupled to a set



Fidure 2. Schematic diagram of equipnent used for presentation of the
B;\\\Tl and collection of responses. ° ©®
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of -headphones (Talephonicé. node]l TDH-49P) through a Grason Stad}ar
amplifier (model 1286) and attenuator (model 1293).

An.EFG microphone (mocdel D40), along with an amplifier with gain .
of 5000, was used to pick'ﬁp subject's voice reaponset .The test letter
was turned off by a Schmitt trigger circuit gensitiva to voice

amplitude., This trigger circuit sensitivity level was set so that the

‘generated t;igger pulse yielding RT would coincide uitg onset of the
verbal response independently of subjects voice pitch variability. The
trigger signal read by the computer gave an on-line measure of respon&e
time and initlated a routine to turn off the T.V. display. The
response Jaﬁ also heard by the experimenter through a set of

‘headphones.

Procedure

For the purpose of clarity, eaip trial will be artificially
divided into three distinct phages: 1) the learning phase, 2) the
testing phase and 3) the feedback phase. Figure 3 shows a schematic
representation of the events of the item recb@nition paradigm.

Learning Phase

A trial began with the consecutive presentation of one, two or
three letters of the positive memory set. VEach letter was displayed
for a duration of one (1.0) secopd with an inter-stimulus interval
(I5I) of one half (0.5) second. éLe offset dfipye—iast letter of the
menory set was followed in .25 msec duration by a warning tone of 0.5

second duration. This warning tone signaled to the subject the end of

the learning phase and the onset of the testing phase which followed




Fiqure 3. Schematic representation of the events of the

item~recognition paradignm.
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the end of the tone by 1.75 seconds. The subject was free to rehearse
during this short delay.

Testing Phase

-

‘Af the offset of the retention interval. opa‘single‘letﬁér
originating either from the positive or the negative set ;§sudisplaydd
on the screen. The subject's task was to decide correctly, as quickly
as possible, whether the displayed test letter was one of the items in
menory. If the Qubject decided affirmatively, he answered "yes" or
"oui™ into a microphone, located approximately two inches £rom-his
mouth, thus making a positive response; otherwise he nade a negative
response by answering "no" or "non". The subject ;as instructed to -
respond as. quickly as possible after the decision had been nade.
Verbal reaction time was measured on-line‘fron the onset of the test
stimulus to the on;et of the verbal response. The verbal response also
terminated the T.V. display of the test letﬁer. A sample printout of

one subject's results is presented in Appendix 3.,
—_—

Feadback Phasge

[ 8|

Subject's responses were heard by the experimenter via headphones
after which he gave feedback thrqug? a display on the T.V. screen: the
word "right", "bien" appeared if a(corfect answer was given or the word
"wrong", "mal" appeared if it was incorrect. Feedback was dﬂsplayed
for 0.5 second. The response was then coded as "correct" or
"incorrect" by the experinenter on the conput;r. In the event that the
trial was invalidated by a tachnical difficulty, it was then coded T

and replaced. Intertrial interval between feedback offset and the
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beginning of the next trial was approximately 4 sec. Average

inter-trial interval was approximately 6-7 seconds.

Experimental Protocol:

Each asubject was seated in front df a television screen placed at

-

eye-level 186 ca from the subject, Testing was carried out in a sound
attenuated research.cﬂ;;ber. Subjects received two segsions of 75
trials each separated by a short break. Seésions were broken into 10
bldéks of' 15 trials each. A word of encouragement to the subject
separated the blocks. Instructi;ns were given to each subject in the
following manner. First thé instructions~were formally given Ss shown
in Appendix 4{ {English) and 4b (French). Then they were summarized in
the manner described abeove informing the subject that in the learning
phase, one to three letters would be shown. Then a warﬁing tone would
announce the end of the first phase and the arrival of the testing
phase which consisted of a ."yes" "no" amswer given as quickly as
possible. Finally, the subject was askedQ::\E;‘undarstood and if there

Wwere any queafions. '

Practice trials immediately féilowed the instructions. Each
subject recéived a summary of the events for the first flvq practice
trials whether the given answer was correct or incorrect. Then six
other tria&g followed witﬁ instructions given only on the miassd
trialas. Correctness of response was.-acknowledged only through feedback
for all further trials. The experiment began after 15 consecutive

successful trials were achieved. A maximum of 75 practice trials were

allowed. Subjects who could not succeed within this limit were
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aggisted with an alternative "coached" technique as described further
on. The instrugtions of the task were simplified as much as possihlg
f;r subjecta who had difficulty léarning it. The experimental sessions
lasted approximately 45 minutes with a five ainute break halfway
through the experiment. . o

One hundred and fifty trials were presented. ¥or each trial, a
different set tl to 3 letters) of target stimuli, drawn from the
"positive" set of eight letters (A,C.E,J,P,V,X,Z) ﬁas'presented. The

subject verbally responded "yes" or "no" to the test stimulus (a letter

drawn frén either the "positive"” set or a second "negative" set
(B,D,F,H,0,U,W,Y)), indicating whether or not the test stimuius had
been presented as one of the memorized taréét stimuli. Selection of
rEEﬁane type (yes or no) were made equiprobable. Seigction of the
‘target and test letters was random, with a restriction that each memory
load size and the position of the test stimulus in the 1 to 3 letter
nenory sequence were made equally frequentf

A block of 15 trials was added to the total number to replace
artifact contaminated correct responses, that is, those where the
subject answered correctly but where tﬁe recorded reaction time was-
errcneous. The incorrect recorded reaction time could be either
éubject or machine related. In the first case, faulty triggering of
the voice-operated response could be caused by ﬁanual.contact of the
microphone by the subject, too low a voice level, throat noises or
coughing while the feéé stimulus wag on. In the second, an erroneous

- -

recorded reaction time was due to fallty equipment. Such trials were
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replaced at the end of the session and latar included in the analysia
of the results,
Simple error trials and outliers (respondes which reaction time

exceeded an arbitrary value of 4.0 seconds) of unknown cont&nination o

cause were rejected.

Coached-Learning Technigue:

Sub{ects who could not éu;ceﬁéfully achieve 15 consecutive correct
practice trials within 75 trials were given an alternative .
"coached-learning” procedure. The "coached ledrning" node diffefad
from the above only in that it contained instructions directing the
subject more explicitly on the nature of the task. 1In this acde, the
corzand "Learn" or "Apprenez" preceaeded the appearance of the letter{(s)

to be memorized and lasted for 1.5 secpndé on the screen. The queation

"Was it?" "C'étaiﬁf“ appeared for 1.4 seconds following the warning

signal and preceded the appearance of the test stimulus. Finally, the

words "yes" "oui”,"no" "non" appeared with the test stimulus and lasted

until the subject answered. This method was designed to assist those
subjects who experienced difficulty in ordering the events in a
sequential meaningful manner as they appeared on the scre;n. Again,
instructions were clarified at each missed trial. Subjects who failed

to roach 15 consecutive correct responses within 50 trials wers

rejected from the study.
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Results
Group Characteristics
Analysis of the dataigas done using SPSé Onaugy programme with
Tukey's u.posteriori contrasts. ‘Despite attempts to match the three
groups, the analysis of group-defining variables revealed that the

Parkinson's '‘disease group (PD), the normal control group (NC) and the

Alzheiner's disease group (SDAT), differed in the following

-

characteristics. The demographic variable of age revealed a
significant main group effect, F(2, 33) = 5.33, p<.00l. Post hoc
analysis showed the. SDAT group to be significantly older (ﬁ = 67.0)
than thg PD group (M = 58.3) and the NC group (H = 58.9).

All three groués had equivalent educationgl level (SDAT M = 12.6;

4

PD M = 13.2; NC M = 14.3). The main effect for vocabulary scaled

B il .

score was significant, F(2, 33) = 10.62, p<.001, Tukey's'a

posterio}i contrast analysis showed that the SDAT group had, as might

-

be expected, achieved significantly lower scores on yocabulary (8.8)
‘as compared to the two other-groups {(PD = 13.9, NC = 13.8). Both
measures of cognitiée (Dementia Rating Scale, DRS) and functional
(Hdshington Dementia Rating Sc;f;, WDRS) dysfunction revealed-
gigfiificant main effects, F(2, 33) = 47.95, p<.001 and.g(z, 33) =
42.73, p<,001 respectively. Again, Tukey’s revealed the SDAT
patiént;' DRS score to be significantly lower (M = 118.7), and they
were found. to be functionally more inp&ired ag rated by the WDRS (M =
1.42). Comparatively, the PD group (DRS K = 140.1 and WDRS M= .333)

B g

was both cognitiveLx:an%:functidnalIY equivalenﬁ to the NC group (DRS
- Vs
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M = 142.2; WDRS N = ,00). !

PR

Renu}aa on the Dementia Rating Scala subteg}s for each group are

~
shown in Table 12. 'Analyeis of variance revealed aignificant main
effects for the following subtests: initiation and perseveration,

~

F(2. 33) = 16.89, p<.001, conceptualization, E(2, 33} = 9.15, p<.001,
and ne:;ry F(2, 33) = 10.39, p<.001. As indicated in Table 12, post
hoc; from the Tukey's analysis ravealed that for all subtests. the
SDAT group achieved significantly lower scores than both the PD and NC
groups.

Language examination as measured by the Wegtern Aphasia Battery
{(WAB) revealed a significant pain effect, F(2, 33) = 10.15, p <.001)
with the SDAT group (M = 91.8) having significantly more ‘overall
ldnéuage inpairment than the two other groups {(FD, H = 99.3; NC, H=
99.8)}, as avidenced by the Tukey's post-hoc analysis. Again, the SDAT
gro?p differed significantly from the .two other equivalent (PD and NC)
groups on all subtests.’ Thg mean scores ?nd analysis of subtests
revealed that the SDAT patients were impaired primarily for complex
i£ena. -

- Analysis of scores achieved on the Zung depress{zﬂfthing gscale
rovealed & significant main effect, E(2, 33) = 8.33, p <.001,
Tukey's analysis showed that, although still within the non-depressed
range, both the SDAT (M = .48) and therkq\iﬂ = ,46) had significantly
more complaints than the NC group (Y = .34)}. Scores oa the Back

Deprespion Inventory also revealed that, although all th;ea groups

were within the normal range, the PD and the SDAT groups had

R
Bt r?'x
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~ Table 12 - _ | -

Means and Standard Deviations of SQAT,-PD and NC on the Dementia Rating Scals
Subtests . '

~. . Groups
\ spaT ¢ P NG
Subtests . .o/ SD M sD M sD
. \
Attention and concentration - 35.9 0.9 ~,36.5 0.9 37 0.0
Initiation and perseveration 27.8 6.5  35.8 1.6  36.1 1.7
Construgtion 5.5 1.0 - 6.0 - 0.0 ba 0.0
Conceptualization | 3l.6 6.7 37.5 2.6 38.4 1.2

Memory : 18.5 4.4 24.3 1.1 24.9 0.3
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gignificantly more conplaints‘phan the NC group.

Covariate analysis between age and Voc&bulafy scale scores, DRS,
HﬁRS,‘Zung scale of &epfesaion and the HAE were all found not to be
significant. All results renuin;d significant when age was used as a

A ;
covariate. . \: -

{
Iten-recognition paradiga
S B

Practice trials. Subjects of the PD and NC groups Hsd no

difficulty in learning the steps of the item-recognition paradiga as

avidenced by the sual{ number of practice trials necessitated to

naster the tAjﬁ (PD ¥ =17.8 and NC M =18.2). However, eleven of the
; i

12 SDAT pntients difi not reach the criteria of 15 consecutive correct

trials within the 15 praétice trial limit. The "coached" method for

learning was implemgnted for these patients. Three of the patients

were rejacted beca“ﬁe they did not benefit from external structuring
—~ )
of the task. The eight other patients were able to achieve the

eriteria. of 15 consecutive trials within an average of 36 trials.

had

Error rates. Mean error rates were equivalent for the normal
aubjects (1.5%) and ‘the Parkinsonian patients (1.2%}. However, the
arror rate in the SDAT group was variable in comparison to the tuwo
other groups. One patient of the SDAT group was rejected because of a
25% error rate, which exceedead fhe 20% set limit. Another patient was _
rejected because he could not re-astablish seﬁ for continuing the task

o

after the half time-break. His error rate for 75 trials was 13%.

£

Finally, one other pa€1ent, who had to be verbally assisted to respond

having failed to understand the significance of \the non-verbal events
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of the pufadign, was rejectad because the RT means were iongest for
momory loading one and fastest for memory loading three. ..This patient

had. learned that the maximum number of letters to be shown was three

-

and theréfore ;esponded‘p;onptly only ‘when the nenoryjloading was of

three letters. Error rate for fhe remaining five SDAT‘én}iants was

=9

\w
¢

1 -5

1.9% which is equivalentuwith_the NC and PD groups. It thus appedrs -

that successful subjects %or all groups were equally good at

-

registering and storing the I'ist materials, providing an independent

assessment of the three group's retrieval processes. Decision tinmes
A
-

for incorrect responses were deleted from the analyses.

Treatment of outliers. HNean RTs of subject's responses were

computed separately for the PD group (N = 12), NC group (N = 12), and
the Sﬁi& gfoup (N = 5) for each memory loading {(one, two, and three),
as uqlg as for resgodﬁp type (positive and negative). These means
wera torraected for extreme scores {"outliers”) for each subject, as
suggested by Grubbs (1969), by excluding trials in 9Qch condition in
which reaction t%}es excoeded critical values at the .05 level of
~significance. Elimination of extreme responses following a method
recoamended by.Grubbs was used by Pharr and Connor (1980) in a similar
experiment. Rejected trials were of 1.3% for the NC group, 1.1% for
the PD group and‘l.éi for the SDAT group. DBecause the number of
cutliers was amall, no attempt was made to analyze the percentage of
rejected trials statistic;lly. -

Revised means excluding these outliers were retained for all

ffirther statistical analyses. Because of ‘the unequal nuaber of

i
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»
subjects, two separate group analyses were performed, the first

comparing the SDAT, PD and NC groups (N = 5); and the second conpafing
the PD and NC groups (N =-12),
.

Performance of patients with Senile Dementia of the

@
Alzheimer's Type. Seven of the twelve patients with Alzheinmer's

disease were unabld to learn to perform the Sternberg task, even when
a structured coaching method wag provided. Thé mean DRS gcore of
these patients was 114.7 whereas the mean WAB score was 93.4. Four of
the five patients‘who did perform the task w;re unable to do so until
a Fttuctured néthod was used. The mean score of the DRS acalé for
these patients waé 120 whereas their mean WAB score was 94. Three of
these four patients, when retested after a six-month to a year delay,
were unable to perform the task even under structured conditions.
Their DRS mean score at this time was 109. The single patient who had
been able to perform the task without a structured setting ?6ﬁs = 1%3‘
and WAB = 100) was unable to do 80 at retest, but could do so when
given structure (DRS = 136 and WAB = 9%). HNone of the Parkinsoﬁian
patients or the nofnal subjects required such structured as;ishance.

Latency analysis of the three groups. Five subjects from the PD

(4 age =-65.6) and NC (M age = 65.6) groups were age matched to the
SDAT (M age = 67.6) patients who succeeded in doing the task. Hean
RTs were computed for the PD group, N = 5 and the NC group, N =‘5, for
each_penory loading and for response type. Analysis of variance was

performed using SPSS Manova on mean RTs with response type (poaftiée

and negative) and size of memory set (one, two and three) as

S,

: N

K

.
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uithin-subject variables and with groups (SDAT., fD and NC) as .
betwean-subject variables. DBecause of the size of the sample within
e;ch group, only univariate statistics were used. The data was
analysed separately for the three groups and submitted to regression
analysis. o

Tpe 3 (Group) x 3 (Memory set) x 2 (Response tyée) analysis of

variance performed on the reaction times yielded a non-significant

nain effect for Groups (F(2,12) = 2,68, p>.95), and Response Typs

(F(1,12) 4.48, p»,05), The interactions G ups X Response Type

(g{Z,lZ) 1.07, p>.05), Groups x Hemory-set Size ( .24) = 1,26,
p>.05); and Groups x Response Type x Hemory-set Size (E(4,24) = .64,
p>.05) were also not significant. The stated null hypothesis for
these.results aust thérefore be accepted. However, as predicted, the
nemory-set size main effect was significant, F(2, 24) = 31.25, p<.0l.
Tdkey'a a poateridfi comparison revealed that, as expected,
penory-loading one was significantly different from memory-loading

f;==tWUT_Eﬂﬂ_tHat memory-loading three was significantly different from
both memory-iocading one and two. Grand means and standard deviations
for collapsed positive and negative responses are summarized in Table
13.

Figure 4 presents the mean reaction time of the SDAT, PD and NC
groups ag a function of the three memory-set sizes. In this Figure,
the reaction times for ycs a2nd no are averaged together since the

analysis of variance revealed, that neither the main effect of type of

response nor its interactions were significant. L e
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Table 13

Grand Mean Reaction Time and Standard Deviations for Collapsed Probas as a
Function of Size of Memory Set - N

Menory set size

1 2 \ 3
Group n |1} SD M. sD H 5D
SDAT 5 .795 .23 .822 .21 .90l 14
PO, 5 .805 .20 933 .23 .995 .27
NC 5 587 .09 .654 .09  .698 . .08




-

Fiqure 4. Line of best fit to the mean lﬁtoncies of collapsed
positive and negative responses as a function of memory set.

i

——r
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Inapection of the figure suggests that (1) the mean reaction
time for the SDAT, PD and NC groups increases approximately linearly;
{2) PD patients show the sloweat reaction time as revealed by the
greatest alope: the NC and SDAT groups show similar reaction times as
revealed by their comparable slopes and {(3) PD and SDAT patients show
similar time taken for n;;-scanning procasses as revealed by their
having similar intercepta. NC subjects, however, show a faster time

taken for non-scanning processes as revealed by their lower intercept.

Analysis of slope and jntercept. For each subject the equation

expresging RT as a linear function of nemory set size was calculated
uging the least-square regression method.. The function relating RT fo
set size(s) is: RT = 723.3 + 95 s for the PD group; RT = 726.7 + 58 s
for the SDAT group; and RT = 530,0 + 55 s for the NC group. The
linear trends accounted for 90% to 97% of the variance. The scanning
rate as suggested by the slopes of the reaction-~time function was 10.5
items per saecond for the PD gréup, 17.2 items per aecond for the'SDAT
group, and 18.2 items per second for thae NC group. Analysis of
variance showed that both the rate of scanning and the vocal response’
{and other processes taken to be reflected in the intercept) were not
statistically different ;;roah groups despite an apparent trend .

towards' slower scanning for the PD group and slower non-scanning

processes for both patient populations., Table 14 summarizes the

e

£ o
aﬁslygls of variance of the mean slopes and intercepts of the SDAT, PD

and\pontrol groups.

Analysis of lLatency: NC and PD Groups. Latency data were

F2
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Table 14

Analysis of Variance on Mean Slope and Mean Intercept Data of the SDAT, PD
-and_NC Groups C

Slope data:

Group n o| SO af 3 )
SDAT ) 5 58.0 .06
PD 5 - 95.0 .05 2,12 l1.16 34
NC 5 55.0 .0l

Intercept data:

Group n M SD df P - p
SDAT 5 726.7 .30 -

PD 5 723.3 .17 2,12 1.4 .28
NC .. 5 530.0 .10
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analysed, using the S5PSS Manova-prograame, in which response type
(positive and négative] and size of Memory Set (one, two and three)
uererth; within-subject variables, and Groups (PD vs NC) was the
between-subject variable. Because of the size of the sample within
each group, only univariate statistics from this program were used.
Hean RT from each group were also submitted to a regression analysis.
The aain effect of groups was found to be non-significant
(E(1,22) = 3.57, p>.05). Type of response proved to be A significant
main effect (F(1, 22)= 7.10, p<.01l). Negative responses were faster
than pesitive responses for the PD group. There is no explanation for
this finding. Although.not unusual, the more expected finding 1in
studies oé young normal subjects is that positive and negative trial
slopes are equal (Stefhg;rg, 1975). Groups x Response Type, however
was not significant fE(l,ZZ) =1.79, p>.05), indicating that the two
grouﬁg‘respﬁnded in the sanb manner. Size of memory set showed, as
predicted, a significant main effect (F(2, 44) = 81.71, gﬁ.OOl}.‘
Tukey's a posteriori comparison revealed that aemory loading one was
significantly different from memory locading two, and that memory
loading two was significantly different f£rom both memory loading one

and three. Finally, the interaction Groups x Response Type by Hemory

Set S5ize was not significant (F(2,44) = .03, p>.05) suggesting that

the positive and negative responses within and between the groups were -

statistically similar to each other. Grand means and standard

deviations for positive and negative responses are summarized in Table

15,
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Figure 5 p:esen;a the mean latencies of correct responses as a
function of memory set size, for both the Parkinsonian patients (Na12)
and for normal control‘subjecta (N=12). The left panel represents the
reaction times for the yes responses whilst those for the no responses
are presanted in the right panel.

A qualitative analysis of the figure asuggests that: (1) as the
list is lengthened, latency also increases for the PD and NC groups:
(2) there ié a trend toward a slower overall reaction time for th; éD

group; and (3) the ‘yes' responses are slower than the ‘no' responses

. for the PD group.

Apalvsia of Slope and Intercept. Again, for each subject the 3
equation expressing RT as a linear function of memory set size was
calculated. The least-square regression®functions computed wWere as
follows: (a) For the positive probes, the PD group mean reaction time
was 567.4 + B82.4 3 and the NC group mean reaction time was 496.4 +
70.0 8; (b) for the negaéive probes, the PD group mean reac%ion time
was 662.7 + 63.9 s; the NC group mean reaction time was 561.2 +.46.6
s. The sloéea for both positive anﬁ negative responses were not found_\
to be significantly different between groups, although the PD group
showed a trend towards slower scanning. For the Parkinsonian
patients, linear equations‘uccountad for an average of 92% of the
variance in the positive RT and 97% of the variance for the negative
RT. For the controls, linear equations accounted for an average of

99% of the variance in both positive and negative RTs. The slopes for

the PD group auggest a scanning rate of 12,1 items per second for the-

AS

o BN
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Table 15

Grand Means and Standard Deviations for Positive and Neqative Responses for
PD and NC Groups

Hemory set size

Positive responses ‘ . Negative responses
1 2 3 1 2 3
Group n M SD ¥ SD N  SD M SO M SBD M SD
PD 12 .805 ,20 .933 .23 .995 .27 .720 .19 .B05 .23 .848 .27
NC 12 .587 .09 .654 .09 .698 .08 .608 .07 .657 .06 .701 .08
\
N



-

+ "Figure 5. Line of best fit to mean latencies of positive responses

(left panel) and negative reéponaea (right panel) as a function of

Remory set.
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positive trials and of 15.6 items per second for the negative trials.
The slope for the NC subjects indicated a rate of gcanning of 14.3

~
- itens per second for the positive responseé/gﬁa 21.5 items per second

for the negative responaes. The NC group-‘ owed a trend towards
processin§ a larger nuaber of items per s cond when giving negative
Tesponses as conpared to the PD patient's positive and negagive
i?sponses and their own reaponsei//'Table lbr;EE:arizea the t-tast
analyses of the n;an slopes and/lntercepts of the PD and control groups
at each response type.

Interceptds were slightly grehber on negative trials than on
positive trials, a usual result with the use of this procedure -
(gternberg, }975). As Table 16 indicates, neither the slopes nor the
intercepts between Parkinsonian patients and normal controls reached
statistical significance on either positive or negative trials.

\

Discussion

Subjects. From the outset of this project, an attempt was made to
match groups for age.- However, although the pool of provisionally
diagnosed SDAT patients was substantial, the residual nuaber of
probable SEAT subjects after follow-up was small. Those who wWere
" excluded tended to be younger. This resulted in a significantly older
sanple of SDAT patients. Aa only twelve patients with PD Were
available for the study, it was not possible to raise the mean agé'st f‘

thiépgrouy to match that of the SDAT group. Finally, matching of the

/

!
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Table 16 | - >

. I-test on Mean Slope and Mean Inptercept Data of the PD and NC Groups

Positive slope data:

/
Group =~ n e H SD T 4af 7 p
PD C12 82. 4 .27 ,
.96 22 .35
NC 12 70.0 .04
Pesitive intercept data:
Group n H SD T _4af p
PP 12 567.4 .18 .
Y 1.28 22 .22
NC- 12 496.4 07
Negative slope data:
Group n M 5D N~ T éf p
- — e
FD 12 63.9 Q7
' .85 22 .4l
NC 12 46.6 .03
Negative intarcept data:
Group n U ) ‘T df p
3
PD 12 662.7 .19
1.70 22 .11

" NC 12 561.2 .08




Cmahm

- | 110

control subjects was done conconZttantly with the referral of the PD
and SDAT paé&ants so that, in the end,'the control group was closely
- matched to the PD group but nqt to the SDAT group. To control fur age,
analyses of variance were perfdrmed on the vocabulary, the Zung, the
WDRS, the DRS and the WAB tests With age used as a covariate. All
results remained significant, différentiating between the SDAT and the
PD and NC groups. The lower scores ::nnot be accounted for by the fact
that the SDAT patients were older, b;t rathe; appear to be a functioﬁ
of the disease process itself.
The diagnosis of Alzheimer's disease is difficult to establish N
.-clinically. Follow-up studies reported in the literature indicate
false positive rates ranging between 27 to 57% (Nott & Fleminger, 1975;
Ron, Toone, Garralda & Lishaman, 1?79). To minimize-false positive
diagnosis in thig study, strict criteria were used to estagliah the_
initial presuaptive diagnosis (see methodology section). Thesa
criteria have been used elsewhere (for example, Hughes, Berg, Danziger,
Cohen, Martin & Knesevich, 1982; Freedman et al. 1984; Freedman et
al.,1986; Vitaliano et al., 1984). In addition, only those patients
who showed clinical deterioration at 6 - 12 month follow-up were kept
in the study.

All three groups had an equivalent educational level. Generally,
the correlation between education and 10 has been shown to be strong
(Hatarazzo, 1972; Matarazzo & Herman, 1984). It is thus justifiable to
infer equivalent premorbid abilitieﬁ on the part of the 5DAT group,

degpite significantly lower scores on the vocabulary scale. This is
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particularly so as the correlation between education and verbal IQ on
the Wais-R has been shown to be highly correlated (Matarazzo & Herman,
1984). VJ

h +
The diagnosis of Alrzheimer's disease is also supported by the

results of the language examination. Only the SDAT patients showed

deficits on the language examination. Although it was not posaible to

identify-a particular aphasic profile (Kertesz, 1979), the pattern of

results was similar to that described in SDAT patients (Cummings,

. Benson, -Hill & Read, 1985). Patients with Alzheimer's disease have

been shown to have problems with the semantic aspect of language
(Bayles, 1982), in édrticulﬁgﬁwith finding words in spontaneous
convergation, and with the naming of objects, The SDAT patiehts ware
gignificantly impaired in the subtests compréh%nsion and fluency.
Disruptiona.in corprehension and fluency in free speech have been
observed {Appell, Kertesz & Fisman, 1982; Irigaray, 1967; Miller &
Ha@ue, 1975) in patiénts with moderate SDAT. Disruption of performance

[

has also been observed with mild cases of Alzheimer's disease on the
verbal fluency task (Appell et al., 1982; Huff; Corkin & Growden,‘lsaﬁ:
Martin & Fedio, 1983; Ober, Dronkers, Koss, Delis & Friedland, 1986;
Rosen, 1980). The language impairment in this group of SDAT patients
is also consistent with other reports that verbal fluency is a
sensitive measure for the discrimination of patients with mild SDAT
from‘non-danentad subjects of the same age (Eslinger, Damasio, Benton &

Van Allen, 1985; Storandt, Botwinick, Danziger, Berg & Hughes, 1984)3

The Dementia Rating Scale (DRS) was developed specifically for the



study of presenile and senile dementia {Mattis, 1976). Thia scaia Was
validated with a population of cortically demented patients and was
found to correlate highly with cerebral blood flow through grey matter
(Hattis, 1976). Preliminary results have indicated that examination -.
with the DRS with a six month interval was a good éredictor of the rate
of progression of the disease in a given individual over the subsequent
two years (Mattis, 1976). Therefore, the DRS, used as a screening
instrument, provides inferential support for the presence of cortical
pathology in'geﬁeral; further, when put within the context of a general
diagnostic battery, and a. 6 - 12 nonths follow-up examination, it is
useful for the diagnosis of Alqhézz;r'a disease in particular.
Results of both the Zung and Beck depression scales reveniéﬁ the
.A‘\\SDAT, PD and NC groups-to“be within the non-depressed range. However,
the scores on the Beck depression inventory revealed the SDAT and PD
patients to have significantly more complaints than the normal control
subjecta. An item analysis showed that the two patient groups reported
some degree of fatiguability, indecisivenegs, reduced interest,
irritability‘and inefficiency. Patients thus endorsed items which are
consistent with the existential experience of uging and/or being
diseased., Patients or‘nornnl control sybjacts did not report
self-destructive thoughts (item I}, guilt (item E)}, being a failure
(item C), etc., attributas highly characteristic of a depressed moed
(DSH-111, 1983). The present resulte are consistent with those obtained
from Parkinsonian patients by Gotham, Brown and Marsden (1986).

.

Summary of the project. Patients with subcortical brain pathology
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have been reported to show a recognizable clinical pattern of cognitive
deficits. These deficits have been referred to as a subcortical
dementia (Algert et al., 1974; McHugh & Folstein, 1975), or, more
recently, as a frontal system dementia {(Freedman & Albert, 1985) since
they have a "frontal lobe flavor" (Stuss & Benson, 1986). This pattern
of cognitive deficite has been contrasted with that which is ﬁaken to
arise from cortical pathology {Cunnings & Benson, 1984). Parkinson's
disease is one of several diséases that has been said to give rise to a
subcortical dementia (Albert, 1978; Cunmmings & Benson, 1984), wﬁé;;as
Alzhéimer's disease is the commonest cortical dementia, and perhaps

the prototypical example. Amongst the clinical characteristics said to
differentiﬁte these two deneﬁtias from each other is the preéence of
slowed mentation in subcortical dementia, and its absence inlcortical

k4

dementia. This study examined that proposition by_experimentarly
investigating the speed of memory scanning in ; group of patients
suffering from Alzheimer's disease, and in a group of patients
__Eyffaring from Parkinson's disease, as well as in a group of normal

control subjects. It was hypothesized that if subcortical pathdlogv
leads to mental slowing, then such slowing should be manifested in the
reaction time function, both in the slope and intercept values as
neasured with the memory scarning procedura.

Wilson et al, (l980i had reported that memory scanning was slowed
in elderly Parkinsonian patients but not in younger patients. However,

when this thesis was initiated no other laboratory had attempted to

replicate their results. One purpose of the present study was to
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confira or disconfirm their work. It diractly addresses the gquestion
_of possibly slowed acanning.in Parkinson's diseuse.‘ It goes farther by
addressing the question of possibly impaired memory retrieval in those
same patients. These data were compared with identical measures taken’
on SDAT patients, in an attempt to determine ﬁhethar zental sloﬁing is
more characteristic of subcortical than of cortical dementia., Since
the onset of this study Rafal et al. (1984) disconfirmed the reported
"slowing of scanning at least in some patients with Parkinson's dissase.
It was hypothesized, in this study, that the memory scanning speed of
the SDAT patients and the NC subjects would be equivalent and
significantly faster than that of the PD patients,

High-speed memory scanning. The results of the present

investigation describe search processes underlying the retrieval of
information fron short-term memory. As docuneﬁted by Sternberg (1966.
1969), the search strategy underlying the retrieval of information fronm
short—te&m memory is characteristically of high speed, serial and
e;haustive. In the present expsriment, PDApatients Snd NC subjects
ware found to eaploy a serial search as revealed by tﬁe finding of
significant linearity in the alopes of the response latencies plotted
as a function of list length.. This means that mean response latencies
increasaed linearly with the number of elements in memory. The search
wus_gxhaqstive as revealed by equivalent positive and negative alopes
(PD, NC & SDAT comparison) and by the longer search iime for positive

items (in the PD & NC comparison). Some SDAT patients, but not othersa,

can process information in a short-term memory task. Those patients
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who did perforn, exhibited the same qualitative memory-processing
characteristics as the normals and tgg‘iﬁ subjects.

Theoretically, the slope of the RT function represents a measure )
of the rate of menory sbanning of the positive set. The fihding that
pﬁaitive and negative slopes were unequal (PD & NC comparison) is not
unusual (Clifton & Birenbaum, 1970; Forrin & Morrin, 1969; Mohs,
Tinklenberg, Roth & Kopell, 1978; Mohs & Wescourt, 1973:; Stuss et al.,
in press). There is no agreement anonfst investigators as to what
produces unequal slopes.

As reflécted in the reaction time slopes, the NC and SDAT groups
showed comparable scanning speed. Although the slope of the PD group
indicated p\slower scanning rate, it did not prove to be significantly
different >fsn those of the two other groups. The finding that PD
patients’' scanning speed did not differ statistically from that of the
control group in a short-term memory task might appear at first glance
to challenge Wilson et al.'s (193%) report of mpemonic slowing in
elderly Parkinsonian patients. It is, however, consistent with Rafal
et al.'s (1984) study.

In the above-mentioned two studies, the slopes of the reaction
tine ﬁer the older Parkinsonian patients and normals was 61 msec and 34
usec,‘respectively (Wilson et al.,, 1980) and 40 masec {there were no
normal control subjects) (Rafal et al.,, 1984). In the present study,
the slopes for letters was of 95 msec (PD), 58 masec (SDAT) and 55 msec
(NC). Although there was a trend for the Parkinsonian patients to be

slower, the variability was such as to produce an overlap across -groups

LS

o
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80 that the difference did not reach significance. This was so even

with the larger number of subjects (N = 12). Wilson et al. (1980)
reported a statistically significant slowing of spoéd of memory
scanning in their older Parklngqnian patienta. as compared to their
younger Parkinsonian patients and norngl controls. None of their

¢ patients were demented. They argued that the slowing they observed in
the older Parkinsonsian group, was not part of a generalized memory
breakdown because their efror rate was low. Wilson et al., (1980}
suggested that the slowing representéd an interaction between the
disease proceéa and the process of ageing and that the term
‘bradyphrenia’ could appropriately describe this element of cognition
in Parkinsonism. It is important to note here that one of the
essential major clinical characteristics of the proposed subcortical
dementia, namely "slowing of tﬁought" {Benson, 1584) is present in
non-demented patients with subcortical disease.

The difference observed between the scanning speed of Wilson et
al.’'s Parkinsonian group and the scanning speéd racorded in the present
study may be, in part, attributed to an age-disease interactioh because
the mean age of his older patienta (M = 69.4) exceeds by more than a
decade that of our patients (H = 58.3). 1In fact our group aatchee his
young group of Parkinsonian patients (M = 58.1). We cannot compare
either the duration of the disease, nor the length of the treatment,
because they are not reported in the Wilson et ;1-'8 paper. It may be

that their results uili be found to hold in a study carefully

controlling for both age and length of disease , Supportive data has’
&
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been reported by Garron et.al. (1972) and Warburton (1967). The former
found that his older and longer diseased Parkinsonian pﬁtiants were
gignificantly slower than his younger and less disabled patienéa on a
nuaber of verbal-memory tasks. .The latter noted that memory impairment
was significantly more severe in older Parkinsonian patients, and she
suggested that the impairment might result froam an intsractioﬁ between
ageing and the dissase process.

In the Rafal et al. (1984) paper, Parkinsonian patients were not
found to have slowed scanning speed. Both mean group age {M = 57.8)
and mean length of disease (M = 11.8) of their patients are similar to
ours (M age = 58.3; H duration of illness = 8.3}.

Studies on normal, aged, subjects have réported a slowing in the -
rate of ;enory scanning which occurs between 45 and 50 years of age
{Anders, Fozard & Lillyguiat, 1972; Anders & Fozard, 1973; Ericksen,
Hamlin & Daye, 19735 Ford, Roth, Hohs, hopkina, & Kopell, 1977;
Lorsbach & Simpson, 1984; Puglesi, 1986; Thomas, Waugh & Fozard, 1978).
In fact, Birren (1974) has atated that_the ageing process results in a
generalized sléwing of central, as well ‘as peripheral, nervous system
functionind. The slope of the RT functions for the normal, older,
subjects in studies using a paradigm ainilar.to that used in this study
have been reported by other workers as follows: 71 msec (Anders &
Eozard,.1971); 45 msec (Anders & Fozard, 1973); 43 msec Eriksen et al.,
1973); and 80 msec (F;rd{et al., 1979}, Our rahge largely overlaps the

range reported in the literature.

The intercept is an estinate of the time needed for stimulus input
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and identification, response selection and initiation, and those other
* .

unknown facets of performance not affected by the number of items in
memory. In this study,jnone of the between-group intdrcept values
achieved the level of significance. Significant differences in the
intercept values have been observed, in other studies in normal, aged
subjects as comparad to younger populations. mﬁpr example, in the
older, normal, aged subjects intercept values #era reported at 892

msec (Anders & Fozard, 1973; 816 msec (Anders et al., 1972); 905 msec

(Ford et al., 1979); and 440 asec {Eriksen et al., 1973). In the

analysis in which there were five subjects per Yroup, the intercept

values were 723 msec for the PD; 727 msec for the, SDAT, and 530 msec

for the NC group. In the second analysais with twel patients per
group, the intercept values were, for the positive responses, 567 maac
for the PD ﬁatients, and 486 msec for the NC subjects; and, for the

\\\\fgjntive responses, 662 meec for the PD group and 561 msec for the HC
groEET_Jﬁigber intercept values in older subjects are generally
attributed to the motor component of the task (Eriksen et al., 1973;
Ford et al., 1979). 1In this study the use of a vocal response mode
eliminated any motor factors which might have produced a differential
intercept value caused by a manual response. In the Wilson et al.
(1980) study; where a manual response was used, the intercept value was
not less for the Parkinsonian patients as conpare& to normal control
subjects.

The Rafal et al. {1984) study attempted to validate the hypothesis

that Parkinson's disease results in a slowing of thought processes
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which could be the mental counterpart of the bradfkinesia obgerved i:
the ndtor domain. Should this be 8o, they suggested that a
dysfunction of dopaminergic basal ganglia mechanisms would be
implicated in cognitive-ghnctioning. However, the authors could not
find a ré[ationahip between bradyphrenia and drug treatment' and failed
"to validate the concept of bradyphrenia in any sense that can be
'related to bradykinesia or to dopaminergic dyzfunction” (p.1088). The
authors suggest that the nental impairment in some Parkinsonians might
be due to coexisting Alzheimer's changes (fron aild to severe) ag these
have been shown to be almost always present (Boller et al., 1980; Hakim
& Hathieson, 1979). Howaief. ;s seen in our study, patients with
Alzheiner's disease perfora iﬂ a qualitatively different manner, even
at the mild stage of the disdase prbcehs. Furthermore, their scanning
speed is equivalent to that of normal subjects, suggesting that the
ability to scan remains intact in‘the presence of substantial cognitive
deficits, Rafal et al. (1985) furthef proposed that bradyphrenia (aé
defined by the slowing of‘thought) cccurs only in "Parkinsonians who
have substantial deficiencies in mesolimbic o mesocortical dopamine
pathuays".(p-10§3). It would not occur in patients with dopaminergic
deficiency Jimited to the nigroutriatél system. The validation of such
an hy;otheais would require the use of sophisticated brain imaging
technology, and would be well worth pursuing. If this were done, it
could demonstrate the biochemical correlates of what has been called

‘fronto-~subcortical dementia’.

In our study, scanning was not shown to be slowed statistically

N
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in either patients with Parkinson's disease or with Alzheimer's
disease. This does not exclude the possibility that slowed mentation
occurs in Park;nson s .disease, or in Al:hainer 8 diaeaae, but rather
that high-spead short-tera meamory acunning, which is one aapect of
mentation, is normal. The hypothesis of slowed mentation should be
further investigated under nora'dénanding memory scanning protocols‘or

using subgroups dg&ined on the basis of age and length of illness.

Parfornapce of the SDAT. Unexpectedly, SDAT patients as a group,

with the initial exception of one patient, showed a conaistent
inability to learn how to perform the Sternberg task regardless of the
ampount of céaching provided. This is in direct contrast to the PD
patients and the NC*subjects who understood the ngquirenents of the
t;;k after having beén given the initial instructions once. This.
result was quite unanticipdfed because patients af the nild stage of
the disease, as indicated by their DRS score, were chosen for the
study. Furtheraore, the Sternberg procedure has been successful{y
applied to ratardedfsubjects (with low level intact cognitive
Eunctioning).(nugas & Kellas, 1974; Harris & Fleer, 1§74; Haisto &
Jerome, 1977; Silverl;n, 1974}, which.suggesta that the failure of
these SDAT patients results not from their lowered level of
functioning per se but from their general cognitive detarior&tion.
The DRS norms used in this study {provided by Dr. Morris Freedman) had
a cut-off score of 133, with scores above constituting the normal

:

range, and ascores below constituting the impaired range. Ober et al.

{1986) defined their mildly demented group as having obtained scores

.

e
SR
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of 9% and above on the DRS, and their moderately to qeverely demented
group as having achieved scores of 87 and below. In this study, the
SDAT mean DRS score was 118.7, which places these suybjects within the
mildly impaired range. In the Vitaliano et Ql. {1984) study, the
severity of the dedenting i}4ness was defined in terms of instrumental
‘and maintenance activities of daily living (Kane & Kane, 1981}, The
nilgly demented group showed some impairment in language and |
recreation but iittle impairment in such functions as mobility,
.feeding and dressing. The moderately impaired individuals, however, P
showed impairments at all levels of functioning. In terms of the DRS,
the recall and orientation subscales were found to be the most usgeful
in differentiaging between normal and mildly impaired subjects. -
whereas the recognition of items and attention subscales or tests uére_
found to be the most useful in the grading of the severity of
impairment between mildly impaired and moderately impaired SDAT
patients, the latter showing the poorest scores. In fact, these
authors concluded that an accurate.classification can be ;chieved by
using only the attention, recall and recognition tests. A scale
measuring activities of daily living was not employed in this stud?.
Hoﬁever, the scale which was used indicated impaired functionality in
the aild range. Following the Vitaliano et al. (1984) suggestion,
analysis of the recall and recognition tests revealed that both -the
recall and orientation tests were inpaired. Recognition of items and
attention were uwithin normal limits. This,‘again, confirms that our

subjects were within the mildly impaired range. -

———
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When investigating dementia, éignifipant differences on almost

Sﬁ} cognitive ;ariable measured on groups of demented and aged;nqtched
noraal controls are to be expected. . Therefore, instances in which
differences are not fouﬁd can be of more interest thad;ara cases where
positive results are found (Miller, 1981). What proved to be of
interest in this atudy was the-fact that despite aignificaﬁt cognitive

functional differencas on numerous variabges, five Alzheimer patients

were able to scan items in short term memory at the same rate as the

"NC subjects and gimilarly to the Parkinsonian patients. This is

particularly interesting in light of the fact that prior to coaching,
they were quite unable to do the task.

The Sternberg procedure is a relatively easy tasg\to learn to -
perform, as can be seen froa ifs-instructions in Appendix 3.

However, oniy one SDAT patient was able to learn the task in the sanme
nanner as the PD and NC subjects and only four of thd eleven remaining
SDAT patients were able to perform with the structured method. The
performance of these five patients will be examined.

Short term memory was found to be intact as evidenced by their
low error rate. This sugéests an adequate capacity to retain qﬁé to
three letters in short-term memory. These patients also showed
normal scannipg ability under the stru;tured'nethod; As Figure 4

attests, scanning in this group is as efficiently carried out as in

v

* tho two other groups, and furthermore follows the same qualitative

characteristics, as discussed earlier. If the SDAT patient is able to

complete the task, there doces not apbear to be any evidence of slowling
’ &

\
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in memory~scanning speed.

The fact Ehnt the intercept value of the SDAT grouﬁ Was
similar to thaé of thé PD and NC group, suggests that the prbceaaas of
stimulus encoding, stiaulus identification# response selection and

repponsde initiation, as well as other pfocasses thought to be

v
1

represented in the intercept have remained functional.

The Sternberg task consists of a sequence of events, each event

+

being a necessary unit of information for the following event. To

achieve a stccessful performance on the Sternberg task, subjects must

have the ability to integrate each event within the ‘sequence in a

.meaningful whole, TH3?~must also be able to use this integration to

anticipate the events, store .information in short-tera memory,

’

anticipate the test and provide an hnsuér. Eleven patients with SDAT
ware unable to follow the sequence of evants of the Sternberg's task.
However, four patieqts were able to follow the‘se%sfnce when orienting
instructions had been built in the paradigm. One patient who had been
able to perform gﬁe task without the structured method required it'at.
re-test. Her performance was oth?rwise identical to her prior one.

it thus appears that one aspect of the failure of the SDAT patientﬁ
involves &n impairment in the ability to organize and maintain
information.in a prope; sequence, However, once the segments of the

-~

sequence were organized for the subjects, the task becaame possible :for

gome of the gubjects.

o

The SDAT group's failure to perform the Sternberg's‘task could

have been interpreted as being due to an inability to switch mental
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sets. That is, subjects rep;at an answer when another alternative is
the c;rrect answer. An inability to switch mental set may be
involved with a nod;rate cognitive deterioration as evidenced by one
patient who was ab!e to get into set for the first part of the tri;ln
but fﬁiled io'do so again after having taken a pause. ‘Tﬂis was alsao
noted in another patient who would get into and fall ocut of set
repeatedly during the experiment, It is of relevance that these two
patients were no@ able to get beyond the practice trials at later
testing. The patients who succeassfully completed the task under the
structured nethod.showed no.evide;ce of perseveration or mental
inflexibility, once within the structured mode. Rather, the subjects
responded as appropriately and a8 rapidly as the two other groups.

lTwo general ;naton;gal bases are frequently proposed to explain
these deficits. The integrity of the frontal lobes have been reported
as being neces;ary for maintaining and organiz;ng sognents of

information in meaningful sequences {Stuss & Benson, 1986).

\\//éeneralized brain damage also produces disturbances which are not

unlike those secondary to focal frontal damage (Robinson, Shoemaker,
Schlumpf, Volk & Bloom, 1975). As stated by Kinsbourne (1977):

A diffuse loss of neurons might handicap the victias

in such gen;ral mental skills as®Wlexible probla:
solviné, the ability to change sets and ehtariain
inprobabie outcomes as pogsibilities, as well as to

focus, maintain and then adaptively detach attention

in a task" (p. 227).
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Providing built-in instructions to the SDAT gubjects appears to
compensate for the squancing'dysfugction so that pé Eoilancé becones
possible,” It is as if the instructions become the patient's
nonitoring systen (Stuss &'Benspn, 1982). Verbal regulation can be
offective in some patients with frontal iobe damage. éarticularly if
the dysfuﬁcpion is not severe (Luria, 1973; Stuss, Delgado & Guzman,
in press). This, however, lasts only shortly as seen'by the inability
of four patients to complete fhe task under these coﬁdiéions at

‘retaest, within a yeﬁr of testing.

It ia uﬁcertain whether the disorder in %DAT p;tients is due to
focal frontal éysfunction or more‘d}ffusa brain daﬁage.. Frontal
danage is‘ceftainly conmon in SDAT (Cummings & Benson:@T9B4).

- Howaver, it has been suggested that the frontal regioﬁ is intact until
late in the diseasé process (Cummings & Benson, 1983). In this &asa.
the influence of the frontal lobes over posterior brain regions would
be hindered by the more diffuse brain damage. However, the fact that

— external monitoring is helpful to achieve a successful performance
suggests that the frontal system itself may be involved early in the
disease process and'then becomes overshadowed sy a further general
deterioration.

Alzheimer's disease causes a progressive decline in cognitive
skills ffon previous levels. Jorm (1986) argues that general
cognitive damage apecifically produces a major decrement in ghe

capacity for controlled processing (Shiffrin & Sneider, 1977} early in

the ‘disease whereas automatic processing remains intact until the late

L
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stages of the disorder, This would result-in mildly demented patients
having ?robléns with unfamiliar cognitive tasks neceassitating
‘

~Aattentional resourcea. The Sternberg procedure is an unfaniliar

-
M
H

cognitive task and thus would require attentionni resources to be
facusaed. We will first'dischas the notion of attention and then
relate attentkon to the Stefﬁberg'procedure.

A universally accepted definition of attention has yet to be put
forth. For the purpose oghthis discussion, definitibqs provided by

Picton, Stuss & Harshall (1936) and Moscovitch (1979i‘w111 be used.

As defined byAP%cton et al, (1986) "attention can describe a state, a
regource, or a pr;cess"(p. 19). Attention defined as a state requires
effort as one "expects parti;ular information and prepares to perceive
. and act on tha£ information™(p. 19}. As a resource attention is
"allocated to particular mental processes ... (or)spaid out on demand
to facilitate selected aspects of information processing"{p.19).
Attention as a process "chooses particular information for further
evaluation and response while ignoring other available information®
(p.19). All the#e concepts are integrated in Moscovitch's (1979)
definition of attention: it is "a control procesa that enables the
individual to select, from a nuaber of alternatives, the tasks he will
perform, or the stimulus he will process, and the cognitive strategy
he will adopt to carry'out these operations."(p.@ZZ).
.The performance on the Sternberg procedure requires "active”
attention by which a central controlling process directs and maintains

the state of attention and allocates a;tantional resources, Such an
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. ' )
attentional process is dependent upon the functional integrity of
various interconnected areas of the brain. Three known areas
important for attentional gghaviour are the périetal lobe (sensory
info¥nation), the hippocampus {orienting response to new stimuli) and

the frontal lobes (attentional direction of behaviour) (Picton et al.,

1986). These areas are alsoc known to be damaged in Alzheimer's

Y

disease (Cummings, 1982).

Attention in this study was measured with the DRS and was found

to be within normal limits. Howéter, the attentional tasks in this
test are very easy to perform, and perhaps are ;est related to the
‘state’ or ‘resource' concepts of attention. Therefore, it is likely
that more demanding tasks assumed to measure thé control aspect of
attention such as the Wisconsin Card Sorting Test would have shown an
inpairnent.

In the Sternberg paradigm, controlled (Shiffrin & Schneider.
1977} or effortful processing (Hasher & Zaéks. 1979) may be aeen as a
pre-requisite to scanning, which is an automatic process {Sternberg,
1975). hécording to Jorm (1986) "early dementia is characterized by
problems with cognitive tasks of an unfaamiliar sort (which by their
nature require attentional resources), and by difficulties in learning
{because controlled processing is essential to learning)"(p.79). The
Sternberg paradigam fits these criteria in that it is a highly
unfamiliar task which, further to intact attentional processes,

requires the ability to abstract, sequence, switch mental sets, and

use short-tera memory. The results show clearly that scanning is not
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impaired in a mildly impaired patient but, rather, that other impaired
structures are responsible for the failure. Although the difficulties
experienced by the SUAT patienta can belexplainad by the notion of
diffuse brain damage., it alsoc appears that specific deficits due to
loss of the directive, controlling function of behaviour, either
tbrough direct frontal damage or through diffuse damage including the
frontal lobes can he identified at the mild stage of the disease.

The study of cerebral metabolic function provides some inaight

into why SDAT patients were incapable of learning how to do the
Sternberg paradigm despite being only mildly impaired on the DRS,
regardiess of the brain area invelved. Generally, positron emission
tomography has révéaled significant overall cortical hypometabolism,
with the amount of metabolic abnornality'baing proportional to the
degree of cognitive impairaent (Chase et al., 1983a; Chase et al.,
1983b; Foster et al., 1583). Chase et al. (1984), however, noted only
a slight difference in cortical glucose metabolisa between mild and
severely affected patients. It could be that our mildly impaired
Alzheiner's patients had marked metabolic dysfunction compared to
normals. They suggested that.a high threshold}of cortical metabolic
- dysfunction must _be exceeded before its effects become clinically
gvident. Once the threshold is reached, small further decrementz in
cortical metabolism will be asaociated with large increases in the
¢clinical severity of the dementia. The brain is thus able to

compensate for major metabolic dysfunction as measured by decreased

glucose metabolism. However, there is a threshold beyond which it can
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no longer conp;nsata. It is a; this point th&t cognitive dysfunction
becomes apparent and the DRS begins to neasure.the appearance of the
mildest dementia. ft is probable that our SDAT subjects who succeeded-
in the task with the structured proceduée were at this level.

Aithough we do not have measures of brain glucose;natabolism for

our subjects, their performance within the demented range allows us to

s

postulate that the required threshoid had been reached. Furthermore,

a small decrease ;n the DRS score appears to be associated with a much

larger decrease in functional abilities as evideﬁzga—s;mgﬂéir
performance on the Sternbarg procedure. For exaaple, the one subject

v

who did perform the task without difficulty, a very gifted patient
whose slowly developing inability to cope with familiar
respongibilities forced her to leave an exescutive position, achieved a
DRS score of 143. Her loss of memory and of cognitive abilities had
been documented over a two year period. At retest, one year later,
her DRS score was 136. At that time she failed to perform the
Sternberg paradigm and required assistance with the structured method.
It is of further interest that the DRS range of the patients who
pexformed on the Sternberg with the help of structure was 114-125
whereas it was 10% to 112 at retest when they failed to perform with
this coached technique.. It thus appears that ; loss of 7 to 10 points
on the DRS scale correspondas to a much larger loss of cortical -
dysfunction, and thus, in itself, gives very little information as to

the actual loss of ability incurred. It is probable that the failure

of the SDAT subjects to perform the task regardless of instructions
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~ reflects this greater cognitive dysfunction.
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EXPERIMENT 2

Hethod

Subjects

Subjects of each group (SDAT, PD and NC) included in Experiment 1
algo participated in Experiment 2. Experiments 1 and 2 were conducted
on the same day.

Haterials .

Eight words were chosen fron'each of the following aix familiar
semantic categories: occupations, furniture, flowers, musical
instruments, animals, and fruits. Most words were selected from
clusters 7 and 8 of the Toglia and Battig (1978) word frequency norms.
All words were restricted to between five and eight letters (see
Appendixes 5a (English).and 5b (French) for categories and words
frequency).

Four words bélonging only to clusters 7 or 8 of the Toglia and
Battig norma (1978) were chosen from each category as test words (see
Appendixes 6a (English) and 6b (French) for list of test items). The
remaining four words per category were used as distractors in the

recognition test (see Appendixes Ta (English) and 7b {French) for

distractors}.
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The s8ix categories were divided arbitrariiy into two groups of
three, one ponpriseh of "flowers", "musical instrumenta” ‘and
"occupations™, the other, of "animals", "fruits", and "furniture".

To avoid an order of presantation effect within groups, randoaly
structured .l1ists were darived'using the 5000 Random Digits (Glass and
Stanley; 1970). Twenty lists containing the categories "fruits,
animals and furniture" conpris;d Aggregate 1 (Al) (see Appendixes Ba
(English) and 8b (French) for Aggregate 1). The other twenty 1¥sts
containing test words from categories '"flowers, musical inatruments
and occupations" comprised Aggregate 2 (A2) (see Appendixes 9a
(Engiish) and 9b (French} for Aggregate 2). A presentation order was
derived by numbering the twenty lists (from 1 to 20) within Al
{fruits, aninals, furnixufe) (see Appendixes 8a (English and 8b
(French) for Al) and by giving letters (A to T) to the lists within A2
(£lowers, musical inatrument, occupation) (see Apbendixes 9a (Englisﬁ)
and 9bl(Franch) for AZ). Presentation of lists from the two
Aggregates was cbuntefbalanced‘uithin each group so that two
cbnsecutive subjects would not begin with identical group categories
(ae; Appendiiea 10, 1} and 12 for ‘list order' within each group).
Furthernore, thd\izesentation of the lists were counterbalanced acrosas
groups to prevent & word-order effgct {(see ‘organization within list'
of Appendixes 10 to 12 for order of lists presentation).

Design amnd Procedure

Each subject saw 12 words, presented one at a tinme, projected'via

a Kodak 750H carousel on a white wall, located at a distance ofv255
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centimeters froa the subject, in a darkeﬁad rooa., The words were
compoged of individual letters 23 cm in height, with widths varying
from 5 cm to 22 ca, and were presented at a rate of one word every
four seconds. Slide presentation control‘was done by a logic timing
apparatus {Digitimer D4030]}.

Two test procedures {condition A, non;organized acquisition and
condition B, organized acquisition) were administered in a fixed
order. Conditions were separated by the item-recocgnition procedure
described in Experiment 1. To control for attention and capacity to
read the words EB be learned, subjects were asked to read each word
aloud aa they were presented (see Appendixes 13a (English) and 13b
{French) for instructions). Although time for recall was not limited,
it generally did not exceed two ninuges.

Condition A (non-organized acquisition). Under non-organized

acquisition, a list of 12 words was presented for memorization,
without subjecta receiving any prior information about the words.
Retention was measured immediately after the projection o? the last
word with three separate tests, two measuring recﬁll; and a third
measuring recegnition. ¥First, for a measure of free racall, subjects
were given a sheat of paper on which were printed 12 blank lines and
thﬁy ware asked %o recall, and write down, as many words as they could
in any order (see Appendix 14 for recall sheet).. Immediately
following this, a second test, measuring cued recall, was initiated.
They were given a second sheet of paper which had on it the three

semantic categories, as well as twelve blank lines (see Appendixes 15

&}
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a, b (English) and 16 a, b (French) for cued raéall sheet). Subjects
Wwere gaked to ur¥£e down as many words as they could, in any order,
inclu?ing those they had facallad on the previous test. A third test
measuring recoqnition of the twelve learned words embedded in a
sanple of twenty four immediately followed the cued ;ecall test (see
Appendixes 17 a,b (English) and 18 a.b (French) far reﬁsénition
sheet). Subjects were asked to underline only the words they

recognized having learned.

Condition B (organized acquisition). Under organized

acquisition, learning was primed, that is, subjects were inforned of
the gemantic categories to which the words to be leurn?d belonged
prior to their being pgasented. For reference, a sheet with tﬁe
semantic categories printed on it was placed in front of subjects (sée
~ Appendixes 19 a,b (English) and 20 a,b (French) for category sheet).
It was removed after presentation of the last word.

Data Scoriﬁ%

Four dependent v;riables were extracted from the free and cued
recul{ perforaance within each condition (A and B): a) the total
number of correct words; b) tﬁe positive and negative increment; c¢)
the semantic clustering and, d) the intrusion score. A fifth '
dependent variable, a discriminability and response bias measure were
calculated from the recognition test. These are defined below.

Proportions of correct words recalled. Proportions of correct

words recalled were calculated froam the total number of correct words

retrieved at free recall and cued recall under non-organized
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(Condition A) and organized (Condition B) acquisition.

-~

-Positive and negative increment. The words retrieved at cued

recall were conpured.uith those that had been retrieved at free
recall. . Normally, a word retrieved at free recall should also be
retrieved at cued recall (Buachke, 19?4). The correctly retrieved
words aﬁ cued r;cqll in both congitions were analysed for any negaﬁive
increment, this being defined as any correct word that had been
retrieved at free recall but forgotten at cued recall (old words): aﬁd
positive increment, being defined as any correct words not retrieved
at free recall but rotrieéed at cued recall (new words).

Positive and negative increments were scored as follows. Fach
correct word that was lost from free rec;ll td‘ﬁhed recall was gi?en a
ainus value. Therefore, thq value for. four forgotten, or old, words
would be *-4'., Each correct word that was not in free recall but that
was added in cued recall was given a plus value. Thus, a score of <
“+3' was given if three unrecalled, or new, words were qdded\iﬁ c;ed
recall. Two formulas were derived (see appendix 2! for formulas) in
order to calculate proportions of positive and negative increment for
each aﬁbject.

Intrusions. Intrusion scores, that is the reporting of words not
present in the learned list, were alsoc calculated.

Recognition. Recognition was assessed by requiring the patient
to identify the-test words embedded in semantically related
distractors. Indices of discriminability (the failure to distinguish

target items (signal) from distractor items (noise)), and response
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bias, (the inclination towards “yes“.or "no" reapoﬁséa independently

of stimulus type) were calculated using nonparanet;;c formulas because

a cgiling effect'éas preseht. Patients with SDAT, for exapple, have

been shown to favor "yog" responsas (Post,.19f5). .Thesa nonparametric
"fornulns {see Appendix 22 for formulas of indicas of discriminability

and response bias respectively) have been found to correlate highly

with parametric measures derived from s%gnal-detection theory
(Underwood, 1974}. ’

[

Results

! : ’ L]
Recall of Words. Foéggach subject, four ‘recall scores were

calculated: the total number of correct responses for frée and cued
recall under conditions A {non-organized acquisitién) and B (organizéd
acquisition). An analysis of variance was perfo;ned, using SPSS
Manova,-on the total number of correct words recalled with groups (FD,
SDAT, NC) as the between-gubject variables, and uiggezzhdition
‘(non-organized and organized acquisition) and type of recall (free
recall and cued recgll) as the within-subject variables. Only
‘univuriate statistics were used, as explained. A posteriori contrasts
were done using the Tuk;y’s procedure with a p <.05 significance
level. .

The proporﬁions of correct words recalled for each of the groups

are presented in Table 17. The analysis of variance on the proportion

of correct words recalled revealed a 1gin effect for Groupg}(gjz,aa) =

~
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A3

Mean Proportions of'Correct Words Recalled ,

Proportion of words recailed = | Lo

_Without cadtegories

With categories

Free

Y « Free Cued Cued
&oup A - Hean 5D Maan 5D Hean SD Hean  SD
PD .56 14 .60 .16 .59 .16 .94 .19
SDAT .25 .10 Jd4 .12 24 .16 18 .15
NC 67 .16 .67 .16 272 .15 .68 - .15
. &Y
an-=12 for e
,8ach group {/
&
w - -
N ~ 4
\'k
J .\\?\ .
. . \\
‘ L] .,
\ ;.
37 "‘::“uzx N <\¢,/
BT ‘
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}5.28, p<.001), Recall Type (F(1,33) = 10.38, p<.001) but, not for
condition (F(1,33) = ,20, p>.05),. & significant Groupa-by-Recali Type
(E(2,33) = 4.49, p < .01) and Group-by-Condition-by-Recall type
interaction, E(2, 33) = 3.14, p = 05 but not for Co;dition-bywnacall
Type (§f1,33) = 1.12, p > .05) or groups by*condition (F(1,33) = .20,
p > .05 is also revealed. A posteriori contrasts suggest ;anory
patterns épecific to each grpup{

As shown in Figure 6, for both types of acquisition (organized
and non-organized, condition A aqs B), PD patients recPllad
gignificantly fewer words at free recall than the NC subjects. They.
however, recalled significantly more words than the SDAT putients..;,i
Under cued recall of non-organized acquisition, PD patients benéﬁ%ﬁ;d
from retrieval cues. Thelr perfofmunca was restored to the lavéi-of
the NC subjects. This, however, was not observed under organized
acquisition. The SDAT patients recalled significantly less words than
both normal controls and PD patients under all encoding and retrieval
conditions. Since'bath PD and SDAT patients shoyed significantly more
complainta on the Zung and the Beck's depfe;sion acaleg than the NC

: ¢
group, the scores dn these Bcales were cofrelatﬁd with the proportion
of words recalled. The results did not reveal anf Aaso;iation on
these thrée measures. The poorer performance of these two patients
population; cannot be attributed to factors related to somatic
coaplaints.

*tior both condition & and condition B, cueing did not result in

the recall of a significant number of words in thé PD and NC groups as

e

!



Figure 6.. Hean proportion of words recalled by SDAT, PD and. NC groups

under non-organized and organized acquisition.
)

\
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compared to their performance at free recall, For the SDAT group, a
dec&y of nemory over time is suggested by the recall of significaﬁtly
fewer words at‘cued recall than at free recall., This is shown in
Figure 7,

The use of priming, that is, providing information to th; subject
about the semantic affiliation of the words to be learned (Condition
B) did not facilitate learning in any of the groups either under free
recall or cued recall.

. Words Gained and Words Lost. Cued recall allows the assessment

of storage and retention since free recall alone does not recover all
items available in storage (Tulving & Pearlatone, 1966). Under such
recall strategy, the expectation is that items retrieved by free
recall should'glso be retrieved under cued recali {Buschke, 1984).
However, in this experiment, a qualitative analysis of the words
retrieved at cued recall as compared to those retrieved at free
racall, under each encoding condition, indicatea a iack of consistency
of recall on'the‘part of the PD patients and a consistent loss of
words on the part of the SDAT patients. The NC subjects, however,
appeared to be more stable. An analysis of words gained {positive
increment) and words lost (negative increment) at cued. recall under
both encoding strategies was carried out. Two-way anovas were
performed on bqth the positive and the negative increments (Table 18).
Both anovas had groups as the between-subject variables and condition
(npn-organi:ed‘and organized acquisition) as the uithin—;ubject

variables.
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- Eiqure 7. Mean proportion of correct words recalled at free and cued

racall under non-organized and organized acquisition.
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Table 18

138b

Naan Prqurtions of Positive and Neqative Increment at Cued Recall

L ]

Posgit

ive increment:

Condition

Without categories

With categories

Group a ‘ " Hean SD Mean SD

PD .27 .17 .06 .11

SDAT .07 .08 .07 .08

NC (\ .14 W14 .08 .12
Neqative increment

PD .20 .27 17 .16

SDAT .59 .36 .63 36

NC .09 .09 .12 .13

an =12 for asach group -/f\\ -
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The analysis of variance on the positive increment revealed a
significant main effect for Groups (F(2,33) = 3.98, 25.63) and for
Condition (F(1,33) = 11,19, p<.01) and a significant
Groups-by-~Condition interaction, E(2, 33) = 9.22, p<£.001), whereas
thug on the negative indrenent_revealed only a significant main effect
for Groups, F(2, 33) = 27.93, p<.C01., A postériori contrasts were
perforned on the interaction of the positive increment and the main
effect of the nagative increment.

As ghown in Figure 8, the analysis of consistency of recall in
condition A, when subjects are requested to learn fhe list of words
without the benefit of external organifg§%gp, revealed £hat providing
the cues after free recall resuited in PD patients adding
significantly more new words to the list at cugd recall; that is, they
retrieved from memory significantly more words that had not been
recallad under free recall. This effect was not observed in either
the NC Qnd SDAT groups who both retrieved a small and equivalent‘
number of new words. The effect was not found in Condition B 96 that
the net gain was significantly larger ;n Conditioh A as compared to
Condition B.

As Figure 9 indicates, and confirmed by the analysis of

variance on negative increment, the SDAT grodp lost a significantly

|
1

larger number of words from free recall to cued recall under both

conditions. A posteriori contrasts on the groups confirmed that the
SDAT group lost significantly more words than both the PD and NC

groups. The PD and NC groups lost equally.
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Fiqure 8. Positive increment at cued recall in non-organized

acquisition {left panel) and organized acquisition (right panel) for

the SDAT, PD, and NC groups.
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Figure 9. Negative increment at cued recall on combined non-organized

and orgahi:ed acquisition for the SDAT, PD, and NC groups.
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-A fourtg.analy;ia of variance was performed to avaiuate the totsl
shift of old and new words, the combined gaiq‘and loss sco;;a. with
groups ae the betwe;ﬁ-subject variables and condition (organized and
non-organized) as the uithin-subject'varbable.‘

wigsults indicated a group interaction, ¥ (2, 33).= 14.15; B¢
.001. A poateriori contrasts revealed that the NC group showed the
least shift of old-new words amongst the groups. THe PD group showed
significantly nore'shift phaﬂ/;ha NC group but significantly les;
shift fhan the SE&T group. | ¥

\

Recoqni%ion: Indices of Discriminability. A two-way analyais of

variance was perfofiéd o the recognition scores with the..indices of

distriminability as the dependent variable. Group (PD, NC and SDAT)

were the between-subject variables and conditionffh and B) was the isﬂ

within-subject variable. //?,7‘
&

Reau1t§ ravealed a Group main effect, F(2,33) = 29.81, p < .001l.
A poateriori'cqﬁtrasts showad that‘both PD and NC aﬁbjepts hhd.little
difficulty in diatinguishing target items from distractor items whilst
the SDAT group had significantly greater difficulty as seen in Table .

\

19. )

Recognition: Respbnse Bias. A two-way analysis of variance was
performed-with response bias as the dependent variable. Again, group
(PD, NC, SDAT) was the between-subject variable and condition (A and

B) was the within-subject variuleT\

Results did not reveal a Group main effect (E(2,33) = 2.73, p >

.05) but did reveal a main effect for Condigion (E(2,33) = 47.58,

Y]
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Table 19
Indices of Digcriminability and Response Bias
\f\.
Indices of disecriminability: .
e | Condition ' |
Without categories With categorieg
Group-a- - Mean  SD .- . Mean  SD
. "
PD .92 .08 - .88 .12
SDAT B .62 .12 ‘ 64" .18
NC .83 .07 .90 .-(}8\’|
Regponse biag:
Rrias i\ _
FD .59 .32 .25 © .45
SDATN. .48 .27 .oo< .00
~
<NC .13 .29 .25 .45

an =12 for each group _
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p <.001}., Analysis of response biEs means indicated that whereas

there had been a bias towards aﬁawering with ‘yes' responses in
gondition A, this tendency was not present when learning under

conditions of organized acquisition.
Intrusions. The PD group was 97% accurate in retrieval under all
recall types and conditions. That is, only 3% of the words they

reported were not learned words, The NC grnup.wbra 100% accurate in
their free recall in Condition A and Condition B. At cued recall, -
they showed 99% accuratly in condition A and 98% accuratly in
L\ . L] \ i
Condition B. " . -
In contr&at, the SDAT group revealed@ a propensity to recall
incorrectly remembered words that were not @éfsented ag items to

menorize. - Furthermore, it appears that the wloser recall is to the

* 1 -
presentation of the memory list, the smaller is the number of
intrusions. Thua, SDAT patients were 83% accurate at free recall in

Conditjon A versus 61% at cued recall. Organized acquisition appears .

to result in an increase in the number of intrusions.

. . 2
This w&s—veTifie® in-a three-way analysis of variance with groups

kPD, SDAT, NC) as the between-subject variable and condition
(nonforganized and organized acquisition) and recall type (free and
cued) as the between-subject variables. Results revealed a group-by-
condition-by-recall type interaction, F(2,33) = 3.34, p <.04. e
The rSShlts showed that under free recall in condition A,

(non-organized) the number of intrusions was equivalent across all
hY .

groups. However, under cued recall, the SDAT group produced a larger
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nuxber of intrusions as compared, to the two other groups.
Under free recall in organized acquisition, the SDAT group

generated a larger number of intrusions than the two other groﬁpa

providing information about the material to'be recalled has the

effect, in SDAT patients, of triggering the release of words from the

same category as the words learned without appropriate blockage. This
effect is more evident in free recall, conditon B, which showed a

significantly l;rger nurber of intrusions as compared to condition A.

Diacussion

. The present findings demonstrate that Parkinson's disease and
Alzheimer'p disease are each associated with their own particular
memory deficit. The deficit found here in patients suffering from
Parkinson's disease -has been describeé in the literature either as
"forgetfulness" (meaning, "a difficulty in initiating the retrieval of
stored memories” (Benson, 1984, P, 187)), or as "forgetting to
remenber” (Albert et al.,iQ?l). These degcriptions intend to convey
éhat PD patients are able to learn new naterial‘but have difficulty
retrl ving it once it is stored. The deficit evidenced here in
pati zts suffering SDAT, in contrast, could not be so described.

Rathar, they showed a rapidly progressive a;éesia that occufs as part

of a widwr cognitive deterioration, an amnesia.which arises from an

j9nderly ng'difficulty more profound than impaired retrieval.

kdl
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Self-reports of the present patients suffering from Parkinson's
disease are fully consistent with the above c;inical &eaéfiptionaf
and, the above characterization of thellosa in patients in the SDAT

group accords fully with collateral accounts given by members of their

The rosults showed that (1) the SDAT patients were gignificantly

families.

Overall memory performance

4

impaired in—comparison to both other groups under all encoding

procedures and recall strategies; (2) coapared to the NC subjects, the

— .

PD patients ‘were significantly impaired on free recall non-organized

acquisition, and Yoth free and cued recall of organized acquisition;

{(3) providing an encoding strategy (organized acquisition) d4id not

.improve performance in any of the groups; (4) with cues after

non-organized learning, Pp'batients and“normal control subjects -2
perf;rned at the same normal level, whereas providing cues to the SDAT
group regardless of method of encgding; was of no benefit to thenm:

(5) decay in memory occurs for all groups under all conditions with
the SDAT group showing a very much greater decay than‘tha PD and NC
groups who show the sane decay ﬁs,aach other (these data are
summarized in Table 20 and 21); (6) on tests of recognition, PD & NC
groups showed ceiling effects under both conditions, SDAT showed no
ceiling effect under both conditiona; and finally, (7) the measured

memory impairment in both PD & SDAT groups was independent of their
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/
Supmary of Results for the Non-Organizsed Acquisitibn/éggﬂition
Non-organized acquisition . N\
| | | . i 1
{Groups | Free Recall i Cued Recall ! Recognition I
L ! o I 1
I | | I |
| | normal spontaneous | | }
f NC . | organization | no performance change | cailing effact |
! I | I (N
| i ‘ | | I
| { <+ No gaing ----------- > | 1
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| I I !
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PD | reduced memory | improved performance | <ceiling effect |
I capacity . | J I !
| I L‘/ . I |
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! I f I
[ I | [
| I I I
| no evidence of | worsened performance | no ceiling effect|
SeAT | organization, ] i I
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Table 21

Suamary of Results for the Orgarized Acquisition Condition

Orqanized acquisition

| )

Free Recall Cued Recall

Recognition

]

[

|

L H
organization given i

by experimenter, g | no performance change

I

I

|

and used by subjec

ceiling effect -

organization given
by experimenter:
results equal to cued| no performance change
recall of non-orga- |

(was equal to NC) I

ceiling effect

i
[
organization given | .

by experimenter: | worsened performance

no evidence of its |

use by patients. |

I

I

|
I
|
}
|
]
|
|
I
|
|
I
|
|
|
|
| nized condition. |
|
|
|
]
|
]
i
|
I
]
|
|
|
I

no ceiling effact
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scores on both depression rating scales.

Encoding and retrieval qtrateqies

4,
)

Total words recalled. The method of acquisition (Ron-organized

and organized) was varied, with recall stfageg? (free and cued) being
held constant. This was done in order to é;;t the hypoéheuia that
changing the encoding strategy from qon—oréanized to organi:éd wéuld_
“diractly iaprove reéalL.‘ With one exception, it did not. Regardless
of whether information about the material to be learned was proviéed .
or not prior to learning, the number of words recalled was equi&klant )
for the NC'and SDAT groups under Ef;e and cued recall, and for the PD
group under free recall of organized acquisition only., This was 30
despite the fact that none of the groups showed a ceiling effect for
word recall.

When the dependent measure was the total number of words
recalled, providing an organizea method of ancodi;g did not
statistically éignificantly affect the performance of any of the three
gfaﬁps. This may be secondary to the experimental design. }ﬁe'
stability of the information learped, however, as described in the
section ‘words gained ;nd words lost' (below) was different amongst
the groups.

Retrieval strategy.did not facilizate recall within groupe across

learning conditions., In the literature category names used as cues

have been reported to be facilitative when the words are presentéd”in
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randon order and the subjects nfe inforned of the categories just
prior to the test {Pollio & Gerow, 1968), pbt&&iﬂufff:iz;:::B on-this
usefulness of cueing with norn;l subjects have, however,

reported. For example, categorical cueing is effective only when the
nunbeg of catpgories exceeds the number that subjects are able to
retrieve spontaneously (Bellezza & Hartwell, 1981}. Superiority of
cued recall is reportedly not observed when only three ;Qgegories are
uséd with normal controls, because three is well witﬁin normal memory
capacity, i.e., list length of 12 items, with 4 items per category
(Tulving & Pearlstone, 1966). Cueing under such conditions provides
little advantage, ;f any, over the already high recall of the three
pategor}es (Cohen, 1966; Handler, 1966; Tulving & Pearlstone, 1966),
Selection of the experimental paradigm in this research was primarily
based on the expected abilities of the two patient groups, not én the
Pxpected performance of the NC group.

As expected {(Tulving & Pearlstoné, 1966), all NC subjects
recallﬁd all three categories at free recall non-organized
acquisitioﬁ (i.e., they recalled at least one word:for each category).
In contrast to the NC group, only nine of the PD patients, and none of
the SDAT patients produced words from each of the three categories. i
Since all of the SDAT patients haa unaccessed categories, they might
have Seen,expactad to benefit from cueing, but they did not. On the
other hand, thfee\PD patienta had unaccess;d categories, and for them
cueing was beneficial.

Semantic information provided at cued recall under non-organized



acquisition allowed access to words within missed categories for those

S

et
Ra- s

25%.of tﬁngD;én;éepta who hqﬂ not accessed all three categories.
Thera waaia‘trand‘tﬁéarda an increaaad number of words recalled
following cueing for all PD patients, but it does not achieve
statistical significance (see also Tweedy et al., 1982, for a similar
result). It does, however, result in the following intéreating
finding; ngnely, that before cueing the PD group recalled
statistically significantly fewer words than the NC group, but
following cueing, they recalled as many. |

Sanantié cués did not facilitate reéall in the NC group for the
reason given above {Bellezza & Hartwell, 1981}, In the literature,
Wwith tests using three categories, cueing has been shown to provide.
virtually no advantage in normal, aged, subjects (Mandler., 1967), ﬁs
we found in the present study's NC group. In the PD patients,'cueing
operated primarily on a minority (25%), and yet the group achieved a
statistically significant improvement when they are compared to the NC
subjects. In the SDAT patients, cueing should théoretically be
efficacious because all gubjacts iﬁﬂthis groups failed to recall at
least one category., However, there was no improvement; rather, there
was a substantial-loss,

-In summary, patients with long-standing PD have a relatively mild
momory deficit that is decreased by cueing, while ;Fgently-diagnosed
patients with mild SDAT have a proﬁound nepory deficit that is.not
helped by cueing. \

P

Kirsher, Webb & Kelly (1984) have provided a possible explanation
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for the failure of cues to enhance the SDAT pi%i;nta' performance,
They pdint out that patients with senile deaentia appear to experience
difficulty in remaining within the limits of ‘semantic boundaries’,
That is, rather than grouping words under the general class they )
‘belong to, Alzheimer's patients will sometimes convert a word to a
class as part of their idiosyncratic encoding strategy. For example,
rather than using the general class 56@cupafion" for dancer, ‘dancer’
itself will be suQatituged. and represent a class to which other words

will be assigned. The distortion of meaning inherent in such a

P .
clagsification system may be one factor underlying the finding that

ordinﬁrily naahingful senantic cueing does not help SDAT patients.

Words gqained and words lost. An analysis’of thq retrieved words
at cued recall as compared to free recall, as measured by ‘wordsmﬂ
gained' and ‘words lost' was carried out to compare the internal
atructure of recall néroaa the three groups. This analysis revealed a
differential effect of encoding strategy on retrieval processes only
for Parkinsonian p&tiantsa Under non-organized encoding (see Figure
8), cueing resulted in PD patients gaining significantly more words

- A
than it did under organized recall. They alsoc gained a significantly
larger number of words than either the NC or SDAT subjects under both
conditions. This indicates that the words had been recorded in
memory but had not been accessed without cues. However, they suffered
the same small logs with time as the NC subjects. Hgvertheless. the

resulting net gain allowed PD patients to perform at the level of the

NC subjects under cued recall following non-organized acquisition.
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Under non-organized acquisition, subjects are simply told that
they will be given a list of words to learn and tRat they uilk be
b o
" asked to recall them later. They are thus left to usa their own

anemonic strategies. Under these conditions, cnafng hefped_ s

Parkinsonian subjects to retrieve words that had not been accessed at .

. . free recall. Cueing was not effective for either the NC or the SDAT

subijects.

-

Successful retrieval of encoded events has been shown to debend
upon (a) the availability of the appropriate event in nelo?},storngej
and (b)‘the access to that information at the desired time {Tulving &
Pearlstone, 1966). A retrieval failure may thus be a function of the
physical deterioration of the stored event itself, or of the
inaccessibility of successfully gtored information at recall (Tulving
& Madigan, 1970)}). The efficacy of the retrieval cues under the(>

non-organized condition for the Parkinsonian patients imdiagates that

the inforsation in memory had not deteriorated but that it could not

be accessed without cues. In contrast, the failure of cues to improve

recall in the SDAT group suggests that the information is not

available for retrieval and/or that the small amount of %Eﬁornation

that has been encoded, may have been organized within a meaningless

clagsification systea (Kirsher, Webb & Kelly, 1984), and is therefore

not accessible even with semantic cues.

——

The performance of the Parkinsonian patients

—

;2‘
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There are at least two ways in which the performance of the

v [l

Parkinson's disease patients might be explained. One is.based on a
clearly significant finding.of the present study; the other is based
on a trend that did not reagh significance.

. For the first éxplunagion, consider the measures of nemory
capacity, and the effects of cubing. It is clear that the PD patients‘
have a smallar overall aémory capacity than‘the Né suﬁjécts. "This ‘
finding is conaistenékfith that of Tweedy et al. (1981), and that of B
Pillon, Dubois, Lhermitte and Agid (1986). Tulving and Pearlstone -
(1966) have shown that the affactivaness of cueing is related to tﬁe
nenory capacity of the subjectQ being tested. Specifij;liy, it is

directly related to the excess of categories in the test being used,

e

over the maximum number of categories that the tested subjects cﬁn
retrieve sponfaneously. That ié, if NC subjeéts can normally retriave
si# categories spontaneoualxg then:a tésé using aevefucategories Hill
lead - to ;;e disappéaﬁnnca of the ceiling effect found with fewer
categories. Further, the effectiveness of cueing would then iake
itself apparent, as Handler (1967) de%cribed. It is possible that the
pathologic changes in Parkiﬂsons's disease act so as to reduce overall
lenory'dapagity, such.#hat at three categories, a.substantial minority
(25%) of PD patients are already not showing a ceiling effect, Cues
would then begin to ilprové their-performance in the sane manner as

geen in noramals at six categories. Baddeley (1981) has offiﬁed a

»

detail?d theoretical conceptualization of how reduced overali nenofy

capacity might result in the observed poorer performance,

— ("t\

{
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! ~ell,
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A aécond possible explanation, perhaps a weaker one on the basis

of the present findings, arises out.off the data on the impact of

cueing, \Fron noq*orgunized free recall to‘nonworgani:ed cued recall, .

there exists the same trend towards improved recall as fron( _ *

non-ofgahized'frea racall to organized fraee recall. Those trandé

suggést that the poorer performance of PD patients, when leét to
organize the inforlatién themaelves, results in part froa their
fuiling to organize sel;nglcalby in the manner allowed hy—-the cues.
That isi they may recall“kords on the padis_gf differently organized

strategics, perhaps idiosyncratically organized ones. It is well

established in the literature (Bowen et al., 1976; Cools et al., 1984; °

——

Flowers & Robertson, 1985; Lees & Smith, 1983; Smith, 1983) that PD
patients exhibit a specific difficulty in switching sets, This

particular function, the ability to vary sets beind looked utjanq/io

/
/

choose tentatively from amongst them, is required for spontaneods :
semantic organization {(Bower, 1981). If further work were to

establish the observed trends as significant, through using a more

.

extensive paradigm and largef'gfﬁeriuental grouﬁk, thaﬁ it could be

gaid (Pillpn et al., 1986) that the memory deficit found in patients
LI SRR
with Parkipson's disease is one of those several higher lossds uhTéiEff'

comprise the frontal system syndrome. R ]

= pum—"
B Y

Peorforrance of the Alzheinmer' disease patients

The ability to encode or learn requires the proper working of At
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IOIOIY.HhiCh is intimately linked to the integri}y of "multiple and ,L\&

J’S”H”J/ discrete psychobioldgicul ngchanisns" {Weingartner, hrafnan et al.,

- 1985, p- 382). One mechanise spaecific to the performance of the SDAT
patients that. has been identified as being associated with the neiory
failure is an inability to access previous knowledge (semantic
mexory). This finding has been repeatedly replicated (Hirtin, Browérs

— -

et al., 1985; Martin & Fedio, 1983; Ober et al., 1986; Weingartner,

Gr&ftnan et al., 1983; Weingartner, Kaye ot al., 1981}, This failure

results in an inability to-either use, or to impose organization on,

material to be learned. This inability is clearly seen in the failure
’ —

of the SDAT. group to use a clustering strategy, evan under condideiins

where a possible organizational strategy is offered t

Another often neglected facto:ﬁ&hat may have ntribut o the

SDAT patients' poorer overall performance is that jof attentiveness.
There was, during testing, behavioural evidence of attentional
difficulties in the SDAT group, but not in the PD or NC groups. For
exanpler SDAT patients were more likely to comment while looking at
the words to be learned regarding their iﬁability to memorize anything
anymore, or they had to be reminded to read the words aloud, or could
eagily turn around and make a comment on a word per se or the number
of worda. Therefore, part of their failure to learn may be at.least
partly attributed to an inability to focus properly on incoming
‘ ‘k information. Such difficuiiies in sustaininr focussed attention and
learning have been noted by others (Ober, Dronkers, ét al., 1986;

b '
Ober, Koss et al., 1985; Wilson, Bacon, Fox, Kramer et al., 1983; and

Db .

£~
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Wilson, Bacon, Fox & Kas:ni&k,.l983);
The memory deficit caused by Alzheimer's disease is known to be oy

rapidly progressive. Our SDAT subjects, as discussed earlier, were

no more than nildly_impairgd as determined by the Deméntia Ratiﬁg

Scale, Despifé thias, they showed a severs a#lerograde deficit. Other

workers have also reported this finding (Corkin, 1982; Weingartner,

1S
Kaye et al., 1981; Wilson, Bacon, Fox, Dramer et al., 1983; Wilson,

Bacon, Fox & Kasniak, 1983). - _ N T

(._The dementia in;Alzheiner'a.disenseVinvolve?-widespread
neocogtical, as well as subcortic;l, pathologf with documented damage
at the posterotenpora}, temporoparietal-junction, and medial-temporal
regions (Brun & Guftafson, 1978). The amnesia has been particularly
associated with medial temporal damage (Hartin et al, 1985). This
associatioh is supported by the obaervatlén of a severe cell loss in
the hippocampus (Ball, 1972) and the amygdala (Her;og & Kemper, 1980).
Evidence of damage is also provided from in-vive hypoﬁetabolism-in the o
temporal-parietal cortex of Alzheimer's patients (Benscn et al., 1983;
Foster et al., 1984; Friedland et al., 1983; Friedlaqg et al., 1985;

s
Haxby, Grady, Duara, Schlageter, Berg & Rapoport, 1986).

Whereas an accessibility problez appears to be-;he cor; of the
Parkinsonian patients' memcory difficulties, the deterioration of the
stored information observed in the SDAT patients recali fron free ' \5'
recall to hgpd recall under both non-organized and organized

acquisition suggests the more serious problem of the reduced

availability of the appropriate event-information in nmemory storage
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“(Tulving & Pearlstone, 1966). The use of the tern amnesia to describe

their memory failure is therefore appropriate (Benson, 1984). TQP

‘ _ r
presence.or absence of retrieval cues do not affect the performance of
the SDAT patients; systematically recalled significantly lesp words

AN
under cued recall as conpared to free recall, This indicates thﬁt not

only are encoding processes impaired in SDAT patients})but also menory
traces are weak and sasily dlsrupted, or‘are inaccessible due to their
having been organized Ldiosyncratxcally.‘

There are quantitatively and -qualitatively different profiles in
the PD and SDAT groups supporting the hypothesize@ distinguishing

features of fronto-subcortical syndrome (forgetfulness) and cortical

dementia (amnesia). More specifically, the retrieval dafxcxt

hypothesis which is suggested as a behavioural manifestation of

subcortical dementia (Benson, 1984) is supported under conditions of

non-organized free recall. The problem of accessibility is also shown

SY the Parkinsonian patients' rasults on the recognition task under

both conditions, which was the saneras the NC subjects', within the

limitation inélied by the presence of a éeiling e¢ffect. This effect,
) .

| . . .
howevar, was not aeen atIEESB\recall when semantic .cues are provided

prior to learning. The fact that the same reduced number of words are

Areéailad at non-organized and organized recall was interpreted as

evidence for a reduced overall memory capacity on the part of PD
patients. The mechanisags underlying this reduced overall nemory
capacity are unknown. The failure of memory of the SDAT group,

however, was 1nterpreted as a much more reduced overall memory



" 154

capacity arising out of diffuse damage of the brain and consequent

physical decay of stored information, with the particular involvgnent
[)

of the medial-temporal area.
General discussion

1. Theoretical implications for the concept of subcortical dementia

As has been pointed out in the introductiqn, the Hqéd dementia
has been defined over many centgfies. inpresaionist%cglly, but
nevertheless consistently, on the basis of everf day experience. A
nore modern heuristic allows us to define members of the demented
class through measurement. In the present century, a humber of
dementia rating scales have been developed which enable us to
separate demented from non-demented patiénts more objectively. One
question posed by the concept of subcortical dementia can be éut as
follows: should the term ‘demented’ refer to patients who score in
the non-demented range while having an identifiable pattern of
demonsgfable higher losses arising from subcortical pathology?

With this guestion in mind, notice that the present experimental
findings include one measured difference and one measured similarity
between the higher functioning of demented putieﬁts suffering from
Alzheimer's diseaaa and non-demented patients suffering from

Parkinson's disease. Each of these two findings can be seen to point

towards its own consequences for the study of dementia in general, and
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for the recent concept of 5ubcort%ca1.denantia in particular.

h As Miller (1981) has pointed out, when experimentally comparing
two subgroups, one demented group and the other nét. the finding of a
similarity is fo he less expeqted tpan the finding of a difference.
So a neaéured similarfty can actuallf be more striking than can a
difference. . y

[

The differenif was found on a measure of menmory retrieval. When
compared with normal controls, patients suffering from Parkinson's
disease had a reduced capacity for recall that was restored to normal
through cueing (under non-orgaqizad acquisi£ion). By comparison,
patienés Quffering from Alzheimer's disease clearly evidenceaed a\very
ruch larger reduction in uenorf capacity uhichxgih\rot improved
through cueing.

T It coulq be said that the patients in these two groups are
similar in thntgthay both show decreased memory capacity, even though
they show a different sized decrease. Taking this in conjunction with
other clinical findings (as described by Benson, 1984) it could also
be said that these patients are likewise. similar in that they are
denented, albeit one group cortically, and the other subcortically
(Albert et al., 1974; McHugh & Folstein, 1975; Albert, 1978; Freed;;n
& hlbert, 1985). To then attempt to qualify th;se statementa by
pointing out %hat the measured difference between the size of their
aenory impairments helps characterize the differences between the
respactive dementias (that is, that amnesia characterizes denentiq{

f\
while the more subtle memory deficits of Parkinson's disease f

/
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characterize subcortical dementia) over-élphaai;ea ainor similarities
while de-enphasizing major differences. This is one reason why the
atteapt to define ﬁhe subtle higher losses aasociated with subcortical
disease ag a dementia (Albert, 1978) in the sense of Rotﬁ}s ‘true’
dementia (1980), has brought about the confusion that it haé (Albert,
1976; Foster, 1986; Freedman & Albert, 1985: Huber & Paulson, 1985;
Katzman, 197?; Harsden, 1978: Roth, 1980; Whitehouse, 1986).

There can be no question that a general pattern of clinical and

neuropaychological findings has been accurately associated with a

diverse group of diseases loosely called subcortical. Diseases in

this group,- that are said to cause subcortical dementia, include

supranuclear palsy, thalamic tumors, olivopontocereballnf

degeneration; progressive pnllidal.degenerntion (Albert et al., 1974},

and, most recently, Parkinson's digease (Albert,‘1978). The pattern

of clinical neuropsychological findings associated with this group of
diseases has not‘yet been defined with adequate precision, and it has
been suggested that it nigh; vary from one subcortical disease tao
gnﬁther {(Cumnings & Benson, 1983). Nevertheless, it could reasonably
be seen either as a,clinicai syndrome, on the basis of its\‘
phenomenology, by a term like bradyphrenia (Hassler, 1965), or as an
anatomically-based syndrome by a phrase like frontolimbic syndrome,
or frontal-syﬁten syndroae or fronto-subcortical syndrome (Harsden,
1978), without introducing any unecessary confusion. However, to

—

attempt to establish this clinical pattern as norejthan a syndrome,

" for example as a variant of Roth's true dementia, will cause
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unecessary confusion, -=

Té% second experimental finding, the similarity, was that there
wag no statistically significant difference between the rate at which
Parkinsonian patients, Alzheimer’'s disease pntienté, ahd normal
control subjects, scanned their short term memory traces. The
long-accepted clinical slowing of thought of Parkinson's disease,
taken in conjunction with its apparent absepce in Alzheimer's disease,

could reasonably have yielded the expectation that Parkinson's disease

. patients might scan more slowly. Such an expectation would arise from

the asgumption that slowed scanning might effect slowed thinking.
There is already some experimental work which would lend support to
such an assumption (Wilson et al., 1980), although one subsequent
experimental report failed to confirm it (Rafal et al.; 1984).
Hhitahoﬁse has recently pointed out that "no comparative studies of
the speed of mental processing have been published to determine
whether slowness of cognition is more characteristic of subcortical
than of cortical dementias." The present study was specdifically
designed to provide data onlthe guestion Whitehouse (1986) raised
subsequently. He co;ractly points out that "the validity of this
distinction (between cortical and subcortical dementia) has not been .
gatablished”"(p.4), and that its validity can only be determined
through "comparison of several types of dementias, using
neuropsychological instruments..." (p.4). The present comparison has

revealed that slowed acanning does not underlie the bradyphrenia of

Parkinson's disease, and, slowed scanning is not part of the rapid
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generalized, profound cognitive decline that characterizes early
-Alzheimer's disease. Both results are somewhat surprising. Given
that the resulté are soneuhatAunexpactad, it is unfortunate that there
still are no other comparative studies whose results could be compared
with the present' study, a point that will be E;;%her conasidered in the
next saction, ‘Methodological Issues Qnd Future Research',

This provides a further example of a similarity obscuring ;
difference. It is true to say that when patients with Alzheimer's
disease and patients with Parkinson's disease scanned their
short-term memory within the present experimental paradigm, they did
so at the (statistically) same normal rate. However, all Parkinsonian
batients were able to carry out the experimental instruction;lat first
sitting without help. Alzheimer's disease’patients, on the other
hand, varied in that, at first asitting, one could do it without
assistance, four could do it only with coaching, and the other seven
could not do it at all. At retest within a_year, the four who could
do it with coaching joined the ranks of thoge who could not do it at
nllf and the one patient who had done it without coaching now required
cbaching. It is clear, that whatever it is that foras the basis for
the higher losses in these two patient groups, it does not involve

¥

decreased”scanning speed. However, the mode of performance of the

Alzheimer's disease patients is typical of Roth's (1980) true

- //

dementia, whereas the performance of the PD patients is not. ,/”
p
A second question arises about whether or not those highér losaes

L
-
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dementia (i.e} those who score in the demented rdhgq on rating scales)
are different from those higher losses in non?dena&téd Parkinaonian
patients and/or from the losses characteristic of Alzheinef‘s disease
patienta, A preliminary study aiming at-ilnvestigating some of these
differences has recently been publibhed by Freedman & Os;;r-harman
(1986). Their results indicate broad similaritieg SGtween the
dapmentia of Alzhainer's\hiseasa patients and that of ‘truly' demented
Parkinsonian patients. They do, however, #tress one fine differepce
which they suggest indicates that these (corticalj.démentiaa may arise
from pathologic changes in physically close, but functionallf separate
areas of the same cerebral region, namely, the frontal cortex.
ngarding the nétion'of subcortical dementia, Freedman and Albert
{1985) atated tg;; "It is important to stress that this new
terminology is only offered tentatively as an approxinatién of our
current state of knowledg? untii such time that it can be replaced
with better labels” (p.314). The present findings, and other findings
in the literature on the cfinical characteri;tics associated with
subcortical diseases, would be better represented by a term such as
‘fronto-limbic syndrome' (?lbert, 1978) ﬁf ‘fronta-subcortical

syndrome' (Maraden, 1978), than by the controversial notion of a new

{subcortical) dementia.

2. Methodological issues and future research

Exclusion criteria were used for the sele€tion of members of both

S
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. patient groups. Patients with Alzheimer's disease represented the
most problematic group because the disease does not reveal itself by,

-~

physical signs, but rathér by cognitive changeé over time, and so
final confirmation of the diagnosis ca; only be established |
post-mortem. Close-monitoring of thd‘progréssive cognitive changes is
therefore necessary to minimize false positives. In this study,
careful attention was given to diagnostic issues with the further step

of a six ﬁonths to one year follow-up. This latter atep distinguishes

the present study from previous efforts to study the cognitive losses J?;f/

-
r—

associated with Alzheimer's disease. The methodological
characteriétic of the present paper that distinguishes it from all
others is that it incorporated a follow-up confirmation of the earlier
tentative diagnosis of SDAT. This procedure resulted in the exclusion
of all but twelve patients of twenty-four referred cases of early
Alzheine;:s disease. ad we included these patients in the study as
the published Qtudiea do,, then the narked memory impairment differencs
might have been smaller.

An attempt will be made to obtain post-mortem confirmation of the
diagnosis of the twelve patient with provisional Alzheimer's disease
who participated in this study.

Exclusion criteria were also used for the sample of Parkinsonian
patients in order to include only patients with idiopathic .
Parkinsonisa. In this study, patients who showed signs of a dementia

ware excluded because of reports of superimposed Alzheimer's disease

in demented patients wi}ﬁﬁgarkinson's disease. Such a strategy was

“l
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used to avoid the poasible difficultyﬁin interpreta£ion which might
have resulted had positive findings been found. 1In this case,
bositive findings can clearly be attributed to the effect of the
diseasp process of idiopathic Parkinsonism. It is, however,
recommended that future research on the subject of cortical and
subcortical dementia include both demented and nbn-demented
Parkinsonian Patients. Freedman and Oscar-Berman (1986) provide a

bt '——"--r‘
good model for future research.

e
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Appendix 1 '

Brief Summary of Relevant Neu;oﬁnatomv

The basal ganglia comprise the folloging subcorpical structur?s
of_the teleﬁcéphaion;.the caudate nucleus, the putamen, the globus
pallidus, and the anygdaloid nuclear coaplex (Carpentér,'l978). The
caudate and putamen .together conérise the neostriatum or striatum; the
ne;atriatum together with the globus pallidus comprize the corpus
striatum. _Two nuclei which have become unoéficial meub;}s of the
basal ganglia because of th@ir%&;portant connectiops to the )
neostriatum are the substantia higra {located in the midbrain
(mesencephalon)) and the subthalaamic nuclei (located in the
diencephalon (FitzGerald, 1985).

Within the basal ganglia, the striatua and pallidal complex
(consisting of the globus pallidus and the pars reticuld€3 of the
gubstantia nigra) may be divided in terms of their respective input
and output functions. The major aff;rent connecticns include the -
corticostriatal, and'nigrqstriatnl systens. The efferent system which:
will be reviewed here is the mesocortical-dopaminergic pathway. It
is jiaportant because pathelogic changes affecting it have been
hypothesized to be responsible for some of the cognitive deficits

found in Parkinson's disease.

The afferent connections

e

1. goggggégggi;;;; afferent system. The striatum receives

/



°

. '.\
afferent fibers fr6;/:::\:;?¥i'of the cerebral cortex and froh the

k]

medial caentral nucleus of the thalanus, and it prov;des the main
neural anut 1nto the basal ganglla (Kemp § Powell, 1570; Kunzle, .
1975; 1978; Nauta, 1964; Yeterian & vanHoesen, 1978). Selegon et al

e

(1985)'showed that thé-striatum could be differentiated into S

specializsd functional parts by virtue of the specific arraﬁg@i)

L3

égiorticul projections it receives. Thus, widespread areas of the

asscciation cortex were shown to extend via "longitudinal bands" into

g
the anterior putamen, a; uefl‘&s to the cauddte, whereas, the motor,
sensory and premotor cortices project ts the putamen. They sugbested
a functién;l distinction between an “associ;tion neostriatum™, which
would includeighe caudate and aptefior putamen, and a "motor
neostriatum”, which would include the posterior putamen. ;ﬁ
The' neésﬁfiatun may-ba.viawed as a well-infé:med structure
receiving abundant pre-érocessad,infornation about the world. The
putamen's role, with its sensorimotor corgical inputs(/may be ‘viawed
as primarily one of motor processiné.. The caudate: on the otheér hand.

may pertain to certain types.of: cogn;tlve act1v1ty + through Nhlch

cogfitive centers influence motor output, with only a minor

L

i ingplveﬁent with control of movement (Oberg and Divac, 1979).

o —*}groatriatal afferent systeu.. Disorders of the nigrostrfiatal

- 1S

pathway are central to the understan&;ng of the. QE;:ology.of

Parkinson's disease. The substantia nigra, the.midbrain's largest

L8 ‘ ‘ < | -

single nuclear mass, Hhas connectionsﬁwith the‘corpus striatum and (;\;//
5

"Nt
thalanua. It is coupoaed of two parts."> 1) the pars-gompacta, a

. region of large. pignentad colls, and (Q ‘the pars ret;culata, &

region poor 1n;qells. The neurons of the pats conpacta contain a high
A s > ) k .



. pharmacological, and pathological, importance in Parkinson's disease. (

A

conceqtration of dopamine, and appear to be the main source of
dopanine found in the striatum {Carpentér. 1978).

Nigrostriatn{ fibers project dorsolaterally over the aubfhalanic
nu;leua and cross throuéh th; internal capsule, traverse parts of the
globus pallidus to'taxninnté in the putamen (recei;ing fibers from the
caudal two-thirds of the substantia nigra) and the caudate nucleus
Ereceiving the medial parts of the nigra fibers) (DeLong and.

Georgopoulus, 1983).

The nigrostriatal track appears to Be part of a "cloaed feedback

loop" (nigro striato-nigral) which has acqulred partlcular interast

because its propertiea appear to be of crucial physioloegical, $T§f

o far st

<
Susmary. In summary, the neostriatum is the receptor pathway for
]

input origina?ing from all Sreas of the cortex and is therefore
provided with relevant information of activity in secondary
aséociation areas, in addition to the iﬁfornation provided by its
direct connectioﬁ to the sensorimotor and premotor cortices. kts
efferent project to.the p§liidium¥;nd the zona reticulat;nportioh of

the substantia nigra. These anatomical connection provide .the pathway

for a finely balanced neurochemical functional loop, the disruption of

" which will cause a loss of the "kinet}c nelody of movement™ (Barbeau,

1972); or, said differently, a losé in the ability to "execute -
siaultaneous or sequential noﬁor’prograns" (Harsden, 1982).

| There ;%b been a.controversy over the role that the basal ganglia
plays, if any, in human cognition. Iaproved nen;&l perf;rnance -

. . 1
observed after égcchshful'drug therapy for brqdykinésin nas led to the -

hypothesisa that‘therc may be a common heurochemical patho-physiology



for bo§2 nental and motor symptoms sgcondary to basal ganglia damage.
The mesocortical dopaminergic system has been suggested as being the
site resp nsiblg for these mental deficits (Delis, Direnfield,
Alexander, Kaplan, 1982).

-

Efferent pathway: the nesocortical dopaminergic systenm:

The m;soco?tical dopaminergic gystem has also been implicated in
the cognitive deficits found in Parkinson's disease (Delis et al.,
1982). 'The brain's dopamine has been recently located in the
lprefrontal cortex (area 9 and 12) (Thierzy. eﬁ al., 1977).
Pathological studies in the brains of normal and Parkinson's patiaents
have revealed that dopaminergic cells are contained in the VT
lJavoy-Agid and Agid, 1980} and that the prefrontal cortex {area 9) of
Parkinsonian brains suffa; a depletion of 19% of its dopaminergic
content (Scatton, 1982).

) | a

~
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Appendix 2

Drug’

Diazepan, Sinemet, Parlodel

Sinemet

Bromocriptine,
Sin3E6€E7Cogénﬁih

éinegét: Syametrel

Dia:epin, Sinemet, ;arlodel
Bromocriptine, Sinemet,
Symmetrel

Sinenet

§inenet

Sinemet; Symmetrel

Sinemet; Symmetrel

Sinenat

AR



Appendix 1

Brief Shnnarz of Relavant Neuroanatoay

The basal ganglia co:brise the féllowing subcortical structures
of the telencephalon: the caudate nucleus, the putamen, the globus
pallidus, and the amygdaloid nuclear conplex (Cgrpenter. 1978), The i
caudate and putamen together comprise the neostriatua or striatum; the
ngcatriatum together with the globus pallidus comprise the corpusl
striatua. Two ﬁuélei-which have become unofficial members of the
basal ganglia because of their important connections to the
nodatriatul are the Supstdncia nigra (located in the midbrain
(mesencephalon)) and the subthalamic nuclei (located in ghe
diencephalon (EitzG@rald. 19851,

Within the bnsal.ganglia. th~ striatum and pallidal complex
(consisting of the globus pallidus and the pars reticulata of the
substantia nigra) may be divided in terms of their respective input
and output functions.  The major afferent connections ihclude the
corticostriatal, and nigrqstriatal systeas. The efferent system which
will be reviewed here is the mesocortical-dopaminergic pathway. It
is laportant because pathologic changes affecting it have been
hypothesized to be responsible for some of the cognitive deficits

found in Parkinson's disease.

The afferent connections



1. Corticostriatal afferent gsystem., The striatum receives

afferent fibers from all p&rts of the cersbral cortex and from the
ﬁedial cenﬁra} nucleus of_pheAthﬁ}anus. and it provides the main ”_
neural input into the basal ganglia (Kemp & Powell, 1970; Xunzle,
1975; 1978; Nauta, 1964; Yeterian & vanHoesen, 1978). Selemon et al
(1985) showed that the striatum could be differentiated in&o
specialized functional parts by virtue of tha specific array -of
cortical projections it receives. Thus, widespread areas of the
association cortex were shown to extend via "longitud{pal bands" into
the anterior putamen, as well as to the caudate, whersas, the motor,
sensory and premotor cortices project to the putamen. They suggested
a functional distinction between an "association neostriatﬁu", which
would include the caudate and anterior putamen, and a "motor
neostriatum”, which would include the posterior putamen.

The neostriatum may be viewed as a well-informed structure
receiving abundant pre-processed information about the world. The
‘putamen's role, with its aanaqrinotor cortical inputs, may be viawed
a§ primarily one of motor processing. The caudate, on the other hand,
nay pertain to zertain types of ‘cognitive activity'; through which
cognitive centers influence motor output,'uith only a minor
involvement with control of movement (Oberg and Divac, 1979).

2. Nigrostriatal afferent system. Disorders of the nigrostriatal

pathway are central to the understanding of the pathology of

Parkinson's disease. The substantia nigra, the aidbrain's largest



single_ﬁuélear mass, has connections w;th the corpus striatum aﬂd'.
thalanus, It i{s composed of two parts: (1) the pars compacta, a
region of large, pigmented cells, and (2) the pars reticulata, a
region poor in cells. The npuron# of the pars compacta contain a high
concentration of dopamine, and appear to be the main source of
dopamine found in the utriagpl (Carpenter, 1978}.

Nigrostriatal fibers project dorsolaterally over the subthalaaic
nucleus and cross through the internal capsule, traverse parts of the
globus pallidus to terminate in the putamen (receiving fibers from the
caudal two-thirds of the substantia nigra) and the caudate nucleus
{receiving the medial parts of the nigra fibers) (DeLong and
Gaorgopoulus, 1983i.

The nigrostriatal track appears to be part of a "closed feedback
loop” (nigro-striato~nigral) which has acquired particular interest
because its properties appear to be of crucial physiolegical.
pharnacélogical. and patheological importance iik?arkinaon's disease.

Suamary. In summary, the neostriatum is the receptor pathway for
input originating from all areas of the cortex and is therefore
provided’uith relaevant information of activity in secondary
association areas, in addition to the information provided by its
direct connection to the sensorimotor and premotor cortices. Its
efferent ﬁroject ‘to the pallidium and the zona reticulata portion of
the substantia nigra. These anatomical conne;tion provide the pathway

for a finely balanced neurochemical functional loop, the disruption of

.uhich Will cause a loss of the "kinetic melody of movement"” (Barbeau,



Appendix 2

Patient Drug

1 Diazepan, Sinemat, Parlodel
2 Sinemet

3 Bromocriptine; Parlodel

4 Sinenet; Coggntin

5 : Sinemet; Syametrel

6 . Diazepan, Sinemet, Parlodel
7 Broaccriptine, Sinemet,

Syametrel |

8 ‘ Sinemat

9 Sinenmet
i0 Sinemet:; Symmetrel
11 Sinemet; Symmetrel
12 Sinemet



SUMMARY OF CODING FOR TRIALS

\ . i

APFENLIX 3
TRIAL # F/U SIZE ITEMS TEST B/N RESP VRT Sample printout for one subject
SET - SET CODE (SEC)
1 * 1 z 2 b c 0.460 : :
2 ol 3 JzZX F 1] c 0.500 ’
3 * 2 JP P P c 0.680 \
4 * 3 ZAX ' N c 0.790
5 * 3 AEJ B N c 0.520
6 * 1 E E P c 0.510
7 * 3 vZC F N c 0.590
8 » 2 BV v P c 0.580
9 » 1 J J P c 0.460
10 * 2 EZ o N c 0.520
11 * 1 X X P c 0.500
12 * 3 AZC F N c 0.510
13 * 1 A o N c 0.510
14 » 2 VE v P C 0.770 N
15 .2 Je B N c 0.530
16 * 2 XA Y N c 0.590
17 > 2 IV J P c 0.430
18 ] 1 J 7 P e 0.350.
19 * 3 EJA E P c 0.760
20 hd 3 XcJ o] N c 0.800
21 * 3 vze D N c 0.600
22 * 3 Bvg 0 N ¢ 0.800
23 * 2 PZ F N c 0.600
24 * 1 v v P C 0.600
25 > 3 ACE Y N ¢ 0.720
26 * 1 o} H N Cc 0.570
27 bd 2 Xc X P c 0.640
28 * 1 z Y N c 0.570
29 » 2 AE F N c 0.680
30 * 1 X 3 N c 0.630
31 * 3 PIC P P o} 0.470
32 * 3 VIX v P c 0.590
33 - 2 cv v P c 0.540
34 " 2 EC W N c 0.610
35 * 1 A 0 N c 0.580
36 * 1 v v P c 0.450
37 * 3 EAV v P c 0.710
38 o 2 PC H N C 0.480
39 * 3 vPX P P I 0.440
40 . 2 TV~ E P ,C 0.510
41 .2 XJ J P c 0.460
42 * 3 Xcz B N o] " 0.580
43 * 1 J J P c 0.410
44 » 1 v o} 3] c 0.550
45 » 1 v v P c 0.450
46 * 1 E W N c 0.590
47 * 3 EXP % P c 0.750 .
48 " 1 E E P c 0.340
© 49 * 2 VE E P c 0.330
50 * 3 XEZ,. X P c 0.380
51 * 1 c c P c 0.320_
52 * 3 z Z P c 0.380
53 w 2 Jc U N c 0.460
54 d 3 EJZ W N c 0.540
55 » 3 ZJE D N c 0.580
56 * 3 PAC A P c D.570
57 . 2 PA P P c 0.520
58 " 2 vp v P c ¢.520 ' ;
59 " 2 EP E P c 0.490
an » 1 a a5 b m n.aan

N



61.

-62
63
64
65

66.

67
68

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
8%
LY
2
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
. 108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

ii‘ﬂill‘tt‘l’tﬂii!l‘i

#il-*“‘#*ll’lttt.!'

1&:*‘&#!&&&'&1&1&*1111t&ttw&ltt.

CPE

Zc

XVP

PV

PCA
CEJ

vCP

7P

EQNU(‘.'UI’IILISOOMQOG<.'PMNN

IN‘QUUE’UNOMK'UO4WUNW<::B"1QMIEONNDEMOHWGNK"!OU*‘:PiVUIC:S

ZmMZZZZMMZMMZMZZMUMZZMMWZZ

Z'U'UZZ':Z'UZ'UZZ"U"UW’UZ'UZ'UZZ'UZZZMM'UZZZ'UZZZ"U'UZZZ

¢.770
0.830
0.410
G.650
0.380
0.770
0.590
0.410
0.550
0.350
0.570
0.610
0.610
0.590
0.530
0.510
0.520
0.420
0.400
0.420
0.600
0.660
0.460
0.440
0.660
0.760
0.620

 0.590

0.500

" 0.630

0.580
0.970
0.500
0.590.
0.570
0.560
0.480~
0.470
0.390
0.610
0.370
0.520
0.880
0.720
0.420
0.570
0.510
0.720
0.570
0.500
0.620
0.660
0.550
0.500
0.390
0.660
0.550
0.360
0.470
0.760
0.650
0.570
3.150
0.340

0.580
n.a7Tn

3a




127

” 2 zX Z P c 0.730
128 " 1 J J P c 0.430
129 - 1 b4 X .D c 0.430
- 130 ” 2 JX J P [ 0.390
131 * 1 E E P c 0.410
132 » 2 PC P P c 0.520
133 " 2 EC U N c 0.620
134 * 1 E Y N c 0.580
135 * 3 vZE o] N C 0.490
136 hd 1 P U N c 0.510
137 > 2 JE F N c 0.620
138 * 1 J o] N I ¢.970
139 ” 3 Xz U N c 0.650
140 ” 3 JCE D N o ¢.630
141 * k! 2JX 0 N ¢ 0.680
142 » 2 2P F N c 0.990
143 * 1 X X P c 0.360 .
144 * 2 EX 0 N c 0.540
145 * 2 cp o] P o 0.640
146 1 X D N C  0.520
147 * 2 PJ D 5] c 0.580
148 * 1 v v P o] 0.590
149 * 3 XJC B N o 0.620
150 bd 3 JAC J P C . 0.440
151 * 2 Xv v P I 0.460
152 * 3 RET J = I 0.510
153 * 1 A A P I 0.440
154 * 2 BX H N I 0.820
155 * 2 Jp b4 N I 0.650
156 * 2 AX A B I 0.810
157 » 2 PE W N I 0.760
158 * 1 X D N o] 0.060
159 * 3 JCE Y N I’ ¢.720
160 * 1 Z . U N I 0.510
161 * 3 Jcr P P I 0.680
162 * 1 o c P I G.410
163 * 1. . Z- P I 0.440
164 » k! PEJ 0 N 0 0.590
165 * k] EAX E P I 0.460

TS T T T



0.460
0.510
0.460
0.500
0.350
0.600
G.450
)
0.410
0.450
0.340
0.320
¢.380
0.480
0.410
0.380
0.410
0.350
0.420
0.400
0.440
0.390
0.370
0.7290
0.390
0.430
0.430
0.410
0.360
0.590
0.440
0.410
0.440

F SET
2 3,
0.680 D0.760
0.580 0.470
0.770  0.590
0.430  0.710
0.640  0.440
0.540  0.750
0,510  0.380
0.460  0.570
0.330 0.550
0.520 0.510
0.520 0,630
0.49¢  0.580
0.650 0,570
0.610  0.420
0.530  0.500
0.660 0.660
0.610  0.760
0.550  0.580
0.500  0.440
0.360 - 0.510
0.340  0.680
0.730  0.460
0.390  0.000
0.520  0.000
0.640  0.000
0.460  0.000
0.610 0,000
0.000  0.000
0.000  0.000
0.000  0.000
0.000 0.000
0.000  0.000

VRT FOR 'EACH MEMORY LOAD SIZE

POSITIVE PROBES

0.000
0.000
0.0040
0.000
0.000
¢.000
0.000
0.000
Q.000
0.000
0.000
0.000
0.000
0.000
0.0p0
0.000

0.000
0.000
¢.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

6.000
0.0400

0.000

0.000

0.000
0.000
0.000
0.000
0.000

0.000

0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.600
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

U SET

T2 -3
0.000 0.000
0.000 0.000
0.000 0.900
0.000 0.000
¢.000 0.000
0.000 0.000
0.000 ., 0,000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0,000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000 -
0.000 -

g.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

"0.000

0.000

JC
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0.510
0.570
0.570
0.630
0.580
0.55¢9
0.599
0.590
0.420
0.590
0.970
0.590
0.520
0.510
0.580
0.470
3.150Q
0.580
0.970
* 0.520
0.0860
0.510
0.000
0.000
0.000Q
0.000
0.0Q0
0.000
0.000
“0.000

0.000
0.000

v,

F SET

 0.520

0.530
0.590
0.600
0.680
0.610°

- 0.480

0.460
¢.770
0.570
0.520
0.600
0.460
0.500
0.500
0.480
0.470
0.880
0.570
0.570
0.620
0.620,
0.990
0.540
0.580
0.820

. G.650

0.760
0.000
0.000
0.000
0.Q00
0.360

+

NEGATIVE PROBES

-

L3
RUIRN

0.500  0.000
0.790  0.000
0.520  0.000
0.590  0.000
0.510  0.000
0.800  0.000
0.600 0.000
0.800  0.000
0.720  0.000
0.580  0.000
0.540  0.000
0.580 0.000
0.830 0.000
0.770  0.000
0.590  0.000

.0.610  '0.000

0.660 0.000

. 0.760 0.0400

0.6820 0.000
0.560 0.000
0.720 0.Q00

. 0.620 0.000

0.660 0.000
0.650 0.c00
0.570 0.000
0.670 0.000
0.499 0.000
0.650 0.000
0.630 0.000
0.680 0.000

0.820 6.000Q -

0.720 0.000
0.5%0 .0.000

e

0.000 -

0.000
0.000
0.000
0.000
¢.0040

.0.000'
0.000

0.000
0.000
0.009
0.000

. 0.000

0.000

© 0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

04000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

¢.000
9.000

VRT FOR EACH MEMORY LOAD’SIZE

U SET
2 3
.0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 ° 0.000
0.000 0.000
0.000 0,000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
- 0.000  0.000
0.000 0.000
0.000  0.000
0.000 0.0Q0
0.000 0.000
0.000- 0,000
0.000 0,000
0.000 0.000
0.000 ©.000
0.000 0.000
0.000 0.000
0.000 0.000.
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0,000  0.000
0.000 .0.000
0.000 0.000

/ i

P 34

.

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000Q
0.000
0.000
0.000
04000
0.000
0.000
0.000
0000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000

0.000
0.000

(r

/
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Appendix 4a

G

In this test, I will be using the taelevision screen in front of
you, On it will be dlsplayed sone letters of the alphabet being
presented one at a time. Let me show you the letters. Watch the TV
screen and read aloud the letters being displayed.

\ Pregent letters: A, V, P, C, X, E, 2, J, U, B, W, D, Y, Fs 0, U.

-

Vaery good. When we begin the task, you will see on the screen
either one, two or three letters. The letters will be presented one
at a time. There will never be more than three letters being
displayed for you to learn. Your E;sk is to remember these letters.

fou will be wearing these headphones. After the last letter to
be learned has been presented (remeaber, it can be eifher one, two or
three lettirs), you witl hear a "tone". This sound tells you that a
letter will be displayed on the screen. Your task is to tell me as
quickly as possible Hhether'that letter is one you have learned., If
it is, you will say the word “ves' as quickly as possible; and if it
13 not, vyou-will answer with the word "no", again as quickly as
/possible
Let me go over these instructions agdin before wé' do a practice
 trial. . .
First, you. wlll see aither one, two or three 12;;945 being displayed
one at a time. You will learn these in®*silenc Then you will hear a
ﬁfsound coming from these headphones you will be wearing. This tells
you that a test is coming. After the sound, a letter will appear on
the screen. Your task is to tell me, as quickly as you can, with only
the use of the words' "yes" or "no" whether this letter was part of the
letters you learnad prior to the tone. After you have'answered, you
can forget the letters because I will give you others.

Let's do a pra&tice trial. Pué these headphones on your head and
watch the screen. Tell me when you are ready to start by saylng the
word "Go" in the microphone.

» : .

Do not forget to give your answer -‘yes’ or ‘no' as quickly as

posgible, - .
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" Appendix 4b

Dang cette t-ache, nous allons nous sevir du téléviseur placé
devant vous. Vdus/verrez apparaitre & 1'écran das lettres de
1'alphabet qui vous seront présentés une & la fois. Je vais
maintenant vous montrer ces lettres. Regardez l'écran et lisez les
Iettras 4 haute voix 4 mesure qu'elles apparaissent.

;
. L
,.'//

Lettres présantées: -A, v,'P,-g: X, E. 2, 37,U, 8, % D, Y, F. o0, U.

— -

Trés bien. Maintenant, lorsque nous commencerons la t-ache, vous
verrez sur l'écran soit une, deux, ou trois lettres. Les lettTes
seront présentées une i la fois, Vous n"aurez jamais plus de trotis
lettres 4 apprendre. Votre t"ache est d'apprendre cetts ou ces
iettras. ' .

VYous proterez ces écouteurs. Lorsque la dernidére lettre sera
présentée, (souvenez-vous, vous aurez une, deux ou trois lettres &
apprendre) vous entendrez un son. Ce son vous indique qu'une lettre
apparaitra sur l'écran., Votre t"ache eat de me dire aussi vite que
posaible si cettd lettre en est une que vous avezr appris. Si elle
1'est, vous direz "oui" aussi vite que possible; et si elle ne 1°' est
pas, vous direz "non" aussi vite que possible.

Je vous répéte les instructions une ature fois avant de vous
donner quelques essais de pratique. D'abord, vous verre:z 'soit une,
deux ou trois lettres, qui vous seront présentées une & la fois.
Yous les apprendrez en silence. Ensuite, vous entendrez un son
provenant des écouteurs 'que vous porterez. Ce son vous informe qu'un
test suit. Aprés le son, une seule lettre apparaitra sur l'écran.
Yotre t“ache est d¢ me dire, aussi vite que possible, et seulement en:
utilisant les mots "oui”™ ou "non”", 3i cette lettre en est une que vous
avezr appris. Lorsque vous aurez émis votre réponse, vous pourrez
oublier ces lettres parce que je vous en donnerez ,de nouvelle.

Maintenant, faisons quelques essaies., Placez ces écouteurs sur
votre t"ete et regardez 1'écran attentivement. Informez-moi que vous
“etes pr-et(e), en utilisant le microphone devant vous, avec las mots
"allez-y")..

N'oubliez pas qu'il est important que vous répondiez avec les
mots oui ou non ausai vite gque possible.

LT
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Pool of words for the memory test ..

CATEGORY WORD CLUSTER

FRUIT © orange
banana
cherry Faa
peach
pear
lemon
apple
‘berry

O o o o

ANIMALS ‘ nouse
camel
© gkunk
snake
beaver
moosd
horse
tiger

OO0~~~

FLOWERS . daiay
orchid
tulip
violet
poppYy
crocus
lillies -
zinnia -

I -3 @ <o



HUSICAL
INSTRUMENT

FURNITURE

L

QCCUPATION

flute
piano
violin
cynbal

" fiddle
‘guitar

organ
trumpet

broom
bucket
carpet
kettle
chair
cradle
pulpit
stool

priest
nurse
lawyer
coach
judge
banker

dentist

—J-Jcncnq--:i"-.:-.a

I - -1 o o

[+ -]

-~ ~1OvOv 0G0 0
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Appendix 5b

Serie de_mots a apprendre pour le tast de memoire

CATEGORIE HOTS FREQUENCES
FRUIT ananas 6
banane 30
carise 6
peche 47
citron 104
fraise 11
prune 2
raisin 12
1]
ANIHMAL lievre 42
cheval 67
dinde 6
singe 48
- agneau 101
pivoine 11
" glaieul 144
zinnia 28
FLEUR tulipe 22
nuguet 3
lilas 5
' jasain, 1
pensee 85
pivoine -
glaieul

zinnia



INSTRUMENT

DE MUSIQUE

OBJET MENAGER

OCCUPATION

o

guitare-

. cyabale ,:
harpe -
orgue : ’

violon
tanbour
flute .
plano

lavabo
lustre
poels
radio
lavabo
lustre

poele ;
radio

pilote
commnis
police
mineur
pilote
commis
police
mineur

|

~a
MWL G Wy

L |

-1
DGO N W DD WD



APPENDIX 6a

ords for the free and cued recall task

LI .
CATEGORY L WORD CLUSTER

 FRUIT orang
- banan

cherry

peach

[o- R e:INe I

——

ANIMALS - beaver

1111
horle

' <'tiger

o m

FLOWERS daisy
orchid
tulip

- violet

~] G o O

MUSICAL flute
INSTRUMENT piano
violin
cyabal

-1 0 @ o

b

FURNITURE . chair
‘ cradla
pulpit

stool

-~ @

OCCUPATION : priest
nurse
lawyer
dancer

=) o ¢ o



APPENDIX 6b
— " . "f
\ Mots pour-le rappe) Nibre et avec fndice
?
CATEGORIE - HOTS FREQUENCES
]
FRUIT ) ananas 6
i banane ‘ 30 \p
carise 6
- peche 47 J
,  ANIMAL ) ~lievre 42
cheval 67
. dinde 6
' singe 49
t FLEUR _ tulipe 22"
N muguet 3
1ilas 5
- < .
. jasain 1
INSTRUMENT - violon 7
‘DE MUSIQUE tambour 20
flute 4
pianc 32
- 0BJET MENAGER lavabo 5
. lustre ' 2
L poele 73
' . radio 5
QCCUPATION plilote 9
conmis” . 2 *
police 78

. mineur 2



APPENDIX 7a N

. /
P

Distractors for the recognition test

’

CATEGORY . HWORD CLUSTER

) S
FRUIT pear 8
’ lemon 8
apple 8
berry 8

-\

ANIMALS . mouge
' . camel

. skunk

- snake

[

-~~~ -3

FLOWERS poppY -
crocus . -
lillies ) -
zinnia - -

! wusicar S y fiddle 7
/// INSTRUMENT Y guitar -
] organ -

truapet

@

FURNITURE broom
: buckst
carpet

kettle ¢

bt B S B |

=,

QCCUPATION coach
— judge

Jbanker

dentist

-~ ~] O O
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. ——

Distracteurs pour le test de reconnaissance

,\
CATEGORY | WORD - AELUSTER'
FRUIT . > eitron . 104
. fraise 11
- - prune 2
Taisin i2
ANTHMAL agneau 101
pivoine - 11
! glaieul ~ 144
zinnia 28
FLEUR pensee 85
. pivoine ) -
glaieul -
zinnia -
INSTRUMENT . guitare 11
DE MUSIQUE "~ cymbale 2
: harpe -
orgue 4

OBJETS MENAGER

-~ 1

—— 385
44
4 245 *\
QCCUPATION avocat 105
" clerc 3
- soldat 170

pretra . © TZB8



1

cherry
horse
-peach
tiger

banana -

chair
stool
cradle
pulpit
beaver
moose
orange

9

chair
mogae
cherry
horse
orange
stool
tigex—
pulpit
cradle
peach
banana
. beaver

17

banana
pulpit
beaver
cherry
- LLET)
chair
horse
tiger
orange
stool
cradle
peach

APPENDIX Ba
Randomization of Words Within List 1

2 . 3
‘cherry tiger
banana peach
. horse chair
chair banana
orange horse
beaver cherry
pulpit rooge
cradle stool
stool orange
peach cradle
tiger heaver

moosg —~ pulpit

.o 11
banana chair
cradle tiger
pulpit cherry
atool “pulpit
horse banana
peach peach
mooss8 noose
chair stool
cherry horse
orange orange
tiger - Dbeaver
beaver - cradle
18 19

pulpit stool
cradle horse
peach cradle,
horse peach
cherry banana
beaver tiger
tiger beaver
orange noose
Roose chercy
banana arange
stool pulpit
chair chair

{

4

tiger
orange
- LLTT:
peach
beaver
chair
cradle
horse
stool
therry
banana
pulpit

12

beaver-
banana
cradie
orange
cherry
stool’
tiger
noose
horse
chair
peach ' .
pulpit

20

i
orange

- cradle

tiger
stool
chair
beaver
horse
banana
noose

. pulpit

peach
cherry

5

banana
tiger
chair

orange.

hors
pulpit
beaver
peach
cradle
noQse
stool
cherry

13.

noose

. cradle

cherry
pulpit
banana
peach
s8tool
tiger
beaver
orange
chair
horse

6

. chair

tiger

pulpit
peach

beaver
banana
orange
cradle

moose

charry
stool
horsae

14

tiger
beaver
nocose
peach
stool
horse
cherry
pulpit
banana
chair
cradle
orange

7

. tiger

puipit

chair .

peach
beaver
banana
orange
cradle
DoQge
stool
horse
cherry

15

cherry
stool
cradle
chair
orange
ROOSE
pulpit
—tiger
beaver
banana
horse
peach

8

peach

‘cradle

horse .
stool -
orange
banana
noose
chair

. pulpit

cherry
tiger
beaver

16

banana
pulpit
zoose
peach
banana
cradle
horse
chair
cherry
stool
orange
tiger



1

cerise
poele
pecha
radio
banane
lidvre
" singe
cheval
dinde
lavabo
lustre
ananas

9

lievre
lustre
cerise
poele
ananas
singe
radio
dinde
cheval
peche
banane
lavabo

- 17

dinde
lustre

banane-

lavabo
poela
ananas
cerise
radio
lievre
singe
peche
cheval

——

APPENDIX 8b

Randomization of Words (French List)

Within List 1

2 3
cerise - radic
banane peche
poela lievre
lievre banane
ananas poale
lavabo cerise
dinde lustre
‘cheval singe
singe ananas
peche cheval
radio lavabo
lfustre dinde

10 11
banane lievre
cheval radio
dinde coerise
singe dinde
poele . banane
pechdﬁﬁf peche
lustre lustre
lievre singe
cerise poele
ananas - ananas
radio lavabo
lavabo cheval

18 - 19
lustre banane
singe dinde
poele lavabo
peche cerisa
banane luatre
dinde lievre
radio poele
liavre radio
cerise ananas
lavabo singe
ananas cheval
cheval peche

4

radio

ananas
poele
peche
lavabo
liavre
cheval
poele
singe
cerise
banane
dinde

12

1avabo
banane
cheval
ananas
cerise
singe’
radio
lustre
poele
lievre
peche
dinde

20

dinde
cheval
peche
poele
caerise
lavabo
radio
ananas
lustre
banane
singe
lievre

s

banane
radio

lievre .

ananas
poele
dinde

- lavabo

peche
cheval
lustre
singe
cerise

13

lustre
cheval
caerise
dinde
banane
peche
singe
radio
lavabo
ananas
liaevre
poele

—

6

lisvre
radio
dinde
peche
lavabo
banane
ananas
cheyal
lustre
cerise
ginge
poele

14

radio
lavabo
lustre
peche
‘singe
poele
cerise
dinde
banane
lievre
chaval
ananas

7

radio
dinde
lievre

‘peche

lavabo
banane
ananas
cheval
lustre
poele

singe

cerise

15

cerise
singe
cheval
lievre
ananas
lustre
dinde
radio
lavabo
banane
poele
peche

8

peche
cheval
poele
singe
ananas
banane
lustre
lievre
dinde
cerise
radio
lavabo

16

singe
cheval
lustre
an&éﬁi
dinde
poele
lavabo
cerise
poele
lievre
banane
radio



A

violet
nurse
dancer
daisy
LAWYeT
orchid
piano
flute
vielin
priest
tulip
cymbal

I

orchid
priest
violet
nurse
tulip
piano
‘daisy
cyabal
flute
dancer
lawyer
violin

Q

cyabal
priest
lawyer
vielin
nurge

tulip
violet

daisy
orchid
piano
dancer
flute

violet
lauyer
nurse
orfchid
tulip
violin
cymbal
flute
piano
dancer
daisy
priest

J

lawyer

flute

cyabal
piano
nurse
dancer

Priest

orchid
violete
tulip
daisy
violin

R

priest
piano
nurse
dancer
lawyer
cymbal
daisy
orchid
violet
violin
tulip
flute

Randomjization of Hor%é Within List 2 __

c

. daisy

dancer

orchid ’

lawyer
nurse
violet
priest
piano
tulip
flute

. violin

cymbal
K

orchid
daisy
violet
¢ymbal
lawyer
dancer
priest
piano
nurse -
tulip
vielin
flute

S

lawyer
cyabal

. violin

priest
orchid

nurse
daisy

tulip
piano
fluce
dancer
violet

-~

APPENDIX _Gb

- D

daiasy
tulip
priest
dancer
violin
orchid
flnte
nurse
piano
violet
lawyer
cymbal

L

violin
lawyer
flute
tulip
violet
pianco

.daisy

priest
nurse
orchid

- dancer

cymbal
T

cymbal

flute -

dancer
nurse
viglet
violin
daisy
tulip
priest
lawyer
piano
orchid

E

lawyer
datsy
orshid
tulip
nurse
cymbal
violin
dancer

£Elute
- priest

piano
violet

H

priasf-

flute
violet
cymbal
lawyer
dancer
piano
daisy
violin
tulip
orchid
nurse

F

orchid

daisy
cymbal
dancer
violin
lawyer
tulip
flute
priest
violet
piano
nurse

N

daisy

violin
priast
dancer
piano

nurse

violet
cynbal
lawyer
orchid

-flute

tulip

L
G H
daisy dancer
cymbal flute
orchid nurse,
dancer piano
violin -tulip
lawyer  lawvyer
tulip priest
flute orchid
priest  cymbal
nurse violet
piano daisy
violet viglin
0 P
violet piano
piano flute
flute priest
orchid tulip
tulip cymbal
daisy nurse
priest violin
cymbal viclat
violin dancer
lawyer orchid
nurse lawyer
dancer daisy
[

T
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b

A

‘ lilas
police
jasmin
mineur
augueat
violon
piano
tanbour
flute
pilote
connmis
tulipe

I

violon
cCOmAis
lilas
pelice
tulipe
piano
mineur
flute
tanbour
jasmin
auguet
pilote

Q

flute

CORRis
jasmin
pilote
pelice
tulipe
lilas

mineur

violon

piano
-auguet
tambour

-

" Randomization of Words (French)

B

lilas
muguet
police
violon
tulipe
pilote
flute
tambour
piano

jasein

mineur
coamis

J

auguet
tanbour

“£lute

pianc

police
jasmin
coamis
violon
lilad

tulipe
nineur
pilote

R

conais
piano
police
jasain
nuguat
flute

nineur -

violon
lilas
pilote
tulipe
tanbour

v C

mineur
jasain
violon
auguet
pelice
lilas
comnis
piano
tulipe
tanbour
pilote
flute.

K

viclon
mineur
lilas
flute
nuguet
jasain
conais
piano
pelice
tulipe
pilote
tambour

S

iuguet
flute
pilote
lilas
coanis
violon
police
mineur
tulipe
piano
taabour
jasmin

APPENDIX 9b

WithinList 2

D

pineur
tulipe
comais
jasmin
pilote
violon
tasbour
police
piano
lilas
muguet
flute

L

pilote
nuguet
tanbour
tulipe
lilas
piano
aineur
compmis
police
vielon
jasmin
flute

T

flute
tanbour
jasmin
police
lilas
pilote
aineur

pulipe.

commis
auguet
piano
violon

E

auguet_—.
mineur
violon\
~tulipe
police
flute
pilote
jasmin
muguet
commis
piano
lilas

N

comais
tambour
lilas
flute
auguet
jasmin
piano
mineur
pilote
tulipe
viclon
police

F

violon
mineur
flute
jasmin
pilote
auguet
tulipe
tanbour
comais
lilas
piano
police

N

mineur
pilote
commis
jasmin
piano
police
lilas
flute
muguet
violon
tambour
tulipe

G

mineur
flute

violon
jasain
pilote

. auguat

tulipe
tambour
conais
police
piano
lilas

0

lilas
piano
tambour
violon

- tulipe

comris
flute

zineur
pilote
auguet
police
jasmin

H

fonin

tambour
police
piano
tulipse
nuguet
conmis
violon
flute
lilas
Bineur
pilote

P

piano
tambour
comnis
tulipe
flute
police
pilote
lilas
jasmin
vielon
nuguet
mineur

(

vl




—_ APPENDIX 10 . ‘ e

Order of List Presaptation for the PD Group /—_\::>

{Subjoct List Order Orgqanisation Within List
1 1-2 1-A
2 2-1 B-2
3 1-2 3-C
4 2-1 D-4
5 I-2 5-8
) 2-1 F-6
7 1-2 1-G
8 2-1 H-8
9 B 1-2 — 9-I
10 i 2-1 J-10 QE?%
11 < 1-2 11-K )
12 ©o2=1
13 T 1-2
14 2-1 _
15 1-2 ™
16 2~1 e
17 1-2
18 2-1
19 1-2 -
20 - 2-1
r/
. . ;
~. * CODE: List l: numerical’ {
' _ . List 2: alphabetical \
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APPENDIX 11

Order of List Presentation for the SDAT Group

Subject Liat Order ' _Organisation Within List
l 2-1 T~20
2 1-2 19~§
3 2-1 R-18
4 1-2 17-Q
5 2-1 P-16
6 —— 1-2 15-0
7 2-1 N-14
8 1-2 13-4
9 2-1 L-12

10 1-2 11-K
11 2-1 J-10
12 1-2 9-1
13 2-1 " H-8
14 1-2 1-G
15 2-1 F-6
16 1-2 5-E
17 2-1 D-4
18 1-2 3-c
19 2-1 B-2
20 1-2 . 1-A
S



APPENDIX 12

O}Ger of List\Presentation for the NC Group

Subject List Order Organisation Within List
1 1-2 12-L !
2 2-1 M¥-13
3 1-2 14-N
4 2-1 0-15 ) }
5 1-2 16-P
6 2-1 Q-17
7 1-2 18-R
8 2-1 5-19
9 1-2 P 20-T

10 2-1 ‘ A-1
11 1-2 2-B
12 2-1 c-3
13 1-2 4-0
14 2-1 E-5
15 1-2 6-F
16 2-1 G-17
17 1-2 8-H
18 2-1 I-9
19 1-2 10-J

20 2-1 K-11



APPENDIX 13a
Instructions: Henori Paradigm

-Condition A

-

Ledrning Phase

I an going to give you a list of wofds that I want you to learn. The
words are going to be projected one at a time on the wall infront of you. 1I.
want you to read each word aloud as it appears. I also want you to remeaber
the words because after they have been all presented I will ask you to recall
them. Now, watch carefully and learn the following words.

Recall Phase

Turn the sheet in front of you and write on the blank lines as many of
the words as you can remember. Write the words in any order.

or
I #ill write for you all the words that you can remember. Tsll me the
words you can recall in any order. —
(Pleasg take a fow more seconds and see if you can remember more

words.)

Thﬂnl

You will notice that some words are printed on it. These words
represent the categories to which the words you have learned balong. Go ovar
sach of these and see if you can romember the words you have just learned.
Write all the words you can remeamber including those you have alreedy Wwritten

(Please take a few more seconds to recall.)
or

I will write for you all the words that you can recall.
Then, A .

Here is a list of words. I want you to°'read each of the words and
underline those that were in the list you learned.

Condition B

Learning phase

I am going to give you a new list of words that I want you to learn.
This time, the presentation of the words will be different from the other. I
will tell you before hand the categories to which belong the words you are to
learn, that is how the words may be grouped together. For exanple, if I tull
you that the words to learn belong to the category "game™ the words could be
card, bingo, etc. )

Now I will present you the list of words. Pay attention and learn then
because you will have to recall the words when I am finished. Again, I want
you to read each word aloud as it is projected. All the words you will learn
fit into one of the three following categories: .
. Here is a sheet with the three categories. If during the
presentation you forgatsqpnt they are, you can check on the sheet.

\"_’.—J'
Recall Phage —_—
Same ag for first presentation

r




Apprendix 13b

{

Instructions fran¢aise pour le test de mémoire

Condition A

Phase d'apprentissage

) Je vais vous présenter une liste .de mots que vous devresz
-apprendre. Les mot's seront projetés un & la fois sur le mur en face
‘de vous. Je veux que vous lisiez cthue mot & haute voix & mesure
qu'ils apparaissent sur le mur. Je veux aussi que vous appreniez ces
Rots parce que je vais vous demander de vous les rappeler.
Haintenant, portez attention et apprenez les mots suivants.

Phase de_rappel

Tournez la feuille de réponse qui est placéde devant vous et
écrivez sur les Iignea autant de mots que vous pouvez vous rappeler.
Ecrivez les dans n anorta quel ordre. N

(Prenez un peu plus de temps).

ou .
Je vais écrife pour vous les mots dont vous pouver vous rappeler.
Dites les moi dans n'importe quel ordre.

Ensuite,

Passezr 4 la feuille suivante placée devant vous. Vous notere:
gque certains noits sont iaprimés sur la feuills. Ces mots
représentent les catégories auquelles appartiennent lea mots que vous
aver appris. Liasez ces mots et essayez de vous souvenir des nots gque
vous venez d'apprandre.

(Prenez un peu plus de teaps).
Encore un fois je vais écrire les mots pour vous.

Condition B

Yoici une nouvelle liste de mots que vous devez apprendre. <Catte
fois-¢i, la présentation des mots sera différente de la précédente.
Je vais vous dire avant de commencer.les catégories auquelles
appartiennent les mots & apprendre. Par exemple, si je dis que les
mots 4 apprendre appartiennent & la catégorie "jeu", les mots
pourraient “etre carte, bingo, etc. Voici la liste de mots. Portez
attention et apprenez les parce que vous devrez vous les rappeler.
Encore une fois, je vous demande de lire chaque mot 4 haute voiX.
Tous les mots que vous apprendre:z font parties des catégories
suivantes: , , et . Voici une
carte avec les trois catégories. Vous pourrez la consulter si vous
oubliez ces mots lors de la préentation.



Phase de rapel:'
Suivre les instructions pour Condition A

Raconnaissance (pour'Condition A et B)
Voici une liste de mots., Je veux que vous lisisz chacun des mots
at que vous soulignez ceux qui etaient sur la liste apprise.
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APPENDLX 15a

FRUIT
ANTMAL

FURNTTURE

fi



%‘ APPENDIX 15b
FLOWER
MUSICAL INSTRUMENT
OCCUPATION

N




AXPENDIX 16a

FRULT
OBJET DE MAISON

AN|MAL
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FLEUR
INSTRUMENT DE -MUSIQUE

OCCUPATION




APVENUIX 17a

- - ~
Please underline the words that you remember to be from the list you
have just learned

ORCHID
PTIANO ~
CROCUS
PRIEST
DENTIST
GUITAR
NURSE
. POPPY
BANKER
TULIpP
CYMBAL
FIDDLE
VIOLET
ZINNIA
ORGAN
LILLIES |
FLUTE \\kw*_"/
_ TRUMPET
DAISY
VIOLIN
JUDGE
LAWYER
COACH

DANCER



// Please underiine the words

just learned

APBENDLX 17b N

that you rememember to be from the list you have

»

" BANANA

CRADLE
LEMON i
BEAVER

SNAKE

o

BUCKET

MOOSE | -
~ PEAR

SKUNK

CHERRY

STOOL

BROOM

PEACH

BERRY -

- .

CARPET )

APPLE

CHAIR

KETTLE

ORANGE

PULPIT

CAMEL

HORSE

MOUSE .

TIGER



o APPENDIX 1¥a -
Veuillez soculigner les mots

dont vous vous souvenez avolr appris dans la
premidre {jste '

MUGUET
TAMBOUR
PIVOINE
PILOTE ‘ | ’
PRETRE .
CYMBALE
" COMMIS .
T _PENSEE T
. X SoLDAT
I
PIANG
GUITARE
JASMIN
J ZINNJA
ARPE
V{OLON

ORGUE

TULIPE
FLUTE
* COCHON . ;
CLERC :
POLICE
" AVOCAT
MINEUR

GLA[EUL
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Veuillez souligner les mots dont vous vous souvenez avoir appris dans 1a
premidre liste \

BANANE

LUSTRE : -

FRAISE

LIEVRE

LAPIN A
~ CRAISE _ €

_CHEVAL

CITRON N

e

& ;ﬁbio a } . &L

POELON

PECHE _
RAISIN —~ 4?¥
TAP1S - '

' PRUNE

Hor

LAVABO
TABLE
ANANAS
COCHON
POELE
AGNEAU
SINGE

\ DINDE
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‘musicaL
- INSTRUMENT
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— - ~

- FRUIT




\VaNy
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[

Recall positive indrement from free recall to cued recall

of correct words gained from FR io Cr

X 100
r 7
) # of words missed at ER
Recall peqative incremengxkypm free recall to cued recall
# of correct words lost from FR to CR
£ ¥ 100
« - '
# of words recalled in FR
- o



APPENDIX 22

Recognitian discriminability and response bias (nonparametric).

Discriminability = [ 1 - (Misses + False Alarms) / 44 ] X 100%

Reaponse biais = (Misses - False Alarms) / (Misses + False Alarms)

-~
-

)
Note: A valu; of "1" is substituded for an obtained zerc value for Hisses
and/or False Alaras to avoid division by zero.

]

From Delis, Kramer & Ober, 1985 (Preliminary Hanual)

-——/





