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ABSTRACT

Clinical files‘of 497 consecutive referrals to the
Neuropsychology Laboratory at the Roval Ottgwa Hospital
who had been administered the Wechsler Memory Scale (WMS)
as part of a staﬁdard battery of neurcpsychological tests
were reviewed. Clinical ratings of recent memory, remote
memory, overall memory functions, memery for events prior
to onset of pathology and memory for events subsequent to
onset were carried out. The clinical ratings were based
on information included in the file ihcluding a summary
of presenting svmptoms, clinical history,&physiciaﬁ refer-
ral letters and behavieral cdescription of the patiént
carried'out at the time of the examination by a trained
neuropsychological technician. Each of the 126 items
comprising the WMS were coded pass or fail. TIn addition
information concerning the lateralized loéation, extent
and severity of cerebral pathology was recorded. The
data were combined on computer with the original neuro-

psychological test results.
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An item analysis indicated that items comprising
the WMS ranged in difficulty from very easy to very
hard.. The easy and hard items added little to the
discrimirative power of the Memory Quotient indicating
that the Memory Quotient discriminates primarily among
patients of intermediate abilityllevels. Many items
were fougd to be related to the clinical ratings of
memory functioning. These items were recombined into
revised memory scales.  Other items-were found to be
related to attention and some to level of impairment.

The revised scales were found to.predict clinical
memory disorders for both recent and remote -events with
greater accuracy than the WMS. Also when intelligence
and level of impairment were statistically controlled
only Orientation and MQ were significantly related to
the.memory ratings. Orientation was reduced among
patients with bilateral cerebral dvsfunction with severe
problems with day to day mémories and among patients
with left hemisphere dysfunction with severe problems
with meﬁbry for remote events. The MQ was also reduced
among left hemisphere patients with severe problems for
‘remote events. On the other hand, the revised scales,
although significantly relateéd to the covariates intel-

ligence and level of impairment were .significantly



related to clinical memory ratings, once the covariates
were adjuStsf for.: Theéé/findingS‘indicatéd-thatithe
WMS as currehtly used is sensitive primarily to level of
impairment and general intellectdal abilities except
among certain‘cases with severe memory problems. On
the 6ther hand .the revised scales were consistently
s;gnlflcantly related to the ¢linical ratings after the
variance accounted for by the covariates (lntelllgence
and impairment) were'extracted.A The relationship between
the revised scales and the clinical.ratings was not
dependenf upén lateralization of cerebral pathology.
_These.findinés.indicate ;pat the WMS as presently used
is mainly a measure of intelligence and-level of impair-
ment and dlscrlmlnates primarily among patzents of
intermediate ability level. Those with severe memory
disorders however appear to bé low on certain subtests.
A revision.of thé +est indicates that memory can be
measured by items comprising the test although the con-
trol of intelligence and iﬁpairment is essential.

The superior discriminative ability of the revised
scales was cross-validated in a subsample of the original
group seen after -a follow-up period. Reliability coef-
ficients and related norms for the WMS and revision weré
presented with conversion tables from raw scores to
standard scores and percentile scores in order to faci-

litate clinical use.

vii.
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INTRODUCTION

The aim of this dissertétion was to evaluate the
validity of the most widely employed clinical test of
memory, the Wechsler Memory Scale (WMS}. The WMS was
originally published in 1945 (Wechsler, 1945). The
construction of the WMS (item selection) was based on
antiquated concepts of the psychology of memory as well
as outdated notions of the effec£s of brain lesions on
psychological processeé. The scoring of the test
simply involved summing items into subscales, sﬁmming
the subscales and after correcting for age, arriving
at a single index, the Memory Quotient (MQ) .

Attempts to validate the WMS against external
criteria have sought to evaluate the effectiveness of
jdentifying organic vs non—orgahic patients,_ignoring
any appreciation of regional localization of function
within the human brain. Factor analytic studies have
attempted to establish the construct validity of the
wWMS, however the subscales used in factor analysis have
not been validated. 2n analysis of the jtems comprising

the WMS has never been reported. In spite of the



apparent inadegquacy of the research which has attempted
to evaluate the WMS, an examination of the items
suggesés that there may be useful information included
in +*he test, which probably accounts for its widespread

use.

-~

The WMS includes gquestions concerning the remote
past as well as requiring the patient to learn new
material. Some sections involve non-verbal material
while others employ primarily verbal material. A test
of immediate memory (digit span) is also included. The
WMS is widely used, is apparently resistant to replacement
by more modern memory tests (Cronholm & Molander, 1857;
Cronholm & Ottoson, 1963; Cronholm & Schalling, 1963,

1968; Ottoson, 1960) and appears to include items useful

in a clinical memory examination. For these reasons,

the present research was aimed at identifving items that
are related to external criteria. The criteria of

primary interest for the purposes of the test were clinical
ratings of memory and confirmed lateralized cerebral
dysfunction. It was hypothesized that certain items could
be selecteé from the WMS and used to form a set of sub-
scales which would be effective for identifying memory
disorders in patients referred for neuropsyvchological

assessment.



Literature Review

Memory

Memory has been defined as the "effects of earlier
perceptual expe;ience upon present behavior" (Milner,
196€8). Young (1966) has stated that memory is a
"physical system by which there is made a record or
representaticn of certain past events. It is in the
nature of records to be consulted when future action
has to be decided qn." These definitions provide a
broad conceptual frémework for our understanding of
memory. The definition is refined however by excluding
disorders which may affect these processes, but are not
considered "memory". Thus, Milner (1968) states that
it is important to distinguish between memory loss and
an impairment of attention (vigilance), general dementia
and perceptual disorders. Further, in considering a
definition of memory, a number of temporal factors are
relevant. |

The terms recent and remote memory refer to the
time scale in a person's life. Recent memory refers
to events that have occumed recently in the life of the
patient, while remote memories refer to events of the

distant past, usually pre-operative or pre-trauma events



(Milnexr, 1968). With an anterograde amnesia a patient
is unable to remember events since the time of the lesion
or operation and might édescribe the loss as a loss of
recent memory. With a retrograde amnesia, the patient
has difficulty remembering events covering a period
before the lesion or operation and the loss of memory
for remote events can be contrasted with the recent
memory loss seen with an anterograde amnesia. The
terms recent and remote memory do not refer to under-
lving mechanisms. The term immediate memory is defined
behaviorally as the amount of information that can be
reproduced irmmediatelv after presentation (Milner, 1968).
The terms long and short term memory however, refer
to hyvpothetical processes mediating retention not cate-
?ories of behavior (Milner, 1968). Short term memorys
is thought to decay rapidly in a matter of seconds when
rehearsal is prevented. Memories recalled from the
remote past are recalled from the long term store, which
is thought to be related to structural change. (Milner,
1968; Waugh and Norman, 1965). The Waugh and Norman
(1965) conception of the memory process invelves trans-
ferrinq.input from the sensory memory (duration of a
few hundred milliseconds) to a primary memory system

with a storage of several seconds and finally to a more

permanent secondary memory system where information can



be stored for minutes or years. This progess is
thought to be an orderly sequence of sﬁorage systems
but according to Milner (1968) these systems must

overlap in time and behavior may be jointly determined

-
~

by them. e )
According to the Atkingon and Shiffrin (1971) model,
the sﬁort term memory system is é working memory which
“controls reheafsal, coéing, decisions and retrieval.
The memory system is thought of in terms of information
flow into and out of short term storage. The short
term memory system is given a position of pivotal
importance because "the procegées carried out in the
shoré térm store are under the immediate control of the
subject and govern the flow of information in the memory
system; they can be called into play at the subject's
discretion.” Accord;ng to Baddelv (1976) however, the
need for a aistinctioﬁ betweeﬁ short term and long term
memory is gquestioned.: Baddely cites the case presented
by Warrington and Shailice (1969) of a partially aphasic
patient (K.F.) who haa a severely impaired short term.
store but whose long term memory was normal. He guestions
+he need for a shortéterm store (in contrast to Atkinson
and Shiffrin) since severe impairment of the sﬁort term

store does not necessarily disrupt the input of information

.into long term storage. Warrington and Shallice view



the patterﬁ of impairment in'thé caserf K.F. as
:support for the distinction between a short term and

long term store. The role of the short term store

in controlling the entire memory system (according

to the Atkinson, Shiffrin model) is weakened by the
report of such a case. Other patients with impaired
short term memory, such as thé cases with parietal lobe
lesions presented by Cermak et al. (1971) also have
impaired loné term stores. The impairment of long

term store is thought to be a function of the initial
short term memory deficit. Eowe (1970) states that

the most convihcing evidence for a-distinction between

a short term memory store and a long term §tore comes
from the pattern of deficits seen after bilateral
hippocampal lesions. In these cases the short term
store is intact while the capacity to transfer information
from short term to long term storage is lost. Milner
(1968) states that the lesion has disrupted the essential
transition process from short term to long term mMemory .
This process is known as consolidation.

Memory can also be thought of as a three stage
process: registration, retention and recall or recognition.
The terns cohsolidation, storage and retrieval are also
used to illustrate these hypothetical stages. It is

often difficult, if not impossible to determine at which



of these stages a breakdown in memory-has occured

(Howe, 1970). The fact that Warrington and Weiskrantz
(1970) claim that organic amnesia is a defect of retriéval
but not of consclidation, while others such as Milner |
(1968) and Woods and Piercy (1974) dispute this claim,
considering the basic effect to be one of consolidétion,

reflects the difficulty in sorting out these stages.

Brain Structure Involved in Memory

The brain structures most freguently implicated in
human memory are the hippocampus, the mammillary bodies,
and portions of the thalamus, the dorsal mediai‘nucleus
and the anterior nucleus, (Ojeman, 1968). The hippo-
campus is a phylogenetically old structure consisting
of three lavered archicortex. It sits in the medial
aspect of the temporal lobe and forms the shape of a
rams horn. Within the hippocampus is the dentate gyrus
and the hippocampal gyrus. Axons from the pyramidal
cells of the hippocampal gyrus gather together to form
the major efferent group of fibers, the fimbria. The
fimbria becomes continuous with the fornix which loops
arouné the thalamus and the post cormisural fornix
reaches the mammillary bodies. Some of the fibkers

branch tc reach the septalnucleus. There are also

)



reciprocal connections between the septal nucleus and
the hippocampus via the longitudinal stria (indusium
griseun). (See Figure 1-from Netter, 1572). The
post commisural fornix also sends fibers to the ‘
anterior nucleus of the thalamus.

The hippocampus receives afferents from the
cingulate gyrus, widespread areas of the cortex, the
prepyriform cortex and the entorhinal cortex via the
perggrant pathway and the alvear pathway (see Figure 2
from Carpenter, 1975). The hippocampus also receives
noradrenergic connections from the locus coereleus and
seretonergic projections from the raphé nucleii.

The hippocampus can be considered the major anato-
mical structure in a circuit important for human memory.
This circuit involves the projections ffom the hippo-
campus via the fornix to the marmmillary bodies, from
the mammillary bodies via the mamillothalamic tract +o
the dorsal medial nucleus of the thalamus, from the
thalamus to the cingulate gyrus and from the cingulate

gyrus back to the hippocampus (Ojeman, 196€).

The Effects of Brain Lesions on Memory im Man

A variety of disorders of cerebral brain function

are accompanied by disorders of memory (amnesia). In

some cases the.memory disorder is accompanied by disorders



*"Fige 1 The location of the hippocampus

e

t

in the brain and the major efferent

projections. (from Netter, 1972).
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Fig. 2 Major afferent projections to the
hippocampus (from Carpenter, 1975).

o



Chorond
plexus™

Choroidaol
lissure

Funbna

Hippocompol | yssure

Subiculum

"Alveor” pahway

N\

é.‘”-' orp,

Ophic troct

{oteral '

m're‘,l

*Pertorant” pathway

R0

A gmr i -2t

Caudale nucleus

Inlenior horn
lateral ventricle

Alveus

- Pyromidal cells

o! hippocampus

Gronule cells of
dentgle gyrus

Alferent fibers

from prepyriform
coctex

Cotigleral sulcus

2_‘

12.



13.

of other psychological.processes, including general
intellectual declin;, impaired percéptual proceéses or -—-
attentional deficits. When establishing the relation-
ship between a particular brain_gtructure and memory
functioni;g,it is eséential:to sample behavior widely

in order to demonstrate that the memory disorder is
relatively specific and that the perceptual, attentional
or intellectual deficits do not account for the poor
performance on memory test;. Patients with bilateral
lesions of the hippocampus have been studied intensively
anéd the relatiouéhip between the hippocampus and memory
functioning is n&w widely recognized.

Scoville and Milner in 1957 reported the results of
bilateral surgical réﬁoval of the medial aspect of the
temporal loBe in 30 psyﬁhotic patients in an effort.to
improve personalﬁty functioning. The surgeon approached
the medial gspeét by inserting a suction tube into the
anterior tip of the temporal lobe. In five cases‘£he
_énygdala and uncus only were removed. In all the others
some éortion of-the hippocampus was included either
exteﬁding posteriorly 5 cm (in most of the cases) or § cm
(in one case). Additionally, a radical bilateral hippo-
campal removal was carried out in one ééileptic patient
(H.M.). Psychological test results were reported for

10 of these pétients, 9 of whom were psychotic, the other
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being epileptic. Most of the subsequent psycholegical
testing illustrating the deficit after surgical removal
of the hippocampus bilaterally have been carried out on
H.M. since his normal personality éunctidning made him
most ameﬂable to study. |
This patient fell off of a bicycle at the age of 9
» years and was rendered unconscious. At the age of 16
yeafs, he began having seizures which became so severe
that the radical bilateral medial temporal lobe resection
was carried out when he was 27 years of age. The
operation reduced the numbér_of'seizures in H.M. but had
no efﬁect on the personality functioning of ﬁhe psychotics.
The most dramatic effect of the operation was on
meﬁory functioning. Those with the most éxtensive removal
of the hippocampus bilaterally (E.M. ané one p§ychotic
with 8 cm removed posteriorly and one psychotic with
5 cm removed) were left with a severe anterograde amnesia.
They could not store new information in long term memory
although they could retrieve memories from the remote
past. Immediate memory (measured by span tests) was-
" intact. These patients have been described as not being
able to remember current events such as a recent death
in the family or what they had for lunch a half an hour
earlier. The deficit dia not appear to reflect a

general intellectual decline since performance on
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intelligence tests was within the normal range. Pre-
operatigg}zlzﬁfﬁvfﬁad an I.Q. score of 104 and post-
operatively it was 112. One of the psychotic patients
with a severe anterograde amnesia {a physician) had a
post operative I.Q. score of 122, while another patient
had an I.Q. of 78. In contrast the patients scored
67, 70 and éO respectively on the Wechsler Memory Scale.
Another group of 5 patients haéd a moderately severe
memory disorder after removal of 5 ér 6 cm posterior
from the tip of tﬁe temporal lobe. A third group of 2
patients had no memory impairment after surgery. One
had unilateral temporal lobe removal while the other had
bilateral removal of the amygdala and uncus, sparing the
hippocampus. The authors concluded that removal of the
hippocampus.results in a loss of thé ability to store
new information. Bilateral removal was thought to be
necessary to éroduce the amnesia. The severity of the
memory impairmgnt was thoﬁght to be related to the amount
of hippocampus removed. (Scoville & Milner, 1957).:
Since this report, surgeons have avoided bilateral
medial temporal lobe removal and the number of cases for
study has been limited. Penfield and Milner (1958}
reported that in a series of 90 patients who had undergone

unilateral temporal lobe removal, 2 had shown the severe
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anterograde amneéia seen after bilateral removal.‘ it
was presumed that the unoperated side had atrophied
prior to the operation and that these cases represented
examples of bilateral hippocampal dysfunction. In 1974,
Penfield and Mathieson published autopsy findings confirm~
ing this hypothesis.
A number of papers have reported intensive investi-
gation of H.M., the two patients of Penfield and at
times other similar patients, and have defined the pattern
of symptoms which result, illustrating both the natﬁre of
the deficit ané the psychological functions retained.
Miiner,_Corkin and Teuber (1968) reported that H.M.
and two other hippocampal patients were abi; to perform
the Wisconsin Card Sorting Task normally but failed on
a delayed face recognition task. Frontal patients
made a great many perseverative errors on the Wisconsin
Card Sorting Task but were successful on the delayed face
recognition task. A double dissociation of the symptoms
resulting from hippocampal and frontal lesions was thus
obtained. It was further demonstrated that failure by
the hippocampectomized patients on the delayed face
recognition task was not a result of a perceptual disorder
since hippocampectomized patients are able to perform
the Mooney face perception task at least as well as

normals {(Milner, Corkin & Teuber, 1968).

Al
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Drachman and Arbit (1266) have illus%é}ted the
nature of the memory disorder by administering span tests
of verbal and nonverbal material. Patients with
bilateral lesions of the hippocampus were,fouﬁa to have
normal digit span but were unable to benefit from
repeated trials in an attempt to memorize lists of digits
that exceeded their immediate span (supra-span lists).

A similar finding was reported fdr a nonverbal task. .
Additionally Bidman, Stoddard and Mohr (1968) found that '
while immediate memorv for a cipcle elipse matching to
sample task was normal, H.M. was impaired when a delay
was introduced. His immediate and apparentlv short term
memory for consonant trigrams was alsc found to be normal.
Wickelgren (1968) also found normal short term recognition
memory £for single digit numbers, three digit numbers and
pitch of pure tones in H.M. Further, E.M. was lacking
in ability to form long term memory but showed a normal
rate of decay in short term memory. These findings )
indicate that immediate memory is intact. The findings
also suggest that attentional factors or perceptual
deficits cannot account for failure of recall-after a
delay. It would appear that the ability to consolidate

information inteo long term memory was impaired (Milner,

196g8; Wickelgren, 19€8). Since the impairment has been
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demonstrated for both verbal and nonverbal material, it
is considered a global amnesia which can be demonstrated
by either free recall or recognition tasks.

It was also demonstréted that the amnesia is not
restricted to material presented in a particular
sepsory modality. H.M. and other hippocampectdmized
patients showed no improvement over repeated tri;ls on
either a tactile maze or on a visual maze (Corkin, 1965;
Milner, Corkin & Teuber, 1968). When the visual méze
was shortened there continued to be little evidence of
learning after 125 trials, (Milner, Corkin & Teuber,
1968} . H.M. was however, able to learn a‘very short
maze in which the number of choice points came within
the span of his immediate memory. Further he showed
saéings on subsequent recall tests 1, 5, § and 14 days
later. These findings suégested that there may be some
spafing of memory for motor skills (Milner, Corkin &
Teuber, 1968).

Corkin, (1968) postulated that there may be separate
memory systems for motor skills ard other input. H.M.
was able to improve.his performance on 3 motor tests,
"Rotary Pursuit, Bimanual Trégking and Tapping. When
retested several days after the end of training on

Rotary Pursuit, he showed complete retention. Corkin



(1968) suggests that the residual capacity for some
motor memory may indicate that there is more than one
set of neural structures concerned with memory and
that those which mediate motor learning are not
depencdent on the medial portion of the temporal lobe.
It was pointed out elsewhere however,(ﬁilner, Corkin &
Teuber, 1968).that a more complete hippocampectomy may
have abolished the simple motor learning demonstrated.
While the severitv of the amnesia is stressed,
some residual memory functions were evident. HE.M.
showed some isolated ability to remember certain events
(President Kennedy's assassination). This finding
suggests that the hippocampectony ls not complete with
E.M. and tends to favor the argument that a more complete
hippocampectomy would abolish the motor learning demons-—
trated by Corkin (1968). - »
warrington and Weiskrantz (1970} suggested that the
menory deficit in the amnesic syndrome is best cha;ac-
terized as a failure of retrieval rather than a failure
to consolidate. They found that amnesics, while impaired
on free recall and yes-no recognition tasks of verbal
material, demonstrated improved performance with cued
recall (Warrington & Weiskrantz, 1970). This finding

‘suggested that the information was stored but the
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retrieval process was disrupted. Woods and Piercy
(1974) however found that normals if tested after a

one week delay show the same improvement with cued

recall that the amnesics show after a one minute delay.
They argue that the results of Warrington and Weiskrantz
(1970) cannot be used to support the failure of retrieval
hypothesis. It may be that the strength ¢f the memory
trace is :educed in the amnesics, a likely alternative
explanation.

The most convincing findings that indicate that the
consolidaticon from short term memory to long term memory
is impaired in amnesics are the results of a study by
Marslen-Wilscn and Teuber (1875). They found that when
presented with photographs of faces of people famous in
the news during the decades prior to the onset of amnesia,
HE.M. and other amnesics were able to correctly recognize
at a high rate. Recognition of. photographs of faces of
people who became famous subsequent to the onset of
amnesia was however severely impaired. These findings
are consistent with the clinical descriptions of amnesics.
They can retrieve information from the remote past
(indicating that retrieval is intact) but are unable to
store new information.

Bilateral hippocampal lesions then result in a per-

manent anterograde amnesia. It is a global amnesia
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which is evident wiﬁh both verbal and nonverbal material
and has been demonstrated in the wvisual, tActile and
auditdry modalities. Immeéiate memory is intact and
perceptual abilities and general intellectual functions
remain relatively well preserved. The patients are
able to retrieve informaiion from the remote past, indi-
cating that the hippocampus is not the storage site for
memory but seems to play a critical role in the consoli-
dation of information from short term memory,to long term
memory. The pattern has been seen in éatients in which
fairly well defined surgical lesions have been carried
out‘in epileptic and psychotic patients (Scoville‘§pd
Milner, 1957). The pattern has also been seen in
patients with epilepsy in which one side was removed
while the contralateral side had atrophied prior to
operation {(confirmed by autopsy results, Penfield and
Mathiescon, 1974). While epileptic patients have been
those most extensively studied with H.M. the most wid&ly
tested, the pattern of symptoms has alsc been seen in
patients with bilateral infarction of the posterior cere-
bral arteries. Ojeman (1966) discusses a case in which
a permanent anterograde amnesia followed bilateral
occlusion of the posterior cerebral arteries. Autopsy
findings indicated involvement of the hippocampus on

both sides with amygdala, uncus and lateral temporal lobe



22,

remaining intact. There was also cqrtical damage to
the occipit;1 lobes.

The syndrome termed transient global amnesia is
thought to result from trapsient vascular insufficiency
of the temporal lobes due to iécﬁemia of the posterior
cerebral arteries. An episode of anterograde and
retrograde amnesia usually lasts from between a few
hours to a few days in an otherwise alert, insightful
patient. Recovery is usually complete and there is
usually no other impairment of neuropsychological activity
{Hecaen and Albert, 1978). The memory impairment then
appears fo be dependent upon bilateral destruction of the
hippocampus but is not restricted to a particular-a;nner
of destruction. ) ’ ———, )

While bilateral ‘destruction leads to a global
amnesia, unilateral lesions lead to a specific memory
disorder. After dominant temporal lobe lesions there
is impairment of memory for verbal material while after
non~-dominant temporal lobe lesions memory for verbal
material remains intact. Tasks designed to test memory
for verbal material were presented by Milner (1967} in
the visual and auditory modality. Short passages were
read to the-patients while different passages were

<
presented visually and read by the patient at a controlled
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rate. Similarly paired associates were either read to
the patient or read by t@g.patient at a cont:olled rate.
Recall scores were combined to vield one verbal memory-

. score in the visual mode and one.in the auditory mode.
There was a sighificant'post opefative dror for thé
dominant temporal group ih the visual and auditory task
but no comparable impairment in £he non-dominant

temporal group. The impairment pérsisted for several
years ‘{Milner, 1967) .

With non-dominant temporal lobe lesions however, it
was found that recognition of faces after a delay was
selectively impaired. After dominant temporal loSe
lesions only a mild impairment resulted (Milner, 1968).
Kimura further analyzed the non-dominant temporal lobe
memory deficit using the recurring figure task in which
figures were presented in succession and the patient was
required to identify those that had been previously
presented. Wwhen nonsense figures (not subject to verbal

coding) weT presented in the visual modality, patients

- with non-dominagt temporal lobe lesions were impaired
while patients with lesions of the dominant temporal lobe
performed the task well. Oon the other hand when verbal
material was presented, the dominant temporal group was

impaired while the non-dominant lesioned group was not.
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) . . w:‘.
These findings demonstrate a double dissociation of

v
symptoms following non-dominant and dominant temporal
lesions.

Corsi (1972) established that: the spécific memory
disorder seenlwith unilateral temporal lobe lesiéns
depended on the amount of hippocampus extracted. He
had four groups with lesions in each hemisphere: 1)
with hippocampus'intact; 2) with excision of the pes
hippocampi; 3) with excision of the pes hippocampi
and about 1 cm of the body of the hippocampus and 4)
with radical ablation pf the entire hippocampal region.
They were presented two verbal tasks and two nonverbal
tasks.‘ On the verbal tasks the dominant\temporal groups
were selectively impaired and the'greateriéhe hippocampal
involvement, the greater the verbal memory deficit.
Similar results were obtained with thq Fonjdominant
temporal group. Performance on the nonverbal tests
was impaired while'performance oﬁ verbal tests was normal.
The degree of impairment was a functioﬁ of the extent of
hippocampal involvement.

Thus, the hippocampus is a structure that is
critically involved in human memory functioning. Bilateral
lesions lead to a global amnesia in which the memory

disorder is independent of the sensory modality or the

nature of the material to be recalled'(verba; or nonverbal).
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Lateralized hippocampal lesions however give rise to

matgrgal‘speciftc-memory disorders in which lesions )
‘of the hippocampus of th; néh—démigant-hemisphere %ead ‘
to memory deficit’for nonverbal ﬁiteriél (faaes,
nonsense figures, possibly also bird songs) while
lesions §£ the dominant hippocampus leads‘to a memory
“impairment f£or verbal material.

Barblzet (1975) p01nted out that a global amnesia
.is'also seen when other structures close to the neuraxié
are Qamaged. Thus he'diéfinguisheg an "axial amnesia"
frém a "cortical amnesiar."’with an axial amnesia the
inability to recall is_independent of sensory modality
oxr verbal or nonvefbé;~ﬁﬁiure’of.ﬁhe material (Barbizet,
1973). With cortical amnesias the capacity for immediate
memory can be reduced. The cortical amnesia is thought
to be specific and probably related‘to either gnpxic}
praxic or language deficits if there is not a specific
sensory or motor deficit (Barblzet, 1975} .

Further evidence for an lnvolvement of axlal struc-
tures in memory functioneromes from autopsy é;udy of
pathological changés in tﬂe brains of patients who have
~ had Kgrsakoﬁf's psychogis. Korsékoff's psychosis is
a disorder. characterized by a syndrome of amnesia, dis--

< o
orientation and confabulation..  The amnesia is similar

LY 4
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to that seen after bilateral hippocampal removal since

the ability
impaired.
some events

times even

to record ongoing events is severely

Accordlng to Ojeman (1966) "amnesia for

precedlng the illness 1is noted, and at

remote memory is defective" Koréakoff's

disease is ﬁsuallv assocmated with chronic alcohollsm

: but may be

pathologlca
chlorlde ‘de

Collin

seen in a varletv of dlsorders. "The.neuro—
1 changes may result from: chronlc thlamlne
f1c1encv (Ojeman, 1966)

s, Vlctor and Adams (1961) have reported.

neuropathologlcal changes assoczated with korsakoff's

disease.

of the mami

Tt was found that in addition to degeneration

llarv bodies, lesions of the medial thalamus

(dorsal medial and medial pulvinar nuclel) were‘consistently

encountered

fourth vent

. also lesions of the medial hypothalamus,

periagéuaductal grey of the midbrain and floor of the -

ricle were at times encountered. The hippo-

campi were generally intact. It is generally considered

that the ax

jal amnesia results from the degeneration of

mamillary bodies and/or dorsal medial nuclei of the

t+halamus.
to the mami
result ln a

disorders h

‘0jeman (1966) reports that bilateral damage
llary bodies as a result of hemorrhage can
permanent anterograde amnes;a. Memory

ave also been found after stereotoxic lesions
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of_the dorsal medial nucleus-of the thélamus {Ojeman ,
13966). |

- Other structures closely related to:thé hippo-
campus anatomicall§~are the fornix, aimygdala, uncus
and cingulate gyrus. Ojeman (1966) reported that
wﬂile some cases of bilateral lesions of the fornix
ha&e'resulted in memory deficits, others havé‘survived
with no impairment. When a memory disorder is found
after lesions of the fornix, it appears to be less
.Severe than with other axial amnesias since p;tients
aré able to compensate for the loss (Ojeman, 1966).
Among ‘the cases reported by Scoville and Milner (1957)
some had amygdala uncus and hippocampus removed while
cthers had only amygdala and uncus ;emqved. Only th;se
with removal of the hippocampus exhibited the anterograde
amnesia. Lesions of amygd&la and ‘uncus had no apparent
effect on memory functioning. |

In summary, memory and various memory processes have
.been defined. Memory ("the effects of earlier perceptual
.experiences upon present behavior”, Milner, 1968) invelves
both short term and long term processes, The transfer
_of information from short term to long tqim storage
(consolldatlon) is thought to be dependen£ upon axial
structures of the brain (hippocamgus, thalamic nuclei
e

CY
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and mamillary bodies). Bilateral damage to axial
brairn structures (particularly the hippocampi)} has
been shown to lead to an anterbgradé amnesia in which
there is an impairment of consolidation. Other psy-
chological functions such as attention and perception
have been shown to be relatively sPareé. Additionally
performance on intelligence tests remains relatively
intact.

Specific meﬁory disorders can occur.as a result
of unilateral damage to¢ the hippocampus in either the
. deminant or non-domimant temporal lobe. lWith hippo-
campal lesions of dominant temporai lobe the memory
imﬁairment is specific to verbai material while memory
for nohverbal material is impaired with lesions of the
non;dominant temporal’lobe {(Milner, 1968).

With a retrograde amnesia,' there is a failure to
recall events that occured prior to the onset of the
disorder (Barbizet, 1975). Among patients with closed
head injury, two classes of retrogréde'amnesia have been
documented. A temporary retrograde amnesia can occur
which can cover weeks, months or vears prior to trauma.
This amnesic period usually shrinks during'the reéovéry
period. Also a permanent amnesia covering a few seconds
prior to the trauma is often seen (Schacter, D.L. and

Grovitz, H.F., 1877).



‘When conducting clinical assessment of memory
functions that occur in association wit cerebral
dysfunction, a number of important points must be
distihguished. It is impo:tanh to distinguish-a
memory disoréer from a disérder'df attention, percep-
tion or general intell;ctual decline (Milner, 1968).

Thus overall level of impéirment,'attention and per-
ception must be controlled in the assessgént of a test

of memory. Additionally, a memory\tegt must includé
both verbal ané nonverbal material in orcéer to identify
specific memory disorders that result as a conseguence

of lateralized damage of the brain. 7o be used clini-
cally, a memory test must also te;t the ability to store
new information (recent memory) as well as provide for

a test of memory for events of the remote past. It

was with respect to these wel; documented complex relation-
ships between ceérebral function ana memory processes that
the external criteria used to evaluate the items included
in the WMS were selected. additionally, these points
must be considered when evaluating the research that has
sought to evaluate the WMS as a useful clinical test of

memory in patients with dvsfunction of the brain.
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‘The Wechsler Memory Scale (WMS)

-

i

-

David Wechsler published the Wechsler Memory Scale
in 1945. It was designed to be a "standardizgg memory
e ]
scale for clinical use" to detect memory defects
associated with organic brain conditions (Wechsler,
1945). * At tﬁg time when Wechsler developed the test,
_ the only memory test{available for clinical use was
. described in'Wélls' book, Mental Tests in Clinical
Practice (;927); Wechsler thought that the test
developed by Wells and Maztin (1923) was overly long,
invelved too many materials and wasn'tjﬁpfficiently—
standardized. Wechsler experimented with a number of-‘
items (some coming from Wells and Martin's test) and
developed a test which could be administered in 15
minutes and incorporated the Memory Quotient that had
been introduced in the Wells and Martin Test (1923).-
The Wechsler Memorx Scale (1945) consists of seven
subtests. The first, consists of six simple gquestions
of personal and current information (INFORM) such as
"How old are you?" and "Who is the Prime Minister of
Canada?". The second test consists of five guestions
testing immediate orientation (ORYENT) such as "What

yvear is this?". For each of the £first two subtests,

one point is given for each correct answer and zero 1is
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given if incorrect. = The third sub?est is called mental
control (CONTROL). The patient is required;to count
backwards from 20 to 1, to repeat the alphabet and to
count by 3's beéinniﬁg at one. Credit is given for
speed and accuracy. The fourth test, logical memory
(PASSAGES) consists of two passages which are read to
the subject and'thg subject is then reéuired to immediately
recall as much of the story as he cén. One point is
given fo% each correct item recalled andé half points are
vgiven for partially corréct items. Test five is the
memory span.for digits (DIGITS) forwards and backwards.
The maximum number of digits are 8 forwaxd and 7 backward.
The sixth test is primarily_ﬁigural'father than verbal
in nature ané is called visﬁél reproduction (VISUAL R).
The squect must draw fromAmemory four geometric figures
that have been exposed for 10 seconds. Scoring is based
on accuracy of reproducﬁion. The seventh test,
associate learning .(ASSOC L) congists of 10 paired word
associates (6 relatively easy like: "up-down" and 4
relatively hard like: "cabbage-pen”). The subject is
given 3 presentations and 3 recall trials in which the
order of the pairs is changed. Scoring is pased on the
number of correct items for all three recall tests. The
scores for each of the subscales are summed to vield

+the total raw score.
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: Wechslgr standardized the test with subjects aged
25 to 50, including both.men and women, (Wéchsler, 1945).
For'100 of his subjects the test results of the Wechsler-
Bellevue Adult Intelligence Scale were also available.: !
Wechsler used a trijé?and error method for arriving at

a constant which wh added to the total raw score

provided a Mehory Qﬁotienﬁ comparable to the Intelligeﬁce
Quotient. A constant was provided for-age groups of 5
or 10 year intervals between 25“and 50 so that the
Memory Quotient was, like the Intelligence Quotient,
aée-adjustéd. )

Wechsler (1945) did not discuss his theoretical
position regarding memory processes, or cerebral dys-
function. However, at the time certain assumptions
were prevalent that are currently recognized as false.

At the time it was widely assumed that memory was an
"ability of the intellect”. One of the basic assumptions_
of_this model is that abilities are unidimensional of
unitary traits (RKelley, 1964}. Wechsler included gquestions
referring to remote events as well as tests for retention

of recent material. He also includedé figural material

as well as verbal material. Bowever, selective testing

of irmmediate (or short term memory) versus memory for

the remote past or yerbal versus nonverbal memory was
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lost in the calculation of a single score. the Memory_
Quotient (MQ). Thus, reliance on a single score, the
MQ as a measure of memory does not do justice to our
current knowledge of the complexity of mémory processes
and tﬁeif reldﬁion‘to cerebral funcﬁion as discussed
ﬁbove.
. ‘ -
In spite of the complex relationship between general
psychological processes and cerehral function (as &is-
cussed in detail in Reitan and Davison, 1974) mam;
researchers have“attempted to evaluate the validity of
the Wechsler Memory Scale as a test for “"organicity”.
The assumption that organicity is a unitary concept that
car be measured by a single best test is common among
clinical psychologists. It is however a faulty assumption
{(Davison, 1974).

 —

Validity Studies

The research studies that have attempted to establish
the validity of the Wechsler Memory Scale fall into a
number of classes. Those that have ;elatéd to WMS to
external criteria have focussed on éemonstrating the
ability of the WMS to separate those with confirmed

cerebral dysfunction from those without evidence of

" cerebral dysfunction. Others have shown the effects
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.
of certain diseases or medical interventions on the
test. The internal consistency of the test has been
examined by factor analytic studies and the degree to
yhich the test ove;laps with intelligence measures
has been studied by cofrelaﬁion techniques and factor
analysis.

Wechsler's intent was to detect memory deficits
in cases with organic impairment. Cohen (1950) compared
neurotic, psvchotic and organic patients.on the Wechsler
Memory Scale and found no significant differences. Age
and intelligence were controlied. Howard (1950} com-
pared.paretic and psychotic patients and found that
they could be differentiated while psychotics, encepha-
litics and epileptics could not. He concluded that
the Wechsler Memory Scale was useful‘fer detecting brain
damage of a gross nature however his groups also differed
in terms of level of general 1ntellectual functlonlng.
In a later study the scale failed to differentiate

7

psychot%c organic ags psychotic non organic groups..
This leé to the conclusion that the scale should be used
with caution, (Howard, 1954). He subsequently found
+hat another variable to be'controlled when investigating
the test was length of institutionalizatioﬁ since pro-
tracted institutionalization depressed performance

both with organics and controls.
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Walton (1958) also found that long periods of iﬁsti-
tutionalization depressed scores on the test but thatl
repeated administration on four occasions improved the
accuracy of prediction of organic patients in comparison
to functional patients. Initial administration ;f the
test led to a high®number of misclassifications. Parker

(1957) in comparing a number of tests designed to detect
organicity included the Wechsler Memory Scale. The
only test that discriminated the 30 male organic
patients from the 30 non organic male patients was the
block design subtest of the Wecﬁsler—Bellevue.

Russell (1975) developed a method for readminis-
tering sectiogs of the WM$ in order to measure "long
term memory?{ After a half an hour delay, the subjects
_were required to recall the Logical Memory and Visu#l
Reproduction subtests. It was found that the semantic
short term and half an hour subtests were selectively
reduced among those with cerebral dysfunction of the
left heﬁisphere. Similarly, the figural short term
and'long term measures were lower among those with
‘right‘hemisphere damage. The new measurescorrelatéd
with the Impairment Index of the Ealstead Reitan Battery.
The additional requirement of recall after'a half hour

delay may be a useful modification of the WMS.

AN
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Bachrach and Mintz (1974) employed the subtests
in a édiscriminant anélysis and found that four sub-
tests (Information, Story. Recall, Designs ané Asso-
ciates) were able to significantly differentiate the
groups (those with cerebral impairment from those
without). They also.found however that when Designs
alone was used the discriminate power was just as
effective. They found that a cut off score of 10 on
Desiéns was effective at classifyiné 89% of the cases
correctly. When the subtests were factor ‘analvzed,
Designs was as effective a discriminator as the combi-
nation of tests arrxived af after factor analysis.

Kljajic (1975) compared the effectiveness of two
experimental forms’of subtest analysis as screening
devices for subjects with organic brain pathology.
Evidence of ce:ebral pathology came from electroencepha-
logram ané pneumoencephalogram reFults. Both retheods
of combining subtest scores were about 70% accurate at
discriminating the "organics" from those with no evidence
of cerebral pathology. ~—However, Prigatano (1877) %ﬂ'
attempting to cross-validate the results of Kljajic (1975)
and Bachrach and Mintz (1974) failed to support their
findings. When using the cut off score of 10 on Designs
recommended by Bachrach and Mintz (1974), Prigatano (1977)

found that a high percentage were correctly classified

-~
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into the groups with or without cerebral pathology.
However, when matched for age, intelligence, Memory
Quotient and sex, a high number‘of misclassifications
were made. Similarly the findings of’Kljajic-(l975)
were not supported when age, intelligence and sex were
controlled. Prigatano also emploved the three factors
arrived at by Kear Colwell (1973 in a factor analytic
study of the test) aﬁd_found that only one, representing
orientation, separated the matched groups. ‘

The research that has attempted to validate the
Wechsler Memory Scale (summarized in Table 1) as a
sensitive test of cerebral pathélogy, has met with
limited success. Those findings in which differences
between various groups hgve been reported, have apparently
capitalized on differences in intelligence among the
groups. The major criticism of these studies however
is in the choice of the external criteria used to assess
the predictive accuracy of the test. Since clinical
neuropsychological test batteries are now accepted as
accurate means of inferring cerebral dysfunction from
behavior (Reitan, 1974) ‘the aim of identifying a single-
test for this purpose is outdated.

Factor analvtic studies have attempfed tc determine
the internal consistency of the test. Davis and Swenson

(19%0) factor analyzed the subtest scores of 622 patients
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with a va&iety of neurological -and psychiatric prqblems.
Two factors emerged. The first:wés.ihtﬁrprefed as a
general "memory" factor representing- both Iong and
short term storage and retrieval ﬁhile-the-second ép—.
peared related to-powefs of poﬂcéntration and .attention.
ﬁujovné %Pd Levy (1971) eliminated the orientation and
informéfién subscales, bassd on an unpublishéé analysis

oM he discriminative power of these scales. They then .

factor analyzed the remaining scales in both a normal

. anéd a patient populatioh (which consisted of both organic

and non organic patients). For the normal group, three

' factors labelled general retentiveness, simple learning

and:associative‘flexibility were determined amoné the

patients.  The three factors were labelled mental
hY . -

B

- control, -associational flexibility and cognitive dys-

function. Bachrach and Mintz (19741 factor analyzed

the subtests in a group of psychiatric paiients, some
k| - . ‘
of whom had cerebral impairment. Three factors were

arrived at. The first loaded on Designs, Story Recall

and Assocociates. The secoﬁaxincluded information and
s . ‘ . . '
orientation while thé third was composed of Mental

Control and Digit Span.-
Kear-Colwell (1973) faq;gr-ahﬁlyzed ‘the subtests sepa-

‘rately in a gtoup of patients with confirmed cerebral.patho--

L Ld

‘logy and in a not confirmed group. The analysis_witH the

-
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two groups yielded almost identical fact . Three

[

" factors were obtained. " The first ‘loaddd on Logical

Memory, Visual Reproduction and Associate Learning and

was thought to be related .to learning and immediate
recall of fairly complex-novel irformation in visual

and auditory modalities. The second loaded. on Meﬂ%al

40.

Control, Digit Span and to a lgsser extent on Information.

It was thought to be relateé to verbal non—seﬁantic
information proéessing..‘_$he third was concerned with
orientation in place ana time aﬁd the‘ability to recall
‘simple long established véfbél information. It loaded
on Orientation and info;mat;on. When'thése factor
scores were included in a factor analysis with'Wéchsler
intelligence scores, age and sex, three'factorg again
emerged, Intellectual abiliéyﬁ verbal~pérforméhce dis—
crepancy and age. Kear-Colwell (1977) subsequently
ieplicated the factor analysis of the Wechsler Memory
Scale subtests and found nearly identical factors in a
separate population.

The results of the factor analytic studies are
fairly consistent\énd indicate thét the test is not

unidimensional. In fact, 3 factors emerge fairly

consistently (Bachrach & Mintz, 1974; Rear-Colwell, 1973,

1977) ] The three factors appear to be involved with
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refention of new material (Logical Memory,;visual Repro-
duction and Associafes), attention and concentration
(Mental Control,'pigit Span), and orientation and recail
of remoté eventé;(Information and Orientation). | The
subscales thus appear to measure & nunmber of different
_aspects of psychological functioﬁs. The fact that
Visual Reproduction uses figural material, suggests that
this subscale may include items that would be useful
: v

for identifying specific memory disorders for non-verbal
material. Portions of this test ﬁay be verbélly coded
however since k;ar—Colwell {1973) found é‘high correlation
betweén Visual Reproduction and Verbal I.Q. The Memory
Quotient does nof appear to be measuring a single ability
"memory"®. Some items inclgded in the test may be
useful for measuring different aspects of memory.

Another commoﬁ criticism of the test (Erickson and
Scott, 1977) is that since the Membry Quotient is highly
correlated with scores od'intelligence tests (r - .83,
Fields, 1971, r.= .75, Hall and Toal, 1957) it may be
simply a redundant measure of intelligence. Ivinskis,
Allen and Shaw (1971} included the subtests of the
Wechsler Memory Scale with the subtests of the WAIS in

a factor analysis. They found that of the six factors

that emerged, only one could be considered a memory
' ®
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factor. Only Digit Span and Mental Control_ioaééd
on this factor. Thus, the éuthors guestion whether
the test can be considered a test of_mémory.

Eysenck and Halsteaa (1945) analyzed 15 memory
tests similar to the ones included by Wechsler (1945).
- They also included measures{;f intelligence as measured
by the Ravens Progressive Matrices Test. . They found
that one factor could account for 74% of the variance
and this factor could be interpreted as representing
intelligernce.

Erickson and Scott (1977) in an excellent review
of clinical memory testing acknowledge the difficulty

in interpreting such findings. They state clearly:

"The problem is not a simple cne.  Although one would
hope that a test of memory and a test of intelligence
would not be so highly cmn;ﬂabeias to be redundant,
one cannot assume ﬂrﬂ:tﬁe-&m:nmm&d:xﬁ.be signifi-
cantly correlated. Guilford (1967) viewed memory as
a hierarchical structure. Memory is one of the major
hJ.e.ran:h:.cal factors and cne of the major operations...
One can say one is dealing with general intelligence
rathef than memory or one can conclude thatrm;rmy
functioning is important in successfully performing
on an intelligence test... Given this impasse, the
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qxstﬁmzhea:ms.s:mmhatéﬁfﬂaant. It is no longer
whether the WS is tapping an mmdifforentiated construct
called memory but whether it is addressing the quesths
we hmnaaboutrmmory lnrxxﬁul aj;dlffenannabaivays

(Erlckson and. Scott, 1977)

VThus, a high‘correlation with intelligehce tést
scores does not necessarily invalidate the test as a
specific test of memory. If the test does measure memory
©in a way that is different from intelligence, then one
would expect that the hechsler Memory Scale would be low
among cases in which the apparent memery deflClt is dis-
proportionate to the general intellectual functlon.

Milner and Scoville (1957)reportedlthat Wechsler-Bellevue
Intelligence Score results of three patients who had

severe memory disorders as a consequence of kilateral
_hippocampal removal. They scored 112, 122 and 76 on the

T.0. test and 67, 70 and 60 respectively on the Wechsler
Memory Scale. Findings such as these, although guite

rare suggest that there are items included in‘the test

which measure memory functions in a way that is different
from what is being measured in a test of general intelligence.
These findings tend to validate (on a smail scale) the

test as a test of memory.
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Reliability of the Wechsler Memory Scale
a—— .

There have been few reliability studies of the
Wechéler Memory Scale. An alternative form is available
{(Stone, Girdner & Albrecht, 1946) and.has been used to
attempt to establish reliébility.' Store et al. (1946)
administered the two forms'within a two week interval to
three groups of intellectually superior college-age
subjects. ° Although no statistical differences between
the twe forms were found, a coefficient of equivalence
was not calculated. Bloom (1959) administeréd the two
forms to male and'femaie psychotic patients and examined
individual subtests. Four bubtests were administered
and the correlations ranged from between .58 to .77.
Ivinskis, Allen and Shaw (1971) reported a split-half
'reliabilit; coefficient of +.75 (uncorrected for léngth).
Thus the research on.equivalent forms reliability and
split-half reliability ha&e been reported. Reliability

data for this widely used test is lacking.

The Use of Wechsler Memory Scale in Various
.Pathological Conditions

A number :0f studies have reported the Wechsler Memory
results in various patient populations. The Memory
Quotient has been found to be reduced in various conditions

generally acknowledged to be accompanied.by memory disorders.
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Korsakoff patients have reduced Memory Quotients in
relation to their Intelligence Quotients (V?ctor,
Talland and Adams, 1959). Electroconvulsive shock
had a greater effect on the Memory Quotient if admlnls— 2
tered to the dominant hemlsphere than if admlnlsterea
to the non-dominant hemisphere (Zamora & Kaebling,; 1965).
As mentioned previously, patients with neurosurgical
‘lesions of the teppofal lobes {involving the hippocampus)
have been found to have redﬁced Memory Quotients relative
to their Intelligence Quotients (Scoville & Milner, 1857;
\gilner & Penfield, 1955). ~ Advancing age reduced perfor-
mance on the_test in a group of college graduates (Strother,
Schaie & Horst, 1857). The test has also been eméloyed
in a variety of other studies which have aimed to measure
the'effects of certain diseases or medical interventions.
These types of studies add little to our understanding
of the test (Erickspn & Scott, 1977), however, sihce the
. eﬁfects of overall level of impairmeﬁt and intelligence
are generally not controlled in these studies.

-

Rationale for this Research

The nature of memory disorders that accompany cerebral
insult have been defined. after removal of the hippo-

campus bllaterally there is a permanent anterograde amnesia,



for both verbal and nonverbal material. After loss of,
the hippocampus in the dominant temporal lobe there is

a specific mémory disorder for verbal material while
after hippocampal loss in the non-dominant temporal lobeé
the memory disorder is specific to nonverpal material.
Subcortical axial amnesias such as those commonly seen
with Korsakoff's psychosis lead to a global memory dis-
order. Cortical amnesias are generally considered
specific types of amnesias (Barbizet, l97$)land are thought
to be related to apraxic agnosic aphasic disturbagsgs.

. After trauma there can be a retrograde amnesia as well’as
an anteroérade amnesia, In many/ édisorders, encephalo-
pathies, dementia, etc. there i, diffuse neurohgl loss

and the memory disordér is accompanied by impairment of

a variety of psychological functions. In these disorders
the memory impéirment is considered just one of the ‘
constellation of psychological functions impaired.

The WMS (Wechsler, 1945) was constructed with the
purpose of evaluating memory ability in patients with
impaired cerebral functions. Research efforts attempting
to validate the test have been lacKing in a number of
ways.  Validity studies have assessed the test primarily
as a test of organicity. The abiiity of the test to
discriminate various brain damaged patients appears to

be due to differences in intelligence or general 1evei'of

o
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impairment among the gfoups. The WMS has not been
validated against external measures of memory ability.
The aim of the present résearch was to evalua£e the
predictive validity (or concurrent validity) of the
Wechsler Memory Scalé. an additional iﬁportant con-
sideration wés to institute revisions which would provide
an effective'test.of memofy qlinically useful among
patients referredé to neuropsvchology. When conducting

- | .- - ) I3 a by - " —-—'N'-—-,-'/
research aimed at establishing concurrent validity 1t 1?/’

.

essential to employ adeguate validating criteria. The \\‘__\N
present research included clinical ratings of different
tvpes of amnesia as the external criteria.

The literature that has defined the anterograde amnesia
associated with specific cerebral damage has relied on
experimental tests. Clinical descriptions of the syndrome
have also been documented clearlf and comprehensively
(Milner, '1966; Milner, Corkin,-and Teuber, 19685.' While
extensive experimental testing is reguired to specify the

’ _ _
nature and limits of the cognitive deficit, a salient ) -
picture of the syndrome 1is provided by the clinical
description (Milner, 1968) . Patients with severe antero-
grade amnesia may appear relatively normal in conversation. )
if not called upon to store new information. If guestions i,#
requiring memory for recent events are presented however,

the amnesia becomes readily apparent. These patients may

not recall what they had for breakfast:; that a close friend
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had recently died, or if an examiner walks out of the room
and returns affer a short period of time, the'patient méy‘
not.rememﬁer the examiner or the previous conversation.
The clinical descriptions and the impressions obtained
h;ve been confirmed by detailed experimental tests.
Retrograde amnesia is usually described in terms of
‘the clinical symptoms. The reason for this is that the
- memories from the remote past that are lost are usually
specifiqg to the éatientt Some attempts to devise tests
of }emote memory by focusing on public events or television
content of the past have been used (Marslin, Wilson, and
Teuber, 1972). These, howeve{,‘have not attained wide-,
spread use and have not been used to define retrograde
amnesia. The clinical syndromes defining both anterograde
and retrograde amnesia have been clearly described and
validated by experimental tests. Barbizet (1970) has
‘outlined the importance of clinical descripéion§ of memory
functiéns. The present research emploved clinical descriﬁtions
of the psychological symptoms of patients referred for neuro-
ps?chological assessment in order to rate the severity of
different types of memory disorder. ;

"Among patients where there was no clear, rapid onset of
cerebral pathology (Alzheimef's patien@s, dementing patients,
alcoholics, etc.) memory for recent eﬁents-(anéerograde
amnesia) was rated separately frﬁm memory for remote eveﬁ;s

(retrograde amnesia). Similar ratings were conducted among
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patients where there was a clear onset of cerebral

pathology (head ihjuries,.ce:ebral vascular accident,
neurcsurgery, etc.). In this case, the ratings of recent
memory were clearly separated in time from the ratings of
'remote memory. Recent memory referred to events subsegquent to
onset _of pathology, while remote memory referred to eventé
prior to onset. An overall raﬁing was conducted, dis-
regarding tﬁe retrograde or anterograde components.. . ’ ‘?

It was also c0nsidere§ important Fo include-as external

¢criteria, measures of meméfy function that are not entirely
" of a verbal nature, since hippocampal lesions of the right
hemisphere may lead to memory deficits for non-verbal matérial.
Thus, each item was related to the memory component of the
Tactual Performance Test from the Neuropsychological Test
Battery. On the T.P.T., each patieqt is required to place'

ten different shaped'blocks'intb the appropriately shaped
" spaces on a form boara. Three trials are given: one with

the left hand; one with the right hand, and one with both

handé. After Eompleting the task, there was a recall test
where the patient was required to recall as many of the forms

as possible in any order. The patient was required to draw

each form recalled on a piece of"papeg, so that ve;bal abilities
were not required to perform this task.

Another non-verbal memory test used as an external

criterion was subtest 7 of thg Halstead Category Test. The
first six subtests of Ehe Category Test represent six

separate principles. 1In each subtest, positive or negative

)
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feedback is employed to arrive at the correct brinciple.
Subtest 7 is essentially a review in which trials are
preseﬁted'randomly from each of the previous subtests and the °*
-patient must identify the trial and remember the correct )
principle in order to respond correctly.r Thus, two tests
considered to measure memory functions of a non-verbal nature
were also emploved as external criteria.

This research, then, consisted of an analysis of each item
of the W.M.S. The criteria for selecting a good item was
that it discriminated patients according to the severity of the
memory disorder. Consistent with the multi-trait appreoach
described by Cronbach (1970) ané Allen and Yen {(1979) each
item was also related to measures of ability not defined as
memory but considered important to control when conducting
a meméry examination. Thus, each item was related to
neasures of attention (Knox Cube Test), general neuro-
psyi?ological impairment (Impairment Index), and psycho-
metri; intelligence (Wechsler Adult Intelllgence Scale) .
Informatlon concerning laterallzed cerebral dysfunctlon was -
includeg in order to determine if performan;e on any particular
scale reflected a memory disorder associated with lateralized

cerebral pathology.
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METHOD

Subjects .
o~

r . . .
'« Four hundred and ninety-seven consecutive patients,

\65 vyears of age and over, that had been referred to the

ology laboratory at the-Roval Ottawa Hospital

ad beer administered the WMS between the vears 1969
and 1977 were emploved as subjects. ' Ninety-three 'subjects

were employed in a cross validation study. Of these, 77
—

had returned for .at least one follow-up assessment, 12 had
been assessed three times and 4 had been assessed 4 times.
All had received the ﬁechsler Memory Scale. The referrals

to the neuropsyéhology.laboratory were from a number of
sources including psychiatry, neurclogy, neurosurgery, family
practice, rehabilitation medicine and psychology. Thirty-
two subjects were seen both at first testing and on a second

follow-up occasion. These subjects were used in the study

of test-retest reliability.

Procedures

At the time of initial assessment, each subject was
administered a well standaraized neuropsychological test
battery (Klgve, 1974; Stuss and Trites, 1977; Trites, 1977).
For a list of tests includéd in the battery see Appendix

E. All tests were administered by a trained technician.



s

-

‘The admiﬁistration of tpe;tests was conducted prior to the
Formulation of.the purpése and design of ﬁhe cu;rent
research. All of the ﬁeuroésychological teét rééu;tg_,,
. were coded, kevpunched and stored on ccmpufer tape at

the time of clinical assessment. The scores on the

seven subtests, the total raw score, the corrected score
ané the Memory Quotient of the Wechsler Memory Scale were
also stored on computer at this time. The accuracy was
checked by comparing a computer printout of the data

with the test result summary in the file.

A clinical file was coéstructéd for each case.
Included in the file were copies of referral letters,
discharge summaries, medical history reviews, medical
chart reviews, and reports of special investigatiogs
(EEG,_Pneumoencephalogram, angiogram, brain scan, X-ray,
C.A.T. scans, neurosurgery reports, etc.) when available.
Additionally, a detailed history was taken for each case
outlining previous illnesses, head injuries, episodes of
unconsciousness, epilepsy, fainting spells, injurieé
to the limbs, previous psychiatric*illness; chemical
or electrical shock therapy and eating, sleeping and
self-care habits. A one to three page sﬁmmary of the
history was included outlining in detail the reason for

the referral and the presenting psychological and medical



symptoms. In addition, a one to two page report of
comments by the technician on the response of the
patient to testing and any unusual behavioral patterns
(including difficulty remembering test_inqlruction;,-
etc.) was included.

“For the explicit purposes of the present research,

each file was systematically reviewed in the following

)

order. The history summary,.techniciansj%émments, :
chart review, referral letters and medical reports were
read and the clinical rating of memory functioning was
carried ocut. The medical reports and referral letters
were reviewed in detail anéd the neurological étaéus was

7 recorded. The files were organized so that this infor- .
mation could be coded before the rater saw the Wechsler

Memory Scale results. Once this 4information was

recorded, the 126 items from the Wechsler Meﬁory Scale

-

" were coded wither 0 (fail) or 1 (pass). In addition,
partial answers were given a score of .5 on the Logical
Memory Section. The Wechsler Memory Scale had been
scored by the technician at the time of initial assessment
according to the procedures outlined by Wechsler (1945).
The Wechsler Memory Scale results, cligacal ratings of
memory function and neurvlogical status were all coded

by a student enrolled in the master's degree in psychology

at the University of Ottawa trained for this purpose by

e )
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| the-authqr.‘ Each file was subsequently reviewed by
" thé author and the validity .and accuracy of coding was
checked. - _ ' ' o .

The following information concerning memory function-
ing was included. Subjects were considered to have no
memory problems 1f it was clear that nowhere in the filegZ~
was there a reference to a dlfflcultv with memory.
Complaints of impaired memory function (from the ‘patient,
technician or others) were }éted.as being mild, moderate
or severe under one ©r more of the fg;}gwing categories:

1) memory for oncoing day to day events {DDMEM)

2) nmemorv for évents from the reﬁote past (REMMEM) _

3) memory for eventé prior to the_onset

pathology (retrograde amnesia in‘éases where
there was a cerebral insult clearly defined
in time, PRIOTR)

4) memory for eveﬁts sr.;bsequent to the onset

(SUBSTR) , and
5) a rating of overall memory funcfioniné. This ’ .
Q_ category included a rating of the memorf dis-
order irrespective oﬁ’the'previously defined .
categories (OVERMEM} .
.

The protocol employed for rating these categories of memory
functions was based on the descriptidﬁs of amnesia rgported by
Milner (1966) and Barbizet (1870) and is p;esented in Appendix F.

Regardlng neurological status, the follow1ng information

was recorded:

1) neurological diagnosis (NDIAG), either no lesion

right hemisphere, left hemisphere, bilateral of_equivdcal.
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?

2) duration of neurological symp£0ms (DURSYM) ,
either recently acquired or long standing
(more than one year).

3) nature of the lesion (NATUREL) either '
chronic-static, slowly progressive, rapidly
progressive or egquivocal.

4) nature of neurodiagnostics.(NATUREND) either
EEG, peeumoencephalogram, angiogram, brain
scan, echoencephalogram, C.A.T. scan, neuro-
surgery report, more than one of the above

« or other neurodiagnostic.

5) etiology (ETIOL), either tumour, cerebral
vascular disease, trauma {(closed), trauma
@enetrating) infectious disease of the brain,
epilepsy, degenerative disease, presenile
dementing disease, senility, toxic, anoxia,
psychopathology, dgpression or other.

6) extent of lesion (EXTENT), either localized
small, localized moderate or large. ‘

7) severity (SEVER) either no neurological illness,
mild, moderate or severe.

- 8) the duration (DURSYM) between the onset of
pathology and testing, (in months).

.The data were coded onto codiné forms designed for
the purposes of this research. Data were then trans-
ferred to standard coding sheets which were sent to a

commercial keypunch company. The computer cards were

}ﬁ//keypunched and verified. The data were then transferred
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té\t:%guter disk storage angl a érintout was obtained.
Based on this printout, the accuracy of the data was
checked and grroés corrected. The two separate computer
fileé for each subject (1. the clinicallneuropsycholo—
gical test resulps; and 2. the‘clinical memory results,’

neurological information and WMS items) were then merged

creating a single file for each subject.

Design
| Only those subjects that sho@ed no signs of aphasia
on the Wisconsin Aphasia Screening Test were included in
the analysis\of the péychometric properties of the WMS.
This restriction excluded approximately 3% or 18 subjecﬁs.
Test data of the pétient's first testing were included
in the initial analysis. Cross-validation was carried
out on subjects with teét data obtained on subsequent follow

-

'up tests.

Data Analysis

Indices of difficulty were calculatéd for'géch-itemf
(the proportion of subjects passing the item). Iﬁdiceg
of discrimination were also calculated. Each item was
related to the following external dri;eria. Memory
Quotient, WAIS Full Scale 1.Q., Impaifﬁent Index, Knox
Cube Test, Tactual Performance Test Memory and subtest 7

of the Category Test, by comparing those who scored in

-



55.

the top 27% on the test with these who.rscored below the
28th percentile (Brown, 1970);.-mThe discrimination index
for these measures was the proportion of subjects passing
the ieem in the low group subtracted from the proportion
passing in the ﬁigh group. For the relationship between
the following criteria: DDMEM, REMMEM, PRIOTR, SUBSTR,
OVERMEM the measure of association was Gamma. The
statistic gamma was emﬁloyed since it can be applied if
the twe variables.are dichotomous, if one is dichotomous
and the other is not or if neither is dichotomous. In
each case it will represent a measure of association

that can take on values from -1 to +1. It is calculated
as the number of discordant pairs divided by the total
number of united pairs, (Mueller, Schuenter, Cortner,

1970).

Gamma -

Ttems with indices of discrimination greater than
.30 were selected and a number of scales were constructed,
each scale representing items maximally related to a

specific criterion measure. validation of these scales

v

was.carried out by correlatlng each scale w1th the

criteria. Comparisons were made with the correlations

between the new scales and the seven standard scales
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L)

generally included in the Wechsler Memory Scale!
Analysis of covafiance was carried out and the relation-
ship between both the old and the new scales and each

of the criterion measures was determined while intel-
ligence (WAIS Full Scale I.0.) and impairment (Impairment
Index) were controlled.. Stepwise discriminant function
analyses were carried out in order to determine the
percentage of subjects that could be classified aécording
to each criterion group on ;he basis of the new subscales
as well as the old subscales. Thése‘anaiyses were Cross-—
validated by performing stepwise discririnant function

" analyses among subjgctS'that had been clinically seen

on more than one occasion. The test results for their

subsequent testing was used to preéict grdup membership.
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PESULTS

Description of s le
R———

The age, intelligence quotlents, sex and hand deminance
R

of the valldatlon and cross valldatlon samples are presented

" in table 2.

The number and percentage of subﬁects‘with different
clinical memory problems are presented in Tablé 2a. Inter-
rater reliability coefficients were calculated for recent,
remote and overall memory ratings. There was overlap for
98% of the cases vielding coefficients of -96, .97 and .96
respgectively.

'For memory'for ongoing day to day events, the méjority
either had no difficulty (57.0%) or moderate difficultv (23.8%).
Very few (2.2%) had severe dlfflcultv while 16.9% had mild
dlfflcultv- ‘The majority of the subjectd had no difficulty
with memory for events ©of the remote past (70.6%)‘gnd only
1.2% had severe difficulty remembering remote events.

For those subjects in which the memory disorder could
be related to a specific onset, there were a greater number
of subjects with éﬁterograde amnesia (87.2%) than those
with a retrograde amnesia (67.2%); Only 1.6% of the
patieﬁfs with memory. complaints, regardless of the nature
of the compl;int, could be classified as having a severe
memory discorder. The majority of memory problems were

rated as mild or moderate.
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59.

The localization of neuropathology according to
cerebral hemisphere is presented in Table 3 for those

subjects in which neurodiagnostics were available.

TABLE 3

Neurological rating of location of lesion.

*x

N ]
No diagnosis made 115
No lesion * 164 42.9
Right hemisphere 'k 42 11.0
Left hemisphere B3 21.7
Bilateral - 83 21.7
Equivocal 10 2.6

Of those in which a lesion was detected, there were a greater
number of left hemisphere cases (21.7%) or bilaterally

dysfunctional (21.7%) patients than right hemisphere cases

L (11.0%). o

In Table 4 the numbers and percentages of cases with
either recently acquired or longstanding (more than one
yeéra neurological symptoms is presented. For the

majority (70.9%) of cases, symptoms had begun more than
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6l.

one year prior to testing. A greater proportion
(56.3%) of those with dysfuncéion of the right hemis-
phere had recently acquired symptoms in comparison to
left hemisphere (31.8%) or bilateral (23.9%) cases.

The nature of the lesion, either chronic static,
slowly progreséive or equivocal is presented in Table 5'.
Here it can be seen thag-thegs were an equal number of
chroni¢ static and slowly proéressive cases. The
mgjority of the syﬁptoms were acute'(60.3%)l Left
hemisphere cases tended to be slowly progressive more
frequently than those with r;ght hemisphere damage. The
patients with bilateral cerebral dysfunction tended to be
chronic static or slowly prbgressive most frequently.

TﬁéftypE‘Bf neurodiagnostics used in the neurological
ratingsfére presented in Table 6.

Most of the sgbjects had been given either an EEG
(64.2%) or more than one neurodiagnostic investiéétion
(21.9%). Neurosurgeons reports (6.8%) and angiograms
(4.8%) were among the most fregquent of the other inves-
tigations.

The etiology of neurological symptoms is presented

“in’ Table 7. The most frequently occurring.etiology was
glosed head injury (20.4%). Cerebral vascular accident
h@as also relatively fregquent (11.0%). The other category

. (40.9%) refers to a variety of disorders in which cerebral
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TABLE 6

Nature of neurodiagnostics

63.

'\

at '

Neurodiagnostics N %
\ ‘
EEG 198 64.2
Pneuncencephalogram 3 1.6
Amgiogram 15 4.8
Brain Scan - ' -
Echbencephalogram 1 .3
C.A.T. Scan - -
Neurosurgeons report 21 6.8
.More than one of the above 68 21.9
Cther 1 .3

~
P
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TABLE 7
) Eﬁiology
- Etiology N 3
\ Tumour o 8 - 2.5
N i’;ebral yascuigr Accident o 35 11.0
Trauma (closed) ' t‘ 65 20.4
Trauma (pegetrating) : 6 1.9
i Infeét;ous_disease of braim 3 . .9
| Epilepsy - ’ ' < 7 2.2
Degenerative disease . 6 +« 1.9
'Presenile démgnting diseage 11 . " 3.5
‘senility . o 1 3
. o % .
Toxic © 20 6.3
Anoxia . o - -
Psychopathology o - 25 7.9
:}Other : E s 130 40.9
- |

o
Nt



dysfunction was suspected but no etiology was confirmed:
These included cases whose'reaSQn-for referral was
headache ‘or difﬁiculty in school or a variety of com-
piaints for which.a diagnosis ag to etiology was not
arrived at.

fable 8 presents an estimate of the severity of
the neurological, illness. The majority had either

mild (41.2%) or moderate {(39.8%) illness.

Item Analysis

The -1list of items,»corresponding item number and
propqrtion of patients passing the item is presented

in Table 9. ' ‘\

"/ The*items ranged in difficulty from very easy.

"What city is it?"; difficulty index of .9é6, to very
difficult; difficulty igdex of .052 "darkness".

Items were plotted according to their relaﬁionship
+o the external criteria (ordinate) and the difficulty
index (abscissa). figure 3 presents the relationship
(Gamma) between.the level of difficulty and measure of
association between each item and the clinical rating *
of day‘to day  memory.

T+ can be seen in Figure 3 that there are a number

of items that are strongly related to day to day memory

=

- functions. There qfe items related to meTory

-

-

- . ' ¥

65.
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- 67.
TABLE 9 -
List of items, item numbers and indices
' of difficulty (Non aphasics).
Item ' . T . Number Difficulty Index
WAGE (How old are you) 1 .947
BORN (When were you born) 2 .961
PM (Who is the Prime Minister) 3 .948
BEFOREHM (who was the Prime Minister ¢ . 499
before him) ’
PREMIER (Who is the premier of 5 471
this province)
MAYOR ¢Who i's the mayor of this city) 6 .497
 YEAR (What year 1is it) - 7 .952
MONTH (What month is it) 8 .933
DAY (What day is it) 9 .732
WHERENOW (What is the name of the 10 . 840
place you.are now in) - _ -~ -
CITYIN (In wha;.city is it) 11 .986
CNTBKWIE (count backwards from (12 .941
20 to 1) o
CNTBKWOE (no errors) 13 .870 ,
CNTBKWIO (No errors-in 10 seconds) 14 .512
ALDHEIE (say alphabet) 15 774
ALPHOE (say alphabet no errors) _ 16 .712
ALPEIO {say alphabet no errors 17 641
in 10 sec) _
CNT3IE (count by 3's) .18 | 561"
CNT30E (count by 3's no errors) 19 , .508
CNT3I0 (count by 3's, within time 20 .355
AT Anna Thompson . - : 21 _ .570°
STH of South : : Co22 ©.249
BOST Boston . ©23 .481
EMPL emploved | : S 24 259
SCRUB, as a scrub woman 25 .518

»



68.
TABLE 9 (continued)

Item ‘ Number  Difficulty Index
OFF in an office building 26 .137
REP reported . 27 .295
CITYHILL ' at the City Hall 28 .087
STN Station 29 . .203
HELDUP that she had been held up 30 - .310
STATEST on State Street 31 -224
NIGHTB4 the night before 32 .124
- ROBBED and robbed 33 . .659°
$15.00 of $15.00 - 34 . 497
FOUR She had four ‘ 35 .512
CHILDREN 1little children 36 .434
RENT the rent ' 37 . 312
DUE was due 38 .2%6
NOTEAT and they had not eaten 39 .343
T%ODAYS for two days 40 .302
OFFICER the officers 41 v .456
TOUCHED touched by the woman's 42 .283

story -

PURSE made up a purse _ 43 .566
HER for her 44 . .446
V-AM§RIC The American 45 . e =392

LINER liner 46 .662 T
.NY New York “ 47 L -404
SfRK ,Struck a mine 48 404
LIVERP near Liverpool 49 .302
MON Monday 50 .138
EVE evening 51 .085
BLNDNG In spite of a blinding ; 52 ‘ .111
SNOSTRM snowsto#m . 53 .301
DKNESS. and darkness - 54 : .052
" g SIXTY the sixty . 55 i -410

PASS passengers, including 18 56 .455
OMEN women 57 .540

were all rescued 58 ~.473
hough the boats 59 .213
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TABLE 9 (continued)

Eﬁgg ‘ Numbex Difficulty'lndex
TOSSED were tossed about 60 276
CORKS like corks : 61 .233
HEAVY in the heavy sea 62 .153
PORT they were brought into port 63 - 326
NXTDAY the next day 64 .216
BRITISH by a British 65 .289
STEAMER steamer ' 66 .288
DIG1 Digits, 1 67 . .993
DIG2 Digits, 2 68 .993
DIG3 Digits, 3 69 . .993
DIG4  Digits, 4 70 | 982
DIGS  Digits, 5 71 .892
DIG6 " Digits, 6 ST72 .654
DIG7  Digits, 7 A Y - .385
DIGS Digits, 8 , 74 . .165
DIGBl Digits Backwards 1 ' 75 .988
DIGB2 Digits Backwards 2 76 .988
DIGB3 Digits Backwards 3 77 -961
DIGB4 Digits Backwards 4 78 ‘ .728
DIGB5 Digits Backwards 5 79 439 a
DIGB6 Digits Backwards 6 80 - .210 ‘
DIGB7 Digits Backwards 7 81 .098
TWOLNSY Two lines crossed, four flags 82 : .941
FACING | facing one another  ;é3 a ) -589
ACCUR 'accurate- ' 84 .162
LGESQ !Large sguare two diameter 85 . .g95
FOURSMILL Four small squares within 86 .740

: - a large sguare
DIAaM Two diameters, in eéqh small 87 | .585

sguare . _ ' .

DOTS Sixteen ‘dots” - 88 ' .559
ACCURA Accuracy, 89 ’ .066
LGEREC Large rectangle,.small 20 ' ' -722

rectangle insidg'
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TABLE 9 (continued}

Item Number . Difficulty Index
- VERTCON Vertices connected 91 - -617
SHIFTRT small rectangle shifted . 92 . 431
OPENREC open rectangle with loop " 93 472
" at each end
CENTSIDE Centers and one side correct 94 <416
FIGCOR One loop incorrect 85 -367
FIGPROP Proportional 96 .224
NORTHA ~ 97 - .895
FRUITA ' 98 .629
OBEYA 99. . .226 .
ROSEA . 100 .698
BABYA ‘ 101 .513
- upa ' 102 .933
' CABBAGEA - - 103 .160
METALA 104 _ .730
SCHOOLA - : 105 © . .254
CRUSHA . - 106 .187
CABBAGEB 107 ) .542
BABYB - - 108 o .904
METALB "~ 109 . .893
SCHOOLB | o - 110 .547
UPB . . . o111 - .972
ROSEB - - i 112 . 826
OBEYR 113 . 462
FRUITB - 114 .. .780
CRUSHB 115 ' .522
NORTHB 116 .954
OBEYC 117 ) 611
FRUITC . 118 .915
BABYC < 119 .911
METALC . 120 .927
CRUSHC 121 T.661
SCHOOLC ! 122 -707
ROSEC _ 123 .917

N c . 124 .982
CABBAGEC : J 125 -638

ueC _ 126 .968



T

Fig. 3 * The relationship bttween each item
and the clinical rating of day to day memory
plotted as aféunction of index of difficulty.
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functioning at every level of difficulty.

Ve

73.

Similarly

there are items that can be excluded as a measure

memory for day to day events.

Based on the criteriocn

of a Gamma of .3 or greater the following 52 items

were included iﬁ a revised scale labelled@ DAYDAY-REV:

UPB ALPHIE CRUSHB DIGB7
NORTHC ‘DIGB4 OBEYB '
BORN DAY OPENREC

' NORTEB METALA SEIFTRT

DIGB3 FOURSMLL CENTSIDE

YEAR ALPEOE . SIXTY

UPC LGEREC _CNTBKWOE

PM SCHOOLC FIGCOR

WAGE CRUSEC " TOSSED

MONTE OBEYC SCHOOLA

TWOLNS CABBAGEC OBEYA

ROSEC VERTCON FIGPROP

FRUITC ALPHIO CRUSHA N
METALB DIAM CABBAGEA

LGESQ DOTS MON

ROSEB CABBAGEB NIGHTB4

FRUITB SCHOOLB " ACCURA

[ )
Figure 4 presents the measure of association-(gamma)
of each item with the rating of remote memory, plotted
as a function of difficulty index. Again it can be sgen
that® there are items related Zf the clinical assessment

' - of remote memory functioning @t a wide range of difficulty
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fa

Fig. 4 The relationship between each item
and clinical ratings of remote memory plotted
as a function of index of difficulty.
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— 76.

» -
+

levels. The following 35 items were included as a

o _
scale of memory for remote events (REMOTE-REV):

[
FOURSMLL

DIGB2 TWOLNS SHIFTRT
DIGBl ROSEC ' LGEREC CENTSIDE
NORTHC FRUITC FRUITB FIGCOR

" CITYIN METALC SCHOOLC '~ TWODAYS
YEAR METALB CRUSHC LIVERP o
MONTE LGESQ - OBEYC " BRITISH,
CNTBKWIE ROSEB ‘OPENREC OBEYA
FIGPROP ACCUPRA 3
CRUS DIGB7 . *
CABBA
MON
NIGHTB4

In Figure 5 the association between the items and
events prior t¢ the onset pathology are presented.
Those 31 items with a Gamma greater than .30 weréq}ncluded

in the following scale: PRIQR-REV:

WAGE
TWOLNS
CNTBEWIE
YEAR
UPA
MONTH
ROSEC
LGESQ
ROSEB
SCHOOLL

METALA

. CRUSHC
' SCHOOLB

STRK
NY
SIXTY
FIGCOR
NOTéAT
TWODAYS
RENT

SNOSTRM
SCHOOLA
DUE "
NEXTDAY
CRUSHA
BOATS .
OFF

.MON.

BLNDNG
NIGHTB4-

: s



-

Fig. 5. The relationship between each item
and clinical ratings of memory for events g
prior to onset plotted as a function of index
of difficulty. )
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Fig. 6. The relationship between each

item and clinical

—

“T—-events subseqguent

function of index

-

ratings of memorv for
to onset plotted as a

of difficulty.
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8l.

Figure 6 presents the measure of association for
each item and the rating of memory functioning for

events subsequent to trauma plotted as a function of

level of édifficulty. The 29 items with a Gamma of

greater than .30 were included in the following scale

SUBSEQ-REV:

YEAR PREMIER
DM SINTY
DIGB3 AMERIC
CNTBXWIE FIGCOR
BABYS RENT
ROSEC SCEOOLA
LGESQ DUE
FRUITB FIGPROP
FOURSMLL NIGETB4
VERTCON DKNESS

The association between the overall memory rating

-anéd each item is plotted as a function of the index of

Gifficulty for each item in Figure 7. Those 55 items
with a éiscrimination incdex of .30 or creater were

selecteé for inclusion in the scale CVERMEM-REV:



Fig. 7.  The relationship between each
item and clinical ratings.of overall
memorv functioning plotted as a function
of inéex of difficulty. .
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CITYIN
NORTEC
URC

CNTBEWIE

YEAR
METALC
MONTH
TWOLNS
FRUITC
RCSEC
METALB
LGESQ
FRUITB
NIGETE4
AMERIC
EVE

FOURSMLL
LGEREC
SCHOOLC
OBEYC
VERTCON
DIAM
DOTS
CRUSHE
WOMEN
CNTEEKWIO
OPENREC
SHIFTRT
CENTSIDE

FIGCOR
SCHEOOLA
FIGPROP
MON
DIGB7
UPE
BORN
-CNTBEWOE
ROSEB
CRUSHE
DIGB4
bAY
METALA

84.

ALPEIO
FACING
CABBAGEB
UPB

NY
BRITISH
LIVERP
TOSSED
TWODAYS
RENT
OBEYA
CABBAGEA

NOTEAT
11

The discrimination index which related each item to

the Memorv Quotient, WAIS Full Scale I.Q., Impairment

Index, Knox Cube Test, Category Test

(subtest 7) and

TPT Memory, was calculated by subtracting the proportion

of subjects passing the item in the high group (upper 27%)

from the proportion passing in the low group ({(lower 27%).

The discrimination index obtained from the high and low

groups on the Memory Quotient is plotted as a function

Fh

o

the difficulty index in Figure 8.

Here it can be



Fig. §. The relationship between each

item and the MQ plotted as a function of
index of difficulty.
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.80 or greater) and the very difficult items
nation index of .20 or less) add very little to the dis-
crimination between the high and low groups.

items with a discrimination index of greater

(discrimi-

The 64

than .30

were included in a scale labelled WMSQUOT-REV:

is plotted as a function of the discrimination indices.

DAY
FOURSMLL
METALA
FRUITA
CABBAGEC
VERTCON
OBEYC
FACING
DOTS -
PURSE
CNT31E
AT

DIAM
SCEQOLB
DUE

EMPL

STH
OBEZYA

ALPHOT
LGEREC
SCHOOLC
CABBAGEB
BABYA
FOURSMLL
CNT30E
SCRUB
BEFORERM
BOST
CNTBKWIO
CRUSEB
FIFTEEN
WOMEN
FIGPROP
SIXTY
CORXS
DIGS

The relationship of

1 Figure 9.

I1.Q0. many

DIGE4
ROSEA
CRUSHC
MAYOR
OPENREC
RESC
OBEYEB
PREMIER
EER
PASS
SEIFTRT
DIGBS
SIXTY
STRK

LINER
DIG6
ALPHIO
NY
CENTSIDE
DIGT
AMERIC
FIGCOR
CNT310
RENT

REP
TOUCHED
TOSSED
LIVERP

87.

each item to WAIS Full Scale I.Q.

fa2all below the .30

While many of the items are highlv related



Fig. 9 The relationship between each
item and the WAIS I.Q. plotted as a

function of difficulty index.
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Fig. 10 The relationship between each
itenm and the impairment index plotted as

a function of difficulty index.
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_ Those 38 items with discrimination indices

above .30 ﬁére included'in the scale INTELL-REV:

were

relationship between the 28 items

[

Koo

FOURSMLL
LGEREC
DIGBY
CABBAGEC
CRUSEC
ALPEIO
DIG6

e
5

R
C

O

tzf

o <
v
H
O
O
=

Hj

ACING

d
é
tz)

Those items

WOMEN
FIGCOR
CENTSIDE
OPENREC
MAYOR
CNTBRWIO
SEIFTRT
BEFOREHM

LIVERP
SIXTY
STRX
NY
CNT310
STN
AMERIC
CNT30E
DIGB6

maximally relateé to the impairment index

included in a scale labelled IMPINDEX-REV.

index ©

The
ané impairment are

£ difficultyv in Figure 10



G

DPIBG4 CABRAGEB CORKS

FOURSMLL SCEOOLB " FIGPROP
SCEOOLC CRUSHB
LGEREC _ CNTBEWL0
DIGE OBEYB
CRUSEC OPENREC
ALPHIO DIGBS
CABBAGEC STRK
OBEYC NY
VERTCON CENTSIDE
FACING SEIFTRT
DOTS FIGCOR
DIAM TOSSED

The indices of diseriminaticn for the XKnox Cube
Test, Categeoryv subtest 7 and TPT Memory t st are plotted
as a function of the index of difficulty in Figures 11,

12 ané 13 respectively. The 21 items included in the

subscale ATTENT-REV were:

SCEOOLC DIAM CNT310
FOURSMLL CENTBEWIO DIGB6
LGEREC OPENREC FIGPROP
DIGB4 SEIFTRT

DIG6 DIGBS

VERTCCN CENTSIDE

QBEYC FIGCOR

TRCIKG BOST

DOTS DIG7

93.



ig. 11 The relaticnship between each
item and visual attention (RKnox Cube Test)
plotted as a function of index of difficulty.
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Fig. 12 The relationship between each
item anéd a measure of memory for nonverbal
concepts (subtest 7 of Category) plotted

as a function of index of difficulty.
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ig. 13 The relationship between each
item ané a test of memory for fcrms
(Tactual Performance Test, Memorv) plotted

as a functicon of index of difficulty.
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Those 15 items included in the subscale CAT7-REV

were: .
FOURSMLL CRUSHB
LGEREC CNTBKWL1(
CRUSEC SEIFTRT
VERTCON OBEYB
OBEYC . OPENREC
OPENREC CENTSIDE
DIAM FIGCOR
DOTS '

The 13 items included in the subscale TPT~REV

-

were:
DIAM FIGCOR
DOTS BOSTON
CNTBKW10 °  DIGE7
OPENREC  CNT310 o
SEIFTRT DIGB6
DICB5 FIGPROP
CENTSIDE

The 10 items included in the scales CAT7 and TPT
which were considered primarilv nonverbal were included

in a2 scale labelled NONVERB-REV:
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FOURSMLL OPENREC

LGEREC CENTSIDE
VERTCON ' FIGCOR
OPENREC FIGPROP
DIAM B

DOTS o
SEIFTRT

Lol

The list of items and the criterion variables to
which they are related sufficiently to be included¥a
a2 scale is summarized in Table 10. Eere it can be seeq
that some items are clearly related to the memnory
functions that were rated clinicallv. These incluce
YEAR, MCNTH, NIGHTB4, TWOLNS, LGESQ, SCHOOLA, ROSEEB,
FRUITB, ROSEC but are relatively unrelated to I.Q. and
the Memoryv Quotient. Other items are related to the
WAIS I.Q. and the Memoryv Quotient, but not to the clinical
ratings of memory functions. These include BEFOREHM,
PREMIER, MAYOR, CNT30E.

3

Summary of Item Analvsis Results

The item analysis indicated that the Wechsler Mermorv
Scale consists of items ranging from verv easv to extremely

cifficult. Those iltems that are verv easv ané those

rt
t

hat are very difficult add little to the discriminative

m
}2

power ©f the test (see Tig. 8). When items were related

b
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to external criterion measures, it was found that many
were related to the clinical assessment of a number of
aspects of memory functioning. Others were maximally
related to intelligence measures, attention and level

of impairment. Some items were found-to be related to
other tests of meﬁory which were primarily of a nonverbal
nature. Items with discriminative indices greater than

.30 were grouped together to form twelve new scales.

Scale Validation N

Correlations

Each of the scales of the WMS ‘and each clinical
rating were correlated (see Table 11). From Table 11
it can be seen that Information and Digits are generally
not highlv correlated with clinical.memory ratings.
Information was midly related tg memory for events érior
to ané subsequent to the onset of pathology. Orientation,
Control ané Passages on the other hand were mildly related
to memorv for dayv to day events and to memory for remote
events. Visual Reproduction and Associate Learning
were found to bé mode;ately related ‘“o overall memorv
problems, memory problems for day to day ané)remote_
events. The Memorv Quotient was Zound to bé moderately

related to memory for events prior to the onset of patho-



TABSLE 11
Corgelations of WMS subscales with criterion

variables (Non Aphasics).

108.

CRITERTON VARIABLES

WMS SCALES . DAY/DAY REMOTE PRIOR SUBS  OVERALL

INFORM .13 .09 .21 .24 .14 .03
ORIENT .21 .21 .17 .02 .22 .13
CONTROL .25 L1500 .04 .14 .25 .08
PASSAGES .26 .23 .41 .19 .27 .08
DIGITS .18 L1l .04 .03 .18 .16
VISUAL REP .36 .31 .27 .04 .41 .12
ASSOC LEARN .38 .26 .20 .09 .35 .05
TOTAL RAW .40 .31 .36 . .05 .41 13

.09

MEMORY QUOT - .26 .44 .44 .26 .26




(%2

109.

logy but not highly correlated with the other ratings
of memory function. None of the scales were found to
be correlated with neurological status.

The correlation coefficients between each of the
revised scales and the clinical memory ratings are
shown in Table 12 and can be surmarized as follows.
In general, the correlations are higher than those in
rable 11, which represent the correlations with the
wMS scales. Four subscales (DAYDAY-REV, REMOTE-REV,
IMPINDEX-REV, CAT7-REV) are more highly relateé to cay
o éav memory.problems than any of the WMS subscales.
Nine of the 12 revised scales vielcé higher correlation
coefficients with remote memory problems than the
highest of the correlations between remote memery ﬁrc—
blems ané the WMS subscales. In addition both PRIOR-REV,
and SUBSEQ-REV correlated more highly with memory for
events prior to the onset than any of the WMS subscales.
SUBSEQ-REV was more highly correiated with ratings of
memory for events subseguent +o onset than any WMS old
scale. The scales DAYDRAY-REV, REMOTE-REV, PRIOR-REV,
SUBSEQ-REV, IMP‘INDEX-RBV, CAT7-REV, ATTENT-REV andé
OVERMEﬁ—REV a1l showeé higher correlaticns with ratings
of overall memory prcblems than anv of the wﬁs subscales.
The relaticn between the reviseé scales and neurclogical

status was mild for +he scale NEURO-REV.
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TABLE 12
Correlation of revised subscale with

criterion variables (Non Aphasics).

REVISED SCALES DAY/DAY REMOTE DPRICR SUBS OVERALL  NDIAG
WMSQUOT-REV .39 .30 .37 .06 .41 .14
DAY TO DAY-REV AT .38* .38 .03 L49% .13
REMOTE-REV L46% L4140 .11 L49% .13
CRIOR-REV .40 34%  .59% 22 L43% .12
SUBS-REV .40 L33%  L49%  30% L43% .13
NEURO-REV 35 . .28 .20 .05 .35 .25+
INTELI~REV ’ .38 .30 .36 .10 .39 .13
DMEDNDEX-FEV .42% .35 .34 .00 .45% .13
NOWERSAL-REV .37 .33 .26 .03 .40 .09
CAT7-REV 2% .36* .30 .03 L44% .12
TPT-REV .38 .33 .25 .01 .41 .07
ATTENT-REV .40 .33% .29 .03 L42% .13
OVERMEM]~FEV L46% .40% .43 . .16 .4g% .16

* Signifies correlaticn coefficients whose valve exceeds that of
the hichest correlation between traditicnal subscales and

memory quotient and critericn value,
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In general, the scales that had been canstructed from
the item analysis results were more highly and consistently
related to the clinical memory ratings than the WMS

subscales.

Discriminant Funcition Analvsis

Discriminant function analvsis was used to compare
the predictive accuracy of the revised set cf scales to
the WMS subscales. The stepwise procedure which enters
variables with the smallest Wilk's Lambda was used
throughout. The minimum F t& enter into the analysis
was 1.0. |

Separate discriminant analvses were carried out for-
the WMS subscales aﬁd the revised scales. In the first
set of analvses the WMS scales and revisecd scales were
each required to classify cases intc either the no &if-
ficulty, mild, moderate or severe memoOry problem categories
for each of the clinical ratings. Fer each analysis
the chance hit rate was 25%. A summary of the discri-
minant results is presentedé in Table 13. Here it can
be seen +that when the scales are.reguired to classify

into one of the four groups, the WMS subscales correctly

(i

classifv between 32.43% ané 50.00% of the subjects.

The classification rates were statistically significant
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for overall memory difficulties (Wilk's Lambda = 7173,
p < .0000), day to day memory problems (wilk's Lambda =
L7441, p < .0000), memory for remote events (Wilk's
Lambda — .8341, p < .0000), ané neurological diagnosis
(Wilk's Lambda = .8543, p < .0003). When the revised
scales were used to make the same, classification, the
classification rates were higher for each criterion
ranging from 44.33% to 78.57%. Each of the classifi-
cation rates for the revised scales were statistically
significant. These included prediction of overall
memory problems (Wilk's Lambda == .S2Si, p < .0000),
dav to day memory problems (Wilk's Lambda — .63970,
p < .0000), memory for remote events (Wilk's Larbda ™
.7829, p < .0000), memory for events prior to onset
(Wilk's Lambda == .0314, p < .0000) anc neurological
diagnosis (wWilk's Lamb@a - .3008, p < .0000). A com-
parison of the WMS subscale and revised scale prediction
results indicated that for each criterion, the revised
scales vielded highexr percentages of corréct classifi-
cgtion.

A s?cond sef of éiscriminant analvses, similar to
+he firgt group were carriec out. Here the reculrement

was Xo predict accoréding to two groups of clinical

=



'memofy ratings. The no difficulty and mild nemory
problem groups were distinguished from the moderate
and severe memory groups. Also the tests were
required to distinguish those without central neurolo-
gical dysfuncﬁion from those with positive evidence of
dyvsfunction. The results are presented in Table 14.

For the two group classifications, there was an

1

improvement in the predictive accuracy using the wMS
subscales in discrimirant analyvsis. Between 57.43%
anc 73.81% of the cases were correctly classified.
The 0ld scales when combined in discriminant analvsis
sigrnificantly classifiecd subjects according to group
for those with overall memory preblems (Wilk's Lémbda -
-8153, p < .0000), memorv for day to day events {(Wilk's
Lambda = .§087, p < .0000), remote menory problems
(Wilk's Lambda = .8872, P < .0000), memorv for events
prior to onset (Wilk's Lambda = -8117, p < .0300),
nemory for events subsegquent to onset (Wilk's Lambda =
.8780, p < .0200), ané neurolegical diagnosis (Wilk's
Lambda = .9472, p < .0115).

When thre revised scales were used o make the two
Group classifications, again a higher hit rate was
attaiued generally than for the o0ld@ scales. Between

il

and 83.33% of the cases were classified correctly

o

£€8.42
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. 116.

according to group. For each of the criterion measures
significant differences among the groups were attained,
including memory difficulty overall (Wilk's Lambda =
.8012, p < .0000), memory for day to day events (Wilk's
Lambda —‘.7815, p < .0000), memory for remote events
(Wilk's Lambda — .8475, p < .0000), memory for events
prior to onset (Wilk's Lambda = .8431, p < .0006), memory
for events subseguent to onset (Wilk's Lambda — .7826,

o < .0283), and neurological éiagnosis fWilk's Lambda =
.8835, p < .0000).

In summary, the results of this series of discrimi-
nant function analyses indicated that both the scales
presented by Wwechsler  (1945) and the 'new scales presented
here are significantly related tc the external ratings of
memnory - ¥hen the tesits were required to classify cases
intc four groups, +the revised scales were found to con-
sistently predict group membership at a higher rate than
+he olé scales. The average difference in predictive
accuracy was 14.39%. When a two group classification
was made, in general a greater number of cases were
correctly classified than for the four group classification.
For the two group casé, rhe reviseé scales predicted,
on the average 5.27% more of the cases than the old

scales. Detailed results of these discriminant analyses



including the variables included by the’ stepwise

method are presented in Appendix B.

Dav to Dav Memory Problems

The WMS subscales and the revised scales were
incluéed in a stepwise linear regression with the
criterion day to day memory problems as the predicted
variable. The revised scales were entered as a group
on step one andé the WMS subscales entered on step two.
The multiple R between the revised scales andéd day teo day
menmory problems was .5152 (&.f. = 14,235, F = 6.538,

P < .01) and 26.54% of the variance was accounted for.
On entering the WMS subscales, the multiple R increased
to .5699 (&.f. = 24,245, F = 4.91, p < .01) and 32.45%
of the variance was accounted for. Thus the revised
scales are s;gnlflcantlv related to day to day menory
problems and when +the WMS subscales are added onlv 5. 91%
more of the variance is acgounted for.

In Table 15, the means, standard deviations, uni-
variate F ratios ané significance levels for each of
the WMS subscales are presenteé for the cases grouped
according to the rating of day to day‘memorf problems:
It can be seen that each subscale and the Memorv Quotient

significantly differentiates the groups. Additiconally,

117.
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for each scale (including Memary Quotient) the scores

-

drop as a funcéién of sevérity of memory problem.
Those{withithe highest F ratiocs are Visual Reéroduction
(F = 22.98), Associate Learning (F = 20.40) and the |
Vtofal raw séofe (F —'é9.83). Additionally, Visual
Reprocduction and Associate Learnigg were the first two
of the six variables included in the stepwise diécriminant T
function analysis (see Appendix A). These findings
indicate that Visual Reproduction and Associate Learning

re the_best two of the WMS subséales to identify cases
complaining of memory problems £for day to day gventé.

The means, standaré deviations, F ratios ané signi-
ficance levels for each of the revised scales crouped
accoréing té day to day memory.problems is presented

' . .
in Table 16. ~EHere again it can be seen that each scale
significanily separates the groups and the scores on
each gcale drqp as a function of severity of the memory
: y X : . :
problem. The highest F ratios are for the scales
DAY /DAY-REV ané REMCTE-REV. The first two variables
included in the discriminant analysis were DAY/DAY-REV

i

and NEURQ-REV - (see REppendix E). It woulé appear that

[ Y

minator of day to day memory problem

=

the best disc

on

H
pe

H
(%)

AY/DAY-RTV.

»)

s the scale

t

e
-t
,
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Memorv for Remote Events o

The revised scales were entered on the first step
as a group into a stepwise linear regression predicting
memdry problems for remote events. The multiple R
was .4526 (F = 4.67, d.£. — 14.254, p < .01) and 20.48%
of the variance was accounted for. When the WMS sub-
scaleé were entered on step two, the multiple R increased
o .5677 (F =~ 4.82, &.f£. = 24,244, p < .0l) and 32.18%
of the varilance was aééounted for. Thus the revised
scales are significantl& related in combination with

memory problems for the remote past and when the WMS

‘subscales are also included 11.70% more of the wvariance

can ke accounted for.

The means, standard deviations, F ratios and sigﬁi—
ficance levels for each of the old scales are presented
accoréing to gfoup in Table 17. The scales “Information
ané Digits &ié not éiffer significantly among the groups.
For each of the other scales however, the F ratio indi-
cated significant differences among the groups. Each
0f these scales (inclqding Memory Quctient) droppéd sig-
nificantly as a function of the severity cof the memory
éifficultyv. - The largest F ratics were~for Visual
Reproduction {16.11) Total Raw Sco;e (16.55) ané Associlate’

3£)., Visual Reproduction ané Associate
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-

Learning were the first two variables ihcluded in the
stepwise discriminant analysis (see ApPendix A). Thus,
among the WMS subscales, the best scales to differentiate
memory problems for the remote past are Visual Repro-
duction ané Associate Learning.

The means, standard deviations and F ratios of
the revised scales for the cases grouped accdrding to
memoryv for remote gvents are presented in Table 18.
Fach of the revised scales is significantly related
to remcie memory. For each scale, the scores drop
as a function.of severity of thé'memory problem.

The highest F ratios were for the variables REMOTE-
REV (F = 30.71) ancé DAYDAY-REV (F = 2€.26). REMOTE-REV
was the first variable included in discriminant analvsis .
(see Appendix 3). Thus it weulé appear that the best
variabie for discriminating memorv problems for remote

events was REMOTE-REV.

Memorv for Events Pricr to Onset

The stepwise linear regression of the subscales
with the rating of memcrv for events prior to the trauma
was invali@ due to the insufficient number of cases with

2 clearlv defined onset of merory difficulty.



124.

0000°
0000°
0000°
0000°
0000°
0000°
0000"
0000°
0000°
0000°
0000"

0000°

el

gov'’e
goy’e

g9V’ ¢

gov’'eE

89y '€t

8OV €

g9v’c

goy'’'c
B9V '€
mwv.m
8ov’c

g9yv’¢e

LG 6T
L9761
6L° €T
€661
0€° 2%
£9°61
89° VT
G9°8T
5% 0¢
1L°0€

92°92

R AT |

00°G €69 w6
2ty

00°T 89T S8'¢
09°€ 19 ¥ mm.m
082 88°¢ AR
068 gL T1  ber9l
0E° 0T 9g°y1T  TL'LT
0y°8 6€°0T O0E°TL
oV L 9€°6 96" 0T
b6 AN A ST AR A
0€°GT 60'6T 16°CC
0z' 0z  G61°S¢  0£°0C
0£ ' 9T L6°€¢ TL 8T
g 9g 1L
DADADSG " ROy PTTH

96°TT

6e"9
£e 02
Tv° T2
L9 TI1
¢ret
06°91
66"'9¢
(AT A
yg et

ove

*33TA ON

AT -INALIY
T adu-Lal
e AMU-LIND
AN ~TUSITANON
AT ~XAANI WL
A ~TTAINT
AL~OUNAN

AT ~0TSUNS
ATY-YOTHd

ALY~ LOWR
AHU-AVA OF AV

ATI-TONOSHA

OTqeTIBA

-

gogen A0j goTjel J pue

+g3UDAS 230W2T A0J Kaoud

BT {IAVL

w o3 Hutpaonoe podnoib

gupsw 9Teos PasTAdY



The. means, standard deviations, f ratios and sig-
nificance levels for each WMS subscale classified
according to memory for events prior to onset ére
presented in Table 19. Here it can be seen that
onlv the Memoryv Quotient and Passages significantly-
discriminate the groups. - While ;he score on
passages dropped as a function of'éeverity of the
pemory disorder, only the moderate and seﬁere group
could be separated on Memory Quotient.

The means, standard deviations, F ratios and sig-
nificance levels for §ach of the revised scales on

cases grouped according to memory for events prior to

onset are presenteé in Table 20. Eere it can be seen

that three subscales significantly discriminate the
groups, REMOTE-REV, PRIOR-REV and SUBSEQ-REV, while
there are no differences among the groups on the other
scales. Bo;h PRIOR-REV and SUBSEQ-REV drcppec as a
function of severityv of the memory disoxrder while the
moderate ané severe groups were lower than the no dif-
ficulty and mild group on REMOTE-REV. Thus, for
identifving memo;y problems prior to onset the best

scales are PRIOR-REV and SUBSEQ-REV.

125.
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Memorv for Events Subsequent to Onset

128.

The stepwise linear regression of the revised and WMS

scales on the criterion memory for events subseqguent
to onset was invalid due to the insufficient number of
cases. The means, standard dewiations and F ratios

R p A '

for each group on the old.scaies are presented in

Table 21. .

The F ratic is based on the three groups no dif-
ficulty, milé and moderate since there éas only one
case in the severe group. None of the WMS scales
significantly discriminated the casés grouped accérding
to memory for evenits subsequent to conset.

In Takle 22, ;he means, standard deviations aﬁd
F ratios cf revised scales for the cases grouped accord-
-ing toc memorv for events subsequent to onset are pre-
sented. Again the F ratios are based on three c¢roups
since there was onlyv one case in the severe group.

Here it can be seeﬁlthat none of ghe new scales signi-

ficantly discriminated the groups classified accerding

to memory for events subsequent to onset.

Cverall Memory Problems

When the revised scales were includeé in step One
of a stepwise linear regression predicting cverall

memorv functioning, the multiple R obtained was .5378
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(F = 9.88, ¢.£, = 14;340, p < .01) and 28.92% of the
variahce was accounted for. When the WMS subscales
were included in the second step the multiple R increased
to .5723 (F = 7.35, 8.f. = 22,332, p < .01} and 32.76%
of the variance was accounted for. Thus the revised
scales are significantlyv related to the rating of
overall memory function ané when the WMS subscales are
added tc the regression eguation, only 3.84% more of the
variance can be accounted for.

The means, standard deviations anéd F ratics for
the WMS subscales are presented for the caseélggouped
according to cverall memory problems in Table 23. All
of the scales vielcded significant univariate ¥ ratios.
For each scale the scores dropped as a funcition of
severity of the memory disorder.

The highest F ratios were for Visual Reproduction
(31.03), Associate Learning (17.37) and Total Raw score.
(33.51). When selected for the stepwise discriminant
analvsis Visual Reproduction was the first variable
selécted (see Appendix A).

The means, standard deviationg arid F ratics of +he
revised scales for each of the overall memory function
groups is presented in Table 24. In each case the

scores drop as a function of severiiy of the memorv dis-
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~order. The highest F ratios were for the scales

DAYDAY (F =~ 51.92), REMOTE-REV (F = 49.97) and
OVERMEM-REV (49.45), although each of the scales was
highly reiated to the rating of memory functioning )
overall. When selected forrinclusion in the analvsis
by the stepwise discriminant function preocedure, the
scales DAYDAY-REV and NEURO-REV were the first variables

incluéed (see Appendix B). ~

Neurological Diagnosis

When the revised scales were useé to predict neuro-
logical diagnosis in the first step of the stepwise
linear regression, the multiple R obtained was .3160
(F = 1.47, &.£. = 14,186, N.S.).and 9.99% of the
variance was accounted for. The WMS subscéles were
included in the equation in step two ané the multiple
R.increased to .5461 (F = 3.12, &.f. = 24,176, p.< .03)
ané 29.83% of the variance was accdunted for. This

indi‘ates that 19.84% more of the variance was accounted

for by including the WMS subscales in the equation.

134.
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The means, standard deviations and F ratios of wWMS
subscales for the cases grouped according to reurological
diagndsis are presented in Table 25. ASSOC LEARN and
INFORM were not significantly related to neurological
diagnosis however each of the other scales yielded signi-
ficant F ratios.

It was found that when the right hemisphere group
was compared to the no leségg/grﬁtp, they attained lower
scores on VISUALR {Schefgi's analysis, p < .05}, ORIENT
(Scheffé's anal%Sis, P < .05) anéd CONTROL (Scheffs'g
analysis, » < .05). Additionally, the right hemisphere
group attained lower scores on PASSAGES than *he no
lesion group (Scheffé's analyéis, D < .05) ané the
bilgteral groﬁp (Scheffe's analysis} o < .05). The right
hemisphere croup attained significantly lower scores on
DIGITS than the no lesion group (Scheffé&'s analvsis,

D < .05). Additionally,'the bilateral g¢roup was signi-

ficantly lower than the no lesion grcup on DIGITS (Scheffaé's
B

analyvsis, o < .05). On the Memorv Quotient, the right

hemisphere group was significantly lower than +he no o
lesion group (Scheffé's analysis, p < .05), +the lefs+
hemisphere group and the bilateral group (Scheff&'s

>

analvsis, p < .(05). Other pairwise comparisons among
- 1
the neurological diagnosis groups on the WMS subscales

were nct statiscally significant.
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The means, sfandard deviations and F ratios of
revised scales for the neurological groups are presented
in Table 26. Here it can be seen that each scale was
significantly related to.neurological diagnosis. The
largest F ratios were attained by the §céles NEURO-REV
and SUBSEQ-REV. Selected for inclusion in the stepwise
discriminant function analysis were NEURO-REZV, PRIOR-
REV and SUBSEQ-REV (see Appendix B).

The multiple pairwise compariscns indicated that
the right hemisphere group was significantly lower than
the no lesicon croup on the following scales WMSQUOT-REV,
OVERMEM~-REV, DAYDAY-REV, REMOTE-REV, PRIOR-REV, SUBSEQ-
REV, NEURO-REV, INTELL-REV, IMPINDEX-REV, NONVERB-REV,
CAT7-REV, TPT-REV and ATTENT~-REV, (Scheffé&'s analvsis,
p‘< .05 in each case). In adéition, the right hemis-
rhere group was significantly iower than the left hemis-
phere group (Scheffé's analysis, p < .05) and the bila;
teral group (Scheffé's analvsis, p < .05) on the scale
NEURO-REV. Other pailrwise compariscons were nbt signi-

ficant among the revised scales.

Enalvsis of Covariance

The item analysis identified items that were
related to several aspects of memoryv difficultyv as

measured by the clinical ratings and the other tests

137.
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of memory. Additionally, a number of items were
found to be primgriiy related to intelligence or level
of impairment. The reviséd scales created by these
results were found to pfedict memory ‘classifications
and neurological diagnosis more accurately than the
WMS subscales when combined in discriminant analysis.
Generally the revised scales accounted for a signi-
ficant percentage of the variance and when the WMS
subscales were addedé in the stepwise linear regression
between 3 and 20% more of the variance could be
accounted for generally. Examination of the univariate
relationship between each scale and the criterion
measures revealed that all of the revised scales were
related to day to day memory problems, remote memory
problems and overall memory difficulty. Even those
scales that inclucded items selected due to their
relationship to intelligence (WAISFSIQ) ané level of
impairment (Impairment Index) were related to a number
of clinical ratings of memory. It was therefore’
unclear whether the reported differences between the
various groups-OL “EHdes with memorv problems was due to
differences between the groups in memory function or

was confounded by level of impairment and intellicgence.

138.
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In.order to address this question, a series of
analvses of covariance were carried out. The co-
variate WAISFSIQ and IMPAIRM were adjusted for
simultaneocusly as the relatiOnshég?between each of _/)
the WMS subscales and each revised scale and the
clinical ratings of memory function were examined.

I+ was also of interest to determine 1f the rélation-
ship between the scalés and memory functioniné
depgnded upeon the neurological diagnosis. NDIAG was
therefore,useé as an independent variable in the 4 x 4
factorial éesign with two covariates (WAISFSIQ and

IMPAIRM).

Dav to Dav Memorv

-

The analvsis of covariance of each of the WMS
subscales amcng cases grouped according to day to day
memory problems is presented in Table 27. Here it
can be seen that the covariates IMPAIRM and WAISFSIQ
are both significantly related toc INFORM, CONTROL;
PASSAGES and VISUALR andé that when the two significant
covariates have been adjusted for, there is no signi-
ficant effect for either day to dav memorv probiems,
neurological diagnosié or Ehe interaction between cay

to day memory and neurological diagnosis. Thus the
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TABLE 27

Analysis of covariance results for each of the WS
cubscales with impairment and I.Q. as covariates
and clinical ratings of day to day memory problems
and neurological diagnosis as independent variables.

“Variable Covariate Ind. Var. F af SIG
INFCRM IMPATRM 6.94 1 .009
WAISFSIQ 56.99 1 .000
.nmmm - .57 3 637~
NDIAG 1.30 3,274
INTERACTICON .55 g . .840
ORTIENT DEATRM .66 1 .420
WAISFSIQ 5.27 1 023
DIMEM 3.07 3 .030
NDIAG 2.00 3 .110
INTERACTION 2.99 9 .000
CONTROL IMPATRY, : 13.76 1 70—
WAISFSIQ 10.55 1 .001
DOMEM 2.1 3 .100
NDIAG .38 3 .770
TNTERACTION 1.27 9 .260
PASSAGES DEATRY - 8.45 1 . .00 o
YVRISFSIQ 35.97.. 1 .000 ("
DIMEM .98 3 .407 '.
NDIZG .97 3 .391 3
TNTERACTION 1.01 g .178
Continned



- Variable

DIGITS

VISUALR

 MEMOUOT

Covariate

WAISFSIQ

IMPATRM

TPAISESIQ

DMPATRM
WAISFSIQ

TMEATRM

WAISFSIQ

« Ind. Var.

DIMEM
NDIAG
INTERACTION

NDIRG .
INTERACTION

|

1.58
30.79
.87
1.46
1.63

94.23

wn
.

o
o

.96
.84
.72

20.85
2.25
2.07

..79

2.9¢
130.89
1.29

1.59-

1.38

tomwk‘l—"&;

w

o W w .‘D L)

o

D W W

SI6
211
.000

.460
.227

.000
.027
.412
.476
.689

.000
.135
.106
.623
.629

.087
.000
.279
L1893
.1%4
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significant differences between the groups with dayv to
day memory problems on the variables INFORM, CONTRCL,
PASSAGES and VISUALR reported above, can be accounted
for by the differences among the groups in level of
impairment and intelligence. Also the scales DIGITS .
and the Memoxry Quotient are significantly related to
the covariate WAISFSIQ. Once intelligence is controlled
for, there is no significant relaticnship between these
scales and memory preoblems for day to day events.
The scale ASSOCL was significantlv related te IMPAIRM
but, once this.covariaté'was“adjusted for there was no
significant relationship between ASSOCL and day to dav
memory problems. |

While CRIENT was significantiy related to WAISFSIQ
the main effect for day to day me;;ry and the interaction
between day to day memory and neurclogical diagnosis'
were significant after WAISFSIQ was controllied fq;.

The scores on ORIENT, are plotted as a function
cf neurolcgical diagnosis for each of the groups rated
as having difficulty with dav to day memerv problems
in Fig\ 14. t was found that the memoryv groups dlf-
fereéd gignificantly among the bilaterally lesioned
but/;ot among the other groups. Multiple comparison

tests indicated that the bilaterallv lesioned group

>
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3
Fig. 14 Orientation scores plotteé for each
of the groups rated as having difficulty with
dav to day memory as a function of neurological
diagnosis. NEURO DIAG G = nc lesion, 1 =
Right hemisphere, 2 = Left hemisphere, 3 =
Bilateral.
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with severe memory problems scored significantly
lower: than the other groups with memory difficulties
(Scheffs's analvsis p < .05).

The analvsis of covariance results for each of
the revised scales as dependent variables, day to day
memory problems as the independent variable and.iMPAIRM
and WAISFSIQ as covariates are presented in Table 28.
It was found that among, the cases grouped accordéing to
day to day merory probléms, the variables IMPAIRM and
WAISFSIQ both COvariéd significantly with each of the -
following sca;es: WMSQUOT-REV, OVERMEM-REV, DAYDAY-REV,
-REMOTE—REV, PRIOR-REV, SUBSEQ-REV, NEURO-REV, INTELL-REV,
IMPINDEX-REV, NONVERELREV, CAT7-REV, and ATTENT—REV.
IMPAIRM covaried significantly with TPT-REV. éhus
each of the nég scales was significantly relasffijfl
either impairment,full scale I.Q. or both. Ali but -one
~of the scales was significantly related tb both covariates.
| With IMPAIRM and WAISFSIQ adjusted for, there was
a significant relationship between the followiﬂg scales
and day to day memory problems, WMSQUOT-REV, COVERMEM-REV,
DAVDAV—-REV, REMOTE-REV, PRIOR-REV, SUBSEQ-REV, INTELL-REV,
IMPINDEX~REV and ATTENT-REV.~ These scales were uprelated
. £o neurological diagnosis and theré,yaé nc significant

interaction between neurological éiagnosis ané day to day

-
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N Analysisof'covarianoeresultéforeadldftherevised
.' scales with impairment and I.Q. as ccvanate% and

clinical ratings of day to day memory and neurological

diagnesis as independent variables.

. . Variable Covariate Ind. Var. F & sIG
WMSOUCT-REV IMPATRM SM12 1 .000 :
‘ ' WAISFSIQ 63.65 1l :C'DO
DIMEM 4.50 3 .004
. NDIEG 1.02 3 383
- INTERACTION 1.28 9 .349
OVERMEM-REV TMEATRM 75.34 1 .000 -
WAISFSIQ 21.72 1 000
DOMEM 7.45 3 .000
¥DIAG 1.16 3 .325¢
i INTERACTION .86 9 .566
DAVIRY-REV TMPATRM 93.12 1 .000
WATSFSIQ 12.00 1 .001
DEAMEM 6.99 3 .000
NDIZG ..99 3 .396
INTERACTICN .65 9 753
REOTE-REV DERATRM 79.54 1 .000
VAISFSIO 12.95 1 .000
DOMEM 6.83 3 .000
NDIAG .88 3 .453
 INTERRCTION .82 9 .602
PRICR-SEV . TPATRM 28.57 1 .000
. " WATSFSIO 9.40+ 1 002
. DOMEM 5.34 3 .00
XDIAG 2.25 3 .083
pemmecTidh .89 9 .53l
- 4‘ Contiresd
»,
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Variabkle Covariate Ind. Var. F

A<

SUBSEQ-REV - IMPATRM _ 28.44 1 .000
VAISFSIQ 35.83 1 .000

DEMEM 70 3 .000

NDIAG ff.ss 3 .176

| INTERACTION 1.09 s .374

NNEGRO-FEV TMPATRY : 7.30 1 .007

WAISFSIQ 12.45 1 .00l

. DIMEM 5.72 3 .000

NDIAG ’ 4.31 3.  .006

TNTERACTION 1.85 9 .060

INTELL~REV DPAITRM ) 63.79 1 .000
WATSFSIO 100.88 1 .000

DEMEM 3,98 3 .009

. YOI ' .67 '3 571
TNTERACTION 1.42 9 .179

TMP INDEX-REV DPATRY 127.76 1 .000
WATSFSIQ ° 13.32 1 .000

TEMEM. " 3.96 3 .003

XDIAG .55 3 6477

INTERACTION .66 9 .742

NONVERB-REV DMERTRM - 105.28 1 .000
WAISFSIO . 5.21% 1 .023

TOMEM ‘ .76 3 .517

NDIZG .37 3 .775

INTERACTION .65 9 .753

CATT~REV TMPATRY 124.54 1 .000
WRISFSIQ 5.97 1 .015

COMEM 151 3 .212
°  xoImG .28 3 .843

TNTERACTION .34 9 .962

Continued
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Variable Covariate Ind. Var. F &  sIG
TPT-REV TMPATRM 126.49 1 .000
WAISFSIO 2.72 1 .101
« TOMEM .69 3 .559
NDIAG .91 3 .439
INTERACTTON .82 9 .599
ATTENT-REV IMPATRM 113.36 1 .000
WAISFSIO 39.77 1 .000
DEMEM 3.41 3 .018
NDIAG .12 3 .948
INTERACTION .76 9 .651
- s
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memory for these scales. The scale NEURO-REV, was sig-
nificantly related to both dav to dav memory -problems
énd neurological diagnosis after the two covariates

were adjusted for. The interaction between neurclogical
diagnosis and day to day memory problems was of border-
line signifikance for the scale NEURQ-REV. The scales
TPT-REV, CAT7-REV and NONVERB-REV were not related to
day to day memory problems once impairment and intelli-
cence were adjusted for. Thus in contrast to the WMS
subscales, the new_majority of the revigeé scales were
significantly related tc the ratings of day to dayv
memory after impairment and intelligence were adjusted
for. There was only one scale however (NEUROrﬁEVf

that was foundé to be related to neurclogical diagnosis-

Memorv for Remote-Events

v

The analvsis of covariance results c¢f each of the
WMS subscales among cases grouped according to remote
memory problems is presented in Table 26S. Here.it
can be seen that.the two covariates IMPAIRM and WAISFSIQ
werg both significantiy related to INFORM, CONTROL,
PASSACES, DIGITS, VISUALR and MEMQUCT.  Once the two
covariates weée accounted for in this analvsis, none

of the WMS subscales were founé to be significantly
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TABLE 29 ¢

Analysis of covariance results for each of the new scales
with impairment and I.Q. as covariates and remote memcry
preblems and neurclogical diagnosis as independent variables.

+

Variable Covariate Ind. Var. F

& s

| DFORY DMPATRY 4.98 1 .027
WAISFSIQ 53.61 1 .000

REMVEM .29 3 .831

NDIAG 1.0 - 3 .148

INTERACTION 1.05 g  .397

RENT 0 DMPATRY o .66 1 .419
YVAISFSIQ 2.91 1 .018

REMMEM 1.27 3 .285

NDIG . 1.38 3 .047

INTERACTION 1.93 §  .056

CORTROL TMPATRM 25.28 1 .000
VEISFSIQ . w8771 .010

REOEM 1.24 3 .340

NDIAG .56 3 .639

INTERACTION 1.2 §  .251

PASSAGES TMRATRY §.23 1 .005
WATISESIQ 35.29 1 .00C

REMMEM 95 3 .419

NDIRG 1.23 3 .300

TNTERACTION 100 3 .278
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Variable Covariate

DIGITS TMPATRM
WAISFSIQ
&

VISURLR TMPATRM
WAISFSIQ

ASSOCT TMPATRM
VALSFSIO

MEMCUOT IMPATRM
WAISFSIQ

Ind. Var.

NDIAG

INTERACTION

REMMEM
NDIAG

INTERACTION

NDIAG

INTERACTICN

REMMEM
NDIAG

INTERRCTICN

94.92

6.83

1.28
1.04
30.63
S 1.98
.67
1.01
.96
5.88
130.45
1.27
2.34

2.01

SIG
.048
.000

077

T .97

.642
.00C
.010
446
.284
.409
.000
517
.574
.3%0
.466
.016
.000
.064
.288

.048




Fig. 15 Memory Quectient plotted for each

of the groups with assessment of difficulty
with memory for the remote past as a function
of neurological diagnosis. NEURQO DIAG:

0 == No lesion, 1 = Right hemisphere, 2 =
Left hemisphere, 3 = Biiéteral.
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related to memory problems for the remote past,
although there was a significant interaction between
neﬁrological diagrosis and memory for the r%mote
past for the vaﬁiable'MEMQUOT. |

In Fig. 15, MEMQUOT is plotted as a function of
memory for the remote past, aﬁd neurclogical diagnosis.
There were no cases without lesion or with right hemis-
phere lesion who had severe memory prcblems. The sig-
nificant interaction was accounted for by the finding
that the memory g;éups differed among the left hemis-
phere cases (F = 3.75, &.£. = 3.47, p < .017) Dbut there
were é? differences among the other groups. It was
found that among the left hemisphere group, the severe
qroup attained sigﬁificantly lower scores than the no
;ifficulty group (Scheffé&'s analysis p < .05). The
other pairwise cémparisons were not found to bé-signi-
ficant. .

‘Intelligence (WAISFSIQ) covaried significantly with;j
ORIENT in the comparison of groups with édifficulties
with remote memory, problems, however once intelligence
was controlled for, ORIENT.was still significantly
related to neurclogical diagnosis although not to remote

-

memory problems. The interaction between neurological
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diagnosis_gné~-remote memory problems was of borderline
significance. ;“ T T e _
“ H'w—'-w-~.._ T - T e
. L TTTeman . T e
ORIENT is pleotted as a function of nevrorogeal - ... .
) H—‘—_‘--—_“_‘“—-—

diagnosis for each of the g;oups rated on remote memory
problems in Fig. 16. Here it can be seen that the
interaction is due to the differences between thé
memory groups among the left hemisphere cases (F = 7.56,
d.f. = 3,47, p < .0003). Multiple comparisons indicated
that the severe group attained significantlyv lower scores
than the no difficulty croup (Scheffs's analvsis p < .05),
the milé group (Scheffé's analyvsis p < .05) and the
moderate group (Scheffé's anaiysis P < .05}). Other pair-
wise comparisons were not sigrnificant. ASSOCL was
associated with IMPAIRM but once:IMPAIRM was accounted
for, there were no significant differences ameng the
" remote mMEmOry groups or neurological groupquE_Agsccgi
The analysis of covariance results of the revised _
scales with remote memorv problems is presented in
Table 30. The covariates IMPAIRM and WAISFSIQ covaried
significantly with the following scales: WMSQUOT-REV,
OVERMEM-REV, DAYDAY-REV, REMOTE-REV, PRIOR-REV, SUBSEQ-
REV, NEURO-REV, INTELL-REV, IMPINDEX~RIV, NONVERB-REV,
CAT7-REV, and ATTENT-REV while IMPAIRM covaried signifi-
- cantly with TPT-RZV. Once the covariates were adjusted

for, there were still significant differences among the



Fig. 16 Orientation plotted as a function

for each remote memory group as a function

" of neurological diagneosis.  NEURO DIAG:

0 = No lesion, 1 = Right hemisphere,
2 = Left hemisphere, 3 = Bilateral.



ORIENT

158.

REMOTE MEMORY

3 &——— @ NO DIFFICULTY

O—— O MILD
$— ¥ MODERATE

— —v SEVERE

0 1 2 3
NEURO DIAG

Figure 16.



TABLE 30

Analysis of covariance results for each of the revised
.scales with impairment and I.Q. as covariates and remote

memory “problers and neurological' diagnosis as independent |

158.

variables.
Variable Covariate Ind, Var. E éf SIG
WMSQUOT-REV IMPATRM 71.13 1 .000
WATSFSIQ - - 54.64 1 .000
' REMMEM 1.73 3 .162
" NDIRG 1.46 3 .227
INTERACTION 1.67 8 .106
. OVERMEM-REV TMEATRM ' §2.8¢ 1 .000
WATSFSIQ 21.03 1 .000
REMMEM . 4.43 3 .005
XDIAG .99 3 .399
INTERACTTON .52 §  .503 -

DAYDAV-REV IMPATRM 108.60 1 .000
WAISFSIQ 10.07 1 .002
REMMEM 2.23 3 .086
NDIZAG .76 3 .519
TNTERACTION .74 8 .660
REMOTE-REV TMPATRM - 84.24 1 .000"
Q0 12.87 1 .000
W§S REMMEM 3.85 3 .010
DIAG .95 3 .416
DNTERACTION 1.15 8 .333
PRICR-FEV TMPATRM 33.68 1 .000
WAISFSIO 9.02 1 .003

REMMEM 1.98 3 SEC NV
YOIAG . 2.37 3 .071
INTERECTICN ..85 8 .563

Continued
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Variable Covariate Ind var. F af SIG
SUBSEQ-REV IMPATRM 40.79 1 .000
WAISFSIQ - 29.87 1 .000
REMMEM ‘2.36 3 072 -
NDIAG 2.07 3 .05 -
INTERACTICN 1.87 §  .065
NEURO-KEV " DEATRY 12.94 1 .000
WATISFSIQ 10.47 1 .00L
REMMEM 6.80 3. .000-
NDIAG 4.33 3 .005
- INTERACTION 1.61 § 123
TNTELL-REV TMPATRM 71.99 .000
" WATSFSIQ 94.25 .00 -
REMMEM 1.36 v 257
w, DG .78 .508
TNTERACTION 1.81 - . .075
MPINOEX-REV ~ IMPATRM’ 141.51 1 .000
WAISFSIQ 12.68 1 .000
» REMMEM 1:57 3 .198
NDIRG .58 3 .625
INTERACTION 1.54 8 .146
NONVERB-REV TMEATRM 100.87 1 .000 .
WAISFSIQ 6.00 1 .015
| REYMEM [ 13 3 .261
NDIRE .25 3 .862
INTERACTION, .69 8 .702
CAT7-REV TMEATRM : 126.87 1 _000
WAISFSIO ' 6.67 1 .010
RENVMEM - 1.33 3 .267
XDIEG .08~ 3 .968
" INTERACTICN .88 g .532




Varisble  Covariate  Ind. Var. F & s
TOT-REV IMPATRM - 125.16 1 .000
WATSFSIO . 2.74 1 .099
REMMEM ) .59 .3 621
o NOTAG |, - .55 3 .650
£ INTERACTION .21 8 .989
w
ATTENT-REV TMPATRM 115.14 1 .000
WATSFSIQ _ 35.72 1 .000
, REEM® 1.96 3 121
NDING .37 3 .776
INTERACTION 1.12 . 8 .350
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memory gfoups on. the scales QOVERMEM-REV, REMOTE-REV

anéd NEURO-REV. For the scales OVERMEM-REV and
REMOTE-REV there wére no differences among the neuro-
logical diagnosis groups and there was-no interaction
betwee£ neurological diagnosis and remote memoIVe
problems.. Fof the_scale NEURO, the significant
diffeﬁence between the neurclegical groups was retained
after impairment ané intelligence was cgzgiolleé.

g;ére was no interaction between neurclcogical diagnosis

and remote memory preblem.
o

Overall Memorv Problems

The results of the analysis of covariance for
the WMS subscales among cases grouped according to

overall memory difficulty is presented in Table 31.
»
Both IMPAIRM and WAISFSIQ covaried significantly with the

following scales: INFORM, CONTROL, PASSAGES and VISUALR.
WAISFSIQ covaried significantly with DIGITS and MEM

QUOT and IMPAIRM covaried significantly with ASSCCL.

| -
fhile IMPAIRM ahd WAISFSIQ were adjusted fo#‘these

variables, there was no significant differences among
. 3 .
either the ovexall memory groups or the neurological

diagnosis groups.  While WAISFSIQ covaried with ORIENT
. ' _ . ‘
sicnificantly, once WAISFSIQ was adjusted for there was

/‘ ) e .
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TABLE 31

-

Analysis of covariance results for WS subscales as a
function of overall merory problems with impairment
andintglligenceasdwariates.

Variable Covariate Ind. Var. F af SIG
TNFCRM A 7.19 1 .008
WAISFSIQ 58.29 1 .000

CVERMEM .45 3 .719

NDIAG .84 3 .474

INTERACTICN .67 7 .696

ORTENT TMPATEM .07 1 1,794
WAISFSIQ ) 6.05 1 .015

OVERVEM 4,91 3 003

NDIAG 3,66~ 73 \.}13

TNTERACTION 3.94 7 . .000

CONTROL TMPATRM + 16.08 1 .000
WVAISFSIQ - 10.48 1 .000

l OVERVEM .85 3 .466;

NDIAG .59 3 -620

INTERACTION 1.71 7 .108

PASSAGES DPATRY - 8.02 1 .005
' WAISFSIQ 34,26 1 .000 ¢
TOVERMEN .75 3° .522

| NDIEG 1.50 3 .215
: TNTERACTION .87 7 .532
DIGTTS TDMPATRM 2.94 1 ..088
- WAISFSIQ 27.80 . 1 .0CO

. . OVEREM .40 3 756

) ¥omG. & .45 3 .720

’ 7 .059

INTERACTICN 1.9%
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Variable Covariate
VIXALR + IMPATRM
WAISFSIQ
ASSOCL IMPATRM
WAISFSIQ
MEMZOT IMPATRM
WAISFSIQ
T

Ind. Var.

CVERMEM
NDIAG
INTERACTION

COVERMEM
NDIAG
INTERACTION

OVERMEM
TTNDIAG
INTERACTION

e

90.02
5.87
1.92

.81
.99

24.43
2.99
.98
.64
1.22

3.87
131.64
.42
1.68
1.67

P P A R o lﬂ:

oW W

~1 W oW

SIG

-000

- .016

.129
.491
.438

.000
.085
.406

.588

.295

.051
-000
.183
.736
.172
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still a significant effect for OVERMEM and NDIAG.
There was a significant interaction between OVERMEM
and NDIAG.

ORIENT is plotted és a function of neurclogical
diagnosis for each of the memoryv difficulty groups in
rig. 17. Here it can be seen that the interaction was
accounted for by the significant difference among the
memory groups for those with bilateral lesions (F = §2.52,
é.f. = 3,47, o < ,0002). Multiple comparisons indicated
that the severe group attaineé significantly lower scores
among the bilateral patients than any of the othet memory
groups (Scheff&'s analysis p < .05).

-

The results of the analvsis of covariance for the
reviseé scales among cases grouped according to the rating
of overall memory difficulty is presented in Table 32.
Here it can be seen that both IMPAIRM and WAISFSIQ covary
significantly witg tﬁe followhng scales: WMSQUCT-REV,
2OVERMEM-REV, REMOTE-REV, PRIJR;REV, SUBSEQ~REV, NEURO-REV,
INTELL~-REV, ;ﬂPINDEX—REV, NONVERB-R&V, CAT7-REV and
ATTENT-REV. The covariate IMPAIRM covaried sigq}ficantly
with TPT-REV. Thus. while the covariates accounted for

2 significant proportion of the variance among each of

the revised scales there were still significant differences

between the different groups classified with overall



Fig. 17 Orientation plotted for overall

Aemorv groups as a function of neurclogical

diagnosis. NEUROC DIAG: 0 =~ No lesion,

li= Right hemisphere, 2 = Left hemisphere, .
= Bilateral. |

V3 ]
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TABLE 32

Analysis of covariance results for the revised scales
with IMPATRM and WAISFSIQ as covariates and overall

memory and neurclogical diagnesis as independent
variables. ' - —_— ' ’
. .
Variable  Covariate - Ind. Var. F & SI6
WSQUOT-REV | DMEATRM - CTs730 1. 000
VAISFSIQ - " 6394 1 .000
__/ OvERMEM ~ 3.41 3 .018
- ons " 135 .3 .258
 INTERACTION. 1.51 7 .14
OVEREM-REV IMPATRM oo 71.82 1 - .000
YAISFSIQ 23.07- 1 .000
 OVEREM ~7.16 3 - .000- .
NDIAG - 7T 900 3 483 -
A - INTERACTION - .81 7 .584
" DAYDAY-REV IMPATRYM - - 90.78 1 .000
VAISFSIQ - 12.45 1 .001
' CVERMEM 5.62 3 001 .
- NDIRG ¢ . . .54 3 .653
INTERRCTTON .87 7 .7 .531
FEMOTE-REV DPATRY Hd L 75.79 1. .000 -
) WAISFSIO | . 7 14.64 1 - .000
VEREM 6.41 | 3 .000
_ NDIAG .86 3 462
INTERRCTION T ° .96 7 - Q459
PRICR-REV TMRATRY Lo 2727 <1 .00
" WRISFSIQ . 10.24 1 .002
VERVEM 4.83 3 .003
\DIAG 2.04 3 .109
INTERACTION -81 7 .580

-

i
E.
;
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Variable  Covariate Ind. Var. F - & foace]
SUBSER-REV IMPATRM. i 26.81, 1 .000" -

: WATSFSIO ©o38.64 1 .000
: OVERMEM 6.95 - 3 .00
S NDIAG 2.55 3 .057
' INTERACTION  1.26 7 .270°
NERO-REV - - DPAIRM - 857 -1 <.008
R WALSESIO- . 13.33 1 .000 .
ST . OVERYEM  6.81 3 .000
- . wIe 0 vg.08 - .3 .001
INTERACTION | 1.48 7 .70
INELL-REV | CDEATRY . . 63.60. 1 .000
- WISFSK v " s10184 . -1 T.000
: ST OVEREM -2.93 3 .034 -
NDIRG . 1.31 3 L273 -
 INTERACTICN 1.75 7 .0
DMPINDEX-REV ~ IMPATRM 126. 1 .000
T WAISESIO . 14.81 1 .009
L OVEREM 2.22 3 .087
' NDIRG .68 3 .567
. INTERACTION 1.24 7 .279
~ i %
NOWERS-REV © IMPATRM ' 94.97 .000
WAISFSIQ ©6.07 .014
OVERVEM 1.78 .152_
NDIAG .17 .817 ™~
INTERACTICN .75 ' 628
CATT-REV DEATRY 115.85 .000
WATSFSIQ 7.01 .009
ERMEM - 2.04 . ©.108
NDIZG ) - 813
INTERACTION =~ .51 .831

Continued
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- Variable Covariate Ind. Var. F as SIG
TPT-REV DMPATRM . . 116.09 .000
WAISFSIQ ' 3.00 . .085
OVERMEM 1.41 - | .240
NDIAG : .70 .556
INTERACTICN .68 .689
ATTENT-REV IMPATRM _ 113.60 1 .000
. WAISFSIQ 41.51 1 .000
J o OVERVMEM ' 3.43 . 3 .018
NDIAG . .15 3 .932
INTERACTTON 1.36 7 .225
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-

memory difficulties after the covariates had been
adjusted for among the following variables: WMSQUOT-
REV, OVERMEM-REV, DAYDAY-REV, REMOTE-REV, PRIOR—R‘EZ_V,
SUBSEQ-REV, NEU&O-REV, INTELL-REV and AT&%NT—REV.
-Additionally, the neurological diagnosis groups were.
‘significantly different after IMPATRM and WAISFSIQ
were adjusted for on the variable NEGRO-REV.
&

Memorv Prior to Onset

The analvsis of covériance.resubts for the tradi-
ticonal scales among cases grouped accerding to meﬁory
function for events pribr to onset are presented in '
fable 33. There were no significant.differences among
either the memorv groups or the neurological groups en
any- of the WMS subscales. Additionally, neither
IMPAIRM'ﬁor WAISFSIQ covaried significantly with any

of the scales among the memory groups or among the

neurological groups. .

-5 The results of the analysis of covariance for the

revised scales among the cases grouped according to |
memory difficulty for events prio? to onset are presented

in Table 34. Here again none cf the_scales diffared

]
-

significantly ameng the memorv group or the neurological

-

diagnosis groups.. Additionally, IMPAIRM and WAISFSIQ

did not covary significantly with any of the scales.



TABLE 33

Analysis of covariance results for WS subscales with
impairment and I.Q. as covariates and memory prior to
cnset and neurological diagnosis as independent variables.

Variakle Oovariage ind. Var F at SIG
IR TMPATRM .50 1 .518
- YAISFSIQ .03 1 .866 .
PRIOTR .37 3 .780 -

NDIAG .46 3 .723

INTERACTION .48 4 .753

"ORIENT TMEATRY 6.82 1 .05¢

WAISFSIQ 1.61 1 .273

PRIOTR 1.95 1 .263

NDIAG 1.74 3 .297

~ TNTERACTION 1.78 4 .295

CONTRAL TMPATRM .013 1 .914
VRISFSIQ .035 1 .860 -

PRIOTR .09 3 .962

_ NDIAG .84 3 .538

‘ INTERACTION .47 4 760

PASSAGES TMPATRM .72 1 .443

WAISFSIQ 1,45 1 .296

DRIOTR 1.08 3 .454

NDIAG 1.09 3 .451

© INTERACTION 1.27 4 .410

DIGITS TMPATRM .148 1 .737

WAISFSIO - .261 1 .660

PRIMIR .179 3 .903

) - NDIRG ©.064 3 .974

“ TNTERACTION .092 4 .958
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Varisble  Covariate Ind. Var. F af 5155
VISIRIR IMPATRM 2.62 1 .247
WATSFSIQ .00 1 .999
PRIOTR .75 3 .616 ¢
NDIAG 1.79 3 .378
INTERACTION .72 4 .627
ASSOCT, IMPATRM 1.64 1 .329.
WAISFSIQ .87 1 .449
| PRIOTR .33 .3 .813
NDING .29 3 831
INTERACTION .63 4 " .660
MEMOUOT IMPATRM | 45 1 571
WAISE'SIQ 1.66 1 .326
: TRICTR 1.51 3 422
NDIAG .72 626 .
TNTERACTION .40 .771
, .
- &

Sk W



TABLE 34

Y

Analysis of covariance results for the revised scales
with impairment and I.Q. as covariates and memory prior’
to anset and neurclogjcal diagnosis as independent <7

174.

variables.
Variable Covariate Ind. Var. F __d.g SIG
WRMSQUOT-REV TMPATRM 1.19 1 .337
WAISFSIO .13 1 .742
. FRIOTR - .49 3 .710
NDIAG .22 3 .879
INTERACTION .42 4 .789
/ ' CVERMEM-REV TMPATRM 5.41 1 . .08l
WATSFSIQ .23 1 ..660
PRIOTR 1.09 3 .448
NDIAG .27 3 .846
TRTERACTTON: .40 4 . .801
DAYDAY~REV ' IMPATRM 2.90 1 .164
WATSFSIQ .52 1 .513
- PRICTR ‘.56 3 669
NDIAG .13 3 .841
3 TNTERACTION .22 2 .916
} REMOTE-REV TMPATRM 2.80 1 .170
S VATISFSIQ .02 1 .907
PRIOTR .90 3 .518
NDIRG .11 3 .951
' INTERACTION, 3\ & .810
PRICR-REV TMPATRY 3.20 1 .148
' WATSFSIQ .86 1 .406
PRIOTR 2.10. 3 .242
NDIEG .88 3 .523
INTERACTION .47 4 .756

-

Continued
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Variable

Covariate

SURSEO-REV TMPATRM
WAISFSIQ

NEURO-REV TMPATRM
WAISFSIQ

INTELI~REV TMEATRM
' WAISFSIQ

IMPDNDEX-REV ~ IMPATRM
WAISFSIO

NCKVERE~REV TMPATRM
WAISFSIQ

CAT7-REV DMEATRM
WAISFSIO

Ind. Var.

PRIOIR
NDIAG
INTERACTTON

PRIOTR
NDIAG
INTERACTICN

PRICIR
NDIAG
INTERACTION

PRIOIR
NDIRG
INTERACTICN

PRICTR

INTERACTION

ke

4.18
.01
5.08
1.33
.18

5.54
.86
.56
.70
g1

1.85 .

1.24

1.43
1.84
2.32

1.81

oW W H H e W W W W H e WwWw

[N VI UV I o B o
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Variable Covariate

-TPT—REV

ATTENT-REV

TMPATRM
WAISFSIQ

IMPATRM
WAISESIQ

NDIAG
INTERACTION

PRIOTR
NDIAG
INTERACTION

2,00

.52
3.24
3.44

2.1%
.38

.66
.08

S oW oW

e W W
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Memorv for Events Subsequent- to Onset

The results of the analvsis of covariance for the
WMS subscales among thé cases grouped according to
memory for events.subsequent to onset are presented
in Table 35. Here it can be seen that none of the
s;ales was significantly related tofeither the meﬁory
ratings for events subsequent to onset or neurological
diagnosis. Adé&itionally, neither IMPAIRM nor WAISFSIQ
covaried significantly with any of the scales.

The results of the anélysis ofAcovarianéé for the
new scales‘amoné_cases grouped according to memory for
events subsequent to omset and neurological diagnosis
are presented in Table 36. It can be seen that there
are no differences among the groups on any of £he scales
and neither IMPATRM nor WAISFSIQ covary significantly

with anyv of the scales.

Summary

The analvsis of covariance indicated that either
intelligence, impairmené or both covary éignificantly
with the reiationship ﬁe:ween each of the WMS subscales
and the clinical ratings of day to day memory; remote
memofy ané overall memorv functions. Once these

covariates were adjusted for, with the exception of



TABLE 35

178,

Analysis of covariance results for the WMS subscales

with impairment and I.Q. as covariates and memory
subsequent to cnset and neuwrological diagnosis as

independent variables.

Variable Covariate Ind. Var. E et SIG
INFORM IMPAIRM 1.71 1 .212
WAISFSIQ .81 1 .384
SUBSTR 2.06 3 .152
NDIAG .44 3 727
INTERACTION 62 5 .690
ORTENT IMPATRM B .04 1 .636
WAISFSIQ .01 1 .915
SUBSTR 08 3 .871
NDIAG .89 3 .470
INTERACTION .19 5 .962
CONTROL IMPATRM .72 1 .410
WAISFSIQ .00 1 .974
) SUBSTR .33 3 .802
: NDIAG .70 3 .570
INTERACTION 1.71 5 .198
PASSAGES IMPATRM .07 1 .792
WAISFSIQ 9.32 1 .009
SUBSTR 1.18 3 .354
NDIRAG .69 3 .572
INTERACTION 1.88 5 .162
Q&

A

y:
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Ind. Var.

Variable Covariats
DIGTTS IMBATRM ~
WAISFSIQ
SUBSTR
NDIAG
' INTERACTION
" VISUALR IMPATRM
WAISFSIQ
SUBSTR
NDIAG
INTERACTION
ASSOCT, IMPATRM
WAISESIQ
SUBSTR
NDIAG
INTERACTION
MEMOUOT “IMPATRM
WATSFSIQ
SUBSTR
NDIAG

|+

.06
6.42
.67
.37
2.40

1.41
3.83
.28
1.45
.15

.55

1.09 -
.79 7

.82
1.10

.70
30.88
1.30
2.92
3.09

U’lbjwl—‘l—‘Lﬂwal—‘l—‘Lﬂbe)l—‘l—‘UTwwHthg

»

s16

.808
.030
.588%
.776

.262
L0739
-838
.286
.957

.477
.321
.529
.515
.409

.423
.000
.329
.087
.067




- TABLE 36

Analvsis of covariance results for the revised scales
with impairment and I.Q. as covariates and mesory

for events subsequent to trauma andé neurological

diagnosis as independent varizbles.

180.

| Varisble  Covariate Ind. Var. F G  sIe
WMSQUOT-REV DMPATRM 2.70 1 .22
VAISFSIQ 2.98 1 .106
| SBSTR .84 3 .496
NDIAG .15 3 .927
INTERACTION ~ 1.27 5 .329
OVERMEM-REV TMPATRM 4.64 1. .049
WAISFSIQ 3.13 1 .099
SUBSTR .32 3 .811
NDIAG .17 3 912
INTERACTION .45 5 _810
DAVDAY-REV IMPATRY 2.17 1 .163
WAISFSIQ 1.35 1 .265
' SUBSTR .54 3 .660
NDIZG .21 3 .889
INTERACTION .47 5 792
REMOTE-REV TMPATRY 4.13 1 .050
WAISFSIQ 3.09 1 .100
SUBSTR .41 3 .762
NDIZG .14 3 .925
TITERACTION .76 5 658
PRICR-REV TMPATRY 2.96 1 .107
WAISFSIQ 1.08 1 315
SUESTR .33 3 .804
NDIZG .45 3 724
INTERRCTION  1.13 5 . .388
o

Continved
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-
* Variable Covariate Ind. Var. F et SIG
SUBSBEQ-REV IMPATRM .02 1 .902
WATSFSIQ 7.29 1 .017
SUBSTR .31 3 .821
NDIAG 1.03 3 .408
INTERACTION .61 5 .693
NEURO-REV IMPATRM 1.62 1 .224
WAISFSIQ .02 1 -800
SUBSTR .21 3 .891
NDIAG .38 3 773
INTERACTION .70 5 .632
INTELI~REV IMPATRM 4.20 1 .060
WAISFSIQ 9.34 1 .009
-SUBSTR .26 3 .854
. NDIAG .18 3 .905
INTERACTION 1.26 5 .336
IMPINDEX-REV ~ IMPATRM 6.11 1 .027
VWAISFSIQ 1.16 1 .300
SURSTR .62 3 .615
NDIAG .13 3 .941
INTERACTION 41 5 .835
NONVERB—REV IMPATRM 6.40 1 .024
WAISFSIQ 3.70 1 .075
SUBSTR .37 3 774
NDIAG 1.09 3 .386
INTERACTION .41 5 .837
CAT7-REV DEATRY 7.96 1 .014
\ WRISFSIQ .95 1 .345
' SUBSTR .50 3 .691
NDIAG .24 3 .866
INTERRCTICN .26 5 .926
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Variable

TPT-REV

ATTENT-REV

Covariate
IMPATRM
WAISEFSIQ

IMPAIRM
YARISFSIQ

Ind. Var.

NDIAG

NDIAG
INTERACTICN

|

11.36

.25
1.38

9.79
7.18

.63
1.20

oW W =M Iﬁ:

0 W W M

SIG

.005

.863
.269
.632

.007
.018

L .772

.609

" 360




|
|
i 183.

i

ORIENT, which is low among those bilateral\patients with severe

memory problems, the WMS subscales were unrélated to any of the
clinical ratings. There was no interaction ‘between the side of

i

the lesion and cliniecal rating for the WMS Qubscales (other than
ORIENT). -

The revised scales however generally were related to
clinical memory ratings after intelligence and impairment were
controlled for. It had been seen previously that the new scales
tend to drop as a function of the severitv of the memory disorder.
In general, the relationship between the new scales and clinical
memory ratings did not depend on the neurological diagnosis. The-
only scale that was significantly related to neuroclogical diagnosis
was NEURO. .

Cross validation

Stepwise discriminant function analvses were carried out
emploving only those subjects that had been édministered the
WMS on more than orne occasion. Only the test scores that had
been obtained subsequent to the initial testing were employed
tO predict group membership. This then Lepresented a cross
validation emploving 93 subjects that had received a follow-up from
the initial referral. Sixty cne of these subjeéts had not
received the WMS at first referral. This then represents a sample
of subjects which partially overlaps the validation sample
(32 subjects) but tested at a different phase of the referral
brocess (at follow-up). Subjects receiving a follow-up
evaluation can be considered a subsample of first time referrals

esd ére yvounger with higher levels of Psychometric intelligence
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{see Table 2).

Separate digcriminant analvses were conducted for
the WMS subscales and the revised scales. In the first
set of analyses the old and new scales were each ‘
required to classify cases into either the no difficulty,
mild, moderate or severe memory problem categories for
each of the clinical ratings. The results of these
discriminapt function analvses are presented in Table
37. The WMS suﬁscales, when regquired to classify
cases into one of four groups were able to classify
between 39.58% and 62.50% of the cases. This range
compares favourably to the 32.43% to 50.00% range
obtained among the original sample. The classification
rates were statistically significant for overall memory
difficulty (Wilk's Lambda = .6660, p <« .0010), davy to day
memory problems (Wilk's Lambda = .6259, p < -0015),
remote memory problems (Wilk's Lambda = .6991, p < .0100),
memory for events prior to onset (Wilk's Lambda = .3781,
P < -0216), memory for events subsegquent to onset (Wilk's
Lambda = .5508, p < .0097) but not for neurclogical

diagnosis.
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In the cross validation sémple, the revised scales
again predict.memory group in the four group classifi-
cation at a higher rate overall than the WMS subscales.

- The range is from 46.99% to 69.39% of the cases cor-
rectly classified. This also compares favourably to
the 44.33% to 78.57% range reported among the original
sample. The classification rates were statistically
significant for overall memory (Wilk's Lambda = .5837,
P < .0000), day to dav memory (Wilk's Lambda = .6271,
P < .0015), remote mémory (Wilk's Lambda = .6456,

P < .0931) and memory for events subseguent to onset
(Wilk's Lambda == .3827, p < .0001). The prediction
rates for neurological diagnosis were rot statistically
significant.

A second set of discrimipant analyses were carried
cut on the WMS subscales and the revised scales requiring
a p;ediction to only two groups, either no menory problem
or a2 mild memory problem distinguished from a moderate
Or severe problem and no lesion distinguished from those
with confirmed evidence of cerebral lesion. The results
are presented in Tabkle 38. Here it can be seen that the
WMS subscales predicted between 60.00% and 77.11% of

the variance. This acain is & considerably hicgher pre-

diction rate than in the four group classification rate.
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The prediction rates were statlstlcally signifi-
cant for the overall memory rating (Wilk's Lambda -
-7860, p < .0000), day to day memory (Wilk's Lambda = .
.7968, p < .0013), remote memory (Wilk's Lambda = .7611,
P < .0020), memorv prlor to onset (Wllk s Lambda = .818%,
P < .0600), memorv subsegquent to onset (hllk\s Lambda =
-8633, p < .0016) and neurological d;agnosié ryilk's
Lampda = .9747- p < .0500). Thus in the crosg'valida—
ti;g sémple, the WMS subscales were again significantly

related to eaph of"the criterion variables.

The classification rates for the revised scales
presented in Table 38, indicate‘that between 70.24% and
91.84% of the cases were classified'according to group
correctly.  Again this compares favourably with the
prediction rgtés-obtained ;n the initial sample (between
68.42% and 83.33%?. The revised-écales predicted
significantly according to the two group classification
,rate for each crluerlon varlable 1nclud1ng overall memory
problens (Wllkas Lambda == .7209 P < .0002}, day to day
memory problems (Wilk's Lambda = .7999, p < .0001), remote
memory problems (Wilk's Lambda =~ .7939, p < .0011),
memory for events priér to onset (Wilk's Lambda = .4717,
D < .0030), meﬁory for events subsegquent +o onset {(Wilk's

Lambda = .6664, p < .0016) and neurological diagrosis
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(Wilk's Lambda - .8204, p < .0500). Thus in the cross
validation sample, the new scgleé were significaﬁtly

related to each of the criterion variables.

Reliabilityv’

Those cases that had been administered the WMS

on first testing ané then again on a second testing were
selected in order that test-retest reliability coefficients
.-could be calculated. The Pearson produgt moment cor-
relation coefficients of the scores on first testing

with the scores con seconé testing are presented in Table
38. Each WMS subscale and the Memory Quotient were
found to vield statisticall§ significant reliability
coefficients. The most reliable of the WMS subscales

were found to be DIGITS (r — .§027, p < .000), PASSAGES

(r = .7577, p < .000) and MEMQUOT (r = .7391, p < .000).
Arong the new scales, those yielding the highest rel;abi—
lity goefficients were WMSQUOT-REV (r = .7454, p < .600),
INTELL-REV (r = .7514, p < .000) and PRIOR-REV {r = .7319,
p < .000). The scales founé to be fairly unreliable were
\?PT-REV (r = .4958, p < .002), CAT7-REV {(r = .5307,

b < .001), ASSOCL-REV (r = .4815, p < .007) and ORIENT-REV

(r = .5357, p < .001).



TABLE 39

Test-retest reliability coefficients
for WMS subscales and revised scales.

’

.
INFORM - .6014
ORIENT .5357
CONTROL .6210
PASSAGES .7577
DIGITS .8027
VISUALR .5569
ASSOCL .4815
MEMQUOT .7391
WMSQUOT-REV .7454
OVERMEM-REV . L7043
DAYDAY-REV .6779
REMOTE-REV .6634
PRIOR-REV .7319
SUBSEQ-REV ' .6614
NEURO-REV .6892
INTELL-REV .7514
IMPINDEX-REV .6216
NONVERB-REV © L4273
CAT7~-REV _ .5307
TPT-REV .4958
ATTENT-REV ' .0522

It

32
32
31
31

32
25
32

- 32

32
32

32
32
32
32
32

32
32
32

|rd

.000
.001
.000
. 000
.000
.000

.007

000
.000
.0Go0
-000
.000
.000
000

.C00.

.000

.000-

.007
.001
.00z
.000

150.
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Norms

The means and standard deviations for eac¢h of the
WMS subscales-ére presented according to age in Table 40.
The age groups included were from 15-30 vears, 31-45
vears, 46-60 years and 61-75 years. Tests of linear
trend indicated that the following scales dropped sig-
nificantly as a function of increased age: CONTROL
(F = 26.01, d4.f£f. = 1,469, p < .0000), PASSAGES (F =
18.28, é.£f. = 1,469, p < .0000), DIGITS (r = 4.78,

d.f. = 1,469, p < .0292), VISUALR (F = 134'78'vd'f' -
1,469, p < .0000), and ASSOCL (F = 47.95, d.f. = 1,469,
p < .0000). INFORM andé ORIENT did not érop signifi-
cantly with increased age. '

Conversion tables from raw scores to percentile
scores, standard scores (mean of 50, standard deviation
of 10) and scale scores (mean of 10, standaré deviation
of 3) are presented in Table 41. The percentiles were
arrived at?gfﬁm cumﬁiative freguency distributions.
Percentiles were‘convérted to scale scores andéd standard
scores according to the conversion tables presented by

Jastak and Jastak (1976).
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The means and standard deviations for each of the
revised scales are presented according to age group in
Table‘42. Linear trend analvsis indicated thgt all
of the new scales dropped significantly as a function
of increased age. h

Conversion tables from raw scores to percentile \\“‘\

scores, standard scores and scale scores are presented |

in Table 43.

-~
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DISCUSSION:

Introduction

The aim of the present research was to determine if
the Wechsler'Memory_Scéle consisteé of items that could
usefully be emploved to measure memory functions in
'patients referred for neuropsycholegical assessment.
Neuropsvchological investigations conqucted since the
construction of the WMS (Wechsler, 1945) have clarified
the relationship between brain functions and memory.
Based on the complex relation between cerebral pathology:
and memory functiéns, a number of external criterion
were emploved in order to evaluate the WMS as a test of
these functions. The validation results indicated that
the WMS subscales were significantly related to intel-
ligence and impairmeqt but only Orientation was signifi-
cantly related to memory disorders among particular groups.
The WMS as presently used was found to be primarily a
measure of intelligence and impairment.

When the item analysis results were used to form
revised scales consisting of items selected on the basis

4

of their relationship to the external criteria summarized



Fig. 18 An illustration of the time frame

covered by the clinical memory ratings.
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in Figure 18, they were also found to be related to
intelligence and impairment. Unlike the WMS subscales
however, these revised scales were found to be sensitive

to memory'dyéfunction once intelligence and level of
iﬁpairment were statistically controlled. These findings
irdicate that as Erickson and Scott (1978) postulated, some
important information concerning memory function can

be salvaged from the Wechsler Memory Scale.

Item Analvysis

The results of the item analysis indicated that
items included in the Wechsler Memorf Scale rangerin
difficulty from very easy to very difficult. These
findings indicate that the test is sensitiye over a
wlde range of ability. Thus the test can}E? adminis-
tered to patients at quite low levels of ability., ang
some Of the items will be rassed. Similar;y, some
items would be a challenge for a patient with high ability
levels.

It is interesting to note however that the easy
items and the difficult items add litt;e to the discri-
minative power of the Memory Quotient. Only those of
medium difficulty contribute *o +the discrimination of

high and low groups Separated on the basis of +he Memory

&
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Quotient. On the other hand both difficult items and
easy items are important discriminators of memory dis-
orders. Thus items that did not bear a strong relation-
ship to the Memorv-Quotient were included among the
revised scales. These findings suggest that tfe revised
scales can be useful discriminators oﬁer a wide range of
ability levels while the Memory Quotient discriminates
mainly among those with intermediate levels of ability.

t was found that many items were related to memory
problems for the remote pasﬁ. Similarly, manv items
were highly related to memory problems for day to day
events. ‘There were some items which were related to
both of these criteria but many were related +o day to
day memory problems and not to remote memory problems.
while others were related to remote memory but not to
day to day memorv. Similarly, there was considerable
overlap among the group of items that were related to
the criteria overall memory, memory for e?ents prior to
and subseguent to onset.

In addition some of the items that were higﬁly related
to intelligence and impairment were also related to the
memory ratings. Other items appeared to reflect memory
function independent of intelligence ané impairment. The
item analysis provideé the basis for constructing new

scales of memory. 2lso, examination cf the relationship
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.between the items and various external criteria indicated
that, as founéd with the validation results, the various

scales were highly interrelated (sharing common items)

and ‘also were somewhat related to intelligence and impair-

.

ment (sharing items in common with, those rélated to these
two criteria). : Thus the vélidation of these scales |
‘focused not only on the abilitvy of the scales to predict
the external criteria but examined the relationship between
the memory ‘ratings ang fhé‘écales wiﬁh impairment and

intelligence stafistically controlled.

Valiéation of the New Scales

.

The finding that, when combinec in discrimimant
funetion analysis-the revised.séales significantly &if-
-ferentiated the criterion groups indicatéd that patients
with varying severity of memory difficultyv could be
identified on the ba§is of these tests. The new testé
accuraéely ideﬁfified.those with day to day memory probleﬁs,
remote merfory problems,‘overall memory problems and problems
with memory for events priér to the onset of pathology. ’
The sca;es consisting of items maximally related to
impairment, intelligencé and attention were all available
fér inclusion in the stepwise discriminant function.

The fact that the first scales selected for inclusion

in the eguation were DAYDAV~REV (for memorv difficulties

LF s
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for day 'to day events), REMOTE-REV (for. memory difficul-
ties for remote events), OVERMEM~-REV (for memory 4if-
ficﬁlty overall) and PRIOR-REV (for memory difficulty
for éventslérior +o onset) indicates that in each case
the discrimination is'being made.primarily on the basis
of those scales maximallf related to memorv functioning.
'Had the first scaleé.included been the scales with items
selecteéd for their relation to intelligence, impairment
or attention, it would have suggested the discrimination
was beinglmade primarily on this basis.

' The results also indicated that these new scales
were more accurate at classifying cases into two groucs
(no éifficulty and mild memorv problems in comparison the
moderate ané severe cases) thanlmaking a more subtle
distinctioﬁ between four groups (no difficulty, mild,

moderate ané severe).- For the-four group case, between

50% and 79% of the cases were accurately identified while

between 69% ané 84% cof the cases were identified in the
. ) ?

two group case. One factor<whicﬁ may account for the
improvement in predictive accuracy is the a priori chance
prediction rate. In the first case, only 25% o?ithe
subjects wouié be accurately identified by chance. In
the two group case 50% would be identified by chance.

Bv reducing the stringency of the decision to be macde by

the discriminant eguation a greater number of cases can



be acéurately icdentified. Clinical use of the test
is likely to be similarly more efficient if the test
is used to identify patients with memory disorders than-

e
if an attempt is made to specify the severityv of the

cisorder. ;
 Another factor however which may influence the pre-
dictive aécuracy (particularlj in the four group case
wﬁere nore subtle distinctiens must be made) concerns
variables uncontrolled in this analvsis. Barbicet
(1970) discusses the affective discrders and their
relation to memorv functions. Some cases with intact
cerebfal structures will complain ¢f memorvy impairment
for events thet have emotional valence. Among other
patients-the e may be a mixec affective ané organic
cogdition.' A case is discussea (Barbizet, 1970) in
which the memory disorder that resulted from Wernicke's
encephalopathy was exaggerated by an affective component.
Patients with emotional disorders would thus likely
perform on a memory test like the WMS fairly well,
relative to their complaints éiﬁce the items included .
in the test would be emotionally inhocuous for these
patients. The fact thaF personality characteristics
among these cases are uncontrolled in the dgscriminant

analvsis may in part account for the relatively low

prediction r&tes, particularly in the situation where

V218,
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subtle distinctions among the four groups 'are required.
Other factors uncontrolled iﬂ/the éiscriﬁinant analysis
are intelligence and impairment.

A number of previous studies (Bachrach-and Mintz,
1974, Kljajic, 1975) have found that organic patients
could be differentiated from non-organic patients on the
basis of the WMS, suggesting that the test was sensitive
to level of impairment. However, ‘once intelligence
was controlled (Priéataﬁo, 1977) the ability to diffe-
rentiate the groups was lost. These £f£indings suggest
that level of impairment as well as intelligence are
important vériables to control in the'asséésment_of
memory function ané are consistent with Milner's {1968)
dictum that a memory disorder must be ‘éistinguished from
a disorder of attention, perception cr general intellectual
édecline.

Thus, the Impairmént Index (which includes meaéures
of attention ané perception) and the Wechsler Adult
Intelligence Scale Full Scale I.Q. were used as covariates
in the analysis of covariance which assessed the relation-
ship between each of the revised scales and day to day
memory. The results indicated both intelligence and
impairment were related to the majority of the revised

scales. The scale representing memoryv of forms was not
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related to intelligence but was significantly related
to level of impairment. Similarly, when remote memory
problems and overall memory problems were considered,
both covariates were strongly related to the majority
of the scales. The memory for forms scale was not
related to intelligence but was significantly relatec
to level of impairment. This relationship heid for
both the remote memery problem groups ané the overall
memory problem groubs. These findings provide objective
evidence supporting the notion that it is essential +o
contreol for general intelligence, perceptual, cognitive
andé attentional'factors when conducting an assessment
of memory functions. The findings haVetimportant impii-
cations not only for the clinical evaluation of memorv
disorders but for the experimental analysis of cognitive
deficits associated with various amnesic conditions.
When éssessing remory functions it is essential +o control
for both intelligence and impairment,

Another major guestion addressed in this research
was whether the Wechsler Memory Scale measures mémory
in a way that can be differentiateé from the measurement
of intelligence.— This cquestion was stimulated bv the
results of correlational studies (Fields, 1971} and factor
aralvtic studies (Evsenck and Halstead, 1945) which

suggested that memory tests are redundant measures of
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intellectual abilities. .  On the other hanéd, certain
modelg of inteliigence {Guilford, 1l967) view memory
as one of the component abilities contributing to a
more general intellectual ability. The results of the
analysis of covariance provide direct evidence bearing
on this issue. It was fodnd that both of:the covariatés.
were significantly related to the majority-of the scales
among the different clinical groups. This is dﬁe to
the cormon variance among the scales and the covariates
and reflects the high correlatior between measures of
memory and measures of intelligence previously repcrted
(Fields, 1971; Hall & Toal, 1957).

The important guesticon however is not whether
measures ¢of memoryv and intelligence are correlated
(which can be expected in a model which assumes that
memory is a component of intelligence) but whether remory
is being measureq'in aféay that can be differentiated
from the measurement of intelligence (Erickson & Scott,
1977) . Here it was found that cnce impairment and
intelligence were statistically controllecé, the majority 5
of the scales were significantly related to the clinical
ratings. " This indicates that among these scales the
variance which is defined uniquelv from intelligence

and impairment is significantly related to clinical

H
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memory'rap;ngs. ‘This further illustrates the importance
of consigering intelligence and level of impairment in
the memory assessment. The findings.also indicate that
memorv can be measured in a way that is distinct from
ﬁhe meaSuremént of general intelligence, an issue current
;; the psvchometric literature concerning the Wechsler
Memory Scale (Erickson & Scott, ;97?3. . Memory was also
found to be meésured distinctly from level of impairment;
These findings validate tﬁe.revised scales as measures

of memory.

Further validation of the scales was attained by
examining the reiationshgp of the raw scorés to the
clinical memory ratings ané to age. For each of the
ciinical memory ratings the raw scores were found to
drop in a linear fashion as a function of the severity
of tﬁé disorder. In addition, the raw scores for each
cf the scales drop linearlv with age. - These.findings
further validate the scales since thev are related to
memory disorders iﬁ the expected direction and also
appear sensitive to the effects of age: The age effects
however are not controlled for intelligence and impairment
and hence do not necessarilv reflect declining memorv

as a function of acge.
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The scales generaily were not found to be related
to neurological éiagnosis once intelligence and impair-
meﬁf were controlleé. The analysis of variance which
édid not include covariates indicated that there were
sigﬁificant differences among the groups. This was
accounted for by the poor performance of the right hemis-
phere group. This significant effect was lost when
intelligence and impairment were statistically controlled.
This suggests ﬁha? the right hemisphere group was a more
"impaired grouwp and the peor performance was due primafily
‘to level of impairment. There were fewer right hemis~
phere cases and these were apparently more impaired |
.than'the other cases. I+ would appear that left hemis;
phere dvsfunction is detected earlier and prresents
greater functional difficulty leading to earlier refer-
rals than with right hemisphere dysfunction.

The nonverbal, or figural scales were not selectively
reduced among those with right hemisphere dysfunction.
This was somewhat unexpécted since Milner. (1968) has
reported that those with medial temporal lobe lesions
on the right have a specific memory disorder for nonverbal
material. However, the cases used in the Milner series
represent patients in which the precise location and

extent of the lesion was known since the lesions represented
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sufgical'extirpation in the treatment of epilepsy.

In our series, the location of £he lesion was deter-
mined on the basis of neurodiagnostié techniques N
and represented a wide range of different types of
pathology. On the basis of the information available,
it was felt that a reliable distinction of lateralized
pathology could be made, however within hemisphere
distinctions were considered insufficiently accurate
to. be included_in this research. Hence it remains

to be determined if those with medial temporal lobe
lesions are selectively impaired on those scales thought
to reflect nonverbal memory.

Since it has not been shown that these nonverbal
scales are specifically reduced among right hemisphere
patients, it remains tc be determined if!these scales
tap the type of memory abilities dependent upon right
hemisphere function. It may be that some of these items
are codeé verballv among those with right hemisphere
damage. Further research on this issue might examine
the correspondance between these nonverbal scales and
other nonverbal tests that have been shown to be reduced
among right hemisphere damaged patients. Other tests
that might be used include facial recognition tests

{(Milner, 1968).
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Further, the finding that the covariates are sig-
nificantly related to each scale may hel? to explain
some of the errors of prediction in the discriminant
analysis. . When combined in discriminant analysis, the
scales significantly predict memorv groups. However,
in this analysis both intelligence and impairment are
uncontrolled. Thus, some cases may be identified by
the discriminant equation as having a ﬁemory aisorder
primarily on'thé basis 6f impairment and intelligence
and not on the component of the test related to memory
functions. Were the groups homogenous ané matched
on the basis of intelligence and impairment, hiéher
prediction rates mayv have been cbtained. Such a desigy
- however would introduce another complicating factor.
The group sizes in such a design would be equivalent,
not reflecting the base rate against which the discrimi-
nation must be made clinically. lAQother possible method
(beyond the scope of the present reséérch) would be to
apply the beta coefficients used to calculate the adjusted
mean scores from tﬁe analysis of covariance to the raw
scores to obtain raw scores adjusted for the covariates.
These adjusted raw scores could then be used in a discri-
minant function analvsis to cbtain adjusted predict%on

rates. It would be expected that as in the clinical
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situation when the covariates are adjusted for the

prediction rates would be increased.

Conmparison with the WMS Subscales

It was found that even though t@é discriminant analysis
using thé WMS subscales predicted a significant proportion
of the cases, according to group, the predictive accuracy
was consistently lower than‘the results oktained with the
revised scales. These findings indicate that the revised
scales have greater predictive value. When combined in
linear regression, the revised scales account‘for a sig-
nificant proportion of the variance in the clinical
ratings and adding .the WMS subscales to the eguation
only increases the proportion of the variance éccountéd
for by from about 3 to 20 percent depending upen the
clinical rating. \.Thus the revised scales were found
to be betfer predictors of mermeory disorders and inclusion
cf the WMS sﬁbscales increases the proportion of the
variance ;écounted for by onlv a relatively small
proportion.

It was also essential to determine if the WMS sub-
scales (including the Memory Quotient) were significantly
related to memorvefunctions once intelligence ané impair-
ment were controlled. Orientation was significantly

related to WAISFSIQ but after the variance accounted for



by the intelligence measure was accounted for there was
an interaction betﬁeen neurologicél diagnosis andé
clinical memory rating. The interaction was significant
among those with day to day memorf problems and overall
memory problems. It was found that for both of these
ratings, those with bilateral lesions, with severe memory
disorders obtained partiﬁularly low scores on Crientation.
Tﬁis finding indicates +that a low score on Orientation
reflects‘a severe memory disorder among bilateral patients.
Among those rated as having remote memory problems
there was a sigﬁificant interaction between the Memory
Quotient and neuroleogical diagnosis. That the Memory
Quotiént was low among left hemisphere cases with severe
memorv problems for the remote past indicates that the
Memorv Quotient may bé tapping primarily left hemisphere
functions. Also a low score on the Memory Quotient
apparently reflects a memory disorder among those with
left hemisphere dvsfunction but not with right hemisphere
dvsfunction. The type of memory disorder is related to
events of the remote‘past. Orientation was also found
to be reduceé among patients with left hemisphere lesions
who had severe memorv problems for the remote past. The
low Memorv Quotient among these cases probably reflects

primarily the low score on Orientation.  Since these were



228.

non aphasics, the low Orientation scores cannot be
attributed simply tec the incidence of aphasia among
left hemisphere pétients. It appears however that
among left hemisphere cases Orientation measures memory
for events of the remote past, while among bilateral
patients memory for dayv to day events is measured by
Orientation.

; i :

Among the other scales howevef, including the other
analyses with the Memory Quotient there was no relation-
ship between anv of the scales or the Memory Quotient and
clinical ratings of merory function after the variance
accounted for by the covariates was extracted. .This
finding indicates that with the exception of Orientation
each scale is primarily a measure of intelligence or
impairment. The scales Informaticon, Control, Passages,
Digits, Visual Reproduction and the Memorv Quotient were
.generally found to be highly related to both intelligence
and impairment while Associate Learning was related to
impairment. These findings have important implications
incdicating that even when both intelligence and level of
impairment are controlled, the Wechsler Memory Scale ‘is
not signiﬁiCantly related to memory functions, except for
the fact tﬁét Orientation seems to reflect severe memory

~disorders among bilateral and left hemisphere cases.
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Thus the prediction results in the discriminate function
analysis using these old scales reflects differences
among the groups in terms of intelligence and level

of impairment. These findings indicate that few clinical

_ statements concerning memory function can be made on

" the basis of this test.

Further, it is common to employ paired associate
learning tests and memory for passages in experimental

designs aimed at evaluating the nature of memoryv disorders

- among varicus populations. For example, the increased

performance on a memory for passages: test reported-by
Davidoff, Butters, Gersstman and Mattis (1979) among
RKorsakoff's amnesics és a result of increased motivation
was interpreted as an increase in memory functions. Since
the groups were mafcﬁed for intelligence but not for level-

of impairment, it is most likely (based cn the present

f£indings) that the performance increment was related to

more general impairment than memory abilities per se.

The results repérted here indicate that this type of test
is not related to memory funczions once impairment and
intelligence are controlled. Certain items within the
Wechsler Memorv Scale can, however, be selected which can
be recombined, as in the revised scales, which reflect

merory functions after intelligence and impairment are

contreolled.
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Thus, these results indicate that the reviéed
scales are an iﬁp:oveé measure of memorv function oﬁer
the traditional WMS subscales. These scales have
been validated in a number of ways. It has been -shown
that for each clinical rating of.hemorf\functioﬁ, the
revised scales are moré“highly correlated with memory
fuﬁctions than any of the WMS subscales. When combined
in discriminant analysis the revised égales result in |
. higher rates of accurate prediction. Linéar regression

has‘sh6Wn thatvthe WMS subscales add little  to the ‘
‘ prediﬁtive_péwer_of the revised scales. ' Most - importantly,
the WMS subscaléé;jyith the exception of‘%;éentation
(which is only relateé to severe memorv disorders. among
left hemisphefe and’gikateral patients) are uﬁrelated
t0 memorv functioﬁs when inteiligence and impairment are
contrclled. The révised'séales,however are linearly
related to memory functions‘énd aithough the covariates
were significantly relatea to the revised scales, the
'.%relatidhship between thg scales an§ clinical ratings

e -t

held up after the adjustment for ¢bvéfiates.

hd ’
A
: : 7
The Measurement of Specific Memorv Functions

It was peinted out that the develcpment of the clini-
!

cal memory ratings was based on the evidence from neuro-

I W
!
psychological studies of different types of -memory dis-

—
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to discriminate.groups on the basis of these factors.

That items discriminate along these lines does not \

invalidate them as measures of meméry. Other items,

those incluéed in the WMS subscales, but not included

in/;pgrrevised scales were found to be Solely related

‘to intelligence or level of impairﬁent and could not
considered measures of meméry.

Thus among the revised memory scales, none could
be identified as a measure of a single aspect of memory
function (for example memory for recent events) and
not related to other aspects of memorf func%ion. * This,
is possibly explained in parf by the fact that many
patients suffer both retregrade and anterograde amnesias.
Thus the items selected for each scale overlap to some
degree and these scales are highly correlated since the
symptoms tend to be fouﬁd amond the same patients.

Certain relations between the WMS scales however
and memorv functions were found to be related to létéralized
dysfunction. These relationships can be seen in Figure
18. Ali,of the revised scales were sensitive ;o memory
disorders independent of the neurological diagnosis.
Orientation however was sensitive to severe difficulty

with dav to day memory among bilateral patients. Among

ileft hemisphere Qétients both Orientation and Memory



Fig. 19 Lateralized cerebral pathology
in relation to reduced WMS scale scores
and revised scale scores.



233.

Right Hemisphere Left Hemisphere

All revised scales Orientation
Memory Quotient
2All revised scales

Bilateral
Orientation
All revised scales

Figure 19.
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Quotient were sensitive to severe memory difficulty for
the remote past. Thus the relationship between Orienta-
tion and Memory Quofient«to the clinical ratings depends
on the severity of the disorder and location'of cerebral
dgsfnnction.' In contrast the relationship between the

" revised scales and memory dvsfunction was not dependenn
on lateralized cerebral dysfunction or the type of memorv
dieorder (anterograde or retrograde).

In general then, clear éistinctions between the

revised scales have not been made on the basis of these

results. This may be due to one of the following expla~
nations. The items in the testtend to be of the same
nature (measure of memorv for new material}. Secondly,

memory disorders for recent events and remote events

tenq to be highly correlated in this population ané third,
the cllnlcal ratings may be inseneitive to the distinction
between recent and remote memory.

Further research on this issue should emplov labora-
tory tests among a select population of amnesics to sepa-
rate those with specific memory disorders for recent
events from those with memory disorders for remote events.
&n examination of the profiles of these two groups on
the scales developed here would indicate if distinctions
can be made on the basis of these scaies. Further, it

woulé be interesting to identify those with specific
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qohverbal memory disorders (using a facial recognition
task for example) and compare their scores on the figural
scales to those who do not have specific nonverbal memory
disorders. It would also be of interest to determine if
these scales are sénsitive to specific forms of therapy

designed to ameliorate the memory disorder.

LS

Cross Validation

A cross validation of the predictive accuracy of
both the WMS subscales and the revised scales was carried'
out using a subgroup of the original population who had
subseguently been re—adhinisteredmthe Wechsler Memory
Scale cn a follow-up visit to the Neﬁropsychology Labo-
ratory. Cne procedure commenly used in cross validation
stﬁdies is to take one sample from a population ané use
the independent variables to predict the dependent variable
in a linear regressicn as a validation. A test of cross
validation is to use the ccefficients cbtained from the
validation regression eguation, ané apply them to the
independent variables among a second independently sampled
group.l If the correlation in the seconé sample is as
high aé the correlation in the first, then the independent

varlables have been cross validated, as well as the co-~-

efficients for the regression egquation.



236.
&

In this case a major guestion was: how many cases
can be .accurately identified by the use of the scales?
Thus the validation’ strategy was to use a stepwise dis-
criminant function analvsis. Validatiqﬁ was attained
by the finding that a significant proportion of the
cases were accurately classified into various memory
disorder groups. The cross validation sample represented
a subpopulation of cases tested at a different point in
time with respect to the original sample. The clinical
memory ratings were con§d6ted independent of the first
rating. Since it would be expected that_the memery
disorcder would change over test retest interval among
these patients, it would not necessarily be expected that
the same combination of variables in the cross validation
group would provide the best classification results.
This is particularlyv the case since impairment and intel-
ligence cannot be statistically controlled in discriminant
function analysis with the computer program égftware.now
available. Thus the strategy emploved here was to permit
the creation of a new set of discriminant function co-
efficients to predict group membership among the cross
validation group. The focus of this cross validation
procedure was not to arrive at a particular combination
of variables at time 2 which identified the groups, but
to determine 1f any combination of these scales at time B

would predict as accurately as theﬁﬁbmbinatioh at time A.
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the cross validation sample compared favourably overall
to the classification rates obtained in the.originai
sample. Feor each of the memory ratings subjects were_//
significantly classified according to groups both in the
two groups and four group condition. This indicates
a‘successful cross validation of the original fiﬁdings. —
| Sémilarly the reviséd scales were successful at
predicting cases according to group at a significant rate
both iﬁ the two gfoup case and the four group case.
Additionally, it was once again found that the révised
scales generally produce higher prediction rates than the
old scales. Thus it can be concluded on the basis of
this cross validation pattern that the revised scales are
improved measures of memory than the old scales and are
equally accurate at predicting a variety of memory dys-
functions among cases seen at first testing (tending to
" be in a more acute phase of their illness) as among
patients 'seen on follow-up examination (tending to be
in the more chronic stage).

Among those patients who were administered the test
on the first assessment and then again on the second assess—
ment test retest reliability coefficients were calculated

IS

for each scale. Considering manv of these patients were



seen during resolvingnphases of their illness these
reliability coefficients are remarkably high and compare
favourably with the few previous and incomplete reliabi-
lity reports (Bloom, 1959; Ivinskis; Allen and Shaw,
1971).

o

Illustration of the use of the test

Age related norms are provided for both the revised
scaleé ancé the seven WMS éubscales of the Wechsler
_Memory Scale. This permits the construction of a
profile of memofy function in which the various scales
can be compared by examining their scale scores. Use
of the scale with a clinical case is presented in

Aprendix D.

238,
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APP:ENDIX A
Discriminant funﬁtion coeff}cients for WMS
scale predicfion of ratings of dav to daf:
memory, remote memory, overall memcry,‘
memory prior to onset, memory subsequent
to onset and neurological diagnosis fof the

two group and four group conditions.
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CROSS VALIDATION

VARIABLE
INFORM
ORIENT
PASSAGES

MEMQUOT

VALIDATION

VARIABLE
INFORM
ORIENT
CONTROL
VISUALR
ASSOCL

MEMQUOT

AP

PENDIX A b

4 GROUPS  DDMEM

FUNCTION 1 FUNCTION 2
~0.55174 -0.36286
-0.55360 ~0.53898
~0.95785 1.27890

0.72739 -0.51456
4 GROUPS  DDMEM

FUNCTION 1 FUNCTION 2
-0.13176 0.10883
-0.19964 0.85235:
~0.36802 ~0.20223
~-0.60900 ~0.63155

' 30.71906 0.04387

0.68348 0.26566

248.

FUNCTION 3

0.85321
-0.22002
0.66391

-1.53193

FUNCTION 3

1.0105¢
-0.64470
-0.24601
-0.13550
0.58198
-0.38002



crRESS VALIDATION

VARIABLE
INFORM
CONTROL
PASSAGES
DIGITS
VISUALR

MEMQUOT

VALIDATION -

4

VARIAEBLE
INFORM
ORIENT
‘PASSAGES
VISUALR
ASSOCL

MEMQUOT

249.

4 GROUPS . REMMEM
FUNCTION 1 FUNCTION 2
1.02671 0.13583
-0.46202 -0.34291 )
0.05111 1.86019
1.06343 0.30089
-0.47229 '=0.40448
~1.26414 -1.40389
4 GROUPS REMMEM
FUNCTION 1 FUNCTION 2 FUNCTION 3
~0.03773 0.89977 -0.18393
-0.36114 -0.09430 0.82661
-0.34783 0.61501 -0.63780
-0.72732 -0.49529 -0.56457
-0.44487 0.73415 ~0.07258
0.65534 ~1.17926 0.90234



CROSS VALIDATION

.
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INFORM
ORIENT

PASSAGES

VALIDATION
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INFORM
ORIENT
CONTROL
VISUAL#
ASSOCL

MEMQUOT

4

FUNCTION I

0.18553
0.17115

0.84350

FUNCTION 1

~0.18754
-0.20584
-0.35460
-0.75605
-0.58281

0.73127

”

GROUPS

FUNCTION 2

-0.62052
-0.71365

0.70915
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FUNCTION 2

-0.16293

-0.87600-

-0.26460
¢.61338
0.03207

0.07682

OVERMEM

OVERMEM
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FUNCTION 3
0.88347
-0.77246

-0.13917

FUNCTION 3

0.87821
-0.41831
0.45203
-0.14218
0.76087

-1.42049
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ORIENT
"CONTROL

ASSOCL |

VALIDATION

VARIABLE

ORIENT

DIGITS

MEMQUOT

PRIOTR

4 GROUPS
FUNCTION 1 FUNGTION 2
0.84272 0.08453
~0.12706 ~1.11202
=0.96017 0.58257

4 GROUPS PRIOTR
FUﬁCTION 1 FUNCTION 2
~0.67858 0.83607
~0.59262 0.74536
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1.42190
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QU

,'.
FUNCTION 3
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~-0.39994

&

FUNCTION 3
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ORIENT

CONTROL

ASSOCL

VALIDATION

VAR LE

INFORM

ASSOCL

kY
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4 GROUPS SUBSTR
FUNCTION 1 FUNCTION 2 ! PUNCTION 3
0.43023 '0.74937 0.60952
~0.98901 -0.28531 0.63624
0.93728 -0.74300 ~0.01051
} .
4 GROUPS SUBSTR
FUNCTION 1 FUNCTION 2
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CROSS V%LIQATION 4 GROUPS NDIAG

. FUNCTION 1 FUNCTION 3

MEMQUOT

VARIABLE FUNCTION 2
PASSAGES -1.18024 0:19753 1.04775
— VISUALR 0.10127 -1.24538 -0.16980
ASSOCL 1.49481 -0.50746 0.05385
VALIDATION 4 GROUPS  NDIAG
VARIAELE FUNCTION 1 FUNCTION 2 FUNCTION 3
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VISUALR -0.02581 -0.76455 0.94154
1.47597 0.92050 -0.40021
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-
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2 GROUPS

FUNCTION 1
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2 GROUPS REMMEM

FUNCTION 1

1.02643
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-0.44735
=-1.24935
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-0.39298
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FUNCTION 1
~1.18048
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CROSS VALIDATION

VARIABLE

“-'_:.‘ - ASSOCL

vALIDATIONY

vARZABLE
INFORM -
ORIENT

DIGITS

VISUALR

2 GROUPS - NDIAG
' FUNCTION 1

1.0000

2 GROUPS NDIAG

FUNCTION 1
0.35351
~0.55671
-0.48678

-0.46216
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APPENDIX B
Discriminant function coeffiqients for

revised scales prediction of ratings of

day to day memory, remote memory, overall

memory, memory prior to onset, memorv
subsequent to onset and neuroclogical diag-
nosis for the two group and four group

conditions.
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' TPT

VALIDATION

VARIAEBLE
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DAYDAY
SUBSEQ
NEURO

- IMPINDEX

APPENDIX B

4 GROUPS  DDMEM
FUNCTION 1 FUNCTICN 2
-0.04231  , -2.81361
0.23297 1.96846
0.86169 © -0.20433
~0.04003 1.26783
4 GROUPS  DDMEM
FUNCTION 1 FUNCTION 2
0.38797 ~0.82466
.—\"-/'L
~1.67514  -0.72299
~0.07692 1.27417
~0.29424 .80603
0.66256 .79492
-0.15397 © ~1.09329
0.34643 ~0.26091
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FUNCTION 3

-0.53815
~1.35781
1.11593

0.83118

FUNCTION 3
1.335%20
-2.14148
0.87588
-0.00048
0.20973
0.46105

~0.73216
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REMOTE
PRIOCR

{
IMPINDEX

VALIDATION
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WMSQUOT
OVERMEM?2

REMOTE

NEURO -~

IMPINDEX

TEMPORAL
@

4 GROUPS REMMEM
FUNCTION 1 FUNCTION 2
3.13085 -1.15016
-0.50290 2.05741
~2.04653 ~-0.73120
4 GROUPS REMMEM
FUNCTION 1 FUNCTION 2
-0.82669 0.27268
1.00642 -0.26295
1.00222 0.52931
0.22747 -0.97276
-0.40791 0.35708
~0.7%5586

ti;ssssv ,
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FUNCTION 3
-1.8%372
3.22542
-3.89878
0.29853
2.23709

-0.03214



CROSS VALIDATION
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DAYDAY
PRIOR

IMPINDEX

VALIDATION

VARIABLE
WMSQUOT
DAYDAY
SUBSEQ
NEURO
CAT?
TPT

TEMPORAL

4 GROUPS OVERMEM
FUNCTION 1 FUNCTION 2
2.12309 1.31752
0.23337 -1.83292
~1.50689 0.42257
4 GROUPS  OVERMEM
FUNCTION 1 FUNCTION 2
. TNe-60989 -0.63692
ea=1.51049 -0.03666
-0.21438 0.75487
0.26957 0.94991
0.95006 -0.68046
-0.71770 -0.21705
" 0.26631 0.10052

263.

FUNCTION 3
-2.55228
0.25812

2.90431

FUNCTION 3
~0.32920
-0.29621

1.14257
-0.00022.
-2.15259

1.86140

-0.39030
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CROSS VALIDATION 4 GROUPS  PRIOR
VARIABLE FUNCTION 1 FUNCTION 2 FUNCTION 3
. WMSQUOT 3.37546 ~1.83368 ~0.36636
REMOTE ~2.37801 ~1.68113 ~1.20733
PRIOR ~0.82547 1.38691 1.97636
INTELL ~2.64176 0.77083 -2.01065
NONVERB ~0.14332 ~1.57733 0.41328
TEMPORAL -0.54233 0.34278 ~0.42324
ATTENT 2.49923 2.88384 1.28507
VALIDATION 4 GROUPS PRIOR
VARIABLE FUNCTION 1 FUNCTION 2 FUNCTION 3
OVERMEM2 5.63711 1.47173 ~1.84107
REMOTE ~4.73%35 1.62209 0.37571
PRIOR .-0.81128 0.08300. 1.55025
SUBSEQ ~2.75554 -0.32282 -0.74167
NEURO ~1.45060 ~1.90132 -0.46480
IMP;ﬁQE§ -0.86280 - ~5.04952 1.56526
NONVERE 2.15692 ~1.96698 3.26386
CATT 2.79017 6.11942 +2.34387
TPT -4.43973 ~3.31830 ~1.58542
TEMPORAL T1.49438 0.14152 -0.00628
ATTENT 2.46412 5.79595 0.50245
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REMOTE
SUBSEQ

IMPINDEX

VALIDATION

VARIAELE
WMSQUOT
SUBSEQ
INTELL

. . NONVERB

TEMPORAL

265.

4 GROUPS  SUBSTR
FUNCTION 1 FUNCTION 2 -  FUNCTION 3
-3.07205 3.60363 ' -0.53171
-0.87969 -1.82912 -0.47385
3.45681 ~2.05056 . 1.87412
_/
4 GROUPS  SUBSTR.
FUNCTION 1 FUNCTION 2 FUNCTION 3
~4.76521 1.77716 2.34418,
1.25256 1.12101 0.59903
4.60032 -1.57830 ~3.23476
~1.16068 ~0.38191 ~0.37465
- -0.65849 0.87280

-0.38555
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CROSS VALIDATION 4 GROUPS NDIAG
' VARIABLE FUNCTION 1 'FUNCTION 2
 PRIOR ~0.36482 ~0.84372

SUBSEQ . .47619 ~0.59040
NEURO ” .90097 1.01239
VALIDATION 4 GROUPS  NDIAG
VARTABLE - FUNCTION 1 FUNCTION 2
DPRIOR - .36482- -0.84372
SUBSEQ .47619 -0.59040
NEURO .90077 1.01239

-
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-

FUNCTION 3
1.63103
-1.66453

. 0.22038

FUNCTION 3
1.63103

-1.66453

(/ .24038°
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CROSS VALIDATION 2 GROUPS - DDMEM
VARIABLE FUNCTION 1
SUBSEQ = 1.0000 )
VALIDATION '2 GROUPS  DDMEM
VARIABLE FUNCTION 1 .
WMSQUOT ~0.61586
DAYDAY 2.16204
IMPINDEX -0.72845 S —~ﬂ
CAT7 ~0.45866
TEMPORAL -0.28738 i
ATTENT 8.62476

T e .



CROSS VALIDATION .2 GROUPS OVERMEM
- VARIABLE FUNCTION 1 - -
WMSQUOT ~0.65851
DAYDAY 1.36983
REMOTE 0.61380 _
+ NONVERB 0.60138
CAT7 ~1.39500
TEMPORAL ~0.24782 .-
ATTENT 0.49959
VALIDATION 2 GROUPS OVERMEM
VARIABLE FUNCTION 1
SUBSEQ 1.0000

?
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CROSS VALIDATION

- 1.43969

9

2 GROUPS PRIOTR
VARIABLE FUNCTION 1
WMSQUOT ~4.40605 ]
OVERMEM? ~2.36406
DAYDAY 2.65558
PRIOR 1.78655
SUBSEQ 0.77469
NEURO ~0.46492
INTELL 2.80161
NONVERB ~0.87856
TEMPORAL " .54363
VALIDATION \ 2 GROUPS  PRIOTR .
VARIABLE FUNCTION 1
OVERMEM2 -3.68822 '
REMOTE 2.07527
PRIOR 1.27313
SUBSEQ 1.38379 i
IMPINDEX ~1.22672 . ) S
TEMPORAL -0.93409 |
ATTENT -

am
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CROSS VALIDAZION 2 GROUPS SUBSTR
¥ARIABLE FUNCTION 1
OVERMEM?2 1.54369
SUBSEQ -1.92334
TEMPORAL -0.44121
VALIDATION ' . 2 GROUPS  SUBSTR
VARIABLE FUNCTION 1 ’
SUBSEQ 1.62485 ’
IMPINDEX ~1.06706 _ \
TEMPORAL ~0.64245 . [/
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CROSS VALIDATION

VARIABLE

REMOTE
INTELL

IMPINDEX

~
—

VALIDATION

VARIABLE
WMSQUOT
OVERMEM?2
NEURO
TEMPORAL

ATTENT

2 GROUPS

FUNCTION 1

2.675942
~0.80368

. =1.31601

REMMEM

‘2 GROUPS  REMMEM

FUNCTION 1

=1.31016

1.61006

0.33337
-0.20799

0.37159
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CROSS VALIDATION 2 GROUPS NDIAG
VARIABLE FUNCTION 1
WMSQUOT 1.09920
PRIOR 1.07752
SUBSEQ -1.94691

NEURO -0.81213
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APPENDIX C
Intercorrelations among WMS scales

revised scales.
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APPENDIX D

Use of WMS and revised scales with a

clinical case.
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APPENDIX D

Use of WMS and revised scales with 3
clinical case.

R.K. was a 30 vear olé graduate of a2 Canadian mili-
tary cgllege who was emploved as a financial analvst for
the federal gcvernment. The patient was seen in hospital
in September of 1977 because of complaints of headache
behind his eves (of recent onset) and because of complaints
© of visval field defects. Neurological examihation found
hig visual fields to be normal ané no other definite abnor-
malities were found. The EEG investigatﬂbn found scome
irregqularityv. Computerized axial tomography revealed a
suprasellar tumour mass containing calcification. This
was diagnosed as a craniopharingioma (tumour of the
infindibulum) located in the region of the third ventricle.
Angiography and pneumoencephalography determined that the
third ventricle was elevated and the foramen of Monroe was
p%rtially blocked resulting in hvdrocephalous which was
indicated by the enlargement of the ventricles.

bn Sept; 15, 1977 a right frontal craniotomy was
carried out. An attempt to approach the tumour sub-

frontally was made. The right clfactorv nerve was severed
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during the operation. The optic chiasm was visualized
but no tumour mass couldlbe seen. It was decided that
the tumour could not be easily accessed and the wound
was. closed. One week later the craniatomy was reopened
and the tumour was approached through the right lateral.
ventricle. The wall of the foramen of Monroe was
retracted posteriorly and this allowed exposure of the
dome of the craniopharvngioma. The cvst was punctured
and 4 cc of vellow oily fluid was obtained. Following
this, the cvst was seized with pituitary forceps and
rémoval begun. A large amount of cvst was removed except
for the portion which lay in the immediate suprachiasmatic
and infindibular portion of the third ventricle, which
was bevond afe exposure to remove. The wound was closed,
the patient recovered from the anesthesia and appeared to
be in satisfactorv condition.

Neurcpsychological assessment was conducted on October
24 and 25, 1977. The patient cooperated fully with
testing anéd gave good effort throughout. When asked his
age, he stated 27 which was incorrect by three vears.
At nine a.m. on the first day of testing, he thought it
was time for lunch. He frequently asked the same guestion,
"are these psvchological tests?" and although an answer was

given each time, he did not remember having asked the
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guestion previously. Ee did not remember that he had
had an operation on his head. He could not remember
his address. He stated that the Premier of Ontario

was Robarts (the previous Premier). On the seconé day
of testing, he did remember being in-the room previously
and was able to discriminate betﬁeeu\&égxequiﬁﬁg;t that
he had previously workeé with from those that he had not.
Also he gave no evidence of forgettiag test instructicns
while he was involved with the test and his powers of
concentration appeared to be quite good.

The patient was clinically rated as having a moderate
remory disorder for dav to day events, remote events,
events prior to the onset of pathclogy (in this case the
anterograde and retrograde amnesia began with the removal
of the cyst), events subsequent to onset and a2 moderate
memory disorder overall. He was rated as having con-
firmed damage to the right hemisphere.

A summary of the neuropsychological test results was
as follows:

"Tests of biological intelligence vielded results within

the rarge of moderate umxu;mfmt.of cogriitive and adap-

tnmaabxuxmasdepakat upen arganic brain function.

Psychametric scores veried considerably and were within

the superior range on verbally weighted tests but much

lower and in the low average range on nonverbal tests.

2Academic achievement levels were well maintained for

reading and spelling. There was evidence of moderate

to severe impairment of abstract reasoning skills and
memory functions. Both awditory and visval attention
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span were moderately impaired. There were a number

of motor and sensory deficits, maximized on the left

body side. The pattern of impairment of nomwerbal

abilities in the face of intact verbal functions

c:ﬂﬁ:edxdxhZuﬁt:ﬁdednctoraxd,aanxmyckiicﬂs

was thought to be corpatible with dysfuncticn of the

right cerebral hemisphere."

This patient obtained a Memory Quotient of 81 on the
Wechsler Memory Scale. Psychometric testing vielded a
vefbal I.Q. of 123, a Performance I.Q. of 90 and a Full
Scale I.Q. of 109 on the Wechsler Adult Intelligence scale.
Tests of biological intelligence vielded an impairment

index of (.8. The prefile of subtest scores for the

traditional scales of +he WMS are presented in Table 45.

TABLE 45

The traditional WMS subscale scores: raw
scores and scaled scores for case R.K.

Scale Raw Score Scaled Score
Information 2 8
Orientaticn 4 10
Mental Control 9 19
Passages 5.75 9
Digits . 11 13
Visual Reproduction S 12

Associate Learning 8 8

)
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Examination of the scale scores indicate that a
number of the scales are not sensitive tc this patient's
impaired cognitive function. He performed Mental Control
perfectly and Visual Reproduction and Digits were well
above average for his age. The relatively low scores on
Information, Passages, Associate Learning and Memory
Quotient reflects this patient's impaireé cognitive abi-
lities.

The pattern of scale scores on the new scales provides
a clear picture of his memory disorder. Here it can be
seen that on the WMS those items that xe primarily related
to memory (particularly verbal memory)} were lower than
items found to be related to impairment or attention.

Eis lowest scale score was on the Scale Prior which was
derived from items related to memory problems for events
pricor to the onset of pathology. This seemed consistent
with the tvpe of memory disorder seen clinically. Ee had
both an anterograde and retrograde amnesia but the retro-
‘grade amnesia was somewhat more severe. The new memory
scales were consistently low in this patient and the lowest
scale score revealed the type of memory disorder seen

clinically.



The revised subscale scores: raw Scores

TABLE 46

and scaled scores for case R.K.
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Scale

MEMORY QUOTIEN;E\
OVERMEM-REV
MEMQUQT-REV

ANTEROGRADE AMNESIA

DAYDAY-REV
SUBSEQ-REV

RETROGRADE AMNESIA
REMOTE~REV
PRIOR~-REV

NONVERBAL
CAT7-REV
TPT-REV
NONVERB~-REV

CONTRCL
ATTENT~REV
IMPAIR-REV

Raw Score

Sbﬁied Score

29

29
12

18
11

10

16
21

11

10

i0

19

13
10
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It is also important to notice that he performed
particulérly well on the scales including figural items.
These scales were included in an attempt to provide scales
that would be sensitive to the nonverbal memory disorder
seen among patients with mesial teﬁpqral lobe lesions of
the right hemisphere. In spite of the fact that this
patient had confirmed damage to his right hemisphere
(based on the neurosurgecon's report) and the ccgni£ive
deficits on neuropsychological examinaticn revealed a
pattern consistent with right hemisphere dysfunction, his
memory for figural (or nonverbal) items was maintained.
It might be pointed out that on the second day of testing,
he had no difficulty remembering the eguipment that he
had worked on the previous day.

The right ﬁemisphere dvsfunction in this patient was
not related to the medial aspect of the temporal lobe but
was primarily frontal and close to the midline as well
as in the area of the third ventricle. The fact that
those paﬁients in this research with memory disorders
and right hemisphere dysfunction, did not show a pattern
of memorv disorder specific to the nonverbal tests is
likelv due to the fact that accurate within hemisphere
anatomical localization of cerebrazl damage was not always

possible. Most likelv among onlv a few of the right
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hemisphere cases was the damage related to the medial
aspect of the temporal lobe. Further research 1is
regquired to evaluate +hese scales as testé of nonverbal
memory . :

In summary, this case illustrates that, while the
neurological information which provided evidence for
ljateralized dvsfunction was not sufficiently localized
+o relate specific memory disorders to lateralized
gvsfunction, a number of aspects of the memory examina-
tion were clinically useful. The age related norms
permit conversion to scale scores which allow direct
comparison of performance on +he various scales, both
for the new scales and the traditional memory scales.
In this single case, the pattern of scale score results
was consistent with the clinically observed memory dis~
order. Further clinical use of these newly develcped
scales in a different population is planned in order to
determine if all of the scales are reguired for a com-

plete clinical memory assessment.
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APPENDIX E

List of complete adult battery,
Trites Neuropsvchology Laboratory.

Ealstead Categoryv Test
Ealstead Tactual Performance Test (TPT)
Finger Tapping Test
Halstead Speech-Sounds Perception Test
Seashore Rhythm Test
Sensory Examination
Tactile, Auditory, Visual Impercepticn
Finger Agnosia
Perception of Numbers Written to the Fingertips
Visual Field Testing
Tactile Form Recognition Test
Sandpapei Test
Wisconsin Aphasia Screening Test
Trail Making Test
Motor Examination .
Motor Steadiness Battery
Maze Co—ordination Test
Eoles Steadiness Test
Holes Resting Steadiness Test
Grooved Pegboard Test
Dvnamometer Grip Strength Test
Foot Tapping Test
Lateral Dominance Examination
Hand . - _ :

Eve
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ABC Vision Scopes

Dichotic Digits Test

Right-left Discriminatioh Test

Verbal Concept Attainment Test

Enox -Cube Test )

Wechsler Adult Intelligence Test

Wide Range Achievement Test

Minnesota Multiphasic Personality Inventory
House-Tree-Person Drawings
Test de Rendement en Frangais
History Interview
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