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Abstract

The purpose of this project was to develop a reliable and val id battery for the assessment

of spatial orientation skills (SOS) in persons with Alzheimer's disease (AD). The battery.

comprised (lf 13 subtests, was administered to 97 normal control subjccts. 25 subjccts with carly

AD and 10 with 1ate AD. The test-retest reliability of the battel'y was based on Ùle test rcsu\ts

of 33 normal control subjeets and 25 early AD subjects. Inter-rater reliability was determined

using four trained raters who evaluated 27 normal control subjects and the same 25 carly AD

subjects. Content validity was established using a panel of six expClts and consll<1ct validity was

detennined by comparing the pelt'ormance of the nOimal control and carly AD groups. To

establish criterion validity, the Global Deterioration Scale (GDS) was used as the criterion. For

the AD group, eight subtests demonstrated acceptable test-retest and inter-rater reliability

coefficients (ICC ;::. .70). For the control group, three subtests had acceptable test-retest

coeftïeients and four had acceptable inter-rater coefticients. The intemal consistency of the

battery was acceptable as shown by overall Cronbach's alpha of .86 for AD subjects and .72 for

control subjects, and was further analyzed using factor analysis which yielded l'ive factors.

Logistic regression provided evidence for good constlUct validity. Scores on the SOS subtests

were able to differentiate the three groups of subjects established on the basis of the GDS scores

(GDS 1 and 2, GDS 3 and 4, and GDS 5). A preliminary sholtened version of the batlery was

deveIoped using six subtests which demonstrated high test-retest and inter-rater reliability. The

performance of subjects with AD on the battery is discussed with respect to its implications for

the theoretical basis and clinical assessment of spatial orientation in AD.
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Résumé

Le but de œ projet était de développer une batterie d'évaluations Hable et valide des

habiletés d'orientation spatiale (SOS) pour les personnes ayant la maladie d'Alzheimer (MA).

La batterie comprenant 13 sous-tests fut administrée à 97 sujets contrôles nOimaux, 25 sujets

ayant une MA précoce et 10 sujets ayant une MA avancée. La fiabilité test-retest de la batterie

fut basée sur les résultats de 33 sujets contrôles et 25 sujets avec MA précoce. La Habilité inter

juges a été déterminée par 4 examinateurs entraînés qui ont évalué 27 sujets contrôles et les

mêmes 25 sujets avec MA précoœ. La validité de contenu fut établie à l'aide d'un panel de six

experts et la validité de construit fut déterminée en comparant la performance des groupes

.contrôle et MA précoce. Afin d'établir la validité de critère, le "Global Deterioration Scale"

(GDS) fut utilisé comme critère. Pour le groupe MA, 8 sous-tests ont démontré des coeftïcients

tiabilité test-retest et inter-juges acceptables (ICC 2:. .70). Pour le groupe contrôle, trois sous-tests

avaient des coefficients test-retest acceptables et quatre étaient acceptables pour les coeftïcients

inter-juges. La consistanœ interne de la batterie fut acceptable telle que démontrée par l'alpha

de Cronbach (.86 pour le groupe MA et .72 pour le groupe contrôle) et fut analysée en plus à

l'aide d'une analyse factorielle qui a produit cinq facteurs. Une régression logistique a mis en

évidence une bonne validité de constlUit. Les résultats aux sous-tests de la SOS ont différencié

les trois groupes de sujets établis selon les pelfOimances au GDS (GDS 1 et 2, GDS 3 et 4, et

GDS 5). Une version préliminaire raccourcie de la batterie fut développée utilisant six sous-tests

qui démontraient des fiabilités test-retest et inter-juges élevées. La performance des sujets MA

avec la batterie est discutée tout en tenant compte des bases théoriques et de l'évaluation clinique

de l'orientation spatiale dans la MA.
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Preface

ln 15 years, there will be an additional 1,207,200 people over 65 years of age in Canada

(McEwan, DonneIly, Robertson & Hertzman, 1991). This represents an increase of 38'7" over

the present (1991) number of 3,169,600. In this group of individuals, dementia is one of the

major and perhaps most disabling psychiatrie disorders. The current estimated prevalence of

dcmentia in individuals over 65 years of age is 6% which represents 189,985 cases in Canada.

As the risk of dementia increases dramatically with age, the estimated increase in prevalence of

demcntia by 2006 is 7.4% or 324,188 cases (McEwan et al., 1991). Although Alzheimer's

disease (AD) is the diagnosis for the majority of dementia cases, the exact proportion is

controversial and estimates range from 50% to 60% (Bayles, Kaszniak & Tomeada, 1987). Using

the more conservative estimate, it may projected that by the year 2006, there will be 162,094

individuals diagnosed with AD in Canada, an increase of 67,102 cases.

Because there is no medical treatment available to stop the degenerative course of AD,

it is not so much the diagnosis that determines the extent of c1inical intervention but the social

and functional impairments associated with the disease, along with the availability and

capabilities of caregivers. Researchers are now tuming their attention to the measurement of

function in an effOlt to better understand the intervention needs of people with AD (McEwan et

al., 1991). This thesis presents one such study which attempts to further our understanding of

spatial orientation and to gain sorne insight into possible intervention strategies in the

management of AD patients who are spatially disoriented. As the theoretical basis of spatial

orientation is still in its infaney and the psychometric propelties of many well-used research and

c1inical measurement tools have yet to be detelmined, it was necessary to explore these issues
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before intervention strategies could be examined.

The Introduction of this thesis begins by examining the clinical challenges.of Alzheimer's

disease, the concept and theOI'y of spatial OI;entation, and what is known about spatial abilities

in individuaIs with Alzheimer's disease. This section then continues with the topic of test

development and examines the psychometric properties required of a test or battery of tests used

to study a group of Alzheimer's patients. lt concludes with a rationale for the study. The

Methods section contains the body of the study by describing the inclusion criteria for subjects

in the control and Alzheimer groups, the methodology of the study, the mental status

examinations and the 13 subtests of the Spatial Orientation Skills (SOS) Baltery. The tindings

of this study are repOIied in the Results section. The Discussion section examines the theoretical

and clinical implications of these results as weil as the limitations of the study. The Conclusion

section summarizes the original contributions of this project. These contributions include

normative data and information on the reliability and validity of the ballery of spatial tests when

administered to AD patients and to normal control subjects. The use of several types of spatial

tests concurrently was a unique aspect of this study. This section also offers an appraisal of the

CUITent status of research in spatial orientation and suggestions for fUliher work in this area.

1 am indebted to my thesis supervisors, Professor Louise Gauthier and Dr. Lynelle Jones

for their ongoing patience, support and availability du ring the entire course of my graduate

studies. Thanks are due to Dr. Serge Gauthier who referred ail of the Alzheimer patients, many

of the control subjects and for providing ongoing feedback and consultation. Dr. Sharon Wood

Dauphinee graciously offered her expertise on the methodological issues of the study. Isabelle

Gélinas, Jasmine Cooper and Constance LaIinec put in many hours for the administration of tests.
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Nicole Paquet made the telephone calls, arranged the numerous appointments and was invaluable

in helping with data entry. Dr. Michal Abrahamowicz advised me on sorne aspects of statistical

analyses and Shan Shan Wang did sorne of the computer programming and analyses in SAS.

This research project has been f0l1unate to have the volunteer contributions of many

experts and professionals. The Map-Reading Test was constructed by Yung-Chang Liu and the

Corsi Block and Stylus Maze tests were constructed by Alan Hammaker. The Golden Age

Societies of Montreal and the Alzheimer Society of Montreal generously gave of their time and

energy by recruiting control subjects for the study through mailings and word of mouth. Of

course, this project could not have been realized without the participation of each of the

individuals tested and his or her accompanying family member. The number of hours of testing

thcy endured, their energy and, sometimes, the great distances they travelled to reach the

University attested to their enthusiasm about and dedication to the study.

This study was funded by a grant from the Alzheimer Society of Canada from 1990 to

1991 and a grant from the National Health and Research Development Program (NHRDP) from

1991 to 1992. The author of the thesis was suppol1ed by a fellowship from the Fonds pour la

Formation de Chercheurs et l'Aide a la Recherche (FCAR) from 1989 to 1991.

1cannot put a value on the emotional and psychological support 1 have received while

undergoing this challenge. 1 thank my mother and father who always believed in me, my sister,
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1.0 INTRODUCTION

Dementia is a clinical condition in which there is general cognitive dctcrioration of

sufficient severity to inteIt'ere with social and/or occupational functioning (Amcrican Psychiatric

Association, 1987), Degenerative dementia is the most frequent of the dementing discases

accounting for up to 85% of the dementias (Katzman, 1986), lt consists of those dcmcnlias that

are progressive and not reversible (Consensus Conference, 1987), Alzheimer's discase (AD) (see

Appendix A for a list of abbreviations) constitutes the diagnosis in the majority, or 50%-60%,

of degenerative dementia cases (Bayles, Kaszniak & Tomeada, 1987),

AD is age-dependent, that is, the risk increases rapidly with advancing agc, Scvere

dementia is found in 1% of persons over the age of 65, whereas it is present in more than 15%

of persons over the age of 85 (Katzman, 1986; Van Hoesen & Damasio, 1987). The prevalcncc

and incidence rates are unknown for many countries, and known estimates vary considerably cvcn

within the same country. Epidemiological data have been compared for Great Britain, [t'lly,

Russia, Scandinavia, North America, Australia, China and Japan (Jorm, 1991; Mass et al., 1987;

Rocca, Amaducci & Schoenberg, 1986). In general, these data show that the prevalence of AD

is slightly higher in women then men, although there is considerable variation among the studies.

Sulkava, Wikstrom and Aromaa (1985) reported a prevalence estimate of 4.2% for women

compared to 2.6% for men in a sample of Finnish individuals who were 65 ye'lrs of age or older.

In Great Britain, higher estimates were obtained by Broe, Akhtar and Andrews (1976) but the

difference between men and women was similar (6.3% for women and 5.0% for men). In

contrast, Kaneko (1975) reported a higher prevalence of AD in Japanese men (2.2%) compared

to Japanese women (1.6%) who were 65 years or older. As mentioned in the Preface, current
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estimates of the prevalence of AD in Canadians over the age of 65 is 6%, however, the incidence

rate is unknown. Prevalence estimates of AD cases in the United States are approximately the

same at 5% to 5.5% (Katzman, 1986; Schoenberg, Anderson & Haere, 1985). Incidence rates

for the United States were collected in a longitudinal study using white males who were

categorized into l'ive age groups (Sluss, Gruenberg & Kramer, 1981). These rates range l'rom 430

(60 to 64 year old catetory) to 3,248 (over 80 year old category) cases pel' 100,000 people per

year. The incidence rates of AD decrease to 148 per 100,000 people per year for males in the

65 to 69 year old category but then increase progressively with each age category. Therefore,

incidence rates may be distributed bimodally.

AD begins insidiously and may not be recognized until the disease has progressed for two

or three years. In the initial stage, the patient usually complains of changes in memory for recent

events a.ld may present with signs of depression. This is followed by a graduai and steady

progression of cognitive deterioration. The multiple cognitive changes include disturbances in

ll1emory, language use, spatial 011entation, perception, praxis, the ability to learn skills, solve

problems, think abstractly, and make judgements (McKhann et al., 1984). Personality traits may

be intensitied or disturbed (Hu 1'1' et al., 1987). Other behaviours that may emerge include

paranoid symptoms and delusions, ilTitability, agitation and verbal or physical agression

(Eichelll1an & Phelps, 1992).

l.l Diagnosis and Pathology of Alzheimer's Disease

The clinical differentiation of the degenerative dementias begins with ruling out reversible

causes sllch as metabolic disorders or infections. There is no biochemical marker for AD and
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definitive diagnosis is made histologically by cerebral biopsy or autopsy (Katzman, 19R6). In

vivo, the diagnosis of AD relies on c1inical cliteria (McKhann et al., 19X4).

Currently, the clinical diagnosis of AD is made according to the Revised Diagnostic and

Statistical Manual of Mental Disorders (DSM l\I-R) (American Psychiatrie Association, 19X7)

and the criteria of the National Institute of Neurological and Communicative Disorders and

Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA)

(McKahn et al., 1984). Kukull et al. (1990) have reported the sensitivity of the DSM-lIl to be

.76 and its specificity to be .80, and those of the NINCDS-ADRDA to be .92 and .65,

respectively. The NINCDS-ADRDA criteria seem to be more adequate than those of the DSM

III-R because they recognize the problems inherent in diagnosing AD and so specify Ulree

categories of diagnosis: possible, probable, and detïnite, with the last category requiring

histopathological confirmation. A "possible" AD diagnosis is used when the course of the

disease is abnonmal. A c1inical diagnosis of "probable" AD is used when the disease has an

insidious onset with progressive deterioration and when other systemic or neurological diseases

are excluded. In one longitudinal study which used the inclusion and exclusion criteria of the

NINCDS-ADRDA for "probable AD", the criteria were found to be 100% accurate in diagnosing

26 AD patients as veritïed at autopsy (Morris, McKeel, Fulling, Torack & Berg, 19XX).

Histopathologically, the disease is characterized by neurotïbrillary tangles, neuritic plaques

and granulovacuolar degeneration, although this pathology is also evident in other disease states

(Van Hoesen & Damasio, 1987). Ali types of cortex are affected in AD. The primary sensory

and motor areas are usually spared, however, and the degree of damage to the association cortices

can vary l'rom complete involvement in some patients to damage in only one or two lobes in
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other paticnts (Van Hoesen & Damasio, 1987). Subcorticai structures are also affected. For

cxamplc, the number of neurons is diminished in the nucleus basalis of Meynert and

ncurotïbrillary tangles and neuritic plaques are found in the amygdala and basal ganglia (Morris

& Kopelman, 1986). These pathologies are also found in the hippocampus which could account

for sorne of tlle memory impairments observed on neuropsychologicai testing (MOITis &

Kopelman, 1986). The cause of these pathological changes in AD is unknown.

Martin and Bryant (1988) have provided evidence to support a genetic basis. These

authors repOit an 8% concordance rate for dizygotic twins versus 42.8% concordance rate for

monozygotic twins. Other possible factors cun'ently under investigation are neurotransmitter or

neurochemical detïcits, viral agents, excessive accumulation of toxins in the brain such as

aluminum, and changes in the autoimmune system (Bayles et al., 1987; Cohen, 1983).

Neurochemical changes include reduction in acetylcholine-related parameters (Van Hoesen &

Damasio, 1987; Whitehouse & Kellar, 1987).

Whether or not AD constitutes a heterogeneous disease is subject to debate. The common

lïndings of neurofibrillary tangles, neuritic plaques and neuronal loss in the cOitex at autopsy

suggest to some researchers tllat it is a single disease, however, this argument is not convincing

since thesc pathological markers are also found in other degenerative dementias. The idea that

AD is a heterogeneous disease has been based on variation in the age of onset, labelled "senile"

if the onset is after 65 years and "presenile" if onset is before this age (Gottfries, 1985). This

view has been challenged and it has been suggested that the two should be grouped together

based on their similar neuropathology (Alexander & Geschwind, 1984; Gottfries, 1985) as weil

as descriptive epidemiological data (Rocca, Amaducci & Schoenbert, 1986). Rocca et al. (1986)
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reported that age-specific rates. 'Jr AD show a smooth exponential in~rcase arter ag.e 4(), and arc

not bimodal which would be expected if presenile AU and senile dementia were two diseascs,

Mayeux, Stem and Spanton (1985) reviewed the records of 121 AD paticnts whosc age

at onset of symptoms ranged l'rom 43 to 86 years. The frequency of onset at a particular age was

distributed bimodally and it was reported that patients who were younger at onset did not ditTcr

ti'om those who were older with regard to duration of sympt"ms, education, functional activity

peli'ormanee, and scores on the modified Mini-Mental Status Exam. However, based on records

of neurologic, neuropsychological and psychiatric assessments they were able to distinguish four

subgroups of AD: extrapyramidal, myoclonic, benign and typical. Most of thc palients wcrc in

the typical group where dementia and functional impairmenl progressed over the four-year period

of the study.

The progression of AD is commonly evaluated usmg the seven stages of the Global

Deterioration Seale (GDS) for Age-Associated Cognitive Decline and Alzheimer's Disease

(Reisberg, Ferris, De Leon & Crook, 1982), In stage 1 there is no cognitive decline detectable

and in stage 2 there is a very mi Id cognitive decline, that may not be detected by formai testing.

There is objective evidence of cognitive decline in stages 3 and 4, with a mild dccline in

cognitive abilities and the earliest elear evidencc of impairment present in stage 3. At tllis point,

the individual begins to manifest deereased perfo1TIlance in demanding employment or social

situations. In stage 4, also called the late confusional phase, there is moderate cognitive decline

and the person expeIiences diftïculty wiili concentration and remembering current events.

However, an individual in stage 4 is still capable of travelling to familiar locations. In stage 5

and 6, or ilie phases of early and middle dementia, the patient can no longer live without
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assistance. At stage 7, or late dementia, the person loses verbal abilities and is almost always

in institutional carco The stages of the GDS have been used in research to c1assify people into

healthy control subjccts (GDS 1 and 2), mildly to moderately il'lpaired AD subjects (GDS 3 and

4), scvcrcly impaired AD subjccts (GDS 5 and 6) and velY severely impaired AD subjects (GDS

7) (Flickcr, Hartus, Crook & Ferris, 1984).

ln summary, the diagnosis or ,..,0 is based on excluding other degenerative and reversible

dementias and can be confirmed only with biopsy or at autopsy. Several potential causes of AD

are undcr investigation ,md there is c1inical evidence to suggest that subtypes of AD exist.

Cognitivc dericits vary, further suppOlting the hypothesis that the disease is heterogeneous. The

rollowing is a review of cognitive abilities that decline in AD patients.

1.2 Cognitive Functions in Persons with Alzheimer's Disease

There are large individual differences in the early signs of AD (Breitner, Foldi, Rabins,

Sunderland & Butler, 1987). Some patients may present with predominantly visual-spatial

problems, such as getting lost in prcviously familial' environments, whereas other patients may

complain 00' language difficulties, such as finding words for common objects or names of

relatives. Although any aspect of higher cOltical function can be compromised, memory deficits

are always present (Kaplan & Sadock, 1981). The clinical features of AD can be cognitive,

runctional and behavioural in nature. Descriptions of the changes are based on the patient's self

rcpOlted histOlY and information obtained l'rom the patient's relatives. As well, signs of AD can

be detected through a clinical evaluation.
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1.2.1 Primary and working memory

Alzheimer's disease affects most aspects of memory functioning including primary or

working memory (Morris & Baddeley, 1988) and secondai)', or long-term memory (Martin ct al.,

1985). Patients with AD show deficits of pIimary memory as tested by the seriai recall of digits

(Kopelman, 1985), lett~" (MOITis, 1984) or words (COI'kin, 1982). Kopdman (1985) compared

the performance of patients with AD, Korsakoff's syndrome and healthy control subjects on a

digit-span task and on the Brown-Peterson task. The latter task requires subjects to retain three

items in memOl)' during variable periods of distraction. The AD group differed from the other

two groups in showing diminished perfOimance on both tasks. Performance on the Corsi block

span test, a nonverbal (spatial) analogue of the verbal span test, is also impaired in AD patie'lts

(Corkin, 1982).

The working memory model has been useful in explaining the prilllary memory delïcils

seen in AD (Baddeley, Logie, Bressi, Della Sala & Spinnler, 1986; Morris & Baddeley, 1988).

This framework assumes that there is a central executive system (CES), with limited capacity.

which is responsible for the maintenance, rehearsal and storage of information and which

coordinates and controls two slave systems (Morris & Baddeley, 1988). Although the slave

systems, named the visuospatial scratch pad (VSSP) and articulatory loop, are regulated by the

CES, they function re!atively independently in terms of processing and storage (Baddeley, 19'J2;

Farmer, Berman & Fletcher, 1986; Morris & Baddeley, 1988; Smyth, Morris, Levy & Ellis,

1987). The articulatOl)' loop consists of a passive phonological input store and an active

articulatory rehearsal process (Farmer et al., 1986). The VSSP is analogous to the articulatory

loop, providing temporary storage and maintenance of visuo-spatial rather than verbal material
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(Farmer et al., 1986). Dysfunction of the CES leads to an impaired ability to coordinate and

perform two concurrent tasks (MOITis & Baddeley, 1988).

Baddeley (1992) and MOITis and Baddeley (1988) have provided evidence that AD

seleclively involves the CES. These researchers have shown that with the progression of AD,

performance on individual phonological tasks remains intact whereas perfonnance on combined

tasks deteriorates when compared to that of young and old control subjects. An impaired CES

cou Id also affect performance of the slave systems. Hence, the impaired primary memory of AD

patients as assessed by the Corsi-block span or the Brown-Peterson test may be attributed to a

dysfunclional CES rather tllan an impairment of either slave system.

1.2.2 Attention

Adequate attention is central to tlle cognitive assessment of AD patients, since virtually

ail behavioural testing is heavily dependent on this (Mohr, Claus, Mann & Chase, 1991).

Memory deficits have been attributed to impaired attentional abilities (Baddeley, 1992; Morris

and Baddeley, 1988). In addition to the maintenance, rehearsal and storage of infonnation, the

CES has also been proposed to be responsible for attention.

Attention has been tested, using the working memory model, by having AD patients and

old and young control subjects pelform combined tasks (Baddeley et al., 1986). The experiment

involved pelforming a primalY tracking task conculTently with each of three secondary tasks

which were attïculatory suppression, reaction time to tones and memory span. The primary task

required subjects to use a light-sensitive pen to track a moving white square on a coloured

monitor screen. No differences were observed between the old and young control groups. The
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AD patients were impaired in their abilities to pelt'Olm two of the three secondary tasks, namely,

the simple reaction time task concurrently with the tracking task and the digit span task

concun'ently with the tracking task (Baddeley et al., 1986), ln another study it was found that

as the disease progressed, performance on the individual tracking and digit span tasks was

unaffected, however, performance on combined tasks deteriorated, lending SUPPOlt to the idea that

there is a deficit in the attentional capacity of the CES in AD (Baddeley, 1992),

Attentional skills have also been examined independently of working memory, The tasks

studied include visual and auditory selective attention, visual pursuit tracking, visual search and

divided attention. Foster, Behrmann and Stuss (1992) have documented visual attention deficits

in patients with AD. These investigators used two visual search tasks in which a specitïed target

had to be detected in a field of distractors. One task called for automatic, non-effortful

processing while the other required controlled, effOltful processing. In the former, subjects

searched for a target which was a filled cirde among a number of distractors which were empty

circles. The task requiring effortful processing involved sem'ching for the same target among

background distractors consisting of empty cirdes and tïlled squares. The number of distractors

varied in each task. The AD patients showed impaired performance on both tasks. PerfOimancc

on the automatic task was slowed to the same relative extent regardless of the number of

distractors, which suggested that the impairment was probably due to psychomotor slowing.

However, the speed of pelformance on the controlled task decreased with incrcasing numbcr of

distractors, which indicates that AD patients have impaired visual selective attention on tasks

requiring effortful processing (Foster et al., 1992).

Clinicians often employ quick methods to assess attention. For screening purposes, Mohr
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et al. (1991) recommend the digit span test. This test can be made more difficult !L'1d sensitive

by having patients recall digits backwards. Sustained attention can be assessed by a test such

as "seriai sevens", where the patient is asked to subtract 7 serially starting with 100 (Mohr et al.,

1'1'11). Attention can also be tested using cancellation tests where subjects are required to scan

a sheet of p~per containing line drawings of geometric shapes or common objects identified as

either target.~ or distractors, and the task is to cross out the targets. Foldi, Jutagir, Davidoff and

Gould (1 '1'12) administered nine cancellation tests of varying density (number of items on page)

and complexity (number of different distractor shapes) to groups of AD patients, elderly control

subjects and depressed patients. Ali of these tests contained line drawings of geometric shapes.

The investigators found that the AD group was significantly impaired in comparison to the other

groups, and that the pelformance of ail groups declined with increasing density. The AD

patients' deficits were partially attributed to an impaired ability to encode and process an

increasing amount of information (Foldi et al., 1992).

In short, AD patients are impaired on tasks of primary memory. This deficit can be

attributed to a deterioration of the CES in working memory. The CES is responsible for the

attentional processing required to pelfOim dual tasks. The performance of patients on

cancellation tests has also contirmed attentional deticits in AD patients.

1.2.3 Secondary memory: Declarative memOlY

Secondary or long-telm memory can be categorized into declarative (memory for facts

and episodes or "knowing what") and I:rocedural memory (memory for skills or "knowing how")

(Squire, 1987). Declarative memOlY includes episodic m-lmory which can be further divided into
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implicit and explicit memory (Graf & Schacter, 1985). Both involve memory over longer periods

of time than primalY or working memory. Implicit memory, also called "activation" or

"priming", refers to the extent to which prior exposure to stimulus material facilitates the recall

of other material. This facilitation need not involve conscious recollection (Morris & Kopehnan,

1986), Implicit memOlY has been assessed using word-stem completion tasks where the sllbject

completes a word after being given the tirst three letters. Mon'is, Wheatley and Brillon (1983)

found that while AD patients were impaired on a recognition memory task, performance on the

word-stem completion task was normal. The findings of other stlldies have also suggested that

implicit memOlY, as assessed by repetition-priming tasks, is normal in early AD patients.

Repetition-pliming tasks require the subject to judge whether a string of letters forms a word

(Scarborough, COliese & Scarborough, 1977) or to judge whether or not a word has been

presented previously in the experiment (Moscovitch, 1982).

Explicit memory, also called "episodic" or "recent" memory, refers to memory for

personally experienced events (Morris & Kopelman, 1986). While implicit memOlY appears to

he spared in the early stages of AD, explicit memory is profoundly impaired. Deficits in explicit

memory have been observed on verbal tests. For example, Pappas et al. (1992) conducted an

experiment in which subjects listened to 25 short sentences. The subjects were then asked to

listen to the sentences again and this time, they were required to complete the sentence by

providing the last word. AD patients showed significant impairments on this test in comparison

to healthy control subjects. Due to its early deterioration, explicit memory, as tested on verbal

tasks, is often inclllded in clinical screening tests. For example, the Mini-Mental State

Examination (MMSE) (Folstein, Folstein & McHugh, 1975) contains one item which asks
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patients to repeat three words and to recall these words after the next test item, which serves as

a distractor.

A decline in explicit memory has also been reported on nonverbal tests in subjects with

AD. Impaired performance has been found on tests of recognition memory for spatial and visual

patterns (Sahakian et al., 1988), recognition memory for spatial location (Aldelstein, Kesner &

Strassberg, 1992; Kesner, Aldelstein & ClUtcher, 1989) and recall for location of objects (Crook,

Ferris & McCarthy, 1979) after various delay intervals. Similar impairments have been found

on a visually-guided maze test. This test involves using a stylus on a 13 by 13 or 10 by 10

matrix of boit heads to leam a route by trial and elTor (Barker, 1931; Milner, 1965). Brouwers,

Cox, Martin, Chase and Fedio (1984) reported that AD patients were significant1y impaired on

the maze test (10 x 10 array) in comparison to nOlmal control subjects and Huntington's disease

patients. Patients with AD also showed a significant impairment on a smal1er version of the

maze test (5 x 5 matrix) when compared to normal control subjects (Liu, Gauthier & Gauthier,

199Ia).

1.2.4 Secondmy memory: Procedural memory

Although working and explicit memory are impaired in early AD, there is evidence to

suggest that procedural memory may be relatively intact at this stage. Using a visual finger maze

test, Grosse, Wilson and Fox (1991) rep0l1ed an impairrnent in explicit memory in a group of

AD patients, compared to nOlmal control subjects. However, procedural memory was not

impaired in these AD patients because they learned the maze and showed transfer of training

when presented with a new maze (Grosse et ai., 1991). These investigators attribute this finding



•

•

13

to a relative sparing of corticosuiatal circuits.

1.2.5 Language

According to Flicker, Fen·is, Crook, Baltus and Reisberg (1986), word tïnding diftïculty

is the most prominent charactetistic of language dysfunction in patients who are in the early

stages of AD. Functionally, it has been observed that AD patients lack specilïc content words

in their speech and tend to use words of indetïnite reference such as "they", "thing" and "il"

(Cummings & Benson, 1986).

The Boston Naming Test of visual confrontation naming (Kaplan, Goodglass, &

Weintraub, 1983) is frequently used to assess language in this c!inica! population (Baum,

Edwards, Leavitt, Grant & Deuel, 1988; Knesevich, LaBarge & Edwards, 191\6; Williams, Mack

& Henderson, 1989). In this test, the subject is asked to name 60 line drawings of common

objects. Equivalent 15- (Mack, Freed, Williams & Henderson, 1992) and 30-item versions have

been validated for use with AD individuals and developed in order to decrease the demands on

attention and concentration. In one study, investigators found the Boston Naming Test to be

sensitive not only to age and AD but also to the severity of AD (Flicker, Ferris, Crook & Bartus,

1987). Similar impairments have been found in AD subjects when using verb responses rather

than nouns. The Action Naming Test (Obier & Albert, 1979) requires subjects to provide one

word responses to describe what is happening in pictures which depict actions. When Bowles,

ObIer and Albert (1987) administered this test to AD patients and young and old control subjects,

they found that there was a significant difference, with the AD group performing the worst. The

results indicated that the AD patients made more errors by providing unrelated (as opposed to
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near synonyms or related) words suggesting an impairment with word concepts as weIl as

naming.

Using another naming test, Rissenberg and Glanzer (1987) provided healthy young and

old adults and AD patients with definitions of concrete and abstract words. The subjects were

asked to supply the appropriate words. The AD patients showed a significant irnpairment on this

task and pelt'ormed worse on abstract items. Language impairments have been found on tests

of verbal f1uency where the subject is required to produce spontaneously words l'rom a specified

category (Martin & Fedio, 1983). Such a test is included in the Modified Mini-Mental State

Examination (3MS) (Teng & Chui, 1987) where the patient is asked to name animais with four

legs within a 30-second time limit.

1nvestigators have also examined other aspects of language such as reading

comprehension, writing, and semantic abilities. Murdoch, Chenery, Wilks and Boyle (1987)

assessed language, retention, reading and writing using the Neurosensory Centre Comprehensive

Examination of Aphasia (Spreen & Benton, 1977) and spontaneous speech using the f1uency

subtest of the Western Aphasia Battery (Keltesz, 1980). AD patients were impaired on verbal

expression, auditory comprehension, repetition, reading and writing in comparison to control

orthopedic patients. The findings indicated that while syntax and phonology were intact in the

AD group, semantic abilities were impaired (Murdock et al., 1987). Similarly, Cumrnings,

Houlihan and Hill (1986) reported that early AD patients, but not advanced AD patients, had

intact abilities to read letters, words and commands. However, reading comprehension declined

with increasing dementia severity.

There is a possibility that visuospatial deficits confound the impairment of language
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abilities as tested on reading tasks or on the Boston Naming Test. However, the ability to read

correctly without fully comprehending the meaning of what is read suggests that the distllrbance

of comprehension in AD is a linguistic deficit rather than a product of visuoperceptual

disturbances (Cummings et al., 1986). There have been reports of patients presenting with either

language or visuospatial deficits (Becker, Huff, Nebec, Holland & Bolier, 1986; Eustache, 1992;

Martin, 1987) suggesting that the two deficits are probably independent of each other.

In summary, it appears that language production during early AD is fluent but word

retrieval, semantic access and comprehension difficulties are characteristic early signs of AD.

These language impaitments in AD patients do not appear to be related to a decline in

visuospatial function although deficits in both functions can occur concllrrently.

1.3 Spatial Orientation in Alzheimer's Disease

1.3.1 Definition

"Spatial orientation" describes a broad spectlUm of spatial abilities. Tolman (1948)

described spatial orientation as a person's cognitive ability to represent space accurately, to map

environmental information and to determine the position of the person concerned within that

representation. According to Tolman (1948), to be oriented is to have an accurate representation

or cognitive map of the surrounding area. Unlike Tolman's definition which focuses on cognitive

processes, other terms used to describe spatial orientation include a functional aspect such as

"sense of direction" (Kozlowski & Bryant, 1977), "way-finding ability" (Passini, 1984a, b;

Weisman, 1987) and "!ravel behaviour" (Martino-Saltzman, Blasch, Morris & McNeal, 1991).

In this section, the term "spatial orientation" encompasses the cognitive as weil as the functional
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aspects of spatial abilities. As with memory deficits in AD, spatial disorientation may be

partially attributed to an impairment of selective attention (Bayles et al., 1987).

1.3.2 Spatial skills in Alzheimer's disease

Most patients with AD experience visuospatial deficits at sorne stage during the disease

process (Bayles et al., 1987). Although the early clinical manifestations of AD may vary

between individuals, spatial deficits are common in the early stages of AD (Branconnier &

DeVitt, 1983; Cogan, 1985; Cummings & Benson, 1986; Tariot et al., 1986), and seem to be an

inevitable feature as the disease progresses (Henderson, Mack & Williams, 1989).

Impaired visuospatial abilities do not seem to result from poor visuaI acuity because the

impailments can exist with good visual acuity (Cogan, 1985, 1987; Mendez, Mendez, Martin,

Smyth & Whitehouse, 1990; Nissen, et al., 1985). Further, although visual acuity declines with

normal aging, the decline is not accelerated in the early stages of AD (Fozard, Wolf, Bell,

McFarland & Podolsky, 1977). Various visuospatial deficits have been repOlted in AD patients.

Many of these detïcits can be classified into six categories which will be examined here. These

are figure-ground disclimination, personal orientation, extra-personal orientation, visuospatial

constlUctional ability, mental representation and the functional aspect of spatial orientation.

1.3.3 Figure-ground discrimination

Colm, Wilcox and Lerer (1991) recommend an assessment of visual perception in AD

uSlI1g tests involving discrimination of a simple figure or word "embedded" within a more

complex visual ligure. Figure-ground discrimination is typically assessed using the Embedded
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Figures Test (Whitkin, 1950) or the Figure-Ground Perception Test, a subIest of the Southem

Califomia Sensory Integration Test (Ayres, 1972). Scores on the Figure-Ground Perception Test

havre been shown to be adequately correlated with those on the Embedded Figures Test

(Spearrnan's rho correlation coefficient = -.67) (Petersen & Wikoff, 1983). The negative

coeftïcient is explained by the different scoring methods used for the two tests. A lower score

on the Embedded Figures Test indicates a better pelformance whereas a better performance on

the Figure-Ground Perception Test is indicated by a higher score.

In a study compaIing the pelfonnance of subjects on the Embedded Figures Test, Loring

and Largen (1985) found that early-onset AD patients pelfonned worse than control subjects, and

late-onset AD patients. In another study, Mendez et al. (1990) administered a battery of

"complex visual tests" to AD and control subjects. The battery included a test for figure-ground

analysis which consisted of identifying three hidden tigures (house, hand, hat) and three items

from the Figure-Ground Perception Test. Other tests for skills such as visual recognition, form

discrimination and spatial localization were also administered. The resulls indicated that AD

patients and control subjects differed most on the tigure-ground analysis. An impairment in

figure-ground discrimination was found in ail AD patients including those who were the least

impaired on the MMSE and who had the shortest duration of the disease (six months) (Mendcz

et al., 1990). Other studies have shown that early AD patients are impaired on the complete

Figure-Ground Perception Test (Liu et al., 1991 a) and that the test is sensitive to the progression

of the disease (Gauthier, Liu & Gauthier, 1990).
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1.3.4 Personal orientation

Tests of personal orientation examine "persona! or egocentric space" because the spatial

relations are made with reference to one's own body (Butters & Soeldner, 1972; Ratcliff, 1982).

Two common tests of personal orientation are left-right orientation and the Road-map test. Left

right orientation or discrimination tests commonly use verbal commands orpictures (Ayres, 1972;

Benton, 1951); Culver, 11)69). The commands generally involve pointing to positions on one's

own body or to those of an examiner who sits opposite the subject (Ayres, 1972; Benton, 1959).

ln addition to commands, the test designed by Benton (1959) uses a tùll-Iength drawing of a boy

and of the head and torso of a man. The test of Culver (1969) uses pictures of hands or feet in

different positions.

Left-right discrimination ability has been tested in mild (MMSE: 16-23), moderate

(MMSE : 6-15) and severe (MMSE: less than 6) AD patients and their pelformance compared

to that of patients with multi-infarct dementia and nOlmal control subjects (Fischer, Malterer &

Danielczyk, 1990). These investigators used an abbreviated fOlm of the verbal components of

the Benton test and a doll was used in place of the examiner. Only the severe AD group was

impaired on items referring to the subjects' own body. AD patients at every stage were

significantly impaired on items relating to pointing to the doll. Liu et al. (l991a) repOlted similar

tïndings in another study where early AD patients and control subjects were tested using the left

right discrimination subtest of the Southem Ca!ifomia Sensory Integration Test (Ayres, 1972).

This subtest contains ten verbal items, six refelTing to body parts on the subject and four refen'ing

to those on the examiner. Although there was no ditl'erence in the total scores of the AD and

control groups. it was observed that most of the AD subjects' errors were made on items
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refelTing to the examiner. However, an error type analysis was not conducted to verify this (Liu

et al., 1991 a).

The ability to discriminate left and right has also been tested on ~ more difficult Icvel

using the Road-Map Test (Alexander, Wulker & Money, 1964; Money, 1976). This test rcquircs

the subject to verbalize chunges in the direction of u route druwn on u mup. The Roud-Mup Test

has ulinguistic requirement (De Renzi, 1982) and involves mentally rotating one's body position

(Brouwers et al., 1984). In u recent study, Bylsmu, Brandt und Strauss (1992) reportcd that early

Huntington's disease patients were signitïcantly slower than normal control subjects, but there

was no difference between tlle groups in the number of crrors made. These investigators

attributed the deficit to damage in frontal-striatal patllways that link the frontal cortex with the

head of the caudate nucleus, which is affected in early Huntington's disease (Bylsmu et ul.,

1992).

Putients with AD huve been reported to be impuired on the Roud-Mup Test in compurison

to control subjects (Brouwers et ul., 1984; Liu et al., 199Iu). Brouwers et ul. (1984) Imve also

found thut female AD patients pelfmm significantly worse than mule AD subjects. Performance

on the Road-Map Test has also been shown to deteriorate with uging und with the progression

of dementia us measured on the GDS (Flicker, Ferris, Crook, Reisberg & Ba/tus, 1988).

In order to clarify the verbal, mental rotation and right-Ieft discrimination requirements

of the test, Flicker et al. (1988) udministered the Boston Numing Test and the Roud-mup test

concurrently to young normal, aged normal, eurly and advanced AD subjects. Both tests have

linguistic requirements, and half of the Boston Naming Test items werc rotated 180 degrees to

introduce a rotation requirement to the test. The performance of both the aged control and early
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AD groups declined similarly with the rotation requirements of both tasks, suggesting that early

in the disease, AD produces no fUIther impairment of spatial-rotation abilities than is produced

by nOlmal aging (Flicker et al., 1988).

ft appean; that a disorder of persona! space with respect to parts of one's own body does

not occur until the late stages of AD. However, distinguishing right from left, with respect to

another person's body, or on the Road-Map Test, does deteliorate early in people with AD.

1.3.5 Extrapersonal orientation

Extrapersonal orientation has been defined as orientation in space using extemal objects

as reference co-ordinates (Aubrey & Dobbs, 1989; Semmes, Weinstein, Ghent & Teuber, 1955).

To study extrapersonal orientation, Semmes et al. (l955) devised the Map-Reading Test, a

locomotor task requiring the subject to follow routes on a series of maps by walking on a larger

11001' version of the maps. The test can be visually- or tactually-guided. Deficient pelformance

on the Map-Reading Test is associated with injury to either patietallobe (Semmes et a1., 1955),

or to the posterior areas of the brain (Ratcliff & Newcombe, 1973; Semmes, Weinstein, Ghent

& Teuber, 1963).

There appears to be several processes involved in extrapersonal OIientation. Healthy

elderly subjects have been found to pelform with more errors and take longer to complete the

Map-Reading Test than young control subjects (Aubrey & Dobbs, 1989). This age difference

in pelformance has been attributed to decreased working memory (central executive) and mental

rotation abilities. Aubrey and Dobbs (1989) argue that these cognitive functions are required in

order to keep track of one's position while following the path, to hold in memory one's CUITent
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location and the direction of path leading to it, to rotate mentally the map in order to make a

con'ect left or right tum and to select the con'ect line to follow when more than one path

converges on the dot.

Pelfolmance on the Map-Reading Test has aiso been studied with respect to personal

orientation comparing subjeds with localized brain lesions with control subjects who had

peripheral nerve injuries (Semmes et al., 1963). Personal orientation was assesscd by having

subject~ point to parts of their body which corresponded to those labelled on diagrams of venlral

and dorsal views of a human figure. In this study, both personal and extrapersonal orientation

were impaired in subjects with lesions of the posterior plllt of the left hemisphere. In addition,

anterior lesions (particularly those of the left hemisphere) resulted in an impairment of personal

but not extrapersonal orientation, whereas the converse was the case for right posterior lcsions

(Semmes et al., 1963). It is unlikely that the impaired pelt'OImance of subjects with brain lesions

could be attributed to problems of visioil or language, however, interpretation of performance on

the Map-Reading Test should "Iso take into account the attentional requirements of the test

(Semmes et al., 1963).

Bylsma et al. (1992) also studied the performance of Huntington's Disease patients on the

Map-Reading Test with respect to personai orientation as measured on the Road-Map Test.

Results of the latter were discussed previously. These investigators used two conditions for the

Map-Reading Test. In the 1URN condition, subjects were required to face the direction they

were walking whereas in the NO-TURN condition, subjects always faced a wall identified as the

north wall. The Huntington's Disease patient~ were impaired on the TURN conditions, which

was attributed to a deficit in mental rotation, as verified by their performance on the Road-Map
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Test. However, the patients were not impaired in the NO-TURN condition which the authors

argured was a true mCasure of extrapersonal orientation. Based on these findings, Bylsma et al.

(1992) hypothesized that mental rotation is affected by frontal cortex lesions while extrapersonal

orientation is compromised by parietal lesions.

Only one study to date has involved AD patients in a study of extrapersonal orientation

using the map-reading test (Liu et al., 1991a; Liu, Gauthier & Gauthier, 1991b). Early AD

subjects performed significantly worse t11an healthy control subjects in this study. Although an

error-analysis was not done, the AD patients were observed to perform en'ors relating to the

following: finding the starting cirde on t11e hand-held f100r maps, disceming which route to take

on converging cil'des, concentrating on the task, remembering instructions, remembering which

routcs had already been taken and remembering to use the extemal reference point. One could

speculate tllat the impaired pelformance of the AD subjects could be attributed to any number

of deficits induding those related to mental rotation, extrapersonal orientation, memory, attention

and visuospatial abilities.

1.3.6 Visllospatial constlUctional ability

Visllospatial constlUctional ability is required in ma!lY activities of daily living such as

drawir.,;., putting togetller a puzzle or assembling a bicyde or household item (Spreen & Strauss,

1991). It can be assessed using free-hand drawing, copying, drawing From memory and copying

schematic drawings lIsing three-dimensional blacks. These tests are sensitive to injury of either

the left or light cerebral hemisphere in adlilts. Patients with left-hemisphere damage accllrately

depict the spatial relations among objects but tend to omit detail (De Renzi, 1982), whereas those
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with right-hemisphere damage include detail, but fail to maintain a coherent spatial organization

among elements in theil' drawings (Ratcliff, 1982). As with the other spatial abilities discllssed.

drawing tasks are complex and multidimensional measllres which involve visllospatial as weil as

executive abilities (Barr, Bilder & Kaplan, 1990), and a memory component if the subject is

asked to draw from memory.

Initial free-hand drawing and copying of two- and three- dimensional ligures. as weil as

clock drawing, are useful in the diagnosis of dementia (Henderson et al., 1989; Mohr et al., 1991;

Stmb & Black, 1985). Free-hand drawing, but not copying a cube, is sensitive to normal aging

(Plude, Milberg & Cerella, 1986), whereas cOiJying two intersecting pentagons (two-dimensional)

has been found to be useful in screening AD patients (Teng & Chui, 1987).

Standardized qualitative :iJld quantitative scoring methods have been developed in order

to understand better the skills i'1Volved in drawing (Brantjes & Bouma, 1991; Kirk & Kertesz,

1991). These methods have been applied to drawing tasks such as spontaneous copying or

drawing figures such as a house, clock, tree, person, geometric shapes or other common objects

from memory. Brantjes and Bouma (1991) have categorized drawing skills into three

components: spatial-p<:rceptual, conceptual and executive-motor. When examining spatial

perceptual components, the drawings of AD patients display characteristics similar to those secn

in patients with either left- or right-hemisphere lesions in that they may be scallered, poorly

related spatlally and oversimplified. However, drawings of AD patients differ in thatthere is no

evidence of unilateral neglect (Brantjes & Bouma, 1991; Kirk & Kertesz, 1991). Conceptually,

the drawings of AD patients exhibit a reduced number of ideas and an increase in the number

of repetitions. The perseveration frequently seen in the drawings of persons with AD has been
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identilied as a l'ail ure of the executive-motor component.

Recently, dock drawing and copying have gained popularity as useful screening tools for

AD (Wolf-Klein, Silverstone, Levy, Brod & Breuer, 1989), and for the assessnlent of visuospatial

construction (Henderson et al., 1989). Scoring methods vary but have been clearly documented

(Sunderland et al., 1989; Wolf-Klein et al., 1989; Rouleau, Salmon, Butters, Kennedy &

McGuire. 1992). Clock drawings l'an be used to distinguish people with early AD l'rom healthy

control subjects (Doyon, Bouchard, Morin, Bourgeois & Côté, 1991; Mohr et al, 1991;

Sunderland et al., 1989; Wolf-Klein et al., 1989) and they demonstrate high sensitivity and

speciticity (Doyon et al., 1991; Shulman, Shedletsky & Silver, 1986; Wolf-Klein et al., 1989).

Sunderland et al. ( 1989) have repOlted high inter-rater reliability for clock drawing tests and good

validity coetlïcients when scores on this test are correlated with three global measures of

dementia. In addition, Shulman et al. (1986) found the clock drawing task to con'elate weil with

scores on the MMSE. Qualitative analysis of clock drawing tasks provides useful information

concerning the underlying processes of visuospatial skills such as the ability to organize spatially

the numbers (Rouleau et al., 1992; Shulman et al., 1986).

1.3.7 Mental representation

The infollnation one has about one's environment has been referred to as a "mental

representation" or "cognitive map" (Kozlowski & Bryant, 1977; Passini, 1984a; Tolman, 1948).

Knowledge of an environment has been indirectly measured using a variety of techniques

including pointing to directions and locations of landmarks out of view, estimating the distance

and travel time between landmarks (Kozlowski & Bryant, 1977), performing way-fmding tasks



•

•

25

in real environmental situations (Kozlowski & Bryant, 1977; Passini, 1984b), viewing and

identifying slide projections of the envircnment in question (Allen, Siegel & Rosinski, 1978;

Weber & Brown, 1978) and by having subjects sketch maps (Passini, 1984a, 1986; Rovine &

Weisman, 1989). These methods have been used with healthy elderly and young adult sllbjerts

as well as with brain-injured subjects to lInderstand the use of enviromnental information for

way-finding. Inaccurate sketch maps (McFie, Peircy & Zangwill, 1950; Ross, 1980) and 11001'

plans (Ross, 1980) have been reported in association with topographical disorientation in patients

with focal right-hem;sphere lesions and bilateral posterior damage. Cogan (1985) described an

AD patient who had normal visual acuity but whose disorientation caused him to stop driving.

This patient was able to draw an olltline of a map describing an area with which he had a lifc

long association, but he was found to be unable to place the major cities correctly. Thc use of

sketch maps has been used only recently in studies involving normal subjects and controllcd

studies involving AD patients are seant.

Sketch map tasks are easy and quick to administer and can provide relcvant information

about a patient's mental representation that other tests cannot. Visuospatial constructive and

memory skills are components of the ability to represent mentally features of the cnvironment.

The characteristics of sketch maps have been examined by Appleyard (1970) and Rovine and

Weisman (1989). Rovine and Weisman (1989) conducted a study which controlled for differcnt

environmental experie 'ces. In that study, university students were taken on a tour of a 12-block

area of a small town. The subjects leamed a cornmon set of elements consisting of 20 buildings.

Subsequently, they performed a sketch map task which required them to draw a map of the area

and to include all the buildings pointed out along the tour. This was followed by a way-lïnding
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task where the participants were asked to take the investigator to eight of the target destinations

using the most direct route. Upon analysis, the maps were found to be of two levels of

complexity: sequential or spatial. According to these investigators, "sequential maps connected

buildings by a continuous path, thus ignoring the gridiron structure of the area traversed. Spatial

maps, by contrast, showed at least sorne knowledge of inter-relationships among paths travelled"

(p. 223). The sketch maps were rated according to 1) the frequency of landmarks, path

segments and path intersections, and 2) the topological accuracy of placement of the 20 target

buildings, or their relationships to each other. Way-finding was also measured in terms of

distance travelled, total tums and whether il was the best route. When compared to other pencil

paper measures of self-efficacy, visualization, Olientation and sense-of-direction, sketch map

measures, paIticularly tl1e accuracy score, were the best predictors of way-finding pelformance.

Based on these findings, it was suggested that sketch maps could contribute relevant information

on mental representation in other populations.

In contrast to studies that examine mental representation in a macrospatial context, such

as cities and neighborhoods, Moeser (1988) studied cognitive mapping of the inteIior of a

building. The building was a hospital and was selected based on its unique configuration and

on repcrts that it was very difticult to navigate in il. Student nurses who had worked in the

hospital for various peliods of time were asked to draw a floor plan of four floors of the hospital

and to include as many details as possible. These sketch maps were scored by compaIing them

to tloor plans supplied by the hospitaI administration which resembled survey maps. The subjects

drew landmark rnaps (placing rooms in relation to each other without indicating connecting

corridors) or route maps (drawing a few corridors and rooms that were Iocated along these
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routes). No one drew sUl-vey maps with a complex Jet of corridors.

The maps were scored by giving one point to each label of an item that was placed

appropliately in relation to the others. There was a total number of 85 items which included

rooms, entrances and elevators. The general tïndings were that students with 25 months'

experience pelfonned better on the labelling task than students with 4 months' experience but

they were no different from those with Il montlls' experience. ln addition, none of these

students formed sUl-vey-type cognitive maps as would be expected of people who are experienced

with a setting. Moeser (1988) concluded that either mental representations of survey maps do

not develop automatically or that the building layout was too complex, and that people

automatically develop cognitive maps of the survey type for simpler environments.

To the author's knowledge, only one similar study has been conducted with AD patients

(Liu et al., 199Ia). In a laboratory setting, early AD and healthy control subjects were asked to

sketch m~\ps of their homes or a "familial' environment". Subsequently, they were taken on a tour

of the main level of a university building denoted as a "new environment". The subjects were

then required to perform a way-finding task by leading the investigator to each of tive target

rooms in the new environment. This was followed by sketching maps of the route taken to the

five target rooms. Sketch maps of familiar environments were verified by the investigator during

home visits at whieh time the subjects also led the investigator to each of the rooms in the

familiar environment. The sketch maps were rated according to the number of correctly

identified rooms and the relationships of these rooms, much like the frequency and accufllcy

measures used by Rovine and Weisman (1989). The AD patients were impaired in their way·

fmding ability in the new environment, but not at home. These patients were also impaired in
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mentally representing both environments and obtained lower scores for the relationship between

rooms than for the number of rooms in both sketch maps. These data suggest that the

impairment of mental representation observed in AD patients may be a result of impaired recall

whereas intact way-finding at home may be attributed to intact recognition memory. More

comprehensive scoring and analyses of sketch maps could provide helpful information about the

processes underlying this impairment in AD.

1.3.8 Flinctionai spatial skills: Driving ability

ll1e initial signs of AD are lIsually first noticed by the patient him-/herself and the

immediate family members. As a reslilt of changes in memOlY for recent events, word-finding

abilities, attention span or spatial OIientation, activities of daily living (ADL) which require the;;e

abilities are inevitably affected. Driving, way-finding and wandering are three aspects of

functional spatial orientation that will be addressed.

The capacity to drive is of particlilar concem to health professionals and caregivers of

patients who are in the early stages of AD (Chenoweth & Spencer, 1986; Weintrallb & Kapust,

1989). One retrospective sllrvey involving 30 AD and 20 healthy control subjects revealed that

47% of AD patients, in contrast to only 10% of control subjects, had experienced at least one

accident in the previolls tive years (Friedland et al., 1988). An odds ratio of 7.9 was estimated

for accidents involving patients with AD. These accidents occlirred with patients in the early or

middle stages of the disease and were not related to driving experience or alcohol intake.

AlthOl'gh tests of memory, attention, visuospatial constlUction and reaction time were

administered to these sllbjects, the results were not reported. A greater accident rate among
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persons with AD compared to control subjects has also been found in a more recent study which

also used a retrospective SUl'vey (Dubinsky, Williamson, Gray &. Glatt, 1992).

In another survey involving 72 outpatients with dementia, 53% of whom were diagnosed

with AD, 30% had had at least one accident since the onset of dementia symptoms (Lucas

Blaustein, Filipp, Dungan &. Tune, 1988). This survey found that demented patients who had

had accidents since the onset of illness were as likely to still be driving as those who did not

have accidents, but were more likely to beeome lost (Lucas-Blaustein et al., 1988).

While sorne investigators advocate that all AD patients stop driving (Friedland et al.,

1988), others alert clinicians to the legal and moral implications of such a severe action

(Drachman, 1988; Lucas-Blaustein et al., 1988). The capacity to drive depends on complex

abilities ine1uding decision-making, memory, visuospatial ski lis, judgment and attention

(Friedland et al., 1988), as well as on having a quick reaction time and adequate psychomotor

skills. Further prospective studies using randomly seleeted sampies, including the general

population, are needed to establish accurately the relative risk of accidents in AD patienl~

(Kokmen, 1989), and to determine the predictors of declining driving capacity in early AD

patients.

1.3.09 Functional spatial orientation: Way-finding and wandering behaviour

Way-finding has been introduced in the previous section in the context of mental

representation. Disorders in way-finding, also called topographical or environmental

disorientation, usually occur as a result of global impairments of cerebral functioning, but have

also been reported in patients with localized brain lesions (Habibi &. Sirigu, 1987).



•

•

30

Topographical disorientation is defined as the inability to recognize, navigate or find one's way

in an environment that is familiar to the person (De Renzi, 1982; Habib & Sirigu, 1987; McFie

et al., 1950). This disorder has been observed in patients with lesions in the right hippocampal

rcgion, right occipital lobe with thalamic involvement (Habib & Sirigu, 1987), as weil as in a

patient with Dyke-Davidoff-Masson Syndrome which is characterised by developmental atrophy

and porencephaly involving the light frontal and parietal lobes (Fine, Mellstrom, Mani &

Timmins, 1980). Ratdiff and Newcombe (1973) reported that topographical disorientation results

l'rom bilateral lesions involving the posterior aspects of the parietal, temporal and occipital lobes.

Using the Map-Reading Test, these investigators found that subjects with bilateral lesions were

signitïcantly more impaired than subjects with unilaterallesions involving the same areas of the

brain. The Map-Reading Test involves topographieal orientation in that il requires a subjeet to

"monitor changes in one's position relative to the environment" (p. 453) (Rateliff & Neweombe,

1973). Although most authom report lesions involving the posterior right hemisphere in patients

with topographical disorientation, the exact anatomieal con'elate of this disorder is not known.

Most of these cases involve patients with hemianopia or quadrantopia whieh are not generally

seen in AD patients. Thus, environmental disorientation in AD patients is probably a result ('1'

different underlying processes.

Way-tïnding is similar to driving in that decision-making, attention, memory and

visuospatial skills are ail required in order to sueeeed. In studies involving healthy subjeets, way

tïnding has been treated as a "problem-solving" skill (Downs & Stea, 1981; Passini, 1984a, b;

Rovine & Weisman, 1989; Srnyth et al., 1987). Downs and Stea (1981) propose four sequential

stages that one uses for way-tïnding. These are: 1) to orient oneself by establishing a mental
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representation of the environment; 2) to select a destination and establish a connection betwcen

where one is and where the destination is in space; 3) to maintain the necessary direction or

relationship between the mental map and the environment as weil as exccute necessary actions

and deeisions, and 4) to discover the destination by recognizing it as such. Passini (1984a) offcrs

a similar description of the eomponents involved in way-tinding, however, he proposes that these

eomponents are iterative and not sequential.

The use of sketch maps to measure way-finding ability was discussed III the previous

section. Based on results obtained from sketch maps, Rovine and Weisman (1989) suggcst that

there are differenees in strategies used for assimilating the vast amount of environmental

information required for navigation. They found that successful way-tinders attend to the spatial

nature of the environment as opposed to memorizing the route. In another study involving

elderly persons residing in a nursing home, Weisman (1987) observed four way-finding strategics.

These are; 1) the use of "perceptual aceess", also called landmarks or goals, to guide one's trip;

2) "blind navigation" or following a trail such as coloured lines running along corridor noors or

walls; 3) the use of signs and landmarks to update infonnation and clarify choices where

decisions are to be made, and 4) developing a mental image or cognitive map of the environmcnl.

This last strategy would appear to be the most effective and comparable to attending to the

spatial nature of the environment.

In addition to intact cognitive abilities, sueeessfui way-finding is also largely dependent

on environmental factors. For example, way-finding is facilitated if landmarks are available and

if the destination is visible (Carpman, Grant & Simmons, 1985; Weisman, 1987). Weisman

(1981) reported that the complexity or layout of 10 university buildings accounted for 56% of
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the varianœ in way-finding, whereas experience or familiarity with the building accounted for

only 9%. Even interior decoratingstrategies seem to affect way-finding. Evans, Fellows, Zorn

and DotY (1980) found that way-finding is facilitated if walls are painted in distinct colours as

opposed to a monochromatic beige. Environmental factors that affect way-tinding ability

contribute to the "Iegibility" of that environment (Weisman, 1981). This refers to how easily the

environment is spatially understood.

Way-linding in healthy individuals can be considered a purposeful activity. Severe

difficulties in way-tinding may result in nonpurposeful activity called wandering. Wandering is

most olten observed among residents in institutions where dementia tends to be more severe.

By filming nursing home residents Martino-Saltzman et al. (1991) identitied three types of

ineffective travel behaviour: lapping, pacing and random wandering. As yet, no controlled study

has examined way-tinding in AD patients using the technique of navigation on streets or in

buildings or observation through filming. Such a study could measure locomotor skills which,

in addition to cognitive skills, are also impoltant in acquiring spatial knowledge (Allen et al.,

1978). FUlther, the method would be "ecologically" valid, which refers to how weil test results

retlect one's abilities in everyday life (Plude et al., 1986; Wilkins, 1986).

An indirect method of evaluating way-tinding is by using a questionnaire as has been

done for obtaining information on driving abilities. In the study on environmental legibility,

Weisman (1981) administered a self-report questionnaire containing 10 items. These items were

specitic to the university buildings under study and ranged from how frequently a person has

been lost, to how confident a person would be in giving directions to a stranger or in drawing

a sketch map of a building. It is not known how these self-reports relate to more objective
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methods of measuring way-tïnding. Kozlowski and Bryant (1977) found self-reports of one's

own "sense of direction" to be accu rate in predicting performances in painting ta unseen

buildings, to the direction north, and map-completion. A visual analogue scale was used for

these self-reports.

To summaIize, way-tïnding, as studied USll1g navigation tasks and observing travel

behaviour, is a complex activity requiring the integration of many cognitive abilities in addition

to locomotor ski Ils. These methods arc ecologically valid but arc difficult to usc with AD

patients unless factors such as aspects of the physical environment, individual way-finding

strategies and spatial impairments are concurrently addressed. In addition, they arc time

consuming. A questionnaire would be a more eftïcient way of obtaining information on Ule way-

finding abilities of AD patients as has been donc in studies on driving abilities in this population

(Lucas-Blaustein et al., 1988).

The use of self-repOlts with AD patients raises the issue of judgement and the reliability

of the responses. Using patient and proxy responses, McGlynn and Kaszniak (1991) reportthat

AD patients substantially under-estimate their difficulties with cognitive tasks in everyday life.

They also found that AD patients are inaceurate when predicting meir performance on cogniti ve

tasks and tend to over-estimate their memory abilities. However, Rocca ct al. (1986) compared

responses from AD patients and proxy responses using a questionnaire covering several topics

mat ranged from lite habits and family history to medical history and found contrary results.

These investigators found mat the responses of surrogates were generally in excellent or good

agreement wim those obtained from the patient. Hence, the accuracy of responses may depend

on the variable being measured. The accuracy of self- and proxy-ratings may also be affected
..._-_._------

--.......
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by the type of report the subjects are asked to use. Baddeley, Sunderland and Harris (1982)

compared responses l'rom a questionnaire conceming memory with responses from diaries

concerning the same items on the questionnaire. Self- and proxy-rated responses were compared

using patients with acute and chronic head injuries and a control group. Baddeley et al. (1982)

found that sclf-rating by questionnaire was not correlated with objective measures of memory,

but proxy-ratings by questionnaire were. Also, the diaries of the chronic head injury and control

groups wcre significantly correlated with objective measures as were the diaries of the proxies,

but to a lesser extent. As yet. it is not known whether an indirect measurement of way-finding

by a questionnaire would provide accu rate information on actual way-finding abilities. In

addition, although one may question the accuracy of self-ratings by patients with AD, a better

undcrstanding can be gained if self-ratings are compared with proxy-ratings and if both self- and

proxy-ratings are compared with objective measures.

1.3.10 Summary

Spatial orientation is a multi-dimensional concept involving many aspects of cognitive

function. Il also involves environmental factors which are related to way-finding ability and

driving capacity. Many tests have been developed to study spatial disorientation. Studies of the

spatial abilities of patients with brain lesions have provided many neuropsychological tests that

arc uscful for studying the AD population. ln addition, studies involving healthy subjects have

provided other methods and information about the processes involved in successful way-finding.

Together. thesc studies serve as a framework for studying spatial orientation in AD. These skills

can be catcgorized into different aspects of spatial function depending on their place within a
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hierarchy of skill. On a basic level, one could test left-right orientation and on a comples level,

way-tinding ability could be esamined, For ail capacities, memory, attention and language need

to be considered as factors potentially associated with a spatial deficil.

On some clinical scales, such as the Dementia of the Alzheimer Type Inventory

(Cummings & Benson, 1986) and the Briel' Cognitive Rating Scale (Reisberg et al., 1983), spatial

OIientation is frequently classified with orientation to time and other ADL ski Ils. In addition,

many of the items on these scales involve only verbal responses l'rom the subject, thereby

possibly confounding the spatial skill with verbal abilities. There is no standard set of spatial

tests one can use to understand the level of spatial impairment of an AD patient. Many of the

spatial tests that have been used have unknown psychometrie properties, despite their long

standing use in neuropsychology. The nest section addresses factors that need to be considered

in the development or use of such tests.

lA Test Development

An impOitant aspect of an instrument is whether it is a standardized test or a rating scalc.

A standardized test has a specified population of individuals as its interpretive frame of reference,

that is, the norms ret1ect the characteristics of the samples used. These characteristics may be

age, sex, years of education or cultural background, The norms are used to determine the level

of performance in another group of individuals. For example, the Wechsler Adult Intelligence

Seale (WAIS) is frequently used to compare older brain-injured individuals with each other and

with the norms from a healthy aged population.

When interpreting results from a standardized test, it is important to consider the
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normative sample for which the test was designed (Anastasi, 1982). If the patient 1S not

comparable to the original normati ve sample on variables such as age, sex, language, culture and

sociocconomic status, the interpretation of the patient' s score would not be a valid one. For

cxample, the Porteus Maze Test (Porteus, 1959) was originally designed for and standardized on

children. Although two subsequent adult test items were added, the test ages only reach a

maximum of 1'/ years and normative data are only available for a maximum chronological age

of 15 years. Although many of the spatial tests reviewed in the literature have standardized

administration procedures, they are nût standardized tests because normative data do not exist.

Moreover, the standardized procedures developed for one type of population may not be

appropriate for a population with dementia. ror example, establishing time limits may result in

tloor elTects in the scores, and excessively long instructions that require intact memory and

attention may be too difticult for a person with dementia to comprehend.

An alternative to selecting a test that has been standardized using a general population is to

flnd a testthat has "specitic" nOlms, that is, the test has been standardized on a nan'owly defined

population (Anastasi, 1982; Golden, Sawicki & Franzen, 1984). These can be "subgroup" norms,

or "local" nonTIs which are even more narrowly defined than subgroups, that is, one may want

to use a test standardized on patients in a particular hospital or in ail of the hospitals in a city

(Anastasi, 1982; Goi Jen et al., 1984), The disadvantage of using these alternative standardized

tests is that generalization from the norms to the patient's score is limited, however, the

advantage is that Interpretation of the patient's pelfOlmance may be more accurate and valid,

Even if the test scores are normalized to subgroup or local nOlms, interpretations must be made

with caution in heterogeneous geriatric populations.
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The rating scale is more readily available to the clinician or researcher who is inlereslcd in

differentiating AD patients from other geriatric patients. The rating scale is usually more

descriptive and easier to construct and use than the standardized test. The Global Deteriol1llion

Seale (GDS) (Reisberg et al., 1982) is an example of a rating seale eommonly used to

discriminate AD patients from other patients and one stage of the disease l'rom anolher.

UnfOltunately, rating seales tend to laek the rigorous psychometrie evaluations tilat standardized

tests are usually subjeeted to, and therefore reliability and validity are orten major issues when

the seales are used with an AD population. Since AD is a progressive disease, pmt of diagnosis

involves reevaluation to deteet disease progression. Therefore, it may also be desirable for the

ehosen rating seale to be examined with respect to its ability to deteet signifieant change reliably

over time. An instrument's ability to deteet minimal clinieally important differenees is referred

to as responsiveness by Guyatt, Walter and Norman (1987) who offer a formula to ealeulate sueh

an index.

Prior to administering any measurement instrument, it.~ basie properties of reliability and

validity must be examined. When a battelY of tests is developed, there is also the issue of

intemal eonsistency of the battery.

1.4.1 Reliability

Reliability refers to the performance eonsistency of the test as administered by the same user

or by different users (Feinstein, 1987). Reliability involves two sources of variability: external

and intemal variability (Feinstein, 1987). Assessment of extemal variability involves intra-rater

and inter-rater reliabilities. A reliable instrument is one in whieh the scores l'rom subject.~ are
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reproducible over time and between raters. Establishment of extemal reliability should be done

with raters who represent those who will eventually use the instrument, whether they be a

ciinician, caregiver or a patient. Usually, inter-rater reliability is measured during the same

testing session whereas intra-rater reliability is measured over two sessions, hence the latter is

also called tcst-retest reliability.

The test-retest method also assesses temporal stability or variance due to the passage of time

because it involves more than one test session (Golden et al., 1984). Its limitation is the

possibility of carry-over effects, that is, if the time interval is too short, the reliability coefficient

may be an overestimate of the true stability due to memory or learning effects (Kline, 1979), for

example, the subject may remember his or her responses thereby intlating the reliability. This

method does not deal with the reliability of the instrument itself because the same instrument is

used on the second administration. Instead, the focus is with subject variability and consistency

of the users (Feinstein, 1987). When the test-retest method is used for cognitive tests, the time

interval between tests should not be too long because, as the time interval increases, the

reliability coefficient decreases (Anastasi, 1982). Nunnally (1978) suggests allowing two weeks

to one month between tests in order to account for day-to-day differences.

Internai variability or internaI consistency is the assessment of variance due to content

sampling and heterogeneity of the test items (Golden et al., 1984). Il is the expected cOlTelation

between an actual test and a hypothetical altemative form of the same l'''lgth (Nunnally, 1978).

Cronbach's Alpha (Cronbach, 1951) is the usual index of intemal consistency. The value of an

acceptable coefticient depends on the heterogeneity and number of subtests. An extremely high

coefticient could suggest that the battery may be too narrow and too specifie, which would
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reduce the validity of the test because the subtests are almost identical to each other. Thc

intemal consistency of a battery of tests depends on the inter-cOiTelations between the subtests

comprising such a battery. If the subtests measure the same constl1lct, one would expect thc

battery to be intemally consistent. However, if the constl1lct involves heterogeneous ski lis. as

reflected in the subtests, then this heterogeneity would lower the internai consislency of lhe

battery. Another factor to consider is that Cronbach's alpha increases WiÙl the nUlllber of

subtests of a battery (Nunnally, 1978).

1.4.2 Validity

Validity is concemed with what the instlUment intends to measure. The insll1l1TIenl IS

validated in relatie>n to the purpose for which it is used (Carmines & Zeller. 1979). Face,

content, criterion and constlUct validity should be considered in selecting or developing an

instlUment to measure spatial skills in AD. Face validity conccrns judgements about a tcst either

on the part of the rater or the patient (Nunnally, 1978). This is impOitanl 10 consider whcn

testing the elderly in order to minimize factors that may affect perfOimancc. The lest should

appear appropriate to the subjects taking it. If the test does not appear appropriatc to the

subjects, they may resist performing or they may not perform at their optimum levcls. On the

other hand, a researcher may wish to disguise the purpose of the test, or eliminate face validity

in order not to bias the subjects' responses (Payton, 1980). Face validity also relates to how the

examiner perceives the test. The criterion is seldom based on empirical evidence but on the

subjective judgement of one or more experts as to whether or not a test looks reasonable (Streiner

& Noman, 1989).
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Content validity is cJosely related to the concept of face validity. Content validity consists

of a judJement of whether Ùle test samples ail the important areas of the domain of interes!., An

instl1Jment designed to measure spatial orientation should sample ail of ilie important and stable

aspecls of ùlis constl1lcl as applied to the AD and elderly populations. Since patients should

perfOIlTI at their optimum level, pelformance should not be timed unless it is actually speed iliat

is of interest, such as reaction time measures. U:;uall~' ilie assessment of content validity involves

consulting panels of individuals considered as "experts" (Spitzer et al., 1981; Thom & Deitz,

1990). l'hese experts may bç patients, caregivers, relatives or healili professionals depending on

the purpose of the test (Spitzer et al., 1981). The experts provide feedback on ilie completeness,

cJarity and applicability of the instl1lment (Wood-Dauphinee, Opzoomer. Williams, Marchand &

Spitzer, 1988). In the development of a quality of life index for cancer patients, Spitzer et al.

(1981) used an a priori criterion forestablishing content validity. The criterion used was iliat a

majority of a panel (51 %) should respond aftirmatively to ail l'ive questions about each item of

the index being developed.

Criterion validity is evaluated by corr~lating scores on the scale with sorne oilier measure of

Ùle variable under study (Streiner & Norman, 1989). It is preferable if ilie other measure is a

"gold standard". ln general, the rationale for critelion validity is to replace one measure, usually

the gold standard, Wiùl a shorter, less expensive or less invasive one. Concurrent validity refers

to the relationship between scores on a new measure and scores on Ùle criterion measure which

is administered at approximately the same time as ilie new measure. Predictive validity refers

to the ability of the new measure to predict pelformance on a criterion measure which is assessed

in the future. Aliliough iliere are many tests of spatial skills, particularly in neuropsychology,
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few of these have been applied to the AD population. Those that have been used with AD

patients have been used to gain knowledge about spatial deficits associatcd with AD and none

has been referred to as the "gold standard". As it is not possible to compare a measure of spatial

orientation to a gold standard, other standards must be used. A commonly accepted standard of

rating the severity of dementia is the ODS. This scale uses descriptions of general behaviours

to determine the level of disease progression, and these behaviours include sp,ltial orientation

skills. Thus, one method that eould be usee! to assess the concurrent validity of a new measure

of spatial orientation ski Ils would be to compare performance on this new measure to scores on

the ODS, not in terms of the new measure's ability to rate the severity of dementia, bul in tenns

of its ability to rate the severity of spatial disorientation. The predictive validily of a new

measure could be assessed, for example, by asking whether or not current scores on the new

measure prediet one's ability to drive an automobile in six months, or if the new measure predicls

institutionalization of the individual in one year. A longitudinal study would be required in order

to address the predictive validity of such a new measure.

ConstlUct validity refers to the extent to which the new measure rela,~s 10 other me,l,ures

in a manner that is consistent with the theoretically derived hypothesis regarding the behaviour

or ability being measured. ConstlUct validity is related to content validily in lhat the test items

must represent adequately the behaviour or ability of interest (Paylon, 19HO). A new measure

possesses constl1Jct validity if it correlates to a certain extent wilh olher measures lhat evaluale

the sarne funetion or behaviour that it claims to evaluate. The rationale for construcl validity is

to use the underlying theOl'y of an existing measure to help develop an instlUmenl !hal beller

explains a certain behaviour under study. Oiven that the new measure could replace the use of
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the GDS for the pur'Jose of describing spatial orientation, i' could be argued that the method

suggested for establishing criterion validity would also contribute to establishing constlUct

validity.

1.5 Rationale for the Study

The literature contains many studies that have examined and measured vaIious aspects of

spatial orientation. Seme of these have used tests that are designed to examine simple, perceptual

spatial ski Ils, while others measure more complex skills. Many studies suggest that the Iight

posterior region of the brain is critically important for performance on spatial tasks. There is also

evidence that indicates that spatial orientation depends on an intact ability to plan, concentrate,

remember and integrate information, which implicates the frontal, temporal and parietal areas of

the brain. When spatial skills are studied in healthy young and elderly subjects, it is apparent

that spatial orientation involves processing at many levels, and that there are age and individual

differences. Sorne skills decline with age and subjects of ail ages use different strategies to

orient themselves.

Interpretation of the results from tests of spatial performance in AD patients is challenging

because the disease is global and affects the brain bilaterally. There is evidence to suggest that

although bOtll AD and otller clinical populations, such as individuals with localized brain lesions

or cerebrovascu lar accidents, experience spatial disOlientation, the processes underlying the

disorientation appear to be different. In order to study these processes, reliable and val id tests

are needed. Although many spatial tests appear valid, most studies have not specifically

addressed this is·;ue. The same problem exists with respect to the reliability of spatial tests.
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Finally, few studies have examined several levels of spatial function concurrently. This would

permit a better understanding of the underlying processes contributing to an observed delïcit.

A battel'y of spatial tests with established psychometric properties could serve several

purposes. Clinically, the data l'rom these tests could be used to sUPP0l1 or question CUITent

strategies used in the management of disoriented AD patients (Bleathman, 19X7; McGrowder-Lin

& Bhatt, 1988; Munson et al., 1991 & ühta & Ohta, 19XX). Stable and "valid subtests could

potentially be included in diagnostic screening tests, clinical dlUg trials and, in future studies, as

a predietor variable for more complex spatial behaviours such as the capacity to drive. The data

could also help answer sorne theoretical questions. These questions pertain to what is the

underlying process of spatial disorientation in AD patients, and whether t\lere is a pattern of

declinc in celiain skills as the disease progresses.

A preliminalY study has been conducted to determine whether specific spatial orientation

skills are affeeted by AD (Liu et al., 1991a). In that study, spatial orientation was operationally

defined as pelformance on tests of basic (perceptual), higher cognitive and functional spatial

skills. Tests were selected to examine skills in each of these categories. Basic spatial skills were

assessed using tests of tigure-ground discrimination, shape recognition, size discrimination,

recognition of position in space, and left-right discrimination. Higher-order cognitive spatial

skills were evaluated using pencil and paper mazes, the Map-Reading Test, the Road-Map Test,

a test of spatial memory span and a visually-guided maze. Mental representation was tested by

having subjects draw floor plans of their home or familial' environment and oi a new

environment, that is, the first floor of an unfamiliar building. Functional spatial skills in the

familial' and new environments were tested by observing the subject navigate in both places.
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The pelformance of a group of 15 early AD patients was compared to that of a group of

15 control subjects matched with respect to age, sex and years of education. The results

indicated that the AD group showed deficits on test~ of higher cognitive spatial oIientation,

including mental representation, but that certain basic spatial orientation skills were intact. On

tasks of functional spatial orientation, the AD group was impaired in the new environment but

their performance in familiar environments was normal. These findings suggest that in the early

stages of AD, disorientation in new environments is related to deficits of higher-order cognitive

spatial ski Ils. These results provided a basis for the development of a test battery for assessing

spatial skills in persons with AD. Based on the findings from this study, tests that were not

sensitive to the presence of AD were eliminated, namely test~ for shape and size discrimination.

1.6 Objectives of the Study

The global objective of this study was to determine the reliability and validity of a battery

of subtests for the assessment of spatial orientation skills in persons with AD. This battery of

subtests was based on those used in the preliminary study. Most of these tests have been

d"scribed in tlle literature and are well known in research on spatial skills. For most of these

subtests, normative data and information conceming their reliability and validity are lacking. For

those that have psychometric data, the data pertain to other populations sueh as children, young

nOlmal adults or adults with focal brain lesions. Thus, the specifie objectives of this study were

to: 1) obtain nOlmative data for these tests using healthy elderly subjects, 2) determine the

external reliability or the test-retest and inter-rater reliability of eaeh of these spatial tests when

administered to patients with AD and to healthy elderly subjects, 3) determine the internai
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reliability or internai consistency of tlle battery, and 4) determine the content, Cünstruct and, 10

a limited extent, the crilerion validity of tllis battery of tests as applied to AD patients. Since the

global objective was to evaluate the subtests and not the battery as a wholc, total scorcs wcrc nol

analyzed except for the internaI consistency study.

In order for the results l'rom tllis study to have clinical relevance, another objective was

to develop a preliminary shOitened battel'y for possible use in the clinic. The criteria used for

selection of subtests were that they possessed good psychometric properties, they 11l1d clinical

relevance and that taken together, they represented the same range of spatial skills testcd using

the original battelY. Since the purpose of the shortened battery was for clinical use, total scores

were tabulated and then used for detelmining construct validity. The internaI consistcncy of the

shortened battel'y was also exarnined.

Given that AD involves changes III many aspects of cognitive function which may

influence spatial abilities, a concurrent assessment of sorne of these aspects of cognitive function

may help explain the pelformances on spatial tests. Thus, a related objective of tlle study was

to detelmine whether AD patients were also impaired on objective tests of attention, naming

ability, verbal memory and visuospatial constructive abilities. At the same time, normative data

were collected for these test5 because they were not available in the literature. Test-retest and

inter-rater coefficients were a1so obtained for the clock drawing test which was used to cvaluate

visuospatial constructive abilities. This information was considered to be relevant givcn its

frequent use with AD patients. Since AD affects global cognitive functioning, it was cxpected

that AD patients would also be impaired on these other tests of cognitive function .
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2.0 METHODS

111is study examined the performance of 3 groups of subjects on 13 spatial orientation

skills subtests and 4 nonspatial tests. This section describes the c~ntrol, AD subjects in GDS 3

and 4, and AD subjects in GDS 5 who volunteered to be tested in this study. The data l'rom the

GDS 5 AD subjects were used in the analysis for establishing criterion validity. The mental

status examinations and each of the 13 subtests of the SOS Battery are also described in detail.

Adaptations were made to these subtest~ so that the AD patients cOll\d pelfOIm them. These

adaptations are reported in addition to their known psychometric properties. This is fol1owed by

a description of the four nonspatial tests used to assess attention, language, verbal memory and

visuospatial construction. This section then presents the procedures and statistical analyses used

for detennining content validity, test-retest and inter-rater reliability, internai consistency as wel1

as constl11ct and criterion validity of the battery.

2.1 Subjects

2.1.1 Normal Control Subjects

A total of 103 English-speaking, healthy subjects were initial1y recruited for the collection

of normative data. Sorne of these volunteers were refen'ed l'rom a group of healthy volunteers

being followed 10ngitudinal1y at the Douglas Hospital Center. Volunteers were a1so recruited

through community seniors groups and various chapters of the Golden Age Society. The spouses

of some of the AD subjects were also invited to participate. The sample size of the AD group

used for the validity study was intended to be 25, and so that of the normative sample was set

at four times this, namely 100 subjects, in order to have sufticient numbers to describe the
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variation in the peltormance of the normal aged population.

Subjects were selected to be between the ages of 50 and 80 years. This rangc was chosen

based on the report that general cognitive function in healthy men and women, as measured on

the MMSE, appears stable between the ages 50 and 80 years but shows a declinc uner the age

of 80 (Bleecker, Bollu-Wilson, Kawus & Agnew, 1988). Furthermore, this range was comparable

to that of the AD group.

The nmmal control subjects had no history of neurological or psychiutric delïcits, such

as head injury or psychosis, that would have affected cognitive function. This was verilïed ut

the initial visit using a health status questionnaire (Full'ie, 1987). Both the normul control and

AD subjects were asked to answer socio-demographic questions on a questionnaire entitled

"General Information" (Appendix B). The normal control subjects did not demonstrute uny visuul

field detïcits as tested by confrontation und visual acuity, with or without visual aids, was atleust

20/50 when tested with the pocket Snell cardo Each subject signed an informed consent form

(Appendix Cl.

Each individual was administered the MMSE (Foistein et al., 1975) and 3MS (Teng &

Chui, 1987), A minimum of 26 on 30 was set as the cut-off score for the MMSE. SubjecLs in

this normative sample also had to be right-handed as assessed by the Edinburgh Handedness

Inventory for which nmmative data, based on 1100 young and adult individuals, exist (Oldlïeld,

1971). The five-item version of the original 20-item questionnaire was used in order to decrease

administration time (Bryden, 1976; Raczkowski & Kalat, 1974). This involved asking whether

the subject used the left hand only, the right hand only or either hand to perform the following

activities: writing, drawing, throwing (a bail), cutting with scissors and using a toothbrush.
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Factor analysis has demonstrated that these five items Joad on the common factor of what is

nonnally meant by handedness (Bryden, 1977).

Of the 103 control subjects who attended the initial visit, one man was excJuded be~ause

he was 4S years old and thcrefore did not meet the criterion for age. An additional five subjects,

one man and four women, were excJuded because their MMSE scores were below the 26 cut-off

score. The linal control group was composed of 97 subjects and consisted of 36 men and 61

women. The group's mean age (standard deviation) was 67.7 (SD = 7.1) years with a mean of

13.7 (SD = 3.7) years of education. The mean scores on the mental status examinations were

29.2 (SD = 1. 1) for the MMSE and 97.3 (SD = 2.8) for the 3MS.

From every black of three healthy elderly subjects evaluated in the normative study, two

subjecls were randomly selected. The tïrst person drawn was used for the test-retest reliability

and the second one for inter-raler reliability studies. Ali subjects were infonned at the beginning

of the study that there was a possibility that they would be asked to retum for a second visit.

If a subject did not agree to return to complete the reliability study, he or she was dropped from

the reliability study and replaced by the next new subject. This selection process yielded a group

of 33 subjects for the test-retest study and a group of 27 subjects for the inter-rater reliability

sludy.

The group used for the test-retest reliability study consisted of Il men and 22 women.

The mean age was 65.7 (SD =7.2) years and the mean number of years of education was 13.7

(SD = 3.2). The mean MMSE and 3MS scores were 29.4 (SD =0.9) and 98.2 (SD = 1.7)

respcctively. The inter-rater reliability group was composed of 14 men and 13 women with a

mean age of 67.2 (SD = 6.8) years and mean number of years of education of 12.9 (SD = 3.6).
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The difference in sex distribution of the two groups was due to a random elTect. Thc mean

MMSE and 3MS scores were 29.6 (SD = 0.7) and 98.2 (SD = 1.8) respectively for tlle inter-rater

reliability group.

2.1.2 Alzheimer Subjects

Subjects in the early stages of AD were recruited by referral from the McOili Centre for

Studies in Aging at the Montreal Oenerall1ospital. The term "AD" refers to tlle carly AD group.

Il had been estimated that 25 was a realistic sample size to achieve over the period of 18 months.

These subjects were diagnosed by a neurologist as having probable primary progressive dcmcntia

of the Alzheimer type according to the Revised Diagnostic and Statistical Manual of Mental

Disorders (DSM III-R) (American Psychiatric Association, 1987) and the criteria of the National

Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's and

Related Disorders Association (NINCDS-ADRDA) (McKahnn ct al., 1984). The sensitivity and

specificity of these criteria have been reported in the Introduction.

ln order to help exclude multi-infarct dementia, the AD subjects had to have a scorc of

less than five on the Ischemie Scale (Hachinski et al., 1975). The validity of tlle Ischemie Scale

has been established using patients with AD, dementia of the vascular type, Pick 's disease

(Oustafason & Nilsson, 1982), depression (Wagner, Oesterreich & Hoyer, 1985), de mentia

associated with Parkinson's disease and normal pressure hydrocephalus (Moisa, Paljarri, Rinne.

Rinne & Sako, 1985). The Ischemie Scale is used as an exclusion criterion in the diagnostic

criteria of the NINCDS-ADRDA (McKahnn et al., 1984).

The 25 AD subjects were classified as being in stages 3 or 4 of the ODS (Reisberg et al.,
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1982). An i,nter-rater reliability coefficient of .82 has been reported for the GDS using 43

patients with AD (Gottlieb, GUI' & GUI' 1988). The GDS has been validated using memory tests

and validity coefficients range l'rom .50 to .63. Correlations with behavioural and c1inical

assessments vary widely, the highest being between .57 and .66 (Reisberg et al., 1982).

Subjects in GDS 3 had significantly higher MMSE and 3MS scores than those in GDS

4 (see Appendix F). Despite this, it is not unusual for AD subjects ta display symptoms of bath

stages 3 and 4 l'rom one day ta another, depending on t!leir level of fatigue or stress. Stress may

be associated with going on a trip or visiting the hospital. In the literature, patients in stages 3

and 4 are usually combined and labelled the "early stages" of AD (Saum et al., 1988; Flicker et

al., 1984; Flicker et al., 1988).

Other inclusion criteria for the AD subjects were that they be community-residing, with

at Icast one primary caregiver who could attend the testing session, be English-speaking and

right-handed as tested on the five-item version of the Edinburgh Handedness Inventory (Bryden,

1976; Oldfield, 1S'71; Raczkowski & Kalat, 1974). The subjects were required ta perform

adequatcly on the confrontation test for visual tields and ta show visual acuity of a minimum of

20/50 using Ule pocket Snell cardo Subjects were also required ta be independent in walking and

able ta give consent ta patticipate in the study (Appendix C).

Ali AD subjects were aged between 50 and 80 years. The upper limit of 80 years was

chosen based on reports that severe dementia increases dramatically after that age in persans with

AD (Katzman, 1986). Although there was an inclusion criterion for the petforrnance of the

nOimative group on Ule MMSE, Ulere was no MMSE criterion for the AD subjects.

Each AD subject was required ta attend Ulree sessions for an initial, test-retest and inter-
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rater evaluation. Those who could not retUl11 for a second or third visit were replaeed by a new

AD subject, however, the data collected frol11 the initial subject were used in the analyses. For

exal11ple, if a person could not retUll1 to participate in the inter-rater reliability study, the test

retest data were kept and another subject was selected to provide data for tlle missing inter-rater

assessment.

The selection procedure yielded a total of 25 AD subjects (9 men, 16 women). ;'welve

subjects were classified as being in stage 3 and 13 subjects were in stage 4 of the GDS scale.

The characteristics of the AD and control groups are described in Table 1. Descriptive statistics

were caleulated for age, education, MMSE and 3MS. Ali distributions were unimodal. Age

distributions for the control (median =67, mode =64) and AD (median =69, mode =73) groups

approached nonnality aliliough both were slightly negatively skewed (skewness =-0.3 for control,

and -0.5 for AD). The distribution of the number of years of education was close to normality

for the control group (median = 14, mode = 16, skewness =0.2), and was positively skewed for

the AD group (median = II, mode = 12, skewness = 2.8). Negative skewness was also found

in the distributions of the control group for scores on the MMSE (median = 30, mode = 30,

skewness = -lA) and 3MS (median = 98, mode = 100, skewness = -1.6), as weil as in tlle

distributions of the AD group for MMSE (median =21, mode = 19, skewness = -0.7) and 3MS

(median =68, mode =28, skewness = -0.8).

The groups were comparable with respect to the number of women and men. llle average

age and years of education of the AD group were not significantly different l'rom those of the

control group. As expected, the mean MMSE and 3MS scores for the early AD group were

significantly lower than those of the control group.
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Table 1

Chara~terisli~s of AD and ~ontrol groups on the initial visit

AD (GDS 3 & 4) CONTROL Chi-square(dt)

n=25 n=97

Males (n) 9 36

Females (n) 16 61
.01(1)

M(SD) M(SD) t(dt)

Age (years) 66.6(8.1) 67.7(7.1) -0.7(120)

Edu~alion (years) 11.5(5.8) 13.7(3.7) -2.3(120)

MMSE" 20.4(5.7) 29.2(1.l) -17.7(24)'

3MSb 65.1 (15.8) 97.30(2.8) -10.1(24)'

'p<.OOOI, Sludent's two-tailed t-test.

"Mini-Mental State Examination.

bModified Mini-Mental Sta~è Examination.

•
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Pelformance on mental status examinations can be int1uenced by nOll11al aging and by

education level (Kittner et al., 1986). These possible int1uences should be considered in the

interpretation of the results. The mental status scores were correlated with each other and with

age and education using Pearson cOITelation coefficients. FOI' each group, the MMSE and 3MS

were highly correlated with each other as expected (AD: r = .88, P <.0001; contr01: r = .58, P

<.0001). There were no other signiticant cOiTelations for the AD group. However, for the

control group, age was negatively correlated with MMSE (r = -.24, P <.(5) and 3MS (r = -.35,

P < .(01). Mental status and age were not related to years of education in either group.

Ali except two of the AD subjects attended the three sessions. These two subjects, one

woman and one man, attended the initial session and the test-retest session but did not attend the

inter-rater session due to fatigue and ineonvenience. When compared to the initial visit, the AD

subjeets pelformed slightly better on the mental status exams during the test-retest visit (MMSE:

t(23) = 2.2, P < .05; 3MS: t(23) = 2.2, P < .(5), but there was no signiticant change in mental

status on the inter-rater visit (MMSE: t(22) =0.9, p > .05; 3MS: t(22) = 1.2, P > .(5).

As there is no gold standard for the measure of spatial orientation, the stage of AD was

used as a criterion based on the assumption that spatial orientation declines with the progression

of AD. The GDS is frequently the standard method used for staging the progression of the

disease. Therefore, a late stage AD group was recruited so that stages 1 and 2 (control), 3 and

4 (early AD) and 5 (Iate AD) were represented. This GDS 5 group consisted of 10 subjects (5

males and 5 females), and met the same inclusion criteria as those in the other AD group. The

mean age of this sample was 68.6 (SD = 7.3) years, the mean scores on the MMSE were 11.3

(SD = 6.3), and 35.9 (SD = 20.0) on the 3MS. These subjeets were asked to attend only one
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scssion.

'nlC mcdical charts of ail GDS 3 and 4 and GDS 5 AD patients were reviewed in order

to sec whetllcr thcrc were any physical impailments or motor disorders that could affect their

spccd of pCli'ormancc on the tests. In addition, results of Computed Tomography (CT) scans

wcrc notcd, where available.

2.2 Materials

7..2.1 Mental Status

Two mental status examinations were used concurrently, tlle MMSE (Folstein et al., 1975)

and tlle 3MS (Teng & Chui, 1987). Researchers have made slight modifications to mental status

exams in order to make them more appropriate to the setting (Watkins, Gouvier, CaHon &

Barkemeyer, 1989). In this study, the item "state" was replaced "y "province" to make it more

appropriate for Canadians. Three categories of words were used for recall and each categOlY

contained three words: something to wear: shoes, shilt, socks; a colour: blue, black, brown; and

a good personal quality: honesty, charity and modesty. The tirst word of each category was used

for the initial visit, the second word for the second visit and the third word for the inter-rater visit

for the AD patients. The three-stage command used was "Take this paper with your left hand,

fold it in hall' and hand it back to me". The pentagon figure was similar to that found in

Foistein, Antllony, Pm'had, Duffy and Gruenberg (1985). The cut off score of 26 out of 30 on

the MMSE was selected based on the findings of Kay et al. (1985) who determined that the 25

26 cutting point has a sensitivity of 89.7% and speciticity of 73.8% in identifying mild, moderate

~md severe C~lses of dementia according to the DSM·Hr.
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Test-retest reliability as assessed at 24 hours. 4 weeks. 6 weeks and 16 months has

revealed reliability coefficients ranging l'rom .75 to .90, using 24 to 115 subjects wilh dementia

(Anthony. Le Resche. Niaz, VonkOlff & Foistein, 1982; Fillenbaum. Hayman, Wilkinson &

Hanes, 1987; Thal, Gmndman & Golden, 1986; Uhlmann, Larson & Buchner. 1987). Thc

vaJjdity of the MMSE has been established by correlating it with a psychiatrist's assessmenl of

97 patients (Anthony ct al., 1982). The MMSE was 87% sensitive in detecting dementia or

delirium at a cutting-point of 23-24, and 82% specific in determining the absence of both

diagnoses (Anthony et al.. 1982). Contrary to Bleecker ct al. (1988) who found no correlation

between the MMSE and education, Anthony e, al. (1982) reported that the positive predi,~tive

value of the MMSE was 61 % and that the 39% of subjects who were l'aise positive ail had fewer

than nine years of education.

An altemate form of the MMSE, the 3MS, developed by Teng and Chui (1987) was used

eonculTently in this study to determine if the 3MS is more sensitive to differences belween AD

subjects. The 3MS appears to sample a wider range of cognitive functions than the MMSE,

while maintaining brevity in its administration. Using 249 patients with eight different types of

dementia, Teng and Chui (198/) examined the inter-rater reliability, but only for the pentagon

drawing item, and reported a corre.iation coefficient of .98. The data l'rom the clllTenl study were

used to detennine the test-retest and inter-rater reliability coefficients for the total scores of both

mental status examinations.

2.2.2 Spatial Orientation Skills (SOS) Battery: Pereeptual Spatial Skills Subtests

The SOS Battery consists of 13 subtests categorized into three types of spatial skills.
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Four of these subtests examine basic perceptual ski Ils, seven subtests assess more complex spatial

skilIs, called cognitive skills. A third, even more complex level, invol\'es using a questionnaire

to evaluate functional spatial orientation. As described in the Introduction, these subtests were

used in a preliminary study and were selected for the current study based on their ability to

discriminate between the performance of normal control subjects and a group of early AD

patients. The questionnaire replaced the way-finding task used in the preliminary study which

was extremely time-consuming and thus, not practical. For most of these subtests psychometric

data are not available, particularly when used with the normal elderly population or patients with

AD. Thus, the first step was to establish their reliability and validity using subjects that represent

these populations. Although many of these tests have been adapted from their original versions,

these adaptations were minor and necessary in order for the AD patients to complete the battery

of tests. In this section, these adaptations are clearly described for each subtest and, generally,

they involve removing time limits or decreasing the number of items in order to shorten the

subtes!.

2.2.2.1 Left-Right Discrimination

The ability to discriminate left from right, or personal orientation, was tested using a ten

item test moditied from a subtest of the Southel11 Califol11ia Sensory Integration Test (Ayres,

1972). The test containtd six commands that referred to the subject's body, such as "take this

pencil with your left hand" and four that referred to the examiner's body, such as "put it in my

left hand". The method of administration was modified from that used by Ayres so that the

scores were not dependent on time limits, thus, a point was allotted for each correct response
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regardless of the response time. ln the Oliginal version, one point was ,tlso allotted for each

correct rcsponse within a one-minute time limli.

Inter-rater reliability of the original version has been established with a sample 01' adult

head trauma patients and the cOITelation coefficient obtained was .93 (Siev, Freishtat & Zoltan,

1986). There are no data on the validity of this test. Although Olere was no significant

difference between the mean scores of the AD and control groups in the preliminary study (Liu

et al., 1991a), en'ors made by the AD group tended to be on items pertaining to the examincr's

body. This test was kept because it contained information Olat was not covcred by other spatial

tests in the battery, namely, orientation to one's own body as weil as to a confronting person.

Il was hypothesized that the test might be more sensitive if the number 01' items relating to

extrapersonal Olientation was increased to six and the number of items relalÎng to pcrsonal

Olientation was deereased to four. Therefore, the items "Touch your right eye with any hand"

and "Show me your left foot" were replaced by "Point to my right shoulder" and "Touch my lel't

hand".

2.2.2.2 Figure-Ground Discrimination

This spatial skill was assessed using the Figure-Ground Perception Test of the Southcl11

Califol11ia Sensory Integration Test (Ayres, 1972). The Figure-Ground Perception Test conlains

18 plates of black and white line drawings. Each plate consists of a complex figure at Ole top

and six simple figures at the bottom, three of which are contained in the upper complex ligure

(see Figure 1). The subject is asked to indicate which three of the six simple figures arc

contained in the complex figure. The first set of nine plates contains tïgures of familiar objects
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Figure 1. This is not an actual test item but a close replica of the trial item for geometric figures

• on the Figure-Ground Perception Test.
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and the second set of nine plates contains geometric figures. The Sl:Qre on the Figure-Ground

Perception Test is the number of simple figures con"Cctly identilïed, and there is il maximum

score of 24 points on each set or 48 for the complete test. In the original test, administration is

terminated aner five consecutive en'ors and there is a one-minute time Iimit per plate. ln this

study, the entire test was administered regardless of the number of consecutive errors and the

time limit was not implemented. As in the original format, one point was allotted to each correct

response. The adapted format for administering the complete test has been used in another study

(Petersen, Goar & Van Deusen, 1985).

The Figure-Ground Perception Test was initially designcd for use with children, however,

normative data exist for adults (Petersen et al., 1985; Petersen & Wikoff, 1(83). The test-retest

reliability coefficients are .71 for the "tirst-five", that is, test scores based on terminating after

tive consecutive errors, and .90 for the entire test (petersen et al., 1(85). The Figure-Ground

Perception Test shows adequate constlUct validity when cOlTelated with the Embedded Figures

Test (1' = -.67), (Petersen & Wikoff, 1983). Although scores on Figure-Ground Perception Test

are not significantly correlated with age or education for men (Petersen & WikolT, 1985),

signifieant eOlTelations have been repOlted for women between Figure-Ground Perception Test

scores and age (r = -.41 ) and education (r = AI) (Petersen et al., 1(83).

2.2.2.3 Position in Space

The Position in Spaee Test is also a subtest of the Southem Califomia Sensory Integration

Test (Ayres, 1972). It evaluates concepts such as in-out, up-down and front-behind (Siev et al.,

1986). The test eonsists of 30 items and is divided into three parts, the first two involving
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perceptual skills and the third involving memory. This study uses only the first two parts. Each

of these two palts consists of eight pairs of plates depicting geometric configurations (Figure 2).

The Iïrst (stimulus) plate depicts one or more geometric ligures which are also represented in the

second (target) plate in a variety of spatial orientations. The task of the subject is to select from

the second plate the set of geometric figures that are of the same orientation as those depicted

in the tirst plate. ln part one, the stimulus plate is movable and so can be placed under each

selection on the target plate to facilitate matching and comparison. In paIt two, the stimulus plate

is pennanently located on the left side of the figure. The number of figures in t11e stimulus plate

begins with one and increases to three in part one, and to four in palt two. The number of

choices range l'rom two to three in palt one, and from three to four in paIt two. The total score

for this test is 16. As specified by Ayres (1972), one point was allotted for each correct aIlswer.

Mahoney and Siev (reported in Siev et al., 1986) found that a group of nOlmal adu1ts,

aged 20 to 49 years, scored pelfectly on the first two palts of the test. Using this test, Liu et al.

(1991 a) demonstrated that palt II of tIlÎs test discriminated between AD and control groups but

part 1did not. Inter-rater reliability was established by Baum (reported in Siev et al., 1986) using

a group of adult patients with head trauma and the correlation coefficient obtained was .89.

2.2.2.4 Spatial Relations

The ability to perceive two or more objects in relation to oneself was assessed by using

the Spatial Relations test, also a subtest of the Southem Califomia Sensory Integration Test

(Ayres, 1972) (see Figure 3). The test consists of two fOmlboards, one with an egg-shaped

hollow and one with a diamond-shaped hollow, two pegs aIld eight blocks for placement in the
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Figure 2. This is a close replica of a test item in part two of the Position in Spaœ test. The

• subject is asked to select the set of figures on the right that match the stimulus set on the left.
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Figure 3. This is a close replica of a test item using the egg-shape forms on the Spatial Relations

• Test.
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formboards (four egg-shaped blocks and four diamond-shaped blocks). A peg is inserted into one

of the formboards by the examiner and the subject is asked to select the block tlmt tills the hole

by choosing one of the two blocks given to him or her. There are a total of 60 test items, 25 for

the egg-shaped formboard and 35 for the diamond-shaped formboard. In order to shorten the

test, JO items were selected based on a previous study (Liu et al., l 'NI a). These items were 5,

7, II, 13, 15,21,23,25 and 27. Item 1 was used as a trial. ll1e total score for this test is 10.

One point was allotted for each correct response as specified by Ayres (1972).

Although standardized for children, normative data have also been collected for 90

subjects aged 50 to 64 years and 60 subjects aged 65 to 74 (Taylor, 196H). Correlation~ hetween

odd and even items given one week apart revealed a reliability-stability coefficient of 0.95

CAyres, 1962). Test-retest correlations ranged l'rom 0.2H to 0.77 for children aged 4 to Il years

(Ayres, 1972). Discriminant validity of this test has been evaluated using 50 children with brain

pathology. These ehildren were signifieantly impaired on the test compared to a gencral

population of ehildren (Ayres, 1968).

2.2.3 Spatial Orientation Skills (SOS) Battery: Cognitive Spatial Skills Subtests

Cognitive spatial skills are described as those skills requiring problem-solving, t1ccision

making, extrapersonal orientation, spatial memory and mental representation. Many of the

following tests are weil described in the literature on spatial ski Ils. These are the POIteus Maze,

Map-Reading, Road-Map, Corsi Block, Stylus Maze and sketch map tests.
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2.2.3.1 PO/1eus Maze Test

l1le Porteus Maze (PO/1eus, 1959) Test was selected to assess spatial planning and

decision-making (Figure 4). ft consists of II mazes with a ceiling score of 17 test years. In the

prcsent study subjects were given the complete set of mazes instead of stal1ing with the maze

corresponding to test age II as specitied by Porteus for adults. This deeision was based on the

results of preliminary study which indicated that early AD subjeets pelformed at a lower level

than test age Il (Liu et al., 199Ia). As specified by Porteus (1959), subjects were given two

trials for mazes up to II years and four trials were allowed for mazes for years 12 and above.

The scoring method used differed l'rom those detailed by PI':-',~us. Points were not taken off for

qualitative errors such as lifting tlle pencil, touching a line, cutting eomers or wavy tines.

Subjects were reminded of the instructions during the test if they made these qualitative errors.

The score on this test was the highest test year the subjeet completed within the allotted number

of trials.

The validity of the Porteus Maze test has been studied by eomparing the pre- and post

opel1ltive performances of patients who underwent frontal lobotomies (Porteus, 1959). Patients

with frontal lobotomies were signifieantly impaired on the Porteus Maze Test (Porteus, 1959).

!ts retiability has not been repO/1ed.

2.2.3.2 Mao-Reading Test

11le Map-Reading Test assesses extrapersonal orientation, spatial problem-solving and

mental rotation (Semmes et al., 1955). The original version of the test eonsists of 15 diagrams

of patlls: rive visual maps and ten tactile maps. Only the tïve visual maps were used in this



65•

s

1
--

Figure 4. In this replica of a test item on the Porteus Maze Test, the subject is asked to take a

• pendl and, starting in the centre indicated by the "S", draw the route to the exit.
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study and they were preceded by a triai map (see Figure 5). Each map was drawn on a 32 cm

square card which contained nine red circles, one of which was indicated as the beginning circle

by a black ring. The direction NOIth was also indicated on each map. The nine circles were

represented on the rioor of the examining room by nine red circular spots, 15.5 cm in diameter

sew~ onto a 155 cm square piece of white vinyl fabric. Adjacent spots were 60 cm apart l'rom

centre to centre. The reduction in the size of the test was the only modification made to the

origil:ai map. This adaptation makes the test more practical for clinics or laboratories and

minimizes fatigue that can result l'rom taking many steps. In general, subjects only needed to

take one step to reach each of the cirdes. In the preliminary study AD subjects were able to

perform this test.

The l'ive maps were graded in difficulty; the first map contained five tums and each

successive map involved an additional tum. One wall was indicated as North by a sign. The

subject was instructed to hold each card with the direction NOIth opposite to him-/herself at ail

times. A revised, shOlter version of the original instructions was used: "1 will give you sorne

maps to follow (the trial map was shown to the subject). The North indicated on the map

represents the NOIth wall (the wall facing the subject). 1 wouId like you to follow the route on

the map by walking on the appropriate circles on the floor. You t>egin on the spu: that is marked

by a black ring. You must keep the hlop in front of you so that you are always facing the

direction you are walking and that you are never walking sideways or backwards". Any part of

the instructions was rep~ated as frequently as needed and the participants were not timed in order

to minimize stress. Subjects received one point for each corwct tum and the maximum score for

the entire test was 35.
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• Figure 5. The Map-Reading Test assesses extra-personal orientation.
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'[hc scoring mcthod u,cd in the original version involves a total score based on ail of the

maps (Semmes et aL, 1955). A score of () is given for any map on which the subject makes an

error. If a map is successrully completed, the subject receives a score equivalent to the number

of tums on the map. Thus, a higher weighting was placed on the successfuI completion of the

longer maps. Oth"r authors have implemented different scoring methods. For example, Ratcliff

and Newcombe (1973) allocated a point for each disc visited in its correct ordinal position.

Aubrey and Dobbs (1989) analyzed the mean number of correctly completed segments to the first

error as weil as the total times taken to pClform the maps. They point out that the number of

segments of a route does not necc>sarily correspond to the number of tums, that is, the distance

bctween two discs correspon<!s to a segment. For this study, a point was given for each COlTect

tum as was done in the preliminary .,tudy in which the primary concem was with the subject's

ability to determine the direction ratherthan keeping track of the number of segments.

Although no data are a'!ailabl(~ regarding its validity or reliabiIity, the Map-Reading Test

is well-known and has been used extensively in studies of patients with focal brain lesions (De

Rem:i, 1982; Rudel, Teuber & Twitchell, 1974). Aubrey and Dobbs (1989) have shown that the

Map-Reading Test appears to be sensitive to the effects of aging by demonstrating poorer

performance in a healthy elderly group in comparison to a healthy younger group of

- undergraduate students. The influence of education was not examincd in that study.

•
2.2.3.3 Road-Map Test

This test, designed by Alexander at al. (1964), inv01ves presenting the subject with a route

drawn on a map and instlUcting the subject to pretend that he or she is walking along the route
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(Figure 6). The Road-map test has been used as a test of personal orientation. It is considered

to contain more cognitive than perceptual components because it requires mental rotation and

more concentration than the left-right discrimination test.

The map is kept upright at ail times and the subject must verbalize at each tum whether

it is right or left. One point is allotted for each con'ect tum for a maximum score of 32. Il was

observed in the preliminary study that the original map was difficult to follow because it lacked

contrast (Liu et al., 1991). Therefore il was slightly adapted by colouring the route blue. by

indicating the start with a red dot and by including hatch lines in spaces not part of the route (sce

Figure 6). The validity and reliability of this test were not assessed by Alexander et al. (1964),

although it is widely used by neuropsychologists and has been used with various c1inical

populations such as patients with AD, multi-infarct dementia and localized cerebral lesions

(Brouwers et al., 1984; Butters, Barton & Brody, 1970; Bylsma et al., 1992).

2.2.3.4 Corsi Block Tapping Test

The Block Tapping Test was designed by Corsi (Milner, 1971, 1980) to study immediate

spatial memory and non-verbal memory span. Il consists of nine black wooden cubes, measuring

3 cm square, atIixed in an irregular pattem on a black wooden board, measuring 20.5 cm by 25.5

cm (see Figure 7). The blocks are numbered on the side facing the examiner so that the subject's

performance can be numerically coded. ln this study, the test served only as an evaluation of

Immediate spatial memory span and not as an index of leaming. Subjects were not asked to

perform the 24 trials as specified by Corsi (Milner, 1971). The instructions were, "1 am going

to tap sorne of these blocks and 1 wouId 1ike you to tap the blocks in exactly the same sequence
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. Figure 6. The instructions for the Road-Map Test are demonstrated using the smaller route.

Subjects are asked to verbalize at each turn whether he/she would be making a left or a right

• tUrIl.
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Figure 7. This figure of the Corsi Block Tapping Test shows the subject's view. Numbers

• appear on the examiner's side.
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as 1do". If the subject was unable to repeat the sequence cOITectly, the examiner did not present

the same seql!'~nce. Instead, another sequence of the same span was presented. If the subject

was unablc to repeat Ihis sequence, the test was terminated.

With correct performance, the span progressively increased to a maximum of nine, each

span containing two sequences or trials as on the original version. The second sequence was not

used if the sU:.'ect was able to repeat the first sequence correctly and the score was the span

repeatcd, regardless of whether it was the tirst or the second trial. The reliability and validity

of this test have not been established although it is commonly accepted as a nonverbal version

of the digit span test (Milner, 1971, 1980).

2.2.3.5 Modified Stylus Maze Test

Spatialleaming was assessed using a moditied version of the visually-guided Stylus Maze

Test used by Milner (1965) and Brouwers et al. (1984). The apparatus consists of a black

wooden board with 100 brass scrcws forming a 10 by 10 alTay as on the original version. The

only modification made was that a quadrant of the original test was used. This quadrant

measured 33 cm by 33 cm and had a five-by-five an'ay (see Figure 8) of brass screws that were

spaced 2.5 cm apart centre to centre. In the preliminary study, sorne AD subjects experienced

extreme difficulty perfOlming the test even with the five-by-tive atTay, thus, administering the

original version would not have been possible.

The task of the subject was to discover and leam, by tlial and error, a hidden path l'rom

the lower left ce,mer to the upper right comer of the an·ay. The subject was instructed to use a

metal stylus and to proceed horizontally or verticaEy but not diagonally. Screws Iying outside
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• Figure 8. The modified Stylus Maze Test used a quadrant of the original test.
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of the path were connected to a ballery and buzzer which provided auditory feedback each time

the subject touched a screw not on the CO/Tect path. When an incolTect screw was touched, the

subject was instructed to retul11 to the previous screw and to try another direction. As chanee

inflllenced the number of errors made on the fi l'st trials, the number of errors made on only the

fifth trial was lIsed to calculate the score.

The Styi LIS Maze Test has been used extensively in neuropsychologieal eva111ations (De

Renzi, 1982), however, it has not been evaillated for reliability. Pothig, Pogelt and Roth (1985)

recommend the Styllls Maze Test for assessment of "orientational eapaeity", problem-solving and

memory.

Before analyzing the data from the Sty1us Maze Test, the scores were transformed.

Unlike the other subtests, a higher raw score indicated poorer perfO/mance. If higher Stylus

Maze scores also reflected beller performance, it would facilitate comparisons with the other tests

and also permit using these data in factor analysis and logistie regression. The formula would

have to take into consideration that there was no limit to the number of errors and therefore there

was no denominator for the scores. In the preliminary study (Liu et al., 1991a) it was observed

that as the nUI:lber of errors increased, there was a tendency in the AD group to perseverate.

Following consultation with a statistician, it was decided that the following square-raot function

wOllld be an appropri::te method of treating the data:

[1/(# en'ors + 1)]"2 x 10

This function put a heavier penalty on the first few errors and less penalty as the number
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of errors increased. It also provided a maximum score of 10 which was comparable to the other

subtests of the SOS Battery.

2.2.3.6 Mental Representation of the Familiar Environment

Mental representation was assessed by having the subject draw a sketch map of the main

level of his or her home arter a sample tloor-plan (see Figure 9) was shown to the subject. The

subject was also asked to label each room. The control subjects were then givcn a sheet of paper

and a stamped envelope addressed to the University, and asked to draw another 1100r plan when

they retumed home. This floor plan was subsequently retumed to the University by mail and

used to score the initial tloor-plan sketched in the laboratory.

Each AD subject and accompanying person (caregiver, spouse or friend) was also askcd

to draw a floor plan of the main level of the AD subject's home. In addition, the caregiver was

asked to complete and retum another floor plan by mail as was done for the control subjecls.

This second tloor plan was used to contirm the accuracy of a caregiver's lirst 1100r plan which

was used as a standard for scoring the AD patient's sketch map. The control subjects and

caregivers of the AD subjects were instructed to verit'y that the maps they drew at home were

accurate and complete.

Scoring was based on the ,'verage of two ratios. The first ratio was the number of rooms

(frequency) correctly identified over the actual number of rooms. The second ratio was the

number of rooms correctly placed in relation to the others (accuracy) over the actual number of

rooms. The actuai number of rooms refelTed to those only on the main levcl of the homes.
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Figure 9. This sketch map was shown to subjects as an example of a hand-drawn floor plan of

a home.
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2.2.3.7 Sketch MaD of the New Environment

A memory task was designed to evaluate visuospatial construction skills. Ali control and

AD subjecls were shown a tloor plan of a "new environment" which contained l'ive rooms

labelled as: living room, kitchen, dining room, bedroom and bathroom (see Figure 10). Subjects

were asked to study the 11001' plan for one minute and were wamed that they would be asked to

reproducc the 1100r-plan. When one minute had elapsed, the 11001' plan was removed and the

subject was given a white sheet of paper and asked to draw as much as he or she could recall.

ll1e score was the average of the frequency and accuracy scores as descIibed for the sketch map

task of a familial' environment. Given that a standard tloor-plan was used for this test, ail of the

scores were based on a denominator value of six. Subjects were not required to identify and

label the "entrance" and "hallway".

2.2.4 Spatial Orientation Skills (SOS) Battery: Functional Spatial Abilities

A l2-item Functional Spatial Abilities Questionnaire was developed to measure functional

spatial skills or way-tïnding ability (see Appendix D). Items for the questionnaire were based

on a survey conducted plior to the study. The Alzheimer Society of Montreal sent out a bilingual

questionnaire (Appendix E) with its regular mailings to approximately 200 caregivel's of AD

patients. The questionnaire asked caregivel's to describe behaviours and actions that they had

seen in persons with AD who had difficulty with orientation to place. A total of 30 cal'egivel's

responded to the questionnaire. The content of these l'esponses was categol'ized into spatial

behaviours relating to indool' and outdoor aspects of familial' and new environments.

Cal'egivers l'eported that in familial' environments many AD patients mistook doors and
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entered the wrong room. Sorne AD patients were also reported to be confused as to what floor

of their homes they were on by looking for bathrooms or laundry rooms on the wrong floor.

Other behaviours observed were pacing in corridors, tidgeting with doorknobs, and appearing

indecisive about entering or exiting a room. When outside in familiar environments, caregivers

reported observing excessive walking in circ1es, following strangers in the neighbourhood,

difficulty in navigating in a familiar supermarket, taking an unusually long period of time to

reach a destination, getting lost in the metro and appearing distracted. These patients also tended

to walk either very slowly, take smaller than normal steps, or walk extremely fast. Behaviours

reported in unfamiliar environments were similar. Caregivers reported that many AD patients

were unable to continue dtiving or to travel to a new environment alone because they became

lost. The AD patients were nuted to show difficulty in navigating to and from a parking lot,

washrooms or various rooms in new environments such as in a doctor's office or nursing home.

Emotions associated with these behaviours were anxiety, distress, tearfulness, hesitancy, denial

and annoyance.

The content of the Functional Spatial Abilities Questionnaire was based on these

responses. The first six questions related to functional abilities in new environments, and the last

six related to functiofl": abilities in tàmiliar environments. The Functional Spatial Abilities

Questionnaire was given to control and AD subjects to complete at the end of the testing session.

The control subjects were asked to identify a healthy relative or ftiend who could complete the

questionnaire on the control subjects' behalf. Similarly, the caregivers were asked to complete

the questionnaire with respect to the performance of the AD patients. This allowed the

comparison of self-rated and proxy-rated responses.
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Items on the Functional Spatial Abilities Questionnaire were rated as 1 for "yes", 2 for

"not applicable" and 3 for "no". The second categOlY was used if the subject was not given the

opportunity to perrorm the activity. For example, sorne caregivers never permitted the pcrson

with AD to tI'avel alone, not necessarily because this person had been lost before, but for fear

that this person would get lost. However, if an AD subject was no longer pelfOiming an activity

because he or she had shown an inability to do so safely in the past, the caregiver was instructcd

to rate the item "no". The total score for this questionnaire is 36. An item analysis was

conducted in order to determine whether each of the items of the Functional Spatial Abilities

Questionnaire was able to discriminate between individuals who have AD and those who do not.

This analysis gave sorne indication of the validity of the questionnaire. If many of the items did

not discriminate between AD and control groups, then the questionnaire would not be a useful

tool in its present fOimat.

2.2.5 Other Tests of Cognitive Function

Other tests were also administered with the SOS battery in order to measurc attention,

language, memory and other visuospatial constructive skills. These were cancellation tests, a

confrontation naming test, a verbal memory span test and the dock drawing test. Because the

battery was time consuming to administer, an attempt was made to select tests that would not add

much more time to a session. These measures were administered following the completion of

the SOS battery.
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2.2.5.1 Attention

Two cancellation tests were used, the line-crossing test, also know:J as Albert's Test, and

the Belis Test. The line crossing test (Albert, 1973) does not have any distractors and requires

the subject to cross out ail 40 lines randomly placed on a 21.5cm x 28cm sheet of paper. The

Belis Test (Gauthier & Joanette, 1992; Gauthier, Dehaut & Joanette, 1989) is more difficult in

that it uses silhouette figures of bells (targets) sUITOunded by figures of 14 types of common

objects (distractors). The subjects were asked to eirele ail the bells they could find on the sheet.

TIle maximum scores are 40 for Albert's Test and 35 for the Belis Test.

Normative data exist for Albert's Test (Vanier et al., 1990) and the Bens Test (Gauthier

et al., 1992; Vanier et al., 1990). In a study using both tests with control subjects and patients

with right hemisphere cerebral vascular accidents, Vanier et al. (1990) found that the Belis Test

was more sensitive in detecting unilateral negiect. Neither test has been used with an AD

population.

2.2.5.2 Language

Language ability was assessed using the Boston Naming Test which is a 60-item test of

visual confrontation naming (Kaplan et al., 1976). The items are line drawings of common

objects. In order to reduce the duration of the test, and to decrease the demands on attention and

concentration, only odd items were used, which resulted in a maximum score of 30. As

described in the Introduction, 30-item versions have been validated (Mack et al., 1992). No

reliability data have been reported by the original authors.
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2.2.5.3 Verbal memOlY

The Hebb verbal memory test (Hebb, 1961; Milner, 1971) involving repetition of digits

was used to test short-term memOlY span. This is a verbal version of the Corsi Block Test. As

this test was not used to measure leaming, only the maximum verbal span was asscsscd, as was

done with the Corsi Test. The maximum span tested was nine.

2.2.5.4 Clock drawing

Given that there have been relatively few studies of visuospatial constlUctivc ability in

AD patients, dock drawing was also included in the study. Tite subject was given a shect of

paper with a circle drawn on it. The instructions were, "Herc is the outsidc cirde of a dock.

l would like you to fill in the numbers of the dock starting from one". Al'ter thc subject had

done so, he/she was instlUcted as follows: "Please draw in the two hands of the dock to indicate

ten minutes past eleven." The docks were scored according to the method developed by Doyon

et al. (1991) which provides a maximum score of ::!O. This method has been shown to havc high

sensitivity and specificity when used to distinguish a group of AD patients l'rom a group of

normal control subjects. Although this test has been reported to have high reliability by Doyon

et al. (1991), it not certain whether this refers to test-retest or inter-rater reliability. As

mentioned, a related objective of the study was to obtain these reliability coefficients because of

the cUITent widespread use of dock drawing tasks in the dinic and in research.

2.3 Procedure

Ali assessments were administered in a quiet laboratory at the School of Physical and
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Occupational Therapy at McGili University and each subject was tested alone. At the beginning

of e3,;h session, subjeçts were informed that their pelformanœ was not timed and that accuracy

was more impurtant than speed. A 10-minute l'est period was provided after 40 minutes to avoid

fatigue. Scores were recorded on a summary sheet (Appendix G).

ln the preliminary study (Liu, 199Ia), the SOS subtests were block randomized, that is,

the perceptual subtests were administered before the cognitive subtests which were followed by

the functional sllbtests. Within each category the subtests were administered in a random order.

For the functional spatial skills category, navigation in the new environment was tested before

navigation in the familial' environment which was tested during a home visit. Random

presentation of the tests in the perceptual and cognitive spatial skills categories was not

sllœessflll for the AD patients. Due to anxiety, many patients were reluctant to perform certain

sllbtests in the sequence that they were presented. Sinœ the priority in the present study was to

obtain as mllch data as possible by encouraging AD patients to perform ail of the subtests, il was

decided that the SOS sllbtesl~ wOllld be administered in the same sequence for ail subjects.

When a subject expressed reluctance to perform a subtes!, the next subtest was presented. At the

end of the testing session, subtests that were not administered were presented once again to the

subjec!. This method of administration was also used for the control sllbjects although fewer

control slIbjects expressed anxiety or reluctance to perform a subtes!.

2.3.1 Content validity

ln order to evaillate the adeqllacy of the sllbtests for assessing spatial orientation, a panel

of experts was asked to comment on the choice and completeness of skills as".essed by the SOS
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battery. The panel consisted of ten experts: two researchers, two neurologists. three OTs and

three psychologists. They received a summary of the SOS battery, an opel1ltional definition of

spatial orientation and a descliption of the spatial skiIls tested. They were then asked to answer

a content validation fmm (Appendix H) and to retulll il by mail. A 51 % positive response

("yes", "agree" or "strongly agree") was set, a priori, as acceptable for content validity for

questions one to tive. This criterion has been accepted and used for content validation of other

indices (Spitzer et al., 1981).

2.3.2 Test-retest and inter-rater reliability

The 33 control subjects, described under the section "Subjects", and aIl 25 early AD

subjects were used to estimate test-retest reliability. The time interval betwcen ail sessions was

two weeks. The effects of practice and leallling or calTy-over effects would have increased with

shorter time intervals. Longer lime intervals would have been less practical and may have

increased the chances of detecting actual cognitive deterioration.

For the control group, inter-rater reliability was deterrnined by retesting a group of 27

healthy individuals who were different from those used for the test-retest study. ft was

anticipated that it would be very difficult to recruit enough AD subjects for both reliability

studies over the time period the study was being conducted. Therefore, in addition to the initial

and the test-retest reliability visits, the AD subjects were asked to retulll a third time for the

inter-rater reliability study. The interval between the two sessions was two weeks. In addition

to the investigator, two occupational therapists (OTs) and a psychologist were recruited to be

raters. The three raters were selected to represent the types of clinicians and researchers who are
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likely to use the SOS Battel). A copy of the SOS Battery manual was given to each rater. This

was followed by a training session where the raters were shown the methcd of administering and

scoring the subtest~. The investigator performed most of the initial assessments, that is, 60 of

the 97 control subjects, 20 of the 2S early AD subjects and 9 of the 10 Jate AD subjects. The

investigator also performed most of the test-retes! assessments: 19 of the 33 control subjects and

18 of the 2S early AD subjects. She acted as the second rater in inter-rater reliability study for

live control subjects and two early AD subjects. Ali other test sessions were equally distributed

among the three other raters.

2.3.3 Construct validity

Two validation procedures were used to obtain evidence for construct validity. First, the

original SOS battery was evaluated for ils ability to discriminate between persons with AD and

those who were healthy by comparing the mean scores of the Iwo groups on ail 13 subtests. In

order to justify using the SOS Battery with AD patients, it should, at the very least, be able to

differentiate individuals who have AD from those who do not. An Odds Ratio value that was

above one would be considered as indicative of a positive association between higher scores and

the Iikelihood of being a control subject.

Construct validity was also assessed using the Reintegration to Normal Living Index

(Wood-Dauphinee et al., 1988) and the shortened SOS Battery. The rationale for using this index

was that performance on the SOS Battery could reflect an individual's qualily of life. A person

who is spatially disoriented should experience a poorer ability to integrate into normal living.

The Reintegration to Normal Living Index was designed to assess global function or, specifically,
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the degree of reintegration to nonnal living in individuals after incapacitating illness. Il has been

defined as being related to the physiological, psychological and social components of quality 01'

life but, in addition, inc1udes the functional status of the patient (Wood-Dauphinee et al., 191111).

In theory, spatial disorientation should be associated with a decline in global l'llnction particularly

as it relates to the psychological and social components 01' qllality of life and the functional statlls

of an individual. The constlUct of global functioning, as measured by the Reintegration to

Normal Living Index, incllldes skills that relate to spatial orientation. This is seen in the first

three items which are 1) 1 move arollnd my living qllalters as 1 feel is necessary, 2) 1 move

around my commllnity as 1 feel is necessalY, and 3) 1 am able to take trips out of town as 1 t'ecl

are necessary. Il is an II-item questionnaire, and each item is a statement accompanied by a

visual analogue scale. These scales are anchored by phrases retlecting whether or not the

statements describe the situation of the subject. Sllbjects are asked to mark an X within the scale

to indicate how this statement appHes to them at that point in time. Each visual analogue scale

is a 10 cm premeasUied line which is converted to a score l'rom 1 to 10 points, depending on

where the individual marks the scale. The II items sum to a total of 110 points but are

proportionately convelted to 100 points for ease of interpretation. It was hypothesized that if the

shortened SOS battery me~Sllres an aspect of spatial orientation that relates to global functioning,

then one would expect that total scores of the shOltened SOS Battery would be positively

con'elated with the total score of the Reintegration to Nonnal Living Index.

The Reintegration to Normal Living Index is presently being used with AD subjects and

preliminary results indicate that the caregivers of AD persons are able to identil'y the reintegration

to nonnalliving pattern (A. Opzoomer, personal communication). In this study, this index was
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answered by ail AD and control subjects as weil fiS a person they identified as a proxy. In most

cases, the proxy was the spou se or offspring of the control subject, and the spm;se or caregiver

of the AD subject.

The accuracy of self-ratings by AD patients has been discussed in the Introduction. This

was examined by comparing self-ratings with proxy responses by caregivers. The questionnaire

given to Ule caregivers was adapted by changing ilie subject pronouns so as to apply to another

pcrson. The Reintegration to Normal Living shows high internaI consistencies (Cronbach's alpha

above .90 for each item), adequate proxy-patient response cOl1'elations (r = .65), responsiveness

to change and good construct and criterion validities (Wood-Dauphinee et al., 1988).

2.3.4 Criterion validity

By detinition, criterion validity refers to the correlation of a measure with another weil

accepled measure, preferably a "gold standard". Although there is currently no gold standard for

measuring spatial orientation, the GDS could be used as a criterion based on its wide acceptance

as a criterion for grading the progression of AD. Each stage is accompanied by general

descliptions of behaviours and abilities that characterize that particular stage. These behaviours

include those that peltain to spatial disOlientation. Thus, ilie GDS was adopted as a criterion for

evaluating the validity of the SOS Battery. A group of 10 GDS stage 5 (Iate AD) subjects was

reclUited to represent a more advanced state of the disease. Performance on ilie SOS Battery was

compared using subgroups of 10 GDS stages 3 and 4 (early AD) subjects and 10 GDS 1 and 2

(control) subjects who were matched with respect to sex, age and years of education to the GDS

stage 5 (Iate AD) group. Rather than correlating the scores on the SOS battery with the criterion,
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the pelformances of the three groups were compared usmg the "known groups" approach

(Bohmstedt, 1983). CIiterion validity was also evaluated for the shortened battery by cOl11paring

the total scores for each of the three groups.

2.4 Data Analysis

Ail of the statistical analyses in this study were conducted using the SAS/STAT (SAS

1nstitute Inc.) statistical software. For ail Student's t-tests, the SAS progral11 used the formula

for Satterthwaite's (1946) approximation for the degrees of freedom (Steel & Torrie, 19XO). Ali

subtest scores were treated as being at the interval level of measurement. Descriptive statistics

calculated for subtests and total scores included means, medians, modes, skewness and standard

deviations.

Although most studies group AD subjects in GDS 3 and 4, Adelstein et al. (1992) did

separate subjects in the two stages and found a significant difference in spatial perforl11am;e as

measured on tests of spatial recognition and memOlY tor spatial order. In this study, prior to

grouping subjects in GDS 3 and 4 in the analyses, the data l'rom the groups were analyzed

separately and then compared to verify that there were no major differences.

Comparative analyses of the means of the early AD and control groups were done using

the two-tailed Student's t-tests for independent sampIes. Item analysis of the Functional Spatial

Skills Questionnaire was performed using the Wilcoxon signed-rank test. This nonparametric test

was chosen because the responses to each item were categorical in nature. In other statistical

analyses, the total scores on the Functional Spatial Abilities Questionnaire were assumed to be

interval in order to pennit the use of factor analyses. The total time taken to complete the
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battery was also compared between the two groups.

Pearson's correlation coefficients were obtained between the SOS Battery subtest scores

and age, years of education and mental status scores. These analyses were used to determine to

what extent age, education and mental status were related to perfOlmance on each subtest If

performance on a subtest was affected by normal aging or years of education, then these

intluences need to be considered in the interpretation of the data. These variables also need to

be considered in selecting subtests for a shOltened version of the battery.

The intra-class correlation coefficient (lee) was calculated as an index of test-retest and

inter-rater reliability. The IeC is a ratio of the variance of interest over the sum of the variance

of interest plus error (Kay, et al., 1979). The Iee analyses were based on the two-way random

effects model proposed by Bartko (1966):

R =(MSP - MSE) / [MSP + (k - 1) x MSE + (k/n) x (MSR - MSE)],

where MSP denotes estimates of the variance (mean squares) due to subjects, MSR denotes

estimates of the variance due to rater effects and MSE denutes the estimate of the error variance.

The number of subjects is denoted by n and the number of raters is denoted by k. This model

does not require any assumptions about the presence or absence of the rater-subject interaction.

ln addition, while it is conceptually similar to the model proposed by Ebe1 (1951), il takes into

account the rater effects when estimating elTor vaIiance. In contrast, Ebel's formu1ae implicitly

ignore these effects and accordingly tend to over-estimate the actua1 value of the ICe. An ICe

value was deemed acceptable if it was statistically signitïcant at p < .05 and if ils point estimate
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was cqual to or greater than .70. This cut-off would ensure that the proportion of vmiance

con'esponding to systematic differences between subjects was not lower than 5ll% of the total

variance in observed scores.

Internai reliability or internai consistency of the battery was examined using four types

of analyses. These analyses were subtest-to-subtest cOlTelation coefficients, subtest-to-tolal score

cOITelation coefficients, Cronbach's coefficient alpha and factor analysis. For subtest-to-subtest

correlational analysis, cOlTelation matrices of the subtest scores were generated using Pearson 's

product-moment correlation coefficients. The cOIl"elations were used to provide indications as

to how subtests within and between categories related to each other. Subtest-to-total score

Pearson's cOITelation coefficients were calculated by cOlTelating each subtest with the total score

omitting that subtest. If the subtest score was not removed from the total score, the correlation

would be artificially inflated because the correlation coefficient would include correlation of the

subtest score with itself. This procedure was done for standardized scores as weil as raw scores.

The number of items in each subtest varied considerably, and it was of interest to determine

whether this variability in test items would affect the cOlTelations. For the total raw score,

subtests were weighted differentially, based on their maximum scores which ranged l'rom 1 to

48. The total standardized score took into account the observed variance and standardized each

subtest io have a standard deviation of 1 unit. Therefore, subtests with lower variance would be

more heavily weighted relative to their weighting when the raw scores were used. Kline (1986)

has proposed that the cOlTelation between an item (in this case, a subtest) and the total score

should be above .20 and that subtests with lower cOlTelations should be discarded.

InternaI consistency of the SOS battery was also estimated using Cronbach's alpha
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coefficients (Cronbach, 1951). Theoretically, Cronbach's alpha is an average of ail possible split

half reliabilities of the battery. A split-half reliability refers to randomly dividing the battery into

two sub-batteries, which are then correlated with each other (Streiner & NOIman, 1989). Again,

Cronbach's alphas were calculated using raw and standardized score~. The total raw score was

simply the sum of the individual subtest scores. An overall alpha coefficient that is greater than

.80 is regarded as indicative of high internaI consistency (Carmines & Zeller, 1979). After

obtaining an overall alpha, Cronbach's alphas were then calculated for the battery after removing

one subtest at a time. If an alpha coefficient showed a large increase after the removal of a

subtest, this would indicate that ils exclusion would increase the homogeneity of the battery

(Streiner & Norman, 1989).

A fourth measure of internai consistency was derived from the results of a factor analysis,

which was pelformed to identify groups of subtests that test similar abilities. Although the

battery demonstrates high internaI consistency as shown by correlation coefficients and

Cronbach's alphas, the battery of subtests may be described in terms of several underlying factors

that relate to spatial orientation. Factor analysis was conducted with the SAS FACTOR+

procedure (SAS Institute Inc., 1990) and used the principal factors approach with varimax

rotation. This approach ensured that factors were orthogonal, thus uncorrelated, while

maximizing the variance of loadings (correlations between variables and factors) within factors

and across variables. This helps to contrast variables that do load on a given factor with those

that do not load, enhancing the interpretability of results. When defming the factor structure, a

variable was said to "Ioad" on a factor if its correlation was at least .40. Factor analysis was first

done using data from only the control group. The large number of subtests did oot permit factor
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analysis to be conducted using the data from the AD group which was smaller in size. The

number of factors was determined using the standard criterion according to which li factor is

retained if and only if its eigenvalue exceeded 1.0 (Tabachnick & Fidell, 1989). This implied

that ail factors that explained more vaIianee than a single variable were accepted.

The results from the first factor analysis were used together with other criteria to develop

a preliminary shortened version of the battery. The cIiteria for selecting subtests were that the

subtest demonstrated good extemal reliability when administered to AD patients and that the

scores were not significantly cOlTelated with age or education in either group. Since the

shortened version was designed for use with AD patients, the selection of subtests was based

pIimarily on data obtained from the AD group. An attempt was made to select subtests that

represented the factors that emerged from the first factor analysis. The creation of a shortened

version of the SOS battery served two main purposes. First, the time required to administer the

battery in a clinical situation would be considerably reduccd. Second, factor analysis could be

conducted using data from the smaller AD group. The second reason was important because, as

with the other analyses, it could not be assumed that the data from the two groups would behave

similarly when subjected to the same analysis.

For the shortened battery, two factor analyses were conducted, one involving the data

from the AD group and another involving data from the control group. When pert'orming the

second factor analysis for the AD group a fixed number of factors was selected to equal the

number of factors of the control group in order to enhance the comparability. Ideally, the

recommended maximum number of variables would be five for a sample of 25 subjects

(Tabachnick & Fidell, 1989). The internai consistency of the shortened battery was evaluated
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by calculating subtest-to-total score Pearson's correlation coefficients and Cronbach's alphas for

both the AD and control groups. Once again, these calculations were done for raw and

standardized scores. The alpha coefficients for the shortened battery were expected to be smaller

than those of the original ballery because the value of alpha is not only dependent on the average

correlation among subtests, but also on the number of subtests (Calmines & ZelIer, 1979).

Multiple logistic regression analysis was used to establish construct validity and was based

on the hypothesis that spatial performance, as assessed on the SOS ballery, is related to the

presence or absence of AD. First, if the SOS ballery demonstrates construct validity, there

should be a marked difference between the performance of normal subjects and AD patients.

Second, this difference between the groups should be detected even when adjusted for possible

confounding subject characteristics. Multiple logistic regression analysis was used for this

pUlpose. In this an<llysis, a binary variable indicating whether a subject was normal or had AD

W<lS used as the dependent variable and the independent variables were the subtest score, gender,

age and education. To adjust for the em~cts of multiple analyses, astringent criterion (p :s. .001)

was used to detelmine the significance of the effect of each subtest score. Confidence intervals

(95%) for the adjusted odds ratio were determined in order to assess the discriminative ability

of the ballery.

Constmct validity was also evaluated by correlating the shortened SOS ballery total score

with the Reintegration to Normal Living Index scores using the Pearson product-moment

cOll'elation coetlïcient. In order to facilitate comparison between the two measures, the raw

scores from each of the 3ubtests in the shonened battery were converted to a score out of 20 and

added to obtain a total score on 120. This total score was then converted to a score out of 100
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because the total score for the Reintegration to Normal Living Index was also out of 1m.

A one-way analysis of variance (ANOVA) using a fixed effects model was performed to

determine the criterion validity of the battery using the GDS as the criterion. Post-hoc analyses

were conducted using the Neuman-Keuls test. Similarly, ANOVA and post-hoc analyses were

conducted for the shortened battery using the total scores for each of the three groups.
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3.0 RESULTS

This section begins by presenting evidence for the content validity of the SOS Battery.

The distributions of scores and the normative data are compared to the scores of the AD group.

Next, subtesHo-subtest correlation coefficients are presented followed by subtest-to-total score

correlation coefficients for the full battery, Both sets of data are described for the AD group and

then for the control group. Correlations coefficients between the 13 subtests and age, education

and mental scores are then listed separately for the AD and control groups as these data were

lIsed as part of the criteria for developing the sh0l1ened battery. Next, Cronbach's alpha

coeftiçients for the full battery are Iisted for the AD group and then for the control group. The

tirst factor analysis was conducted using the full battery and data from only the control group.

Based on ail of the above information, a preliminary shortened version of the SOS Battery is then

proposed. Again, the internai consistency of the shortened battery is evaluated using correlational

,malyses, Cronbach's alphas and two factor analyses, one for the AD group and another for the

control group. Construct validity was evaluated using multiple logistic regression with the full

battery and by correlating the sh0l1ened battery with the Reintegration to Normal Living Index.

Criterion validity, specifically concun'ent validity of the full battery was assessed using the GDS

as a criterion. Finally, the results of other tests of cognitive function are presented.

3.1 Content Validity

A panel of 10 experts was consulted to evaluate the adequacy of the SOS BattelY subtests

for assessing spatial Olientation. The experts were sent content validation forms (Appendix H)

to complete and return by mail. Of the experts consulted, six replied and all had positive
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responses to the first five items on the questionnaire. Many of these individuals could be

classified into combined professions. Two were psychologists and researchers completing their

doctorates, Iwo were OTs also completing doctorates, one was an OT with a doctoral degree and

one was an OT clinician. The two neurologists and one psychologist researcher did not respond.

Sînce this met the 51 % critelia, the SOS Battery was accepted in its current format for use in the

study.

3.2 DescIiptive and Comparative Analysis of the SOS Battery

The performances of patients in GDS 3 and 4 are presented in Appendix I. There were

significant differences in the scores of the two groups on the Position in Space and the Road-Map

tests. The groups performed similarly on ail other subtests of the SOS Battery, and there was

no difference between the groups on the total SOS Battery score based on the shortened version,

or on the self-rated and proxy-rated Reintegration to Normal Living Index scores. As the groups

differed on only two of the 13 subtests, they were combined to form the "early AD group" in ail

subsequent analyses.

Ali distributions of scores on the perceptual, cognitive and functional spatial tests were

unimodal for the early AD and control groups. These values can be found in Table 2. The data

and results from the statistical analyses of the SOS Battery subtest scores are presented for the

early AD and control groups in Tables 3, 4 and 5. These tests have been categorized into

perceptual, cognitive and functional spatial subtests. The mean time to complete the battery was

103.6 minutes for the AD group (range: 80 to 150 minutes) which was signitïcantly longer than

the completion time of 87.2 minutes (range: 60 to 135 minutes) for the control group, (t(1 17) =
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Table 2

Distributions of scores on subtest~ of the SOS Battery

AD (GDS 3 & 4) CONTROL
-----_._._--

Subtest Median Mode Skewness Median Mode Skewness
-_._._._..._-_.-_..

Left-Right" 9 9 -1.1 10 10 -2.6

FGpb 25 25 2.0 35 28 0.0

Position in Space 11 11 -0.4 15 16 -1.9

Spatial Relations 7 7 0.2 10 10 -1.7

Porteus Maze 7 5 1.4 15 16 -1.9

Map-Read 2 0 2.5 27 35 -0.7

Road-Map 18.5 16 -0.4 30 32 -1.2

Corsi Block 3 3 -0.8 5 5 0.3

Stylus Maze 5 7.1 0.9 7.1 10 -0.2

Sketch-map: Fam' 0.6 0 -0.3 1 1 -2.3

Sketch-map: Newd 0.3 0 0.9 1 1 -2.2

FSAQ: Self-ratedC 30 32 -0.3 36 36 -2.2

FSAQ: Proxy-rated f 26 22 -0.2 36 36 -3.7

•

"Left-Right Discrimination

bFigure-Ground Perception

CSketch-map of the familial' environment

dSketch-map of the new environment

cFunctional Spatial Abilities Questionnaire: Self-rated

fFunctional Spatial Abilities Questionnaire: Proxy-rated
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•

AD (ODS 3 & 4) CONTROL
----_._. _._._--_.__ .._----_.'......_--_._.._-

Sublest M M t

[maximum score] n range (SD) n range (SD) (dt)
.__ .._~------_ .._'_._-- ....--.'_.•_, .."_ .. _.__.

Left-Right' 25 4-10 8.3 97 8-10 9.9 -4.7'

[10] (1.6) (004) (24.7)

POpb 22 5-39 24.8 97 23-48 35.6 -7.7'

[48] (6.2) (604) (117)

Position in 25 4-16 11.0 97 10-16 15.\ -5.7'

Space [16] (3.5) (1.1 ) (25.3)

Spatial 25 5-10 7.7 97 8-10 9.7 ·7.4'

Relations [l0] (lA) (0.6) (26.9)
---------_.,----_.._---_._-_......, .._-_.'_..-

Note. The degrees of freedom (dt) vary due to the unequal variances of the AD and control

groups. The estimates of df were based on Satterthwaite's (1946) approximation.

'Left-Right Discrimination

bPigure-Oround Perception

·p<.OOOI, two-tailed Student t-test for independent samples.
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Table 4

Comparison of pelformance on cognitive spatial subtests
----_._--~----------_._---_.__.,--_._._,-_._----

AD (GDS 3 & 4) CONTROL
.' .' .... ,-- .,~---_._~-_.,----,----_._----

Subtest M M t

[maximum score] n range (SD) n range (SD) (df)
. ,'-_.•-.-., .._. ." . _._ ...~----_._- •.._. .. -_ •. _-----------,-_ .

Porteus Maze [17] 24 5-17 8.3 97 10-17 16.1 -9.7'

(3.9) (1.9) (25.7)

Map-Read 24 0-35 5.1 96 4-35 26.0 -10.9'

[35] (8.2) (8.5) (l18)

Road-Map 24 0-32 19.5 95 15-32 28.3 -6.0'

[32] (6.9) (4.4) (28)

Corsi Block 25 0-5 2.9 97 3-7 4.6 -5.0'

[9] (1.7) (0.9) (27.1)

Stylus Maze [10] 22 3-10 5.3 96 4-10 8.0 -5.9'

(1.7) (2.0) (116)

Sketch map: Fam" 23 0-1 .51 82 0-1 .93 -5.4'

[1] (.37) (.12) (23)

Sketch map: 24 0-1 .28 95 0-1 .90 -9.7'

New" [1] (JO) (.18) (27.3)
.-_. ~-._------._-----_ .._._---_._._-

"Sketch-map of familiar environment

"Sketch-map of new environment

•p<.OOOI, two-tailed Student's t-test for independent samples.

•
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Comparison of petformance on the Functional Spatial Abilities QuestionmlÎre (FSAQ)

!Oo

AO (GOS 3 & 4) CONTROL

21 22-36

n range

Respondent

[maximum score]

Self-rated

[36]

Proxy-rated

[36]

23 14-34

M M

(SO) n range (SO) (dt)

_..... _.,-.__..._._----.- -_.~ ... _._--~---
... --_..._... _".-_._.,.,--_...._-

29.7 97 28-36 35.0 -5.6'

(4.4) ( 1.9) (24.1)

25.6 85 25-36 35.3 -8.2'

(5.6) ( 1.9) (23.4)

-----~--_._--
---_._-,,--,-----~._-----,,-- . ---

•

'p<.OOOl, two-tailed Student's t-test for independent samples.
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4.5, P < .(JOUI).

3.2.1 Comparative analysis of subtests of SOS Battery

On ail perceptual tests tlle means of the AD group were significantly lower than those of

the control group (see Table 3). The control group obtained almost perfect scores on a1l of the

perceptual subtest5, except for Figure-Ground Perception Test. Only three AD subjects were

unable to finish the second part of the Figure-Ground Perception Test, which involved

disembedding geometric figures. They were able to complete the tirst part of the test, however,

which involved disembedding line drawings of familiar objects.

1l1e AD group also pelformed significantly poorer on ail of the cognitive spatial subtests.

Table 4 shows tlle mean scores of the two groups. Tests for which sample sizes were sma1ler

than 25 for the AD group and 97 for the contfPl group indicate that sorne of the subjects were

unable or unwilling to complete the subtest. For the control group the sample size for the sketch

map of the familiar environment was considerably sma1ler than for the other tests. This was due

to the lower compliance of the proxies of control sUQjects in retuming the drawing from which

the subject's drawing was scored. Examples of sketch maps are shown in Figures 11 and 12.

3.2.2 Functional spatial abilities

The third type of spatial skills examined was functional spatial skills as measured by the

Functional Spatial Abilities Questionnaire. The AD subjects' self-ratings were significantly lower

than thŒe of the control group on the Functional Spatial Abilities Questionnaire (see Table 5).

Similarly, proxy-ratings of the AD group were significantly lower than proxy-ratings of the
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(a)

(b)

(c)
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•
Figure Il. Sketch maps of familiar environment drawn by an AD subject (a and b) and caregiver

(c), Sketch map (a) was drawn on the initial visit and sketch map (b) on the second or test-retest

visit. These maps were compared to that drawn by the subject's spouse (c), The AD subject was

male, 63 years old and in GDS stage 3. This patient had 14 years of education, his MMSE score

was 27/30 and his 3MS score was 67/100.
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•

Figure 12. This sketch map of the new environment, drawn by the same AD subject shown in

Figure Il, was completed on the initial visit. It was scored by comparing it with the map of the

• new environment (see Figure 10).
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control group. Two of the AD subjects were unable to complete the functionul questionnuire due

to fatigue. The two caregivers who did not retuITI the questionnaire were not the curegivers of

the two AD subjects who did not complete the questionnuire. One AD subject did not consent

to giving the questionnaire to her caregiver. Ail of the control subjects were uble to complete

the questionnaire, howe'ier, the proxies of twelve of these subjects did not retuITI or respond to

the questionnaire. Compliance was not a problem with the AD group's curegivers becuuse they

attended the testing sessions, and were asked to complete the questionnaires at the test site.

The differences between self- and proxy-mtings on the Functional Spatiul Abilities

Questionnaire were calculated for each group and were then analyzed using two-tailed paired

Student's t-tests. These data were tested for statistical differences l'rom zero. While there was

no difference between the self- and proxy-ratings for the control group (mean difference = -0.3,

SEM: 0.2, t(84) = -1.9, p > .05), the AD group's self-ratings were significantly higher thun

ratings by their caregivers (mean difference = 2.8, SEM: 1.1, t(20) = 2.5, P < .(1).

As mentioned in the Methods section, an item analysis was conducted on the Functional

Spatial Abilities Questionnaire in order to determine whether the items could individually

discriminate between individuals who have AD and those who de not. The analysis used the

Wilcoxon-rank sum test. These results are shown in Appendix J for the self-rated responses and

in Appendix K for the proxy-rated responses. There was a significant difference between the two

groups on ail items except for item 9 when it was self-rated. This item states, "1 require

supervision when l travel in the neighbourhood". There was a disagreement between the AD

subjects and theil' caregivers on this item.
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3.3 Correlation Between SOS Subtests and Demographic/Mental Status Variables

Pearson's correlation coefficients between the 13 subtest~ and age, education and mental

status, are listed in Table 6 for the AD group and in Table 7 for the control group. For the

control group, age was negatively con'elated with scores on four subtests: Figure-Ground

Perception, Corsi Block, Stylus Maze and sketch map of the new environment. For the AD

group, only the scores on the Stylus Maze were negatively correlated with age. The AD subjects'

scores on the Corsi Block and on the self-rated Functional Spatial Abilities Questionnaire were

positively correlated with age. For both groups, scores on the Porteus Maze were positively

correlated with years of education, but for the control group scores on the Figure-Ground

Perception and Corsi Block tests were also related to years of education whereas this was not the

case for the AD group. With respect to the mental status of the control group, scores on the

3MS were related to scores on four of the subtests (Figure-Ground Perception, Spatial Relations,

P0I1eus Maze and Road-Map tests) whereas scores on the MMSE were significantly correlated

with only the Figure-Ground Perception Test. For the AD group, scores on both the 3MS and

MMSE were related to scores on many more subtests than for the control group. Scores on both

mental .tatus exams were significantly correlated with the same subtests for the AD group with

the exception of the Stylus Maze Test scores which were signiticantly correlated with only the

3MS.

3.4 Test-Retest and Inter-Rater Reliability Coefficients of SOS Subtests

The intra-c1ass correlation coefticients (ICCs) were used as indices of test-retest and inter

rater reliabilities for subtests of the SOS Battery. For the AD group, ail ICCs, except for those
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Con-elation of SOS subtests with demographic/mental status variables for AD group
...... ,.__..._----_ .._- --

Age Education MMSE 3MS
_•.__.__._--~-~,----~------ ----

Left-Right' .20 (25) .23 (25) .64'· (25) .57' (25)

FOpb -.02 (22) .08 (22) .24 (22) .28 (22)

Position in Space .24 (25) .20 (25) .63" (25) .63'· (25)

Spatial Relations .09 (25) .25 (25) .17 (25) .35 (25)

Porteus Maze .03 (24) .45· (24) .43' (24) .47' (24)

Map-Read -.01 (24) -.05 (24) .16 (24) .26 (24)

Road-Map -.05 (24) .37 (24) .54' (24) .59· (24)

Corsi Block .49' (25) -.03 (25) .46' (25) .51' (25)

Stylus Maze ·.43' (22) .13 (22) .27 (22) .45· (22)

Sketch-map: Fam' .03 (23) .13 (23) .71·'(23) .69" (23)

Sketch-map: Newd -.14 (24) -.03 (24) .56· (24) .50· (24)

FSAQ: Self-rated' .47· (23) -.04 (23) .07 (23) .05 (23)

FSAQ: Proxy-ratedf .11 (23) .el3 (23) .24 (23) .34 (23)
-----------_._---_.'--_.._---_ .._-

Note. Numbers in brackets indicate the sample sizes.

'Left-Right Discrimination

bFigure-Oround Perception

'Sketch-map of familiar environment

dSketch-map of new environment

106

'Functional Spatial Abilities Questionnaire: Self-rated

fFunctional Spatial Abilities Questionnaire: Proxy-rated

• ·p<.05, ··p<.OOl, ···p<.OOOI, Pearson's product-moment correlation coefficients.
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Correlation of SOS subtests with demographie/mental status variables for control group
_.' .."._--.-". , ------ -- ---- _.. __.--~-_._-

Age Education MMSE 3MS
- --,.,._-~•.- -,._.,---_._-----~_._-

Left-Right" -.14 (97) .13 (97) .18 (97) .13 (97)

FOpb -.26' (97) .43'" (97) .21' (97) .39'" (97)

Position in Space -.OS (97) .09 (97) -.OS (97) .08 (97)

Spatial Relations -.16(97) -.02 (97) .14 (97) .22' (97)

POIteus Maze -.IS (97) .25 '(97) -.02 (97) .20' (97)

Map-Read -.3S (96) .19 (96) .07 (96) .08 (96)

Road-Map -.20 (9S) .18 (9S) -.OS (9S) .32' (9S)

Corsi Bloek -.29' (97) .22' (97) .OS (97) .17 (97)

Stylus Maze -.30' (96) .12 (96) .18 (96) .17 (96)

Sketch-map: Fam' -.18 (82) -.OS (82) -.00 (82) .21 (82)

Sketch-map: New" -.24' (9S) .16 (9S) .02 (9S) .13 (9S)

FSAQ: Self-rated' -.07 (97) .17 (97) -.08 (97) .10 (97)

FSAQ: Proxy-rated f -.01 (8S) .08 (8S) .07 (8S) .18 (8S)
_.. ,....._,..-..__..~--_._._--~~-

Note. Numbers in braekets indicate the sample sizes.

'Left-Right Discrimination

bFigure-Oround Perception

'Sketch-map of familiar environment

"Sketeh-map of new environment

'Functional Spatial Abilities Questionnaire: Self-rated

fFunctional Spatial Abilities Questionnaire: Proxy-rated3

• 'p<.OS, "p<.OOI, "'p<.OOOI, Pearson's product-moment correlation coefficients.
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Test-retest and inter-rater reliabilities for AD group

IOll

•

---._-,~.'---'--'-- _. __ ._._._,_.--_.-....__._..,_.~ .._._-

Test-retest Inter-rater
._..._-~---_ •._....-.- ._.,,-----_._----

Subtest n ICC n ICC
-------~-_._~._----_._--_._----_._ .. ------ --"-"'-'.-".--

Left-Right' 24 .49' 23 .51'

FGpb 20 .83'" 15 .30'

Position in Space 24 .82·" 23 .87'"

Spatial Relations 24 .22 23 .211

Porteus Maze 23 .89'" 21 .71'"

Map-Read 23 .96'" 22 .90'"

Road-Map 21 .87' 21 .71'"

Corsi Block 24 .66" 23 .68'"

Stylus Maze 18 .67" 16 .63'

Sketch-map: Famc 20 .88'" 17 .83'"

Sketch-map: Newd 23 .49" 20 .89'"

FSAQ: Self-ratedC 21 .84'" 20 .82'"

FSAQ: Proxy-ratedf 20 .85'" 16 .81'"
0'.'" • ____'," .. _,_ ..-...,-_.-_.._---~-

'Left-Right DiscIimination

bFigure-Ground Perception

cSketch-map of familiar environment

dSketch-map of new environment

cFunctional Spatial Abilities Questionnaire: Self-rated

fFunctional Spatial Abilities Questionnaire: Proxy-rated

'p<.05, "p<.OOl, '''p<.OOOl, intra-class correlation coefficient.



•

•

109

for the Spatial Relations Test, reached statistical significance (Table 8). The majority of these

significant coefficients met the .70 criterion for adequate reliability. Specifically, 8 of the 13

subtests, demonstrated adequate test-retest or inter-rater reliability. For the control group (see

Table 9), only three subtests met the criterion for acceptable test-retest reliability and four met

the criterion for adequate inter-rater reliability.

3.5 Internai Consistency .

As described in the Methods section, internai consistency was assessed in four ways.

First, subtest-to-subtest correlation coefficients were calculated. Next, subtest-to-total score

correlation coetlïcients and Cronbach's alphas were estimated. Last, two factor analyses were

performed.

3.5.1 Subtest-to-subtest correlations

Pearson's product-moment correlation coefficients were calculated between the scores

obtained on each of the subtests of the SOS Battery. The coefficients for the perceptual subtests

are Iisted in Table 10 for the AD and control groups. Three of the six coefficients reached

significance in the AD group whereas two reached significance in the control group. Ali of these

coefticients involved scores obtained on the Position in Space Test and were higher for the AD

group (average r = .56) than for the control group (average r = .28). The coefficients between

cognitive subtests are presented in Table Il for the AD group and in Tabll, 12 for the control

group. Ten of the twenty-one between-subtest cOlTelation coefficients reached significance for

the AD group in comparison to eight coefficients for the control group. Most of the correlations
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Test-retest and inter-rater reliabilities for control gr0.!ill.
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•

--_._-_._-_.'._--.-.'---
Test-retest lnter-mter

_.__ ..__._,-----

Sublest n rcc n ICC

-_.~-,----------------

Left-Right" 33 -.05 27 .35'

FGpb 33 .71" 27 .73"

Position in Space 33 .44' 27 .39'

Spatial Relations 33 .43' 27 -.15

Porteus Maze 33 .19 27 .03

Map-Read 33 .S7" 27 .S9"

Road-Map 32 .26 27 .6S"

Corsi Block 33 .43' 27 .28

Stylus Maze 33 .17 27 .03

Sketch-map: Fam' 28 -.02 22 .13

Sketch-map: Newd 33 .31' 26 .62"

FSAQ: Self-rated' 33 .7S" 27 .S3"

FSAQ: Proxy-rated( 23 .67" 22 .Sl"
._----_.._,---------~_ .._--._._-------_.

'Left-Right Discrimination

bFigure-Ground Perception

'Sketch-map of familial' environment

dSketch-map of new environment

'Functional Spatial Abilities Questionnaire: Self-rated

fFunctional Spatial Abilities Questionnaire: Proxy-rated

'p<.05, "p<.OOl, '''p<.OOOl, intra-class correlation coefficient.
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Table 10

Correlation between perceptual subtests for AD and control groups

l. Left-

Right"

3. Position

in Space

4. Spatial

Relations

AD C AD

.33

(22)

2

C

.17

(97)

3 4

AD C AD C

.53' .15 .33 .18

(25) (97) (25) (97)

.66" .33' .32 .35

(22) (97) (22) (97)

.50' .24'

(25) (97)

•

Note. NlImbers on top represent cOiTesponding subtest in left colllmn. NlImbers in brackets

indicate the sample sizes.

"Left-Right Discrimination

bFigure-Ground Perception

'p<.05, ··p<.OOI, Pearson's product-moment correlation coefficients.
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Table Il

Correlation between cognitive subtests for AD group

1 2 3

1. POlteus .5S" .36

Maze (23) (23)

2. Map-Read .27

(23)

3. Road-Map

4. Corsi B10ck

5. Stylus Maze

6. Sketch-map:

Fam'

7. Sketch-map:

Newb

-_._._._-- -----_.. __.._-- ---------..- ... ._ .....~-----_.__ ..__ ._-

4 5 6 7
._-----_ .._.._- --_.__._--"_._.-- - -. - ". '._.-_._._--. _....•. ,,_.•

.42' .49' .51' .24

(24) (21) (22) (23)

.30 .54' .25 .4S'

(24) (22) (22) (23)

.12 .41 .53' .40

(24) (22) (22) (23)

.14 .4S' .25

(22) (23) (24)

.28 .46'

(20) (21 )

.52'

(22)

•

Note. Numbers on top represent corresponding subtest in left column. Numbers in brackets

indicate the sample sizes.

'Sketch-map of familiar environment

bSketch-map of new euvironment

'p<.05, "p<.OOl, Pearson's product-moment correlation coefficients.
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Table 12

Correlation between cognitive subtests for control group

1. Porteus

Maze

2. Map-Read

3. Road-Map

4. Corsi Block

5. Stylus Maze

6. Sketch-map:

Fam"

7. Sketch-map:

Newb

2 3 4 5 6 7

.13 .46··· .18 .16 .18 .17

(96) (95) (97) (96) (82) (95)

.38" .34" .06 .35" .10

(95) (96) (96) (82) (95)

.25" .02 .28" .13

(95) (95) (81) (94)

.03 .11 .22"

(96) (82) (95)

.28" -.03

(82) (95)

.01

(82)

•

Note. Numbers on top represent corresponding subtest in left column. Numbers in bracket

indicate the sample size.

"Sketch-map of familiar environment

bSketch-map of new environment

"p<.05. ""p<.OO1. """p<.OOO1, Pearson's product-moment correlation coefficients.



•

•

114

that reached significance for the AD group were not significant for the control group and vice

versa. As with the perceptual subtests, the coefficients between cognitive subtests were generally

higher for the AD group (average l' =.50) in comparison to those for the control group (average

r = .32).

Table 13 lists Pearson's cOlTelation coefficients t.etween perceptual and cognitive subtests

by group. For the AD group, 14 of the 28 between-subtest cOlTelations were significant and 13

correlations were significant for the control group. The majority, or eight of these coeftïcients

represented cOITelations between the same subtests for the AD and control groups. Again, the

significant coefficients were on average higher for the AD group (average l' =.52) in comparison

to those for the control group (average r = .34). Specifically, for the AD group scores on the

Porteus Maze Test and on the sketch map of the familiar environment were related to scores on

each of the four perceptual subtests. Again, scores on the Position in Space Test were related

to the majority of the cognitive subtests for the AD patients. For the control group, scores on

the Porteus Maze, Map-Reading, Road-Map and Corsi Block were related to scores on the

perceptual subtests especially the Figure-Ground Perception, Position in Space and Spatial

Relations tests. Scores on the sketch map of the familiar environment were not strongly related

to the perceptual subtest scores.

Table 14 presents Pearson's correlation coefficients between scores obtained on the

Functional Spatial Abilities Questionnaires and each of the perceptual and cognitive subtests.

The correlation between AD subjects' self-ratings and their proxies' ratings was moderate (1' =

.39) but not statistically significant (p > .05). The self-ratings of the control subjects were,

however, highly correlated with the ratings of their proxies (r = .68, p < .00(1). For both the
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Table 13

Correlation between perceptual and cognitive subtests for AD and control groups
-_...__._-,-_...-----~_ ..- -'-'---

Left- Position Spatial

Right' FGpb in Space Relations
••__0,_____---

AD C AD C AD C AD C

--------------_._ .._----
Por:.eus .57' .06 .51' .37" .67" .23' .55' .2S'

Maze (24) (97) (2J) (97) (24) (97) (24) (97)

Map-Read .32 .08 .31 .57'" .43' .34' .31 .38'"

(24) (96) (22) (96) (24) (96) (24) (96)

Road-Map .28 .25' .03 .44'" .47' .26' .4S' .47'"

(24) (95) (22) (95) (24) (95) (24) (95)

Corsi .42' .01 .41 .2S" .69'" .29' .43' .15

Block (25) (97) (22) (97) (25) (97) (25) (97)

Stylus .28 .08 .Il .18 .18 .03 .34 .08

Maze (22) (96) (21) (96) (22) (96) (22) (96)

Sketch-map: .45' -.01 .45' .23' .70" .03 .45' .18

Fame (23) (82) (20) (82) (23) (82) (23) (82)

Sketch-map: .35 .09 -.08 .12 .32 -.03 .04 .19

New· (24) (95) (21) (95) (24) (95) (24) (95)
-- -- -----' •.._-'._- .._----

Note. Numbers in brackets indicate the sample size.

'Left-Right Discrimination

bFigure-Ground Perception

"Sketch-map of familiar environment

'Sketch-map of new environment
,
p<.05, "p<.OOI, '''p<.OOOl, Pearson's product-moment con'elation coefficients.•
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FSAQ

Self-rated

FSAQ

Proxy-rated
--------------- ---_._--------- ... -.--_. _.. _.__ ...

Left-Rightb

FGP'

Spatial Relations

Position in Space

Porteus Maze

Map-Read

Road-Map

Corsi Block

Stylus Maze

Sketch-map: Famd

Sketch-map: Newc

AD C

n=20-23 n=82-97

.34 -.09

-.II .08

.08 .04

.00 .01

.07 .09

.37 .29"

.II .18

.20 .13

.06 -.06

.04 .04

.18 .15

AD C

n=20-23 n=75-97
....._..- .

.25 -.10

.OU .01

.11 -.01

.19 -.04

.27 .07

.36 .20

.32 .10

.33 .21

AO J)9

.14 .12

.17 -.03

•

'Functional Spatial Abilities Questionnaire

bLeft-Right Discrimination

CFigure-Ground Perception

dSketch-map of familiar environment

cSketch-map of new environment

"p<.005, Pearson's product-moment correlation coefficients.
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AD and control groups, scores on the Functional Spatial Abilities Questionnaire were not

significantly correlated with those on any of the subtests, except for the Map-Reading Test, which

was corrclatcd with the self-ratcd Functional Spatial Abilities Questionnaire for the AD group

(Table 14).

ln summary, the subtest-to-subtest correlation coefficients were generally higher for the

AD group than for the control group. These coefficients presented a pattern which suggests that

perceptual subtests scores were related to cognitive subtest scores to a similar extent that subtests

within these categories were related to themselves. With respect to functional spatial orientation,

scores on the Functional Spatial Abilities Questionnaire were clearly not correlated with

performance on the other subtests of the SOS Battery.

3.5.2 Subtest-to-total score cOlTelation coeftïcients

Table 15 presents subtest-to-total score Pearson correlation coefficients by group for raw

and standardized scores. As mentioned, these total scores did not include the score of the subtest

with which it was being correlated. Both raw and standardized data provided sirnilar resuIts.

For the AD group, ail of the subtests met the l' = .20 criterion. In contrast, three subtests did not

meet the critelion for the control group. These were the Left-Right Discrimination, Stylus Maze

and sketch map of the new environment.

3.5.3 Internai consistency: Cronbach's coeftïcient alpha

Cronbach's coefficient alphas are presented in Table 16 for the AD and control groups.

Again, both raw and standardized data were used in calculating Cronbach's alphas. For the AD
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Table 15

Subtest-to-total Pearson's product-moment cOl1'elation coefticients for AD and control groups
------~----~----

AD group Control group

•

.---~-~--~_._..•_-- _.._' --' -'--'._' "--.-_. ---.--- ,.

Subtest Raw" Standardizedh Rawn Standardizedh

- -----_._.__.._------ . _.. _. ---_._-
Left-RightC .58 .61 .16 .14

FGP" .34 ..39 .61 .55

Position in Space .67 .74 .38 .33

Spatial Relations .54 .53 .47 .44

Porteus Maze .73 .72 .37 .41

Map-Read .56 .61 .59 .57

Road-Map .41 .51 .51 .57

Corsi Block .52 .57 .39 .38

Sty1us Maze .53 .49 .12 .15

Sketch-map: FamC .56 .65 .38 .30

Sketch-map: New' .45 .44 .15 .18

FSAQ: Self-rated' .23 .23 .29 .28

FSAQ: Proxy-ratedh .34 .39 .20 .22
---------

------~----------------- - --~-

KRaw score correlation with total score

bStandardizcd score correlation Wilh total score

<t-Cft-Righl Discrimination

dPigurc-Ground Perception

eSkctch-map of familiar environrncnt

'Skclch-map of new environmenl

'Punclional Spalial Abililies Queslionnaire: Sclf-raled

bPunclional Spaliai Abililies QuesliOlmaire: Proxy-raled
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Table 16

Cronbach's alpha coefficients for AD and control groups
- - --.-- ..-'--"--..--~-------._- +----_.._--~--

AD group Control group
.' ...•._. _.. -,---'--"- ..•.__._----_._-,-_.._---_.

Raw Standardized Raw Standardized

---_._-----~--

Overall alpha .75 .86 .64 .72
----"--_.~--,--,._--_. __.----------_..
Subtests Alpha' Alphab Alpha' Alphab

.__._-_._..._----_.

Left-Right' .74 .85 .64 .73

FOpd .74 .86 .53 .68

Position in Space .71 .84 .63 .71

Spatial Relations .74 .85 .63 .70

POiteus Maze .70 .84 .62 .70

M<lp-Read .72 .85 .58 .68

Road-M<lp .74 .85 .57 .68

Corsi Block .74 .85 .63 .70

Stylus Maze .74 .85 .64 .73

Sketch-map: Fam' .75 .85 .64 .71

Sketch-map: Newr .75 .86 .64 .73

FSAQ: S'lf-ratedS .75 .87 .62 .72

FSAQ: Proxy-r<ltedb .74 .86 .63 .72
-------'-'.'.--" .-".,_. .-, ...._..__._--------_.

'Cmnbach's alpha of baltcry uflef rcmoving sublest and using raw scores

rCrollhilch's ~llpha of hattcry aCtef rcmovillg subtcst and using standardizcd scores

elen-Righi Discrimination. dFigurc-Ground Discrimination

tSkctch-map of fumiliar cllvironmcnt, rSketch-mup of ncw cnvironmcnt

'Funclionlll Sp"li"l Abililics Qucstionnnirc: Sclf·mtcd, bFunctional Spatial Abilitics Qucstionnnire: Proxy-ratcd
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group, the overal1 alpha for the ful1 battery were .75 using raw scores and .86 using standnrdized

scores. For the control group, the overal1 alphas for the full battelY were .64 using raw scores

and .72 using standardized scores. Given that little is known about the contribution of ench

subtest to the measurement of spntial orientation, standardized scores, which give equal weight

to eaeh subtest, are more meaningful to interpret. For the AD group, the overall nlphn bnsed on

standardized scores met the .80 cliterion which is indicative of high intel1lnl consistency

(Carmines & Zel1er, 1979, Feinstein, 1987). ln contrast, the overnll alpha bnsed on stnndnrdized

scores of the control group did not meet this criterion although it was not much lower.

Table 16 also lists Cronbach's coefficient alphas for the full battery after removal of

individual subtests. The highest Cronbach's alpha values (.73) were associated with the Left

Right Discrimination, Stylus Maze and sket'~h-map of the new environment tests, however, these

values were not different from those of the functional questionnaires which had valucs of .72.

For the control group, the highest Cronbach's alpha value (.87) was associated with thc self-rated

Functional Spatial Abilities Questionnaire.

To summarize, coefficient alphas were generally higher for the AD group. In both

groups, coefficient alphas did not fluctuate gready as each subtest was removed.

3.5.4 Factor analysis using control group data

Two factor analyses were conducted. A factor analysis was initially conducted using only

the data from the control group and aIl 13 subtests of the SOS Battery. Following this, a

shortened version of the battery was derived which permitted a second set of factor analyses to

be conducted using data from both the control and the AD groups. In the first analysis, five
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Table 17

Factor loadings of subtests for control group
...........~-_._- .. - '. -_._-~_._-_.._----

Factor 2 3 4 5
.""'. - ...•. __._._.- . -_._._~--,.._-_._-_._.-

eigenvalue 3.49 1.76 1.29 LlO 1.04
----_.....•...•..~------_._------------

Proportion of variance explained .27 .14 .10 .08 .08
._._._.. _--_.~--_ ..• .. ---,_..,-.---------

Left-Right" .11 -.07 -.14 .i8 .13

Faph .50 .49 .04 .18 .22

Position in Space .21 .19 .11 .75 -.02

Spatial Relations .64 .23 -.01 .13 .22

P0I1eus Maze .82 -.00 -.03 .04 -.05

Map-Read .30 .60 .32 .20 .30

Road-Map .79 .18 .15 .17 .07

Corsi Block -.05 .25 .20 .30 .68

Stylus Maze .04 .61 -.12 .18 -.22

FSAQ: Self-rated' -.13 -.06 .90 .02 .06

FSAQ: Proxy-ratedd -.05 .02 .89 -.06 .00

Sketch-map: Fam' .15 .80 -.04 -.16 .06

Sketch-map: Newf .23 -.17 -.09 -.08 .80
--- ...-'._.__ .._---_._----

"Left-Right Discrimination

hFiglire-Oround Perception

'Flinctionai Spatial Abilities Questionnaire: Self-rated

dFlInctional Spatial Abilities Questionnaire: Proxy-rated

• 'Sketch-map of familial' environment

fSketch-map of new environment
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factors emerged (Table 17). Ali subtests except for the Figure-Ground Perception Test loaded

on only one of the i~ve factors.

The scores on the Figure-Ground Perception, Spatial Relations, Porteus Maze and Road

Map tests loaded on Factor 1. These subtests examine the concepts of mental rotation, planning

and left-right orientation. The scores on the Figure-Ground Perception, Map-Reading, Stylus

Maze and sketch map of the familial' environment tests loaded on Factor 2. These subtests

require mental representation, visuospatial construction ability, spatial learning, mental rotation

and long-term memory. The Map-Reading Test and sketch map of the familial' environment both

involve a motoric aspect to representation of space. While the Map-Reading Test requires the

use of whole body movements, the sketch map of familial' environment involves the subject's

interpretation of his or her movement experiences in an environment. Factor 3 consisted of

variables from scores on the self-rated and proxy-rated Functional Spatial Abilities Questionnaire.

The scores on the Left-Right Discrimination and Position in Space tests loaded on Factor 4.

These tests are perceptual in nature and require the ability to recognize the orientation of

geometric figures, and to distinguish left from right. La.~t1y, the two tesl~ loading on Factor 5,

the Corsi Bloek and the sketch map of the new environment, were c1early tests of immediate or

short-term spatial memory.

3.5.5 Selection of subtests for a shortened SOS Battery

The shortened version consisted of 6 of the 13 subtests and the selection of these tesl~

was based on the criteria described in the Methods section. The Left-Right Discrimination and

Spatial Relations tests were not included in the shortened battery because of their low test-retest
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and inter-rater reliability. Although the Figure-Ground Perception Test demonstrated good test

rctest and inter-rater reliability, it was excluded because it was an extremely difficult test for the

AD subjects. Ail of the raters agreed that it was the subtest requiring the longest amount of time

to administer to both the AD and control groups. Although the time taken to administer each

subtest was not recorded, raters estimated that the Figure-Ground Perception Test took between

20 to 40 minutes to complete. lt also loaded on Factors 1 and 2 suggesting that it involved skills

that overlapped with those evaluated by the other spatial tests. The following four tests were not

chosen based on the reasons provided: scores on the Porteus Maze Test were associated with

level of education in both groups, scores on the Corsi Block Test were correlated with age in the

AD group and with both age and education in the control group, scores on the Stylus Maze Test

cOIl"elated with age in both groups and the self-rated Functional Spatial Abilities Questionnaire

correlated with age in the AD group.

The final shOltened version of the SOS Battery consisted of the Road-Map Test loading

on F'Ictor 1, the Mar -Reading Test and sketch map of familiar environment loading on Factor

2, the proxy-rated Functional Spatial Abilities Questionnaire loading on Factor 3, Position in

Space loading on Factor 4 and sketch map of new environment loading on Factor 5. Two

subtests were selected from Factor 2 because they both appeared clinically relevant. Both tests

were quick to administer and were well accepted by the subjects. Although the two subtests

loaded on the same factor, they were not significantly correlated with each other for the AD

group (Pearson's r = .25, P > .05) and only slightly correlated with each other for the control

group (Pearson's r = .35, P < .05). Thus, it may be assumed that these two subtests were not

redundant. Perfolmance on ail subtests of the shortened version was not associated with age or
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education in either group, except for the sketch map of the new environment which was

negatively correlated with age for L'le control group. The sketch map of the new environment

was selected because it was less associated with age and education than the Corsi Block Test llIld

it was the only other subtest representing Factor 5. Although the recommended maximum of

valiables is 5 for a sample of 25 subjects (Tabachnick & Fidell, 1989), ail 6 subtests were kept

for the shortened battery because each appeared clinically relevant. Each of the six tests was

converted to a score out of 20. The total battery score out of 120 was then convelted to a total

score out of 100. Table 18 and Figure 13 provide standardized scores on the six subtests and the

standardized total score for the shortened SOS Battery.

3.5.6 Factor analyses of the shortened SOS Battery using AD and control group data

The results from the factor analysis of the shortened version of the SOS Battery are

presented in Table 19. For the control group, three factors had eigenvalues thllt were equlll to

or greater than the criterion of 1 (Tabachnick & Fidell, 1989). A strict application of the

minimum eigenvalue criterion would result in selecting only two factors for the AD group.

However, in order to facilitate comparison, the third factor WllS also accepted. lt should be noted

that the eigenvalue for factor 3 (.93) was close to 1 and substantially greater than the fourth

factor which was .64.

For the control group, the results of this factor analysis replicllted those of the first factor

analysis to the extent that scores on the proxy-rated Functional Spatial Abilities Questionnaire

and scores on the sketch map of the new environment again loaded on separate factors. In

addition, scores on the Map-Reading and sketch map of the familiar environment loaded on the
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Figure 13. Bar graphs of scores on the shortened version of SOS Battery. The bars indicate 95%

• confidence intervals.
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Table 19

Factor loadings of subtests on shortened version of SOS Battery for AD and control groups
---._------_...,.---'.._'._.-------_.._..__._-------------_..-.

Factor 2 3
--_.._-•._-_._ .._-_._., ...._--_ .._-----

Group AD C AD C AD C
,._,-.-.~.,-_.,--,.._.._---- ....._._- ._---_..._ ..

Eigenvalue 2.26 1.94 1.52 1.03 0.93 1.00
- - ..._-----_ ....•_._-_.

Proportion of variance explained .38 .32 .25 .17 .16 .17
" ......_.---..• ....... __ .._•..._----_.__._---

Position in Space .86 .63 .31 -.28 .07 -.09

Map-Read -.06 .78 .87 .17 .09 .10

Road-Map .81 .66 -.28 .18 -.09 .20

Sketch-map: Fam' .77 .66 .13 .01 .43 -.07

Sketch-map: Newb .09 .03 .07 -.03 .96 .98

FSAQ: Proxy-rated' .13 .08 .79 .95 .02 -.04
---_._,---."----. -,.,.".-. ,..•_---_ ..-

"Sketch-map of familiar environment

bSketch-map of new environment

'Functional Spatial Abilities Questionnaire: Proxy-rated
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same factor as they did in the tïrst analysis. In contrast to the previous analysis. these results

showed that scores of the Position in Space and Road-Map tests, which had represented separatc

factors, are now loaded on the same factor as two other subtests.

For the AD group, the stl1lcture of the factors was more complex than for the control

group. Scores on four of the six subtests loaded on the same factors as they did for the control

group: Position in Space Test, Road-Map Test, sketch map of the new environment and proxy

rated Functional Spatial Abilities Questionnaire. In contrast, performance on the Map-Reading

Test Ioaded on the factor associated with the proxy-raled Functional Spatial Abilities

Questionnaire. Another difference was that the AD group's scores on the sketch map of the

familiar environment loaded on two factors, one associated with performance on the Position in

Space and Road-Map tests and another associated with the sketch map of the ncw environment.

3.5,7 Subtest-to-total score correlation coefficients for the shortened battcry

Subtest-to-total score Pearson's correlation coeftïcient~ for the six subtests of the

shortened battelY are listed in Table 20 by group. These coefficients were calculatcd using raw

and standardized scores as was done for the full battcry. The discrepancies betwccn coefllcicnts

based on raw data and those based on standardized data were larger than those observcd with the

full battery. ln general, these coefficients were also lower for both groups in comparison to those

seen in the full battery. As with the full battery, standardized coefficients for thc shortcncd

battery were higher for the AD group than for the control group. For the AD group, ail of the

coefficients met the .20 criterion for internaI consistency and the lowest coefficient (r =.32) was

associated with proxy-rated Functional Spatial Abilities Questionnaire scores. For the control
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Table 20

Sublest-lo-total score correlation coefticients and Cronbach's alphas for AD group: Shortened

version of SOS Battery

Raw Score

Correlation with

Sublesl Total Score Alpha'
.__."--------_._-_._._-_._-

Posi tion in Space .54 .45

Map-Read .40 .49

Road-Map .44 .44

Sketch map: Famb .48 .57

Sketch map: New' .53 .57

FSAQ: Proxy-ratedd .31 .52
--~--_ ..------_..

Standardized Score

Correlation with

Total Score Alpha'

.62 .72

.50 .75

.58 .73

.61 .72

.54 .74

.32 .79

•

Nole. Overall alpha = .56 for raw scores and .78 for standardized scores.

'Cronbach's alpha of batlery after removing sublest

bSkelch-map of familiar environment

'Skelch-map of new environment

dFunctional Spatial Abilities Questionnaire: Proxy-rated
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group, two of the six subtests did not meet this criterion: sketch map of the new environment and

proxy-rated Functional Spatial Abilities Questionnaire.

3.5.8 Cronbach's alphas for the shortened battery

Cronbach's coefficient alphas for the shortened battery are listed in Table 21 and were

calculated in the same manner as those for the full battery. Overall, Cronbach's alphas were

lower for the shortened battery in comparison to those for tl1e full battery. For the AD group,

the overall alpha using raw scores was .56 and using standardized scores was .n. For the

control group, the overall alpha was .39 using raw scores and .51 using standardized scores.

With respect to the alpha values obtained after removing individual subtests, the fluctuations were

greater than those obtained for the full battery. For the AD group, alphas based on standardized

scores were relatively high for the proxy-rated Functional Spatial Abilities Questionnaire (alpha

= .79). For the control group, high alpha values were associated with the sketch map of the new

environment (alpha = .56) and with the proxy-rated Functional Spatial Abilities questionnaire

(alpha = .53).

3.5.9 Intemal consistency: Summary

Correlations between subtests within the perceptual and cognitive categories were of the

same magnitude as those measured between these categories. The correlations obtained between

scores on the Functional Spatial Abilities Questionnaires and scores on the perceptual and

cognitive subtests were low and not statistically signitïcant.

Factor analyses were conducted for the full battery using data l'rom the control group and
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Table 21

Subtest-to-total score correlation coefficients and Cronbach's alphas for control group: Shortened

version of SOS Battery

Standardized Score

Correlation with

Alpha' Total Score Alpha'

.36 .20 .50

.20 .52 .32

.19 .43 .37

.40 .29 .45

.41 .06 .56

.37 .12 .53

Position in Space .34

Map-Read .46

Road-Map .40

Sketch map: Famb .38

Sketch map: New' .11

FSAQ: Proxy-ratedd .18
-_._,,----_.__ ."--_.-, _.,,--._--- ._._--.

Raw Score

... _.__....__ ...--- '-- ----- ~---_._-_._._---

Sublest Total Score

Correlation with

Note. Overall alpha = .39 for raw scores and .51 for standardized scores.

'Cronbach's alpha of battery after removing subtest

bSketch-map of familiar environment

'Sketch-map of new ellvironment

dFullctional Spatial Abilities Questionnaire: Proxy-rated

•
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for the shOltened battery using data from both groups. Results l'rom the tïrst analysis revealed

a distinct factor for functional spatial abilities and another for short-term spatial memory. Results

from the second factor analysis using the data of the AD group must be interpreted with caution

due to the small sample size. The full battelY shows high intemal cOl1sistency when administered

to AD patients but not to control subjects, possibly due to scores on the Left-Right

Discrimination, Stylus Maze and sketch map of the new environment tests. The overull

Cronbach's alpha for the shortened battery almost reached criterion for the AD group but was

low for the control group.

3.6 Validity

Evidence for content validity was presented eartier in this section. Results of construct

and cliterion validity will now be examined. Construct validity was evaluated using multiple

logistic regression and by correlating the scores on the shortened SOS Battery with scores on the

Reintegration to Normal Living Index.

3.6.1 ConstlUct validity

Construct validity was evaluated first by using multiple logistic regression with the full

battelY. The hypothesis was that the odds ratio would be greater than one which would indicate

that higher scores on a subtest were associated with a decreased likelihood of being an AD

patient. Table 22 lists the parameter estimates, odds ratios and the 95% confïdence intervals for

these ratios. The lower limits of the confidence intervals for each of the subtests were above 1

indicating acceptance of the hypothesis. The disproportionately large odds ratios associated with
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Logistic regression and odds ratios for subtests of SOS Battery
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.......__......_.. -- ""'---,--_._.. - .--_._-~.__.__.- .._-----~-~-~---------_.

Param·ter Standard Odds Lower Upper

Sublest Estimate' Error Ratio Limit Limit
_. - ._---_ ....•._...- ......, .....- •..'._.'-_._.- ... '._-_._----_._------------

Left-Right' 2.3 0.5 8.3 3.5 25.0

FOpb 0.5 0.1 1.7 1.3 2.2

Spatial Relations 2.0 0.4 7.7 3.3 16.7

Position in Space 0.9 0.2 2.4 1.7 3.6

POIteus Maze 0.9 0.2 2.3 1.6 3.3

Map-Read 0.3 0.1 1.3 1.2 1.5

Road-Map 0.4 0.1 1.5 1.3 1.7

Corsi Block 1.4 0.4 4.2 2.0 8.3

Stylus Maze 0.9 0.2 2.5 1.6 3.9

Sketch Map: Famc 8.4 2.1 4.4 x 103 78.3 2.4 x 105

Sketch Map: Newd 8.5 1.7 4.7 x 103 1.6 X 102 1.4 X 105

FSAQ: Self-ratedC 0.5 0.1 1.7 1.4 2.0

FSAQ: Prqxy-rated f 0.5 0.1 1.7 1.4 2.1
-------_.,'._----_ .._-------

Nole. Lower and upper limits Jefine 95% confidence inlcrvals for odds ratios.

'Lcft-Right Discrimination

bFigure-Ground Perception

'Sketch-map of familhrr cnvironment

"Sketch-map of new cnvironment

'Functional Spatial Abilities Questionnaire: Sclf-rated

'Funclional Spatial Abililies Questionnaire: Proxy-rated

,p<,(llXll for ail parameter cstimates.
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the two sketch map tests retlect the numerical range of the scores, and show that there is almost

perfect discrimination between the AD and control groups on these two tests.

Construct validity was also evaluated by calculating Pearson 's product-moment cOl1'elation

coefficients bctween ratings on the Reintegration to Normal Living Index and the total score of

the shOltened SOS BattelY. The analysis tested the hypothesis that there would be a positive and

significant cOIW;lation between the scores on the Reintegration to Normal Living Index lUld those

on the shortened SOS Battery. Table 23 and Figure 14 show the AD and control groups' ratings

on the Reintegration to NOlmal Living Index. The control subjects rated themselves similarly

to their proxy raters on the Reintegration to Normal Living Index, whereas AD subjects rated

themselves significantly higher than their proxy raters. There was a significant between-group

difference in both proxy- and self-ratings. For the AD group, the total battery scores were not

correlated with either the self-rated Reintegration to Normal Living Index scores (r = .06, p >

.05) or the proxy-rated Reintegration to Normal Living Index scores (r = .11, P > .(5). Similarly,

for the control group, the total battelY scores were not cOlTelated with the self-rated Reintegration

to Normal Living Index scores (r = .09, P > .05), although they were slightly correlated with the

proxy-rated Reintegration to Normal Living Index scores (r = .24, P < .(5). Thus the hypothesis

was rejected.

3.6.2 Criterion validity

The demographic and mental status of subjects in the GDS 5 AD, GDS 3 and 4 AD and

GDS 1 and 2 groups are listed in Table 24. As mentioned, 10 GDS stage 3 and 4 AD and 10

GDS stage 1 and 2 subjects were matched with the 10 GDS stage 5 AD patients with respect to
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Comparison of the RNL' scores obtained by subjects in the control and AD groups
---------------------------------_._---------._-----------------
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M

AD GDS (3 & 4)

n range (SD)
-------_._~._-~,-_._--

RNL: 22 67.3· 85.8

self·rated 95.3 (7.4)

RNL: 23 22.6- 69.2

proxy-rated 93.8 (19.8)
----~_.__._-----

n

97

85

CONTROL

M t

range (SD) (df)

71.2· 92.3 -4.0'

100.0 (4.4) (24.5)

73.6- 92.6 -5.6"

98.0 (4.8) (22.7)

•

Note. Maximum score on RNL = 100.

'Reintegration to Normal Living Index

·p<.OOI, "p<.OOOI, Student's t-test for independent samples.
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~ Control group (n =97)

100

75

!o
~ 50
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Za:

25

self
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Proxy
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AD group (n = 25)

•
RNL Index

Figure 14. Bar graphs comparing standardized RNL scores. The bars indicate 95% confidence

intervals.
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Table 24

Comparison of demographic characteristics and mental status of the control, early AD and late

AD groups
-~---_._~.~_.._-,_.._._. .'._--.__.._-

Chi-square

GDS 5 GDS 3 & 4 GDS 1 & 2 (df)

----------------_.
Male 5 5 5 0.0

Female 5 5 5
(2)

--_._- .._---_.
M M M F

(SD) (SD) (SD) (df,df)

----
Age 68.6 68.6 68.S 0.0

(7.3) (6.2) (7.1) (2,27)

Education 12.1 10.7 12.S 0.6

(6.0) (2.S) (4.3) (2,26)

MMSE 11.3' 22.Sb 29.2' 39.9'

(6.3) (4.3) (1.0) (2,26)

3MS 35.9' 72.3b 97.5' 59.7'

(20.0) (S.8) (2.4) (2,26)

Note. Sample size in each group = 10, GDS 5 = late AD, GDS 3 & 4 = early AD, GDS 1 &

·2 = control.

'p < .OOC)], one-way ANüVA.

...b., Means with the same letter were not significantly different at p<.05, Neuman-Keuls tests.

•
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Table 25

Comparison of pelformance on the perceptual spatial subtests by control, early AD and late AD

groups

Left

Righe

FGP2

Spatial

Relations

Position in

Space

-_..._--~ .._._-- ----•.•._....- _. .."., ------- ..,._-~

GDS 5 GDS 3 & 4 GDS 1 &2
------- -- -- ~ - .._.. _~._~.-.-_._- -... -'.- - .._--~--_._ ...-

M M M F

(SD) (SD) (SD) (df,dt)
-_ ..._"_.- --~--_ .. _. --_... --- --~._ ..- ..'---.

7.5b 8.4b 9.8" 5.3'

(2.5) (1.'2) (0.4) (2,27)

13.4c 25.0b 33.3" 17.6"

(10.2) (3.0) (6.9) (2,25)

6.2b 7.5b 9.5" S.S'

(2.6) (1.4) (0.7) (2,27)

9.4b l1.9b 14.8" 7.0'

(4.5) (2.7) (1.8) (2,26)
----------------'_._._.__ ." .•,._.~--~-_. __..

•

Note. Sample size in each group is 10.

GDS 5 = late AD, GDS 3 & 4 =early AD, GDS 1 & 2 =control.

'Left-Right Discrimination

2Pigure-Ground Perception

·p<.05, ··p<.OOOl, one-way ANOVA.

•,b,c Means with the same letter were not significantly different at p<.05, Neuman-Keuls tests.
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Table 26

Comparison of perform.'·":,,: on the cognitive spatial subtest~ by control, early AD and late AD

groups

GDS 5 GDS 3 & 4 GDS 1 & 2
--'-~---""---'----'-' --_.._----------_ .. _--_ ......._-_._-_._-- ... _._---_.._..

M M M F

(SD) (SD) (SD) (df,df)
_.'•.. _------_._.•.._--_._-_..--- .- ,,----"._._---,-_..,_._--~_._ .. _.-. -- -_...__._--._---------

Corsi 2.1 b 2.8b 4.7' 7.5'

Block (1.6) (1.6) (1.3) (2,26)

Road-Map 8.0' 21.2b 28.7' 19.8"

(l0.2) (5.4) (4.8) (2,24)

Styllls 3.9b 5.I b 7.4' 8.6'

Maze ( l.l) (1.7) (1.5) (2,19)

P0I1ells 5.2b 8.0b 15.5' 29.7"

Maze (2.3) (4.0) (2.6) (2,25)

Map-Read .33b 3.7b 22.0' 30.6"

(.70) (6.0) (9.4) (2,26)

Sketch map: .08' .nb .94' 58.1"

Fam' (.15) (.21) (.09) (2,23)

Sketch map: .02' .32b .80' 21.0"

New) (.06) (.29) (.28) (2,23)
---_ .."-_._----_ ..._---~ .

Note. Sample size in each group is 10.

GDS 5 = late AD, GDS 3 & 4 =early AD, GDS 1 & 2 =control.

'Sketch-map of familial' environment

lSketch-map of new environment

'p<.05, "p<.OOOI, one-w<:y ANOVA.

',b., Me,lIls with the same letter are not signiticantly different at p<.05, Neuman-Keuls tests.
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Table 27

Comparison of pelformance on the FSAQ' by control, early AD and !ate AD groups

GDS 5

M

(SD)

FSA'"': 28.3b

Self-rated (6.6)

FSAQ: 19.3'

Proxy-rated (3.7)

GDS 3 & 4 GDS 1 & 2
--~~~.~-~-_._~- --~.- ~ -- ~..~ ~----~~~~-~~~~.~~~-~-~~~~~~-~~~.~.~.

M M F

(SD) (SD) (df.dt)
_.-._--_ ..._..-._._--_..- ....._.. , .•..__...._.._--

29.5b ':lA AU 4.5".J r."T

(4.8) (2.1) (2,25)

25.5b 36.0" 36.0"

(5.6) (0.0) (2,24)

•

----------~~-------_.~---~~~-_.~---~~-- -~~~~~.- ..

Note. Sample size in each group is 10.

GDS 5 = late AD, GDS 3 & 4 = early AD, GDS 1 & 2 = control,

IFunctional Spatial Abilities Questionnaire

'p<.05. "p<.OOOI, one-way ANOVA.

"b" Means with the same letter are not significantly different at p<.05, Neuman-Keuls tests.
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sex, age and years of education. The results for the criterion validity study are described in

Tables 25, 26 and 27. One-way ANOYAs were perfOlmed with group as a factor for each

subtest and the results indicated that there were significant group differences on aU subtests. Post

hoc analyses showed that the foUowing subtests were not only sensitive to the presence of AD

but were also sensitive to the severity of the disease: Figure-Ground Perception, the R-.Jad-Map

Test, sketch maps of the familiar and new environments and the proxy-rated Functional Spatial

Abilities Questionnaire. Table 27 also shows that the discrepancies between the self-rated and

proxy-rated scores on the Functional Spatial Abilities Questionnaire were greatest for the GDS

5 AD group.

The total battery score was calculated for the GDS 5 AD group and the groups of 10 GDS

3 and 4 AD and GDS 1 and 2 subjects using the shortened version of the SOS Battery. The

mean total battery score for the GDS 5 AD group was 23.4 (SD = 11.0), and it was 55.8 (SD =

12.7) and 83.6 (SD =10.9) for the GDS 3 and 4 and GDS 1 and 2 groups respectively. A one

way ANOYA showed that there were signitïcant group differences between these total scores

(F(2,19) = 47.0, P < .0(01). Post hoc analysis showed that the GDS 3 and 4 AD group had

significa'ltly lower scores than the GDS 1 and 2 group and that the GDS 5 AD group had 10wer

scores than both the GDS 3 and 4 AD and GDS 1 and 2 group (p < .05).

3.6.3 Summary of validity studies

Establishing the validity of a test is an ongoing process and should be the focus of future

studies. ln this study, content validity was evaluated using a panel of six experts. Each subtest

had an odds ratio that indicated a higher risk of AD was associated with a lower score on the
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test. The Reintegration to NOlmal Living Index scores did not cOl1"elate highly with the SOS

Battery scores. Lastly, tive subtests of the SOS Battery seem to be valid using the GDS as a

criterion, and the shOltened SOS Battery demonstrated criterion validity when its total scores

were compared across the three GDS categories.

3.7 Results of Other Tests of Cognitive Function

As mentioned, other tests were administered concurrently WÎtl1 the SOS Battery. This

section presents results on mental status, attention, language, verbal memory span and dock

drawing tests.

3.7.1 Mental status

For the late AD group the MMSE scores did not cluster near the minimum score and the

means on both mental status tests were almost perfect for the control group. For the AD group,

scores on the MMSE were significantly con'elated with performance on seven of the spatial tests

and scores on the 3MS were significantly cOI1"elated with scores on eight subtests. 111l1s, the two

mental status exams appear to measure the same abilities when used with AD patients. However,

for the control group, the MMSE con'elated with only one subtest while the 3MS correlated with

four, suggesting that for nonnal subjects a greater range of scores is obtained with the 3MS.

The test-retest and inter-rater reliabilities of the mental status examinations were also

examined. Ali reliabiIity coefficients were low for the control group. This can be attributed to

the small range of scores obtained by thi~ group. For the control group, test-retest lCCs were

r = .05 (p > .05) for the MMSE and r = .23 (p > .05) for the 3MS, while the inter-rater ICCs
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were r =.02 (p > .(5) for the MMSE and r = .43 (p < .05) for the 3MS. For the AD group, test

retest ICCs were r = .86 Cp < .00l)]) for the MMSE and r =.85 Cp < .0001) for the 3MS, and the

inter-rater lCCs were r = .82 Cp <.(001) for the MMSE and r = .85 Cp < .0001) for the 3MS.

There was no difference between the test-retest and inter-rater reliability of the MMSE

and the 3MS. Both mental status examination demonstrated low test-retest and inter-rater

reliability when used with the control group, and showed high test-retest and inter-rater

coefticients when used with the early AD group.

3.7.2 Attention

For the AD group, the median, mode and skewness for Albert's Test were 40, 40 and -2.0

respectively and for the Belis Test they were 31, 30 and -0.8 respectively. For the control group,

the median, mode and skewness for Albert's Test were 40, 40, -6.9 and for the Bells Test, they

were 34, 35 and -2.1.

The AD patients demonstrated a slight impaiIment in attention as assessed by these two

cancellation tests. The scores for the AD group on the cancellation tests (Albert: M = 39.6, SD

= 0.8; Belis: M = 31.0, SD = 3.2) were slightly lower than those for the control group (Albert:

M = 40.0, SD = 0.1; Belis: M = 33.4, SD = 2.1). These differences were statistically significant

(Albelt: t(22) = -2.4, P < .05; Bells: t(27) = -3.3, p < .01). For both groups, scores on the

cancellation tests were not correlated with age, years of education or mental status scores.

3.7.3 Language

The AD group was impaired on the Boston Naming Test CM = 14.5, SD = 7.0) in
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compalison to the control group (M = 26.0, SD = 3.0), (t(24) = -7.7, P < .00(1). The distribution

of scores on the Boston Naming Test was normal in the AD group (median = 15, mode = 20,

skewness = 0.0) and negatively skewed in the control group (median = 27, modc = 2X, skewncss

=-1.0). For the AD group, scores on the Boston Naming Test were correlated with performance

on both the MMSE (1' = .65, p < .(01) and 3MS (1' = .79, P < .00(1), but not with agc or

education. For the control group, scores on the Boston Naming Test were positively correlated

with scores on the 3MS (1' = AD, P < .0(01), negatively correlated with age (1' = -.22, P < .(5),

but not with education or the MMSE score.

3.704 Verbal memOlY span (Hebb verbal span)

The AD subjects were capable of repeating a mean verbal span of SA (SD = lA) digits

which was significantly less than the mean span of the control subjects of 6.6 (SO = lA) digits,

(t(120) = -3.8, p < .001). The data were norrnally distributed for the AD group (median = 5,

mode = 5 and skewness = 0.0) but slightly skewed for the control group (median = 7, mode =

8 and skewness = -004). Span size was correlated with mental status scores for the AD group

(MMSE: l' = .55, p < .05; 3MS: r = AI, p < .04), but not with age or education. ln the control

group, verbal span was negatively correlated with age (1' =-.24, P < .(1), but not correlated with

education or mental status.

3.7.5 Clock drawing test

The AD subjects were significantly more impaired (M = 9.7, SO = 5.6) than the control

subjects (M = 1904, SO = lA) on the clock drawing test (t(24) = -804, p < .0(01). The
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distribution of scores for the AD group was skewed to the lower scores (median =9.3, mode =

5.5 and skewness = 0.27) and there was a ceiling effect in the control group (median = 20, mode

= 20 and skewness = -3.6). For the AD group, clock drawing scores were con'elated with

performance on the MMSE (r = .42, p = .03) but not on the 3MS and not with age or education.

The converse was true for the control group whose scores were cOlTelated with age (r = -31, P

< .(1), education (r = .25, P < .(1) and the 3MS scores (r = .22, P < .05), but not with the

MMSE scores. Test-retest coefficients (lCC) for the AD group were r = .37 (p < .05, n = 25)

and for the control group r = .16 (p > .05, n = 33). Inter-raler reliability coefficients for the AD

group were r = .59 (p < .01, n = 18) and for the control group r = .68 (p < .001, n = 27).

3.7.6 Summary

Pelformance of the AD patients on tests of attention, word finding ability, verbal memory

span and visuospatial construction was impaired as was found for the subtests of the SOS

Battery. For the AD group, mental status scores, especially on the MMSE, were related to scores

on the Boston Naming Test, verbal memory span and the clock drawing test. For the control

group it was the 3MS that correlated best with scores on the Boston Naming Test and clock

drawing test. These data suggest that the Boston Naming Test, verbal memory span and clock

drawing tests retlect general cognitive functioning. The Belis Test was more sensitive than

Albelt's Test in detecting attentional deficits in AD patients. Also, the MMSE appeared to be

a more sensitive test for the AD group, but the 3MS seems to be more sensitive for normal

healthy subjects.
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3.8 Summary of Results

The early AD group consisted of 12 individuals in GDS 3 and 13 individuals in GDS 4.

Patients in stages 3 and 4 differed with respect to their MMSE and 3MS scores and on only two

of the 13 subtests of the Oliginal SOS Battery. In ail subsequent analyses, subjects in GDS 3 and

4 were grouped together as is commonly done in dementia research.

The SOS Battery differentiated between AD and control subjects. ln general, the battery

showed good internaI consistency. Fol' the AD group, Cronbach's coefficient alphas fol' the

standardized subtest scores were ail above the .80 cliterion fol' the original battery, yet did not

exceed .90, which would have suggested that the subtests were very similar and evaluated the

same set of skil1s (Nunnally, 1978). For the control group, the alphas were ail close to .70.

A preliminary shortened SOS Battery was obtained after examining the correlations

between subtest scores and age and education, test-retest and inter-rater reliabilities, and the data

obtained from an initial factor analysis based on the full battery and on the control group's

scores. Age and education may have been confounding variables if they were significantly

correlated with pelformance on any of the subtests. The small range of scores on sorne of the

subtests was taken into consideration when interpreting the results.

Factor analysis of the shortened version of the SOS Battery produced three factors. One

factor represented functional spatial orientation as a distinct concept. Another factor was

associated with spatial memory function and the third factor represented spatial orientation ski Ils,

which were both perceptual and cognitive in nature. These data clearly show that spatial

orientation skills are distinct from spatial memory skills.

As expected, Cronbach's alphas for the shortened version of the SOS Battery were slightly
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lower than those obtailled with the full battery. The lower alphas couId result l'rom the combined

effects of the smaller number of subtests in the shortened battery and the requirement that they

represent each of the l'ive original factors. The content of the original battery was validated using

the expert opinions of professionals. The constl1lct validity of the battery was supported by the

results l'rom a the logistic regression analysis. However, con'e1ations between the total scores on

the shortened SOS BattelY and the scores on the self-rated and proxy-rated Reintegration to

Normal Living Index were low. Criterion validity was establish"d using the GDS as a criteIion.

Subjects in GDS 1 and 2, 3 and 4, and 5 were matched with respect to age, education and sex.

On 5 of the 13 subtests of the full battelY and on the total scores of the shortened battelY there

was a significant difference in the pert'ormance of these three groups.



•

•

l4K

4.0 DISCUSSION

The findings are now discussed with respect to the existing datll, their clinical relevance

and theoretical implications. Development of the shortened SOS Battery was based on limited

data and so the results pertaining to it should be interpreted with caution. The limitations of the

study are also addressed in this section. Finally, the specitic original contributions of the study

are discussed.

4.1 Psychometrie properties of the SOS BattelY

The content of the SOS Battery was based on the results trom an earlier study (Liu et al.,

1991a) which examined tests commonly used in the clinic and in research to measure the concept

of spatial Olientation. Most of these tests had not been administered to AD patients who are

recognized by clinicians, caregivers and researchers as individuais at risk for spatial disorientation

sometime during the course of the disease. Thus, the preliminary study examined which tests

could distinguish between early AD and control subjects. Most of the tests studied cou Id

distim;uish between the two types of subjects, however, psychometrie data were not available for

many of these tests. The present study was able to provide normative data on the tests as weil

as information on theil' reliability, internai consistency and validity. The analyses focused on

individual subtests rather than on a total battery score because it was premature to recommend

the entire battery for clinical or research purposes. These findings are now discussed with respect

to the entire batlery.
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4.1.1 Normati ve Data

The mean scores obtained by the control group reached near maximum values for 8 of

the 13 subtests thereby limiting the usefulness of these subtests for normal control subjects. The

scores on Ùlese eight subtests also had large values for skewness. The ranges were larger for

scores on the Figure-Ground Perception, Map-Reading, Road-Map, Corsi Block and Stylus Maze

tests. Thus, these five tests are useful for identifying individual differences in spatial skills

rclated to normal aging. Most of the subtests lack nOlmative data for adults aged 50 to 80 years.

The modifications made to the subtests or scoring methods further limit the comparability of the

results obtained in this study WÎÙl Ùlose already published. For the Figure-Ground Perception

Test, the normal subjects in this study performed similarly to a group of 124 female subjects

(mean: 38.2 as compared to 35.6 in the present study) studied by Petersen et al. (1985), even

though those subjects were considerably younger (mean age = 34.9 years, range = 18 to 81

years), and a time limit of one minute was implemented for each plate.

Normative data also exist for the pelformance of adults on the Position in Space Test.

Mahoney and Siev (in Siev et al, 1986) reported that a group of normal adults aged 20 to 49

years scored pelfectly on the first two parts of Ihis test which were also used in this stüdy. The

control subjects in the present study also obtained near perfect scores, thus, it may be assumed

that heaii.'ly individuals aged 50 to 80 years can perform this test without making any eITors.

Scores on Ùle Left-Right Discrimination and Spatial Relations tests cannot be compared to other

data because the tests wcre modified from their original fOlmats.

For the Porteus Maze Test, rnlrms exist for children aged 5 to 15 years, but they do not

exist for adults. However, the test ages range from 5 to 17 and the range of performance was



•

•

150

almost within that specitïed by Porteus (1959) who recommended that adults start at test age Il

and progressively increase to the maximum test age of 17. The control subjects pet1'onned

between test ages JO and 17 years. The mean test score was close to the maximum and was

likely an over-estimate because qualitative errors were not recorded. Nevertheless. the scores

were similar to those obtained in the preliminary study (Liu et al., 1991 a).

Data for the Map-Reading Test cannot be compared to other data because the scoring

system used in this study, is not comparable to those used in other studies. When compared to

the control group in the present study, the normal control group of the preliminary study

petformed similarly (mean = 34 as compared to 26 in this study) because the mean score

obtained in the previous study is within one standard deviation of the mean obtained in tllis

study. Normative data do not exist for the Road-Map or Corsi Block Tapping tests, but control

groups of both the current and preliminary studies pelformed similarly. Scores on the Stylus

Maze Test and the two sketch-map tests were transformed and thus, cannot be compared to those

obtained in the preliminary study.

Based on the results l'rom the correlational analyses, four subtests were found to be

sensitive to normal aging: Figure-Ground Perception, Corsi Block, Stylus Maze and sketch map

of the new environment. Correlational analyses also showed that there was an association

between the 3MS and four subtests compared to an association with only one subtest for the

MMSE for the control group. This could be attributed to a wider range of scores for the 3MS

compared to the MMSE.

In summary, mean scores of normal subjects on 5 of the 13 subtests have wide ranges and

are not close to the maximum scores. These subtests are useful for normal subjects aged 50 to
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80 years. On the majority of subtests normal subjects have scores close to the maximum and

there is little variability in their pert'onnance which makes them legs useful for normal control

subjects, although they are appropriate for differentiating control l'rom AD subjects.

4.1.2 Test-retest and inter-rater reliability

ln general, the subtests demonstrated better reliability for the AD group than for the

control group. The small range of scores obtained by the control subjects on many of the tests

no doubt eontributed to tlle low ICC values. For the AD group, subtests for which statistically

significant ICC values were obtained and that met the .70 criterion for both test-retest and inter

rater reliability were the Position in Space, Porteus Maze, and Map-Reading tests, as weil as the

sketch-map of familial' environment and both self- and proxy-rated Functional Spatial Abilities

Questionnaires. For the control group, three subtests met these criteria l'nI' both test-retest and

inter-rater reliability: tlle Figure-Ground Perception Test, the Map-Reading Test and the self-rated

Functional Spatial Abilities Questionnaire. The high rcc values obtained for the Figure-Ground

Perception test in control subjects may be attlibuted in pmt to the large number of items on this

particular test.

4.1.3 InternaI consistency of the full battery

Examination of the subtest-to-subtest cOll'elation coefticients among perceptual and

cognitive subtests, revealed that cOlTelations reaching statistical significance for the AD group

did not for the control group and vice versa. These differences probably reflect the difierences

in distributions of the scores between the two groups. As pr(~sented in the Results section, for
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bath AD and control groups approximately hall' of the correlations between perceptual and

cognitive subtests were significant and there was a lack of high correlations between subtests

within each of the two categories. These results suggest that categorizing the subtests as

perceptual or cognitive may not be appropriate. Subtests were categorized as perceptual based

on the intent of the original author to use the tests to measure perceptual skills (Ayres, 1(72).

Subtests in the cognitive category seem to require more complex cognitive abilities than the

perceptual subtests. Con'elational analysis did show that the pelformance of AD and control

subjects on the Functional Spatial Abilities Questionnaires was c1early not related to scores on

the other subtests. Two reasons may account for the ~ifterence between the qucstionnaires'

scores and those on the other subtests. First, the format of the questionnaires may suflïciently

differ l'rom that of the other subtests and the lack of correlation may renect the way the subtests

were administered. Altematively, the questionnaires may truly measure functional spatial ability

which is not measured by the other subtests in which case it would appropriate to categorize

functional spatial abilities as a distinct spatial ability.

With respect to subtest-to-total score Pearson's con'dation coefficients, these results need

to interpreted with caution. Becausc [he Pearson's correlation coeftïcient represents a linear

relationship that is dependent on the ranges of the two scores being correlated, small ranges in

scores can produc(; coefficients that werc not statistically signiticant or small. For the control

group, three subtests did not meet the criterion for intemal consistency (r = .20) of the full

be-ttery. This could be attributed to the smail ranges in the scores of these tests.

Cronbach's coefficient alphas were used as another measure of internai consistency. For

both the full and shortened versions of the battery, the alpha values were lower for the control
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group in comparison to the AD group. Again, this could be attributed to the near perfect scores

and extremely low variability of the control subjects' scores because Cronbach's alpha is paltly

dependent on the correlations between subtest~. The magnitude of Cronbach's alpha is also

partly dependent on the number of subtests entered into the calculation (Carmines & Zeller, 1979;

Golden et al., 1984). 'll1erefore, the high overall alpha obtained for the AD group for the full

battery may be partiy due to the large number of subtests.

Factor analysis of tlle full battery was used in this study to describe further the internai

consistency of the battelY. Results of this analysis using data from the control group indicated

that tlle 13 subtests can be subdivided into 5 categOiies of spatial skills. Scores on each of the

subtests, except for the Figure-Ground Perception Test, loaded on only one of the five factors.

When a subtest loads on more than one factor, this may be an indication that the subtest is not

measuring what tlle battery is intended to measure and thus, should be altered or discarded

(Streiner & Norman, 1989). Although the scores on the Figure-Ground Perception Test correlated

with scores on only one other subtest, tlle Road-Map Test, scores on the Figure-Ground

Perception Test were highly correlated with the total score and Cronbach's alpha was low. These

results suggest that for tlle control group, although the Figure-Ground Perception Test is

associated with two of the tïve factors of spatial abilities, it is still internally consistent with the

full battel'y.

lt is proposed tluIt the l'ive factors describe the following types of spatial abilities. Factor

1describes spatial representation on a difticult level requiring mental rotation. Factor 2 describes

spatial leaming and problem solving. Factor 3 describes functional spatial abilities. Factor 4 is

associated with simple concepts of left/Iight and up/down. Factor 5 is related to immediate
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spatial memory.

4.1.4 ConstlUct and cl;terion validity of the full battelY

Construci validity was evaluated using multiple logistic regression analysis. At thc very

least, scores on the subtests of the SOS Battery should be able to be used to discriminale between

AD and control subjects after controlling for gender, age and years of education. High scores

on al! subtests were associated with a decreased likelihood of having AD. Criterion validity WliS

studied with the relilization that there is cun'ently no gold slandllrd for mellsuring spatial

disorientlltion in AD patients. The GDS (Reisberg et al., 1982) served as a criterion based on

the premise that a patient's spatial orientation skills deteriorate wilh the progression of AD, llnd

that the GDS accurately measures the disease progression. According to the UDS, spatial

disorientation begins in novel environments for patients in stages 3 and 4 and occurs in familial'

environments for patients in stages 5 and 6. In stage 7, wandering behaviour is observed. Of

the 13 subtests, 5 were sensitive to the severity of AD. These results provided evidef!ce for

crirerion validity for the Figure-Ground Perception, Road-Map, sketch map of the new and

familiar environments and the proxy-rated Functional Spatial Abilities Questionnaire. This

analysis was limited in that the sample sizes (10) were small given the large variability of the

GDS 5 group's scores. The variability in scores increased with the severity of AD and could

account for the lack of statistically significant differences between the GDS 3 and 4 and GDS

5 groups for 8 of the 13 subtests despite the substantially lower means for the GDS 5 group. A

longitudinal study, preferably with larger samples, would be required to contirm whether or not

the SOS Battery is sensitive to the progression of AD.
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4.2 Characteristics of the Shortened SOS Battery

The preliminary shortened SOS Battery was developed because the full battery was very

time-consuming for clinical use and would be burdensome to clients. As presented previously,

the selection of subtests for the shortened battery was based on several criteria. For the control

group two subtests did not meet the criterion for adequate subtest-to-total score correlation in the

shortened battery. Again, this could be attributed to the small ranges in the scores of these tests.

Although the overall Cronbach's alpha value of the shortened battery is near the criterion (alpha

=.78), its decline from that of the full battery probably reflects the smaller number of subtests

in thc shOliened battel'y. The overall alpha indicates that the shOliened battery is not intemally

consistent when administered to control subjects.

It could be argued that the shortened battery contained one variable more than perrnitted

for a factor analysis to be conducted using data from only 25 AD subjects, or fewer given that

there were missing data. All six subtests were used because the intention was to explore how

a representative sample of subtests would behave in a factor analysis using data from the AD

group. The proxy-rated Functional Spatial Abilities Questionnaire was the only subtest that

permitted an examination of the subject's performance in daily activities that are related to spatial

orientation. The proxy-rated version was selected because, for AD subjects it was more

intemally consistent Witll the full battery than the self-rated version. This selection was also

based on the clinical consideration that in the late stages of AD, patients are unable to complete

such a questionnaire thereby making the self-rated version less useful. In retrospect, the selection

of the proxy-rated version could also be supported by its criterion validity which was established

using the GDS. In contrast, the self-rated Functional Spatial Abilities Questionnaire was not
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sensitive to the severity of AD. Finally, missing data were not exten,.ive. One subtest had data

from 25 subjects, three subtests had data from 24 subjects and two had data from 23 subjects.

Thus, the number of missing data did not exceed two.

With respect to the AD group, the results can only be compared to those of the control

group because it was not possible to conduct a factor analysis using the full battery. Further,

these results are interpreted with the realization that the sample size was still inadequate to

perform a factor analysis with confidence even when the number of subtests was reduced. Two

major differences emerged from these analyses. For the AD subjects, scores on the Map-Reading

Test were associated with scores on the Functional Spatial Abilities Questionnaire and scores on

the sketch map of the familiar environment were associated with two factors instead of one. This

implies that an impaiIment in functional spatial skills can be associated with performance on the

Map-Reading Test which is administered in the laboratory. Also, for AD patients, the ability to

sketch a map of one's familiar environment was associated with sketching a new map l'rom

memory. In contrast, scores on these two sketch maps were not related for the control group.

Results from the control group's data indicate that sketch map of the familial' environment may

not be related to the construct being tested by the battery because it loaded on two factors and

should therefore be discarded. But resu1ts from the AD group's data show that the sketch map

of the familiar environment correlated highly with the total score (1' =.61) and it was associated

with a relatively low Cronbach's alpha (alpha =.72) thereby demonstrating consistency with the

shortened battery. Scores on ihe sketch map of the familial' environment load with scores on the

sketch map of the new environment probably because AD results in a deficit in visuospatial

constructional ability which is required to perform both tests.
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Construct validity of the shortened battery has been partially addressed in the discussion

of the full battery because the six subtests were included in the multiple logistic regression

analyses. On ail six subtests, higher scores were associated with a lower likelihood of being an

AD subject.

Further analysis correlating the Reintegration to Normal Living Index scores with the

shortened battery total scores did not provide evidence for constlUct validity. The use of the

Reintegration to Normal Living Index was based on the rationale that a person who is spatially

disoriented should experience a poorer ability to integrate into normal living. Also, it was

suggcsted that performance on the SOS Battery could reflect an individual's quality of life. The

results suggest that the subtests of the shortened battery measured cognitive abilities which are

quite different from the constluct of quality of life which was what the Reintegration to Normal

Living Index measured. Further work to address the issue of constlUct validity could cOlTelate

scores on the SOS Battery with scores on other cognitive tests. One battery of cognitive tests

that is of interest is the Hierarchic Dementia Scale (Cole & Dastoor, 1987) which consists of 20

subscales that examine cognitive functions which include orientation, concentration, drawing and

recent mcmory. In addition, the Functional Spatial Abilities Questionnaire could be correlated

with other functional scales in order to examine construct validity.

Criterion validity of tlle shOliened battery was also addresscd in the contcxt of the full

battery. Five of the six subtests were sensitive to the severity of AD. Scores on the Map

Reading Test did not differentiate between the GDS 3 and 4 and GDS 5 group, possibly due to

the large variability of the scores from the GDS 3 and 4 group. Despite this, differences between

the three groups of subjects in the standardized tOLal scores for the shortened battery were
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statistically significant indicating that the shOltened battery is valid when using the GDS as a

criterion. In summalY, the subtests of the shortened battery are valid to the extent that they can

discriminate between early (GDS 3 and 4) AD and control (GDS 1 and 2) subjects and they are

sensitive to the severity of AD.

4.3 Variables that may be related to spatial skills

In addition to cognitive abilities, other variables may be related to spatial orientation.

These variables include gender, handedness, psychomotor speed, attention, language ability and

education. Where possible, an attempt was made to control for the efTects of these variables in

the design of the study.

The relationship of gender and handedness to spatial abilities has been extensively studied

(Buffery & Gray, 1972; De Renzi, 1982; Maccoby & Jacklin, 1974). The effect of gender on

spatial skills was not an issue in this study because the early AD and control groups were

equivalent with respect to the prop01tion of men and women. Gender was controlled for in the

10gistic regression and also in the study of criterion validity by matching the GDS 1 and 2, GDS

3 and 4 AD and GDS 5 AD subjects on this variable. The effect of handedness was controlled

for by including only subjects wh" were right-handed.

Psychomotor speed, attention, language comprehension and years of education were other

factors that were considered. As described in the Results section, the AD patients teok on

average 16 minutes longer than the control subjects to complete the entire battery. This number

underestimates the actual time taken because many AD patients were unable to complete certain

subtests, as reflected in the smaller sample sizes on sorne test scores. Prior to commcncing the
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sludy, il was considered a possibility that AD patient'; would require more time to complete the

battery. ft was therefore considered inappropriate to set a time limit on each subtest as this

wou Id have introduced a speed factor, and may not have permitted the AD patients t.o perfOlm

at their oplimum. A review of the medical charts revealed that none of the AD patients had

physical impairments or motor disorders that could have accounted for the longer completion

lime. AD does not usually involve the primary sensory and motor areas of the brain (Van

Hoesen & Damasio, 1987). However, as mentioned in the Introduction, AD patients have been

shown to have impaired visual selective attention on tasks requiring etJortful processing as

indicated by a slower speed of performance with an increasing number of visual distractors

(Foster et al., 1992). Hence slower performance can be attributed to a slowing of cognitive

processes, rather than to a basic sensory or motor deficit.

Attentional deticits would definitely affect performance on the SOS Battery. Attention

was measured using Albert's Test and the Belis Test. Vanier et al. (1990) have suggested a

criterion of four or more errors on the Belis Test and a criterion of two or more on the Albert's

Test for diagnosing hemi-neglect. There was no evidence of unilateral neglect in the AD group

us shown by the locution of ell"Qrs on both tests. Nevertheless, the average on the Belis Test for

the AD group did meet this criterion while the average score on Albert's Test did not. These

dUlu ".!g;;.ost thut the Belis Test was capuble of detecting a detïcit in attention in AD patients

afthough this attentional deficit was not due to hemi-neglect. The Bells Test was more sensitive

to AD possibly because the test contained distractors whereas Albert's Test did not and therefore

wus eusier. These results are consistent with those of Foldi et al. (1992) who used nine

cancellation tests thut contuined line drawings of geometric shapes instead of objects. Although
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attention was not tested using a working memory model, that is, subjects were not given

combined tasks to pelform, the attentiona! deficit detected on the Belis Test could be attributcd

to an impaired central executive system (CES) as proposed by Morris ,lIld Baddclcy (19HH). As

desclibed in the Introduction, the CES has a limited capacity and is rcsponsiblc for thc

maintenance, rehearsal and storage of infOlmation. In this study, ail of thcsc abilitics wcrc

required for understanding and remembering instlUctions as wcll as for thc performance of thc

subtests. Thus, impaired perfOlmance of the AD group on the SOS BaUclY could bc partly

related to impaired pelformance on thc Belis Test.

In the Introduction, evidence was presented to suggest that although AD paticilts can

present with language and/or visuospatial dcficits, these deficits are probably indcpcndent of cach

other. The results from the Boston Naming Test are consistent with other tïndings that rcport

deterioration of confrontation naming in AD patients. This impainnent may have alTected

performance on the sketch maps which required that subjects name each of the rooms. Some of

the AD patients misspelled the names but they were not penalized in the scoring proccss. Errors

made on the identitication or location of rooms may havc been a result of an impairment in

naming. For example, if a subject could not name a room, he or she may have chosen not to

inc1ude it in the sketch map or he or she may have chosen to assign another name to the room.

Although language comprehension was not directly measured, it was assumed that AD

patients would experience diftïculty comprehending and remembering instlUctions, espccially if

the insttUctions were long. Verbal comprehension has been shown to be affected by AD

(Murdock et al., 1987). This study attempted to control for this in three ways. First, only

subjects who were fluent in written and spoken English were reclUited, although English was not
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necessarily a subject's mother tongue; second, other investigators' test instructions were made

shorter in order to facilitate remembering them; and third, all instructions were followed by a

confirmation from the patient to indicate that the instructions were understood. Each examiner

was also informed to repeat any portion of the instructions as frequently as needed throughout

the testing session. This also served to control for the effects of poor memory or poor

concentration in following instructions. As reading comprehension has also been shown to

deteriorate with the progression of AD, perfOlmance on the self-r~}ed Functional Spatial Abilities

Questionnaire could have been affected by impaired reading comprehension.

Education and training may have an effect on spatial abiliti~" and should be considered

when assessing patients with dementia (Kittner et al., 1986). Appleyard (1970) reported that

individuals with higher levels of education tend to represent their environment in a more spatially

coherent manner and infer more from limited experience. In this study, the AD and control

groups were comparable with respect to the mean number of years of education. Education was

controlled for in the logistic regression. For the criterion validity study, the GDS 3 and 4 AD

and GDS 1 and 2 subjects were matched to the late AD group with respect to years of education.

The lack of a signiticant correlation between education and scores on the subtests of the

shortened SOS Battery for both the AD and control groups is further evidence that spatial

performance was not influenced by education in this study.

Given that the above variables were considered in the inclusion criteria for the subjects

and in the analyses, it was not likely that gender, handedness, psychomotor speed, language or

years of education affected the pelformance of subjects on the SOS Battery. Other variables that

should be taken into consideration in future studies include lifestyle differences, active versus
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passive travel modes, and cultural values (Moore, 1979). These factors would be especially

impOltant in studies of functional spatial ·,i'Ïentation. For example, Appleyard (1970) has

repOlted that individuals who drive automobiles (active mode) are better oriented than those who

travel only by public transpOltation (passive mode).

4.4 Thwretical Implications

The results of this study have implications for the intelpretatir .1 of other findings on

spatial abilities, as weil as for the development of a framework for studying spatial orientation

in AD.

4.4.1 Spatial skills in Alzheimer's disease

In the Introduction, spatial abilities in AD were reviewed in the context of figure-ground

discrimination, personal orientation, extrapersonal orientation, visuospatial constructional ability,

mental representation and functional spatial orientation pertaining to the capacity to drive and

way-fmding ability. These topics will be discussed witl. respect to the results of this study.

4.4.1.1 Figure-ground discrimination

The AD group in this study was significantly impaired in discriminating figure from

ground as tested on the Figure-Ground Perception Test. The mean scores obtained by the AD

and control groups were similar to those obtained in a previous study using similar, but smaller,

groups of subjects (Liu et al., 1991a). Impairment in figure-ground discrimination in AD patients

has also been reported by Mendez et al. (1990) who used three items from the Figure-Ground
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Perception Test, and by Loring and Largen (1985) who used the Embedded Figures Test which

has been validated with the Figure-Ground Perception Test (Petersen & Wikoff, 1983).

Scores on the Figure-Ground Perception Test were normally distributed for the control

group, had a wide range and the mean score was not near the maximum. For the control group,

the subtest also filet the criterion for good test-retest and inter-rater reliability. Thus, it was an

appropriate test to use with normal control subjects. In addition, it was the only perceptual

subtest that Nd, sensitive to the severity of AD which was consistent with results from other

studies (Gauthier et al., 1990, Mendez et al., 1990). However, despite its high test-retest

reliability, it had low inter-rater reliability when administered to the AD group. Whether or not

an AD subject completed the test seemed to depend on the ability of the examiner to encourage

the patient to pelform. Although 22 of the 25 AD sliL'jects were able to complete the test, many

of the errors were the result of not providing a response and not a resuIt of providing the wrong

response. Thus, this test couId be made more appropriate for AD subjects if the examiners were

trained to be persistent in obtaining a response for each item.

Results from the first factor analysis indicated that the ability to discriminate figure from

ground wa;; related to performance on the other cognitive subtests. Il was the only subtest whose

scores loaded equally on two factors that were described earlier as associated primarily with

spatial representation requiring mental rotatioil and spatial recognition (Factor 1) and spatial

leaming and problem solving (Factor 2). It was not associated with two of the other three

perceptual subtests (Left-Right Discrimination and Position in Space). Correlational analyses

showed that Figure-Ground Perception Test scores of the control group were significantly and

adequately cOITelated (r ~ .20) with five of the seven cognitive subtests. Similarly, scores of the
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AD group were significantly and adequately con"elat';d with two cr tlle cognitive subtests. These

results suggest that either figure-ground perception involves more than just visllal perceptllal

skills as proposed by Cohn et al. (1991) and Ayres (1972) or the other cognitive tests also reqllire

similar perc~ptual skills. Il is more likely that the Figure-Ground Perception Test reqllircs

cognitive sp itial skills because it involves effort on the part of the sllbject to sllpprcss two other

targets in addition to the distractors in order to search and identify a tllÎrd targe!. A "'cmory

component is also involved in remembering which target has been identitied so that time is not

spent on perseverating over one target at the expense of tinding the other Iwo tm"gcts. ln

addition, the subject is also required to plan in order to systematically eliminate choices that are

not appropriate. Attention, memory and planning are skills previously associated with

performance on cognitive tests and couId explain why the sem"es of the Figllre-Ground Perception

Test were not highly correlat~d with the other perceptual wbtests.

4.4.1.2 Personal orientation

With respect to personal orientation, the data confirmed Cogan's (1985) observation that

patients with early AD experience deficits in left-right discrimination. In a previous stlldy (Liu

et al., 1991a), an impaiIment on the Left-Right Discrimination Test was not seen in AD paticnts

on an initial evaluation, although these same patients did demonstratc a signiflcant dcterioration

when retested one year later (Gauthier et al., 1990). The impairrnent observed in the prehent

study could be attributed to an increased sensitivity of the test which was moditied to include

more items pertammg to identification of the examiner's body as o~posed to the subject's body.

Tnis would be consistent with ilie results of Fischer et al. (1990) who compared the performancc
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of mild (MMSE: 16 to 23), moderate (MMSE: 6 to 15) and severe AD (MMSE: < 6) patients

on items requiring the identification of the left and right side of the subjects' own body as weil

as of a confronting dolI. These investigators found that AD patients at every stage were impaired

on ii,-,ms concerning the doll, but only severe AD patients were impaired on items pertaining to

their own body. Altllough scores from the Left-Right Discrimination Test were not analyzed with

respect to whether th:J items involved the subject's or the examiner's body, based on the findings

of Fischer et al. (1990), it is likely that the impairment observed in this study was due to

difficulty with items pertaining to the examiner's body. The low test-retest and inter-rater

relialJility of this test with t:~" AD group sllggest that it requires further examination and revision

before it can be used with confider:ce with the AD population.

Another test commonly used to a,'sess personal orientation is the Road-Map Test. Results

of the factor ,malyses with the full aP':! shortened batteries showed that the scores on the Left

Right Discrimination Test werc nol associatcd with scores on the Road-Map Test. A1though both

tests require personal orientation, that is, left-right orientation with respect to one's own body,

the Road-M~p Test is more difficult. Mental rotation is involved in the Left-Right Discrimination

Test when the subject has to identify which of the examiner's hands is left or right. But the

mental rotation involved in the Road-Map Test is more difficult since the subject has to imagine

-him- or herself rotating the entire body to face several directions. In addition, the Road-Map

Test involves more than three times the number of items of the Left-Right Discrimination Test.

This may have introduced a fatigue component in addition to the factor of increased complexity.
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4.4.1.3 Extrapersonal orientation

The mean Map-Reading Test scores obtained by the AD and control groups in this study

were considerably 10wer than those obtained by comparable groups of subjects in a previous

study (Liu et al., 1991a). This difference may be due to the conditions under which the test was

iJe/ormed. Bylsma et al. (1992) reported that patients with Huntington's disease were impaired

on the Map-Reading Test when using a TURN condition, which required subjects to tum and

face the direction in which they were walking, but they were not impaired in a NO-TURN

condition, which required that the subjects face a predetermined north wall throughout the entire

test. These investigators argued that the NO-TURN condition measures extrapersonal orientation,

while the TURN condition requires mental rotation in addition to extrapersonal orientation, and

is more diffieult to pelform (Bylsma et al., 1992). ln the study of Liu et al. (199Ia), it was not

specified to the subjects which condition they were to use, and this could have resulted in higher

scores if many subjeets used the easier NO-TURN condition. In this study, the subjects were

instrueted to use only the TURN condition. Thus, the lower scores may retlect the more di fficult

nature of the task that combined mental rotation with extrapersonal orientation.

Results from the first factor analysis, which used data from the control group, indicated

that scores on the Map-Reading Test were related to Figure-Ground Discrimination, learning as

assessed on the Stylus Maze Test, and mental representation as assessed on the sketch map of

the familial' environment. In the second factor analysis, for the control group, the Map-Reading

Test was related to three of the other five subtests, and for the AD group, it was related to scores

on the Functional Spatial Abilities Questionnaire. These results indicate that the Map-Reading

Test and the proxy-rated Functional Spatial Abilities Questionnaire involve similar abilities which
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are affected by AD. The Map-Reading Test is the only subtest that requires movement of the

whole body. This dynamic component is an integral part of functional spatial orientation which

the Functional Spatial Abilities Questionnaire was assumed to measure.

It has been proposed that successful performance on the Map-Reading Test depends on

an intact working me,mory which allows the concurrent use of several cognitive functions

(Aubrey & Dobbs, 1989). In view of the many cognitive skills required to perform the test, the

impairment observed in the AD group on this test may be attributed to a deticiency in working

memOlY. It would be of interest for a future study to examine extrapersonal orientation

separately from mental rotation by comparing the TURN and NO-TURN conditions, as was done

with Huntington's disease patients by Bylsma et al. (1992). If AD patients are not impaired in

the NO-TURN condition, then it can be argued that the impairments observed in this study were

due to mental rotation deficits and not an impairment of extrapersonal orientation. At present,

these results can only suggest that the difficulties AD patients have with the Map-Reading Test

can be attributed to deticits in extrapersonal orientation, mental rotation and working memory.

4.4.1.4 Visuospatial constlUctional ability

The AD subjects were impaired in visuospatial constlUctional skills as evaluated on the

dock drawing test. Impairments on this task have been reported by several investigators studying

AD subjects (Doyon et al., 1991; Mohr et al., 1991; Rouleau et al., 1992; Sunderland et al., 1989;

Wolf-Klein et al., 1989). Clock drawing involves the ability to organize spatially the numbers

(Roubau et al.. 1992; Shulman et al., 1986). This spatial organization was also required on the

mental status exams, which involved copying two intersecting pentagons, and on the sketch map
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tests. Thus, the impainnents seen on the copying task and on the sketch maps may be attributed

part1y to the spatial organization aspect of visuospatial constl1lctional ability. Further

examination using qualitative analyses of the clock drawing results could provide more insight

into the specific types of errors made. Although the analysis used in this study incorporated

sorne qualitative aspects (ie. spacing of numbers) t11is was not evident in the final scores.

The method of administeIing or scoring the test is also subject to further investigation

given the low test-retest and inter-rater reliability coefficients for both the AD and control groups.

Since the conclusion of this study, a new method for administering and scoring a clock drawing

task has been reported (Mendez, Ala & Undelwood, 1992). This method requires subjects to

draw a clock in contrast to the method used in the current study which provided the subjecls Wit11

the outline of a clock. Another difference was that Mendez et al. (1992) presented wrilten as

well as oral instl1lctions. While Mendez et al. (1992) also used a maximum score of 20, the

points were allocated different1y. Using this method with 42 AD patients, Mendez et al. (1992)

reported high test-retest reliability coefficients measured over three different periods of time (1'

= at least .70, p < .001). Inter-rater reliability coefficients were also repOlted to be high (r = .94,

P < .00l). It would be interest to compare the two methods of scoring in another study using

the sarne patients and statistical analysis.

4.4.1.5 Mental Representation

Both sketch map tasks, chosen to assess mental representation, involved visuospatial

constructional ability and produced floor plans as end products. Despite this, results of the factor

analyse& indicated that the processes involved were clearly different. For the AD group, factor
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analysis showed that performance on the sketch map of the familiar environment was related to

that on the Position in Space and Road Map tests (Factor 1) and also to sketch map of the new

environment, whereas for the same factor analysis involving control group data, performance on

this task was reiated to that on the Position in Space and Road-Map tests in addition to that on

the Map-Reading Test. The Position in Space Test requires the ability to distinguish left from

right and up l'rom ,10wn. These abilities could be related to the ability to place the rooms in

correct relationships to each other. The Road-Map Test requires mental rotation of one's own

body which may be needed in order to place the rooms in the correct relationship with respect

to the point of reference the subject has chosen. For example, if a subject has chosen to place

the front entrance of the floor plan at the bottom of the page, ail of the other rooms would have

to be placed with respect to that reference point. The results of the two groups differed in that

scores on the sketch map of the familiar environment loaded with scores on the Map-Reading

Test for the control group, whereas scores on the sketch map of the familiar environment loaded

with scores on the sketch map of the new environment. These results suggest that for the normal

control subjects, the ability to sketch a tloor plan of one's home is associated with extra-personal

orientation skills. lt is proposed that this association does not exist in the AD group in which

the ability to sketch a tloor plan of one's home is related to visuospatial constructional abilities

which were also required for the sketch map of the new environment, and which have been

shown to be impaired in AD.

With respect to results of the factor analysis involving the 13 subtests (control group

data), performance on the sketch map of the familiar environment was related to that on the

Figure-Ground Perception, Map-Reading and Stylus Maze tests, whereas performance on the
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sketch map of the new environment was related to that on the Corsi Block Test. These results

were explained earlier by associating sketch map of the familiar environment with requiring

mental rotation, planning and problem solving and associating sketch map of the new

environment with immediate spatial memory.

In the preliminary study, AD patients were impaired on sketch map tasks (Liu et al.,

1991a). However, a ditferent method of scoring was used in that study which involved analyzing

two scores, one for frequency and another for accuracy. In this study one score was calculated

based on the mean of these measures. The use of a mean value meant Olat Ole score renected

both the frequency and the accuracy components of the task. AnoOler difference was Olat instead

of conducting a home visit in order to score the sketch maps, they were scored by comparing

them to sketch maps drawn by caregivers. Given that the two scoring methods were different,

it was not possible to compare the scores between the two studies for the nOlmal control subjects.

Thus, it is unknown whether using a caregiver's sketch map with which to score a subject's

sketch map was comparable to conducting a home visil.

The sketch map of a familiar environment met the criteria for high test-retest and inter

rater reliability in AD patients. This furOler supports the use of this task to study mental

representation in AD patients as it relates to spatial orientation. More sensitive measures of

visuospatial constructional performance and mental representation could be applied to the maps

drawn by subjects. For example, they could be analyzed using qualitative measures based on the

overalllayout of elements on the maps (Moeser, 1988). The task could also be expanded to

involve mental representation of a macrospatial context, that is, sketch a map of one's

neighbourhood or city (Rovine & Weisman, 1989). lt would also be of interest to relate sketch
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maps drawn by AD patients to their way-finding abilities in a new environment such as a

hospilal, nursing home or a new city, as is commonly done with normal subjects (Moeser, 1988;

Rovine & Weisman, 1989).

4.4.1.6 Funclional spatial orientation skiIls

As expected, AD patients were impaired in functional spatial orientation as assessed by

the Functional Spatial Abilities Questionnaire. The content of the Functional Spatial Abilities

Questionnaire was based on responses l'rom caregivers of AD patients 10 an open-ended

questionnaire. This questionnaire asked caregivers to describe behaviours or actions that they

had seen in AD subjects who had ditficulty with orientation to place. The 12 items on the

Functional Spatial Abilities Questionnaire peltained to one's function in both new and familial'

environments. The items addressed the perception of one's own sense of direction and activities

of daily living (ADL) including driving, way-finding and following maps.

Results l'rom the item analysis indicate that 11 of the 12 items were sensitive to

differences between AD and control subjects. The only exception was item 9 which states, "1

require supervision travelling in the neighbourhood". This item was sensitive to group

differences when it was rated by the proxies but not when it was rated by the subjects

themselves. A discrepancy was also observed in the correlational analyses which showed that

self- ,md proxy-ratings were highly cOiTelated (1' = .68) for the control group but not for the AD

group. Thus, although the two questionnaires are highly associated with each other as shown in

the factor analysis results (using the full battery), users of the questionnaires are alerted to the

discrepancy between AD subjects' responses and the responses of their caregivers.
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Clinicians and caregivers are often faced with deciding when an AD patient should no

longer be permitted to drive. Two sUlveys suggest that there is a higher incidence of driving

accidents associated with AD (Friedland et al., 1988; Lucas-Blaustein et al., 1988). A nccessary

component of driving is adequate way-finding ability. Way-tïnding has been described as a

complex ability involving not only intact cognitive abilities but also an ability to interact with

and integrate environmental infonnation (Downs & Stea, 1981; Passini, 1984a; Rovine &

Weisman, 1989).

Functional spatial orientation is a constmct separate from spatial orientation skills that are

evaluated in the laboratory. Results l'rom the first factor analysis using the control group data

showed that both self- and proxy-rated Functional Spatial Abilities Questionnaires loaded on a

single factor. The Functional Spatial Abilities Questionnaire appeared to bc val id for evaluating

functional spatial Olientation because it detected a deficit in AD patients when comparcd to the

control subjects. The self-rated Functional Spatial Abilities Questionnaire was excluded from the

shOltened SOS Battery in order to decrease the number of subtests and because it was assumed

that the proxy-ratings were more accurate. Il may be argued that self-ratings were morc accurate

than proxy-ratings and that the proxies undcr-estim"t~d the functional pelformance of the AD

patients. Although the AD patients rated themselves signiticantly higher than their proxies, both

self- and proxy-rated scores wcre low':r than those for the control group. In thi~; study, AD

patients also rated themselves higher than their proxies on the Reintegration to Normal Living

Index. McGlynn and Kaszniak (1991) reported similar findings when they compared AD

patients' reports with those of their caregivers on another questionnaire. They found that AD

patients tended to under-estimate their difficulties with cognitive tasks in everyday life and over-
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estimate Lheir memory abilities.

In another study, Magaziner, Simonsick, Kaslmer and HebeI (1 'JHH) compared elderly hip

fracture patients and their proxies' responses to questions peltaining to the patients' pre-fracture

health and functional status. These investigators reported that the best agreement occurred where

the patient had no cognitive impairments and was not depressed. Patients who were cognilively

impaired, as measured on the Mental Status Questionnaire of Kahn et al. (1 'J6(), ratec! their

health and functional status better than the proxies. However, Rocca et al. (1 'JH6) round tÎi:!t

when questions pertaining to family or medical history were used, the responses of AD patients

agreed with those of their proxies. Based on these studies, it may be hypothesized that AD

patients over-estimate their cognitive and functional abilities because of a denial of the disease

or in reaction to social pressures to appear competent. Questions pertaining to topics such as

family history pose less threat to one's self-esteem, hence there was an agreement betwcen the

self and proxy-ratings in the study of Rocca et al. (1986). However, it is also Iikely that AD

patients are more accurate in responding to questions pertaining to facts in conU'astto subjective

appraisals of reecnt changes in their cognitive or functional abilities. Although for the AD group

both self- and proxy-rated Functional Spatial Abilities Questionnaire responses demonstrated high

test-retest and inter-rater reliability, il appears that when there is a discrepancy, proxy-rated scores

are lower.

4.4.1.7 Summary

In general, the spatial deficits observed in the AD patients in this study are congruent with

reports by other investigators. However, this study differed from ail other studies in that several
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spatial tests ranging from those that assess perception to those that evaluate cognitive skills were

administered concurrently. In addition, the Functional Spatial Abilities Questionnaire was

introduced as a measure of functional spatial orientation. This permitted analyses of different

aspects of spatial orientation in order to understand better the processes involved in spatial

disorientation.

The results from tllis study can help with the interpretation of findings from other studies

reported in the literature. One could deduce from the results of the Figure-Ground Perception

Test that training of the examiner is crucial to its reliability between raters when used with AD

patients. Il has also been seen that performance on the Figure-Ground Perception Test is related

to performance on many cognitive spatial tests. This study confilms ilie results from oilier

stlldies which indicate that the tests used for assessing personal and extrapersonal orientation

evalllate other spatial skills as weIl. Both the Road-Map and the Map-Reading Tests, used to

assess personal and extrapersonal orientation, respectively, involve mental rotation.

Visllospatial constructional ability was also impaired in the AD group as evaluated on ilie

dock drawing test. The impaiIments seen on the sketch map tasks may ilierefore be partially

attributed to diftïculties with visuospatial construction. However, the sketch map of ilie new

environment was primarily a memory test while the sketch map of the familiar environment

involved spatial orientation skills. No other study has examined ilie performance of AD patients

on a sketch map task for a familiar environment as was done in ilie present study. But studies

have confilmed a deficit in immediate spatial memory in people wiili AD (Corkin, 1982).

Deficits in functional spatial orientation were detected using a questionnaire iliat was

based on information provided by caregivers. As yet iliere has been no report in ilie 1iterature
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of an evaluation for examining functional spatial orientation in AD patients. Skills assessed on

the Functional Spatial Abilities Questionnaire overlapped with those evaluated on the Map

Reading Test. But functional spatial orientation was associated with a factor that was distinct

from the factors representing the other spatial skills evaluated in the laboratory.

Other spatial tests used in the study that have not been discussed are thc Spatial Rclations,

Porteus Maze and the Stylus Maze tests. Il is not known why the Spatial Relations Test was

unreliable for the AD group. The test was modified so that only III of the 6ll original test itcms

were used. A previous study (Liu et al., 1991a) used l5 items and found a statistically

significant difference between the scores of the AD and control groups. It was felt that a test

of 15 items was still too long for AD patients and so it was shOiiened to III itcms. An

assumption was made that they were representative of the range of difticulty of items on the

original test. However, no analysis was conducted to see if this subtest was equivalenl to the

original test. Nevertheless, it does not seem that this alone wou Id have resulted in the low

reliability. The Porteus Maze Test had high reliability coefficients, but was intluenced by

education in both groups. Thus, use of this test to assess problem solving and spatial planning

in AD patients should take into account the effects of education.

The reliability coefficients for the Moditied Stylus Maze Test were just bclow the

criterion of .70. Although this test was not included in the shortened SOS Batlery, it should still

be considered as a useful tool for studying spatialleaming. Other versions of this test havc becn

found to detect spatial deficits in AD patients in comparison to normal control subjects (Brouwers

et al., 1984; Liu et al., 1991a) and in comparison to Huntington's Disease patients (Brouwers el

al., 1984). For the control group, performance on the Stylus Maze Test was round to be relaled
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to scores on the Map-Reading Test, sketch map of the familiar environment and the Figure

Ground Perception Test. 1t is not known if this test would have loaded in a similar way if data

from a larger group of AD patients had been availab1e.

ln short, the number and range of tests used in this study were more comprehensive than

those used in other studies examining spatial deficits in AD patients. This study inc1uded splltia1

tests that have been used previously with AD patients as weil as other tests that have not been

employed with this particular clinical population. The concun'ent use of a wide range of spatial

tests permitted factor analyses to be used. Results from these analyses can contIibute to the

development of a framework for studying spatial orientation in AD patients.

4.4.2 Framework for studying spatial orientation in AD patients

This study began with an hierarchical framework of spatial orientation based on a review

of the literature. Patients with AD had been shown previously to expeIience difficu1ty on a

number of different spatial tests. The deficits were reported on tests of figure-ground

discrimination (Loring & Largen, 1985; Mendez et al., 1990), personal orientation (By1sma et al.,

1992; Fischer et al., 1990; Flicker et al., 1988), extrapersonaJ orientation (Liu et al., 1991a; Liu

et al., 1991 b), visuospatial constructional abüity (Henderson et al., 1989; Mohr et al., 1991; Teng

& Chui, 1987), and mental representation (Liu et al., 1991a). Impaired functiona! spatial

otientation has been of concem to caregivers and health professionals with respect to an AD

patient's capacity to drive and to trave! independently (Drachman, 1988; Ftiedland et al., 1988;

Lucas-Blaustein et al., 1988).

The findings reported in the literature and the results from this study suggest that AD
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patients are impaired on ail aspects of spatial orientation. This is consistent with the

neuropathology of the disease. As discussed in the Introduction, the pathological changes

associated with AD affect ail areas of the cOltex (Van Hoesen & Damasio, 19H7) and sllbcortical

structures (Morris & Kopelman, 1986). Some of the specifie deficits detected were with visual

perceptual skills (Left-Right Discrimination and Position in Space), planning (Poltells Maze) and

immediate memory (Corsi Block). These deficits are consistent with reports of damage in the

visual, frontal and temporal (hippocampal regions) cortices (Morris & Kopelman, 19H6; Van

Hoesen & Damasio, 1987). Computed Tomography (CT) reslilts were available for 1Hof the 25

GDS 3 and 4 AD patients and 5 of the 10 GDS 5 AD patients who patticipated in this stlldy.

In these seans, there was no evidenee of loealized lesions and the areas of the brain affeeted by

atrophy varied. Sorne of these CT results were normal, others showed that different cortical or

subeortical areas were affected. The generalized deterioration in cognitive function that wou Id

be associated with this atrophy is seen in the results of the mental statlls examinations and

nonspatial tests sueh as the Hebb Verbal MemOIY test and the Boston Naming Test.

This study examined the contribution of various skills to spatial orientation by using a

comprehensive battery of spatial tests that evaluated skills believed to be required for adeqllate

spatial orientation. A framework for studying spatial orientation in AD must consider the multi

dimensional and hierarehieal aspects of the construct of spatial orientation. It is mlilti

dimensional in the sense that different spatial skills are involved. The hierarchy refers to the

concept that certain spatial skills are prerequisites for other more difficult spatial ski Ils.

Concurrent deficits on many types of spatial skills would be consistent with the global cognitive

deterioration that is eharacteristic of AD.
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'Ille hierarchical and multi-dimensional aspects of these spatial skil!s need to be further

explorcd using a larger sample of AD patients which would permit the use of more variables in

a factor analysis. With respect to functional spatial orientation, this framework must consider

that thcre are other variables that have an impact on functional performance. These variables

may be cnvironmental, physical or behavioural. Studies are needed to identify other factors and

their relationships to each other as weil as their intluence on one's functional spatial ability.

4.5 Clinical Implications

The resliits of this stlldy have implications for clinical assessments as weil as for the

clinical management and treatment of spatial disorientation in AD patients.

4.5.1 Clinical assessment of spatial orientation in AD patients

On the basis of this study, four sllbtests of the shortened SOS Battery can be

recommended for the clinical assessment of spatial orientation in AD patients. These are the

Position in Space Test, the Map-Reading Test, the Road-Map Test and the sketch map of the

familiar environment. The Flinctional Spatial Abilities Questionnaire has potential for clinical

use, but requires additional research to establish its content validity. This study demonstrated that

ail of these tests have high test-retest and inter-rater reliabilities. After using a screening measure

to assess global cognitive function, a clinician could select one of these tests and do further

evaillation of spatial orientation. The normative data, which are based on a large sample of

control slIbjects, ':an be used by a clinician for the purpose of comparison.

To the author's knowledge, the Position in Space Test is used by sorne clinicians to
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evaluate perceptual spatial skills and recognition of shapes in patients with dementiH. However,

there are no documented repOlis of its use with AD patients. This study used the tïrst two parts

of the original test but not the third pali which assesses spatial memory. The results showed that

the first two parts are reliable and valid for the assessment of perceptual spatial abilities in AD

patients.

'1'0 date, the Map-Reading and Road-Map tests have been primarily used for research

pUlposes. These tests can be easily administered in the clinic as they are relatively short and

inexpensive. A clinician using these tests must consider that mental rotation is involved in both

tasks. Further research is needed to determine if AD patients are also impaired on the Map

Reading Test when administered in the NO-TURN condition. For the AD patients, performance

on the Map-Reading Test was related to that on the Functional Spatial Abilities Questionnaire.

If one assumes that the Functional Spatial Abilities Questionnaire is an accurate and good

measure of functional spatial orientation, then it may be argued that Ole Map-Reading Test is

cun'ently the only standardized clinical assessment that is related to functional spatial orientation

in AD patients. If this is the case, it may be because the Map-Reading Test requires body

movements in space that are related to navigation, unlike most clinical tests that are performed

by a patient seated at a table.

The sketch map of the familial' environment task demonstrated excellent psychometrie

properties. This task has been used by clinicians with other populations to obtain a qualitative

impression of a patient's mental representation (McFie et al., 1980; Ross, 1(80). There is only

one report of the use of a sketch map with an AD patient (Cogan, 1(85), and one other study that

has quantified AD patients' perfonnance on this task (Liu et al., 199Ia). The present study
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provides data to support its use based on its stable psychometrie properties. The sketch map task

as applied to the familiar environment can also be applied to unfamiliar environments as was

done in the preliminary study.

There is one potential limitation involved with using the sketch map as a clinical tool.

ln this study, a tloor plan drawn by a relative was used as the standard for scoring, which

replaced the time-consuming home visits in the previous study (Liu et al., 1991a). The caregiver

was also asked to produce a second sketch map at home in order to confirm the accuracy and

consistency of the first sketch map. In the majority of cases, the two sketch maps drawn were

consistent. [n three cases, they were not and so the caregivers were requested to provide a third

sketch map which was consistent with either the first or second one. Although this method of

scoring the patient's sketch map proved to be re[iab[e, a clinician wishing to use this task must

take into consideration the compliance and ability of a caregiver to perform the task. Thus, a

caregiver's sketch map could not be used if the person is unable to provide two sketch maps that

are similar. Even if the two maps are consistent, a clinician must assume that these maps are

accurate.

ll1e method of scoring the sketch map can be fUither refined to provide more information.

[n this study, the score was a mean of two ratios, one being frequency (i.e. number of rooms

correctly identified) and the other being accuracy (i.e. number of rooms correctly placed in

relation to the others). The use of a mean of the two ratios served the purpose of decreasing the

number of valiables used in the factor analysis. Prior to using the mean, it had been established

that the two ratios were highly cOITelated, suggesting that they were related. For clinical

assessments, both ratios could be of interest. The study of Liu et al. (1991a) reported that AD
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patients had more diftïculty with the accuracy than with the frequency aspects of the sketch nmp

task. In a study using university students, Rovine and Weism~n (19R9) compured the ubility of

several pencil-paper measures to predict wuy-finding pelformHllce. These investigutors used

measures of visualization, sense-ot~direction us weil us sketch maps. They rcported that the

sketch map measures, in particular the accuracy score, were the best predictors of way-finding

performHllce.

As mentioned earlier, the Functional Spatial Abilities Questionnaire requires further work

before it can be considered for use as a clinical measure. Although the content wus based on

reports of caregivers, the Functional Spatial Abilities Questionnaire was not sent back to these

caregivers for further feedback. The self- and proxy-rated Functional Spatiul Abilities

Questionnaires demonstrated high test-retest Hlld inter-rater reliability und were able 10 delect

differences between the AD and control groups in functional pelformance. These data suggest

that it was an adequate measure of functional spatial orientation. There was one problem

associated with it~ use. The scale for scoring each item was categorical but the final score was

treated as interval data. A "not applicable" category was included for situations that individuals

did not have to face. For example, a person with AD may rate the fourth item "1 have diftïculty

following a map" as not applicable because this task has always been managed by the caregiver.

This category may have encouraged neutral responses Hlld may have accounted for the lack of

a significant correlation between the spatial test~ and the Functional Spatial Abilities

Questionnaire. Il may be argued that the Functional Spatial Abilities Questionnaire data wou Id

have behaved differently if the scales used ordinal data that was treated as continuous data. A

study is needed to validate further the content of the Functional Spatial Abilities Questionnaire
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and to test a more sensitive scaling method such as the visual analogue scale.

With respect to functional assessmcnt of spatial orientation, other more direct methods

should be explored. For example, way-finding in AD patients can be evaluated using Easy Street

Environments (Dix, J991). These customized environmental simulations are being designed to

be uscd for functional assessment and training of the physically disabled. To date, there has been

no research rep0l1ed on the use of Easy Street Environments for assessing way-finding ability

in AD patients. These environmental simulations provide a safe, objective alternative to the

assessment of way-finding in outdoor environments. This method would also be realistic and

meaningful to patients. However, the major drawback is ils high cost and, therefore, limited

availability.

4.5.2 Clinical management of spatial disorientation in AD patients

Some of the tindings can be relatcd to the management of spatial disorientation in AD

patients. The results l'rom this study, specifically l'rom the factor analyses, suggest that, at least

in early AD, the ability to be functionally orientated may depend on factors other than cognitive

spatial ski Ils. Tt stands to reason that on tasks such as driving or way-finding, the environment

plays an integral role in a patient's spatial orientation. The contribution of the environrnent to

a patient's functional ability may be what is neglected in the laboratory spatial tests used. This

may also explain why the scores on the Functional Spatial Abilities Questionnaire did not

correlate with pelformance on the spatial tests. The proxy-rated Functional Spatial Abilities

Questionnaire scores did not correlate with mental status SC07es, further supporting an

environmental int1uence on functional abilily.
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Clinically, this finding suggcsts that environmental factors should be studied for their

effects on spatial OIientation. Several investigators have shown that various strategics can

improve the legibility of a physical environment, or the ability of an individual to understand the

spatial nature of the environment (Weisman, 19XI). These strategies include arrangement of

fumiture, use of recognizable landmarks, use of signs and colours, and promoting the visibility

of destinations (Copper, Mohide & Gilbert, 1989; Hyde, 1989; Moore, 1979; Shroycr. l-hltton &

Anderson, 1987; J. Weisman, 1981; G.D. Weisman, 1987). Although AD patients may have poor

spatial skills, as reflected on their scores on perceptual and cognitive tests, these stratcgies may

facilitate their functional performance.

Wandeling is usually observed in patients who are in the later stages of AD and in

patients who are institutionalized. MUliino-Saltzman et al. (1991) havc suggcsted that

environmental factors may contribute to the types of wandering behaviour they have observed,

namely, lapping, pacing and random travel. The factors they have identi1ied arc the layout of

the facility, placement of fumiture, lighting, noise levels and stafting (Martino-Saltzman et al.,

1991). Based on these observations, it is likely that the physical aspects of an environmcnt, as

weB as the capabilities of the caregivers, have an impact on the functional spatial orientation of

AD patients. The impact of environmental features on functional spatial orientation will certainly

be the focus of future studies, with the increasing need for special facilities for individuals with

dementia (McGrowder-Lin & Bhatt, 1988; Munson et al., 1991; ühta & ûhta, 198X; Sands &

Suzuki, 1983; Weisman, 1987).

Finally, wandering behaviour is usually associated with the behavioural changes that are

characteristic of late AD (American Psychiatrie Association, 1987; Austrom & Hendrie, 1990;
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Foldi et al., l'IX7). Personality changes, inappropriate behaviour, disinhibition and physical

restlessness can contribute to wandering. Clinical intervention must take these factors into

consideration. In addition to providing an environment that facilitates way-finding, other

intervention strategies to decrease wandering include the use of structured activities and physical

exercise in order to help decrease restIessness (Zgola, 1987).

4.6 Limitations of the Study

It may be argued that one limitation of this study was that many of the tests, which had

standardized instructions and methods of administration, were modified. Given the global

cognitive deterioration associated with AD, it was of primary concem tIIat these patients be able

to perform the tests. ln order to study their spatial abilities, it was necessary to simplify the

instructions, eliminate time constraints, and remind the patients of the instlUctions whenever

necessary. As discussed, training the examiners to repeat the instructions was not adequate in

ensuring good inter-rater reliability of the Figure-Ground Perception Test. In retrospect, the

examiners should have also been instructed to try to elicit a response for each item when testing

the AD patients. The procedures used to modify the tests have been c1early described in the

Methods section so that any part of this study can be replicated.

For the control group, a small range of scores was obtained on many tests which probably

accollnts for tlIe moderately low subtest-to-subtest, subtest-to-total, Cronbach's alpha and intra

cluss correlation coefficients. However, if the tests were made more difficult in order to increase

the vuriability, tlIe scores from the AD group may have c1ustered at the lower end of the range,

reslliting in the opposite effect.
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The small sample size of the AD group did not permit a factor analysis to be conducted

using the full battelY. l'herefore, interpretation of the first factor analysis cannot, at this time.

be generalized to the AD group. FUlther study invo\ving more AD subjects is requircd. With

regard to sample size, tlle dedsion to use a sample of 25 subjects was based on the feasibility

of the study, the clinical population under study and time constraints. This sample size is

comparable to that used in most dementia studies. ln addition, stringent criteria for handcdncss,

language and age were imp\emented, and tl1e requirement that patients were community residing

with a caregiver who would participate in the study all ensured that the AD group was as

homogeneous as possible. Finally, statistically significant findings were obtained, suggesting the

sample size was adequate for the pUlpose of comparison with control subjects.

Ideally, separate groups of patients should be used for the reliability studies. It may be

argued that by using the same patients for bOtll the test-retest and inter-rater reliability studies,

a systematie bias was introduced, particularly in the estimates of inter-rater reliability which were

eonducted four weeks after the initial visit. l'hus, the inter-rater reliability coefficients cou Id

have been under-estimated because they were contaminated with me passage of time.

Future studies may consider other methods of estimating reliability (hat wou Id not require

as many visits l'rom the AD patients. There may, however, be difficulties associated with these

methods. Prior to this study, the use of anomer rater attending the test-retest session, or a video

camera had been considered. l'hese options were decided against because it was firmly believed

that the performance and attention of the AD subjects wou Id be negatively influenced by the

presence of an observer or camera. Not all tasks Ce.g. the Map-Reading Test) were administered

with the subject seated which meant that a camera would need to be moved and readjusted during
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the session.

Ali of the subjects in both studies were from the vieinity of Montreal. Thus, the data

!"rom the control subjects retlect this urban, multicultural population and so the findings may not

be generalizable to other populations. Also, this study did not include AD patients in a stage

earlier than GDS 3, and patients in GDS 6 and 7. Patients in these stages were not studied due

to the difticulty in accurately diagnosing AD in a person earIier than GDS 3, and in testing AD

patients in stages 6 and 7.

4.7 Other contributions of this study

ln addition to contributing to the understanding of spatial orientation, this study has made

other impOltant contributions. Based on the large size of the control group, nOlmative data are

available for many spatial tests in the format presented. Prior to this study, normative data for

adults aged 50 to 80 were not available for any of the perceptual and cognitive tests used in this

study. Although normative data have been reported for the Figure-Ground Perception Test

(Petersen & Wikoff, 1983; Petersen et al., 1985), the Position in Space Test (Siev et al., 1986)

and for the Spatial Relations Test (Taylor, 1968), a11 of these come from your:ger adults. The

normative data derived from tllÎs study can contribute to other studies that examine spatial

peltormance in AD patients or in the nOlma] agecl population.

Another contribution of this study is the information obtained on the psychometrie

propetties of these spatial tests. Despite their long-standing use with various clinical populations,

the reliability of most of these tests, in particular the Porteus Maze, Road-Map and Map-Reading

tests. has never been evaluated. This information is now available not only for AD patients but
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also for normal elderly 'uhjects. Although normative and psychomeuic data arc now available

for these tests, generalizability is limited because of the adaptations made to sorne of the tests

used.

With respect to mental status, the reason for administering two versions of the mental

status examination was to determine whether their psychometric propelties ditTered. The 3MS

was designed to meet the need for a screening test that is more sensitive and that samples a wider

range of cognitive abilities than the MMSE (Teng & Chui, 1987). The tïndings indicate that both

the MMSE and the 3MS are equally able to detect differences between the AD and control

groups. The test-retest and inter-rater reliability of the MMSE has already been shown to be

quite high (Anthony et al., 1982; Fillenbaum et al., 1987; ll1al et al., 1986; Uhlmann et al.,

1987), and these results were confirmed in this study. However, untilnow, there has been no

repOit on the reliability of the 3MS. This study established that the 3MS does have high test

retest and inter-rater reliability when used with AD patients. Both mental status examinations

were sensitive to the change in cognitive function associated with the progression of AD.

This study also demonstrated that the Belis Test was able to detect a difference bctwecn

AD and control groups while Alber!'s Test was not. Despite this, the AD group's performance

on Albelt's Test was significantly lower than that of the control group. The administration of

these tests to AD patients has not been reported prior to this study.

With respect to the clock drawing test, the test-retest and inter-rater reliability coefficienL~

did not meet the .70 criterion. The low coefficients in the control group cculd be attributed

partly to the fact that mean score was close to the maximum and the range in scores was small.

However, this was not the case for the AD group which had a lower mean score with a larger
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range. Possibly, the scoring instructions were not as clear as was assumed. Although Doyon et

al. (1991) rcpOlted a high reliability coefficient for this task, the type of coefficient used and

whcther the reliability peltained to test-retest or inter-rater was not specified. Using a different

scoring system, Sunderland et al. (1989) established high inter-rater reliability, but there have

been no repOlts of test-retest reliability. Most studies have repOlted high sensitivity and

speciticity for the dock drawing test (Doyon et al., 1991; Shulman et al., 1986; Sunderland et

al., 1989; Wolf-Klein et al., 1989). As the inter-rater ICCs were higher than the test-retest ICCs

for both groups, it is proposed that variability within subjects may also account for the overall

low reliability coefficients. The findings of this study point to the need for further work to

establish the reliability of the dock drawing test.

The construct validity study suggests that spatial orientation is a construct that is not

related to reintegration to normal living. An explanation for the lack of cOlTelation for the self

rated scores of tlle AD group, may be that the nature of the visual analogue scale was difficult

for the AD patients to understand (Streiner & Norman, 1989; Wood-Dauphinee & Williams,

1987). The Reintegration to Normal Living Index includes quality of life as a major component

(WQ;)d·Dauphinee & Williams, 1987) which may explain the lack of cOlTelation with the SOS

Battery. Otller measures tllat could have been used to examine construct validity of the SOS

Battery wouId be cognitive and functional measures. Il has been seen that many of the subtests

evaluate cognitive abilities and sorne had components of functiona\ abilities. In future studies,

the perceptual and cognitive subtests could be validated with a test using the working memory

model which deals with the visuospatial domain. The Functional Spatial Abilities Questionnaires

could be validated with functional measures that involve instrumental activities of daily living
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such "s going to the bank and travelling by bus.

Although it was not a focus of the study, the lower scores of the AD patients on the self·

and proxy-rated Reintegration to Normal Living Index suggest that they expel;ence a poorer

quality of life in comparison to the control group. Finally, the normative data for the

Reintegration to Normal Living Index contlibutes to future studies examining this construct.
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5.0 CONCLUSION

This study has made an original contribution by providing data on the relationships

between various spatial skills in order to understand better spatial orientation in AD. This was

achieved by selecting a wide range of spatial tests that required pereeptual and cognitive skills

to complete. A new measure was developed in order to study the relationship hetween funetional

spatial orientation and pelt'ormance on spatial tests. The conclusions drawn from this study are:

1) For healthy individuals, spatial orientation skills as measured on the full SOS Battery can be

categorized into tive types. These categories probably do not apply to AD patients and further

research is needed to determine how scores of a larger group of AD patients would load in a

similar analysis. 2) Seven subtests of the full battery demonstrate high ICe values for both test

retest and inter-rater reliability when used with AD patients. These are the Position in Spaee,

P0I1eus Maze, Map-Reading, Road-Map, sketch map of the familiar environment and the self

rated and proxy-rated Functional Spatial Abilities Questionnaires. These results may guide the

clinician in selecting spatial tests to use with AD patients. 3) AlI of the subtests are sensitive

to differences between early AD and control subjects. But only five subtests are sensitive to the

severity of AD. These subtests are the Figure-Ground Perception, Road-Map, sketch map of the

familiar environment, sketch map of the new environment and proxy-rated Functional Spatial

Abilities Questionnaire.

This study has also provided data on the psychometrie properties of well-known spatial

tests. ResuIts that can be specifically applied to the AD population are needed in this area of

research. While the establishment of the vaiidity of a test is an ongoing proeess, the test must

tirst prove to be stable or consistent over time and between raters. The Map-Reading and Road-
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Map tests have been used frequently to sludy spatial orientation in AD, but rc1iability data for

these measures were lacking. 'Ole high reliability coefficients and good validity data obt<lÏned

in this study SUPPOIt the use of these tests. The Position in Space Test appcars to be a good

dinieal tool for assessing perceptual spatial skilis. The sketch map task is not new to

environmental psyehologists who use it to study mental representation in the normal population.

Based on this study, the sketch map task is reHable and valid for use with AD patients. These

tests should not be limited to research studies, however, and should be used by c1inicians to

evaluate AD patients. A new measure, the Funetional Spatial Abilities Questionnaire, has good

psychometrie properties but requires more research to establish its content validity and to develop

a more sensitive seoring system.

Other unique eonllibutions of this study are the normative data obtained on a wide range

of spatial tests. While some nOimative data exist for the perceptual tests, these pertain to

younger adult groups. The data from this study will be useful in future research on AD as weil

as on normal aging. With respeet to the other tests used, which are not part of the SOS Battery,

data now exist pertaining to their psychometrie properties. For example, psychometrie data are

now available for the 3MS and the dock drawing task. Normative data are also available for the

Reintegration to Normal Living Index.

Sorne immediate researeh questions to be addressed are: J) If factor analysis is conducted

using a larger group of AD patients and aIl 13 subtests, wou Id the results replicate those obtained

in the tirst factor analysis of this study whieh used data from the control subjects; 2) How would

AD patients perfonm if sorne of these spatial tests were reexamined with respect to the specific

skills required? For example, would AD patients also be impaired in the NO-TURN condition
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of the Map-Reading Test whieh examines only extrapersonal orientation and elirninates the need

for mental rotation'! 3) Would the Functional Spatial Abilities Questionnaire be a better measure

if a more sensitive seale was applied'! 4) What are the environmental factors that influence

functional spatial orientation'! Other variables to consider would be a person's premorbid

personality and spatial ability, caregiver availability and interventions or strategies used by

earegivers and patients to deal with functional spatial problems.

ln conclusion, as the general population ages, the number of individuais with AD in

Canada is increasing. Spatial disorientation is a serious problem in the management of these

patients. This study has made a unique contribution to knowledge with respect to the assessment

and understanding of spatial disolientation in AD patients. With fmther research and increased

understanding of this deficit, it is anticipated that a positive impact can be made on the clinical

intervention and daily management of AD patients.
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Appendix A

List of Abbreviations

1. Activities of Daily Living

2. Alzbeimer's disease

3. Analysis of Variance

4. Central Executive System

5. Computed Tomograpby

6. Functional Spatial Abilities Questionnaire

7. Global Deterioration Scale

R. Intra-c1ass Correlation Coefficient

9. Mini-Mental State Examination

10. Moditïed Mini-Mental State Examination

II. National Institute of Neurological and Communicative

Disorders and Stroke and the Alzbeimer's Disease and Related

Disorders Association

12. Occupational Tberapist

13. Reintegration to Normal Living Index

14. Revised Diagnostic and Statistical Manual of Mental Disorders

15. Spatial Orientation SkiIls

16. Visllospatial Scratcb Pad

17. Wecbsler Adllit Intelligence Scale

ADL

AD

ANOVA

CES

CT

FSAQ

GDS

ICC

MMSE

3MS

NINCDS-ADRDA

OT

RNL Index

DSM III-R

SOS

VSSP

WAIS
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Appendix B

General Information

Date: _

First Name: _

Subject No.: _

Last Name: _

Caregiver/Spouse: . _

Address: _

•

Duration of Residence at this address: _

Telephone No.: _

Sex: F M

Marital Status: Single_ MalTied_ Common-Iaw_ Divoreed_ Widow_ Widower_

Date of Bilth: D _ M_ Y _ Age: _

Educationallevel:, _

Other training: _

Past Medical History: _

CUITent Medieations: _

Global Deterioration Scale Leve!:

Hachinski Ischemie Scale Score:

MMSE: ---l30 3MS: ---lIOO RNL: _.....JIOO

Family History of AD: Y _ N _

Edinburgh Inventory administered: Y _ N _ Handedness: R L

Language(s) spoken/written: English _ French _ Other _

Con·ective Lenses: Y N

Referring Neurologist: _

•
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Appendix C

Consent Form (for AD subjects)

McGill University
School of Physical and Occupational Therapy

1am informed that this is a research study undertaken by Lili Liu under the supervision of Louise
Gauthier. 1 am also informed that the purpose of this study is to develop a battery for the
assessment of spatial orientation skills in older persons.

1 am aware that 1 will undergo a series of assessments during a period of one and a half hours,
and that these assessments will take place at the School of Physical and Occupational Therapy,
McGill University. 1 realize that a lU minute rest period will be provided half way through the
session. 1 have been told that no foreseeable risks are involved in the assessments.

1 agree to retulTI for two more sessions with a two week interval between each session.

1understand that my primary caregiver (spouse, next of kin, friend) will complete a "uestionnaire
concerning my functional abilities.

1 realize that altllOugh the results from the study will be published, rny identity will be held in
confidence. 1am aware that my participation in this study is on a volunteer basis and that 1 will
flot be paid, however my transportation will be reimbursed if applicable.

J understand that 1 may withdraw my consent as weil as withdraw from the study at any time
without prejudice to my treatment.

Signature of Subject

Signature of Caregiver

Date

Date

1have explained to the procedures of the study and 1 have informed
him/her that he/she may withdraw from the study at any time.

• Sionature of Investioator
" "(Tel: 398-4500)

Date
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Appendix C (Continued)

Consent Form (for Control subjects)

McGill University
School of Physical and Occupational Therapy

l am infOimed that this is a research study undertaken by Lili Liu under the supervision of Louise
Gauthier. l am also informed that the pUlpose of this study is to develop a battery for the
assessment of spatial orientation skills in older persons.

l am aware that l will undergo a series of assessments during a pel;od of one and a half hours,
and that these assessments will take place at the School of Physical and Occupational Therapy,
McGiIl University. l realize that a 10 minute rest period will be provided half way through the
session. l have been told that no foreseeable risks are involved in the assessments.

l realize that l may be selected to retum for a second visit with a two week interval between tlle
sessions.

l understand that my spouse, next of kin or friend will complete a questionnaire conceIlling my
functional abilities.

1 realize that although the results from the study will be published, IllY identity will be held in
confidence. l am aware that my palticipation in this study is on a volunteer basis and tlmll will
not be paid, however my transportatio:l will be reimbursed if applicable.

l understand that l may withdraw my consent as weil as witlldraw from tlle study at any time
without prejudice.

Signature of Subject

Signature of Witness

Date

Date

l have exp1ained to the procedures of the study and 1 have informed
him/her that he/she may withdraw from the study at any time.

• Signature of Investigator
(Tel: 398-4500)

Date
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Appendix D

Functional Spatial Abilities Questionnaire (self-rated)

Please rate YOUJ'self on each item according to the following scale:

YES (Y) NOT APPLICABLE (NIA) NO (N)
(1 ) (2) (3)

Y NIA N

1. 1 get lost in new or nonfamiliar environments when 1 2 3
walking or driving.

2. 1 require supervision when travelling to a new 1 2 3
environment.

3. 1 have difficulty following a map 1 2 3
(ex. subway map, city map).

4. 1 am uncomfortable when travelling alone. 1 2 3

5. 1 have difficulty remembering the destination when 1 2 3
1 trave!.

6. 1 have difficulty returning home after an outing (ex. take 1 2 3
longer than is required, get off at wrong bus/subway
make a wrong turn).

7. My sense of direction has changed over time. 1 2 3

8. 1 get lost in previollsly familiar environments 1 2 3
(homes of relatives/friends, shopping center).

9. 1 require supervision when 1 travel in the 1 2 3
neighbourhood.

10. 1 get lost in the home. 1 2 3

11. 1 am uncomfortable when 1 am alone at home. 1 2 3

12. 1 place objects in inappropriate locations in the 1 2 3
home (ex. put kitchen item in bathroom).

Total: __ (max =36)
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Appendix D (Continued)

Functional Spatial Abilities Questionnaire (proxy-rated)

You have been chosen to complete this questionnaire regarding:
Please fill fOlm without consultation from anyone and return it to the examiner in the envelope
provided.
Please rate each item according to the following scale:

YES (Y) NOT APPLICABLE (NIA) NO (N)
(1) (2) (3)

Y NIA N

1. This person gets lost in new or nontàmiliar 2 3
environments when walking or driving.

2. This person requires supervision when travelling to a 2 3
new environment.

3. This person has difficulty following a map (ex. subway 2 3
map, city map).

4. This person is uncomfortable when travelling alone. 2 3

5. This person has difficulty remembeling the 2 3
destination when travelling.

6. This person has difficulty returning home after an outing 2 3
(ex. takes much longer than is required, gets off at wrong
bus/subway station, makes a wrong turn).

7. This person's sense of direction has changed 2 3
over time.

8. This person gets lost in previously familial' 1 2 3
environments (homes of relatives/friends,
shopping center).

Total: __ (max =36)•

9. This person requires supervision when travelling in
the neighbourhood.

10. This person gets lost in the home.

Il. This person expresses discomfort when left alone
at home.

12. This person places objects in inappropriate locations
in the home (ex. put kitchen item in bathroom).

2

2

2

2

3

3

3

3
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Appendix E

Questionnaire sent to Caregivers

Deal' Madam/Sir:

Wc are conducting a research project sponsored by the Alzheimer Society of Canada. We are

interested in knowing tlle changes in people's orientation to place (knowing where one is and

reaching a destination): for example, not being able to go to the store alone). Please describe

ybehaviours or actions you have seen in persons who have difficulty with orientation to place.

Thank you for your cooperation.

Sincerely yours,

Please send this questionnaire to:

Louise Gauthier

School of Physkal ,1I1d Occupational Therapy

3654 Drummond Street

Montréal (Québec) H3G 1Y5



•

•

225

Appendix E (Continued)

Questionnaire sent to Caregivers (French Version)

Chère Madame, Cher Monsieur,

Nous effectuons présentement un projet de recherche subventionné par la Société Alzheimer du

Canada. Nous sommes intéressés à mieux connaître les changement:, qui se produisent chez une

personne dans son orientation dans l'espace (savoir où on est et pouvoir atteindre une destination;

par exemple, ne plus se rendre au dépanneur seul). Pourriez-vous décrire les compOltements ou

les actions que vous avez observés chez une personne qui a de la difficulté à s'orienter dans

l'espace. Merci de votre collaboration.

Bien à vous,

S'il-vous-plaît, faire parvenir votre réponse à:

Louise Gauthier

School of Physical and Occupational Therapy

3654 Drummond Street

Montréal (Québec) H3G l Y5
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Appendix F

Table 28

Comparison of characteristics and mental status performance by the AD patients in stages 3 and

4 of the GDS

AD (GOS 3) AD (GDS 4)

M M t'

Variable range (SO) range (SD) (df)

Age 51-78 64.5 56-76 68.5 -1.3

(9.4) (6.4) (23)

Education 5-16 ILl 6-35 11.9 -0.3

(3.5) (7.6) (17)

MMSE 15-29 23.1 6-25 17.9 2.5'

(4.4) (5.8) (23)

3MS 61-93 74.3 28-72 56.6 3.3"

00.1) (15.7) (23)

Note. n = 10-12 for GOS 3 group and n = 9-13 for GOS 4 group.

'p<.05, "p<.OI, two-tailed Student's t-test for independent samples.

•



•
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Appendix G

Summaty of Results

SUBTEST

PERCEPTUAL SPATIAL SKILLS SUBTESTS

1. Left-Right Discrimination

2. Figure-Ground Perception

3. Position in Space

4. Spatial Relations

COGNITIVE SPATIAL SKILLS SUBTESTS

5. Porteus Maze Test

6. Map-Reading Test

7. Road-Map Test

8. Corsi Block Tapping Test

9. Modified Stylus Maze Test

10. Mental Representation (Sketch Map):

Familial' Environment

11. Sketch Map: New Environment

FUNCTIONAL SPATIAL ABILITIES

12. FSAQ: Self-Rated

13. FSAQ: Proxy-Rated

SCORE MAXIMUM

SCORE

\()

48

16

15

17 yrs

35

32

9

10

36

36

227
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Appendix H

Content Validation Form for SOS Battery

J. Is the total group of skills tested (perceptual, cognitive and functional ski Ils) appropJiate to

spatial orientation'! Yes No

2. Considered individually, is each skill included in the battery important to a person's spatial

orientation'! Yes No

If not, which of the skills wou Id you omit'!

3. Are there suf1icient skills included in the baltery to provide a realistic assessment of a

person's spatial orientation'! Yes No

[1' not, which additional skills should be included'!

4. Wou Id you agree that this battery will show differences in spatial skills between a group of

control subjects and another with Alzheimer's disease'!

SlfOngly Agree:__ Agree:__ Djo~g"ee:__ Strongly Disagree:__

5. Wou Id you agree thatthis battery will show differences in spatial orientation between a group

of control subjects and anotller with Alzheimer's disease'!

Strongly Agree:__ Agree:__ Disagree:__ Strongly Disagree:__

6. Are there any other comments you would like to make'! (Please use back of sheet)

• Signature & title(s) Date



• 229

Appendix 1

Table 29

Compatison of pelfonnance on the SOS BattelY by the AO patients in st<lges 3 <lnd 4 of the GOS

AO (GOS 3) AO (GOS 4)

M M t'

Variable range (SO) range (SO) (dl')

Left-Right 6-10 8.8 4-10 7.9 1.3

(1.4) (1.8) (23)

FGP 21-31 24.4 5-31 23.9 0.2

(3.3) (7.5) ( 12)

Spatial 5-10 7.6 7-9 7.6 -o. 1

Relations (1.8) (0.8) ( 15)

Position in 7-16 12.4 4-15 9.6 2.•"

Space (0.8) (3.7) (23)

Porteus 5-17 8.2 5-17 7.8 -0.1

Maze (3.3) (4.3) (22)

Map-Read 0-35 6.1 0-20 4.2 0.6

(10.2) (5.9) (22)

Road-Map 0-32 22.7 0-32 16.4 2.5"

(6.0) (6.4) (22)

Corsi 0-5 3.1 0-4 2.5 0.8

Block (2.0) ( 1.5) (23)

Stylus 3.3- 5.7 3.0- 4.9 1.2

Maze 10.0 (1.8) 7.1 (1.6) (20)

• (continued)
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Appendix 1 (Continued)

Table 29

Comparison of performance on the SOS Battery by ..\0 patients in stages 3 and 4 of the GDS

AD (GDS 3) AD (GDS 4)

M M t'

Variable range (SO) range (SO) (df)

Sketch map: 0-1 .58 0-1.0 .45 0.9

Familiar (.31) (.42) (21)

Sketch map: 0-1 .35 0-.92 .22 1.1

New (.28) (.31) (22)

FSAQ: 22-36 28.5 23-36 31.1 -1.5

Selt~rated (4.9) (3.5) (21)

FSAQ: 22-34 26.9 14-34 24.6 1.0

Proxy-rated (4.7) (6.2) (21)

Total Battery 35.4- 51.2 26.9- 46.2 0.7

Score 61.8 (8.7) 73.3 (18.3) (lI)

Note. n = 10-12 for GOS 3 group and n = 9-13 for GOS 4 group.

·p<.05. "p<.OI, two-tailed Student'" t-test for independent samp1es.

•
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Appendix J

Table 30

Freguencies of self-rated responses on items of FSAQ

AD (GDS 3 & 4) CONTROL

n = 25 n = 97

Question n(%) n(%) rzl value

(1) y 11(48) 24(25)

NIA 0(0) 0(0) 2.2'

N 12(52) 73(75)

(2) Y 11(48) 6(6)

NIA 0(0) 0(0) 5.1'"

N 12(52) 91(94)

(3) Y 8(35) 6(6)

NIA 3(13) 0(0) 5.0'"

N 12(52) 91(94)

(4) Y 7(30) 5(5)

NIA 3(13) 0(0) 4.9'"

N 13(57) 92(95)

(5) Y 3(13) 0(0)

NIA 0(0) 0(0) 3.6'"

N 20(87) 97( !OO)

(6) y 2(9) 1(1)

NIA 2(9) 1(1) 3.0"

N 19(82) 95(97)

• (conlinued)
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Appendix J (Continued)

Table 30

Frequencies of self-rated responses on items of FSAQ

AD (GDS 3 & 4) CONTROL

n = 25 n = 97

Question n(%) n(%) rzl value

(7) y 11(48) 4(4)

NIA 1(4) 0(0) 6.0···

N II (48) 93(96)

(8) Y 3(l3) 1(] )

NIA 1(4) 0(0) 3.5"

N 19(83) 96(99)

(9) Y 0(0) 0(0)

NIA 0(0) 0(0) 0.0

N 23(100) 97(100)

(10) Y 2(9) 0(0)

NIA 0(0) 0(0) 2.9"

N 21 (91) 97(100)

(lI) Y 3(l3) 0(0) 2.9··

NIA 0(0) 1(1)

N 20(87) 96(99)

(12) Y 6(26) 1(1)

NIA 0(0) 0(0) 4.6'·'

N 17(74) 96(99)

Note. Percentage was calculated based on number of subjects who responded.

• ·p<.05. '1)<.001, ···p<.OOOl, Wilcoxon-rank sum test.
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Appendix K

Table 31

Freguencies of proxy-rated responses on items of FSAQ

AD (GDS 3 & 4) CONTROL

n = 25 n = 97

Question n(%) n(%) rzl value

(1) y 16(67) 9(11)

NIA 3(12) 2(2) 6.4"

N 5(21) 75(87)

(2) Y 16(67) 1(1)

NIA 2(8) 1(1 ) 8.2'"

N 6(25) 84(98)

(3) Y 15(63) 6(7)

NIA 3(12) (J(U) 6.9'"

N 6(25) 79(93)

(4) Y 8(35) 4(5)

NIA 7(3(J) 1(1) 6.4'"

N 8(35) 81 (94)

(5) Y 9(38) 1(1)

NIA 3(12) 0(0) 6.5'"

N 12(5) 85(99)

(6) Y 9(38) 1(1)

NIA 4(17) 1(1) 6.5'"

N 11(46) 84(98)

• (continued)
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Appendix K (Continued)

Table 31

Frequen~j~s of proxy-rated responses on items of FSAQ

AD (GDS 3 & 4) CONTROL

n = 25 r = 97

Question n(%) n(%) rzl value

(7) y 13(54) 2(2)

NIA 3(13) 1(1) 7.2···

N 8(33) 83(97)

(8) Y 6(25) 1(1)

NIA 0(0) 0(0) 4.2···

N 18(75) 85(99)

(9) Y 3(13) 0(0)

NIA 1(4) 0(0) 3.8'"

N 20(83) 86(100)

(10) Y 2(8) 0(0)

NIA 0(0) 0(0) 2.7··

N 22(92) 85(100)

(II) Y 3(13) 1(1)

NIA 0(0) 1(1) 2.1'

N 21(87) 84(98)

(12) Y 10(42) 0(0)

NIA 1(4) 1(1) 6.2'"

N 13(54 85(99)

Note. Per~entage was ~alculated based on number of subjects who responded.

• 'p<.05. "p<.OOI, "'p<.OOOI, Wil~oxon-rank sum test.


