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Abstract

SPATIAL DISORIENTATION IN ALZHEIMER DISEASE:
EGOCENTRIC AND ALLOCENTRIC MECHANISMS
by

Olga Magidina Nikelshpur

Advisor: Nancy S. Foldi, Ph.D.

Introduction: Spatial disorientation is a common symptom of Alzheimer Disease (AD).
The cognitive mechanisms of this difficulty have not been explored in this populatien. It
unclear which commonly used standard measures of neuropsychological functioneare mor
predictive of the risk of getting lost or disoriented. Ability to use alloceatrd egocentric
reference frames in AD has received little attention in research. Wehlegpsd that patients
with AD will be more impaired on tasks of allocentric function than egocemuinction and that
this impairment will be more pronounced in AD sample compared to the healtnyatcfeed
controls. Relative contributions of allocentric and egocentric functions to segfastientation
and wayfinding ability were explored ethod: Thirty-five participants (22 controls, 13 AD)
were assessed with computer-based Allocentric-Egocentric Testasd&zed measures of
attention and executive function, and a self-report (controls) or caregiver-{&pogroup)
measure of daily wayfinding abilityResults: Participants with AD performed significantly
worse than age-matched controls on all spatial tasks. Once the effectsf@efante that
confounded performance on the Egocentric-1 condition were controlled for (Egodént

condition), participants with AD were more affected on the allocentric thargtoeetric task.



Participants with AD performed significantly worse on the allocentricttzesk age-matched
controls, but performance on the egocentric task (Egocentric-NI) was ndicsigtty different
between the groups. Neuropsychological data revealed that attention and/exXeaoation
together were highly predictive of all tests of spatial function regardfdsame of reference.
However, only attention alone contributed significantly to the models on both egotasits,

and not on allocentric task. Executive function alone did not contribute significantly té any o
the models. Performance on the allocentric and the two types of egocekfitotpether was
highly predictive of reports of daily wayfinding ability, but none of these atoné¢ributed
significantly to the modelConclusions. Allocentric functioning is differentially affected by the
AD process compared to the egocentric functioning. Attention, but not executive funcdion, is
important cognitive mechanism of egocentric, but not allocentric orientation. sample,

ability to use either frame of reference alone did not explain daily wayfiradhiity.
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Introduction

Early Studies

The early knowledge about the mechanisms of spatial orientation stemthé&sitady of
neurological disorders. Russell Brain’s (1941) comprehensive historical revibe disorders
of disorientation noted that earlier cases considered spatial disodergatartifact of
dysfunctions of visual perception and integration, such as visual agnosia. Brain abtedHa
latter decades of the 190 early 28' century, European neurologists such as Hughlings Jackson,
Wilbrand, Wendenburg, and von Stauffenberg noticed that some patients who had difficulty
localizing an object they had seen, judging the relative distances betweendwats,alijessing
themselves, or distinguishing their right from left hand, did not demonstrate viscepbued
impairments. This discrepancy suggested that visual agnosia did not accourthiocafies of
spatial disorientation (Brain, 1941). Over the decades multiple case studiéisediggatients
with diversely localized lesions who had a broad variety of disorders of spadiatation. This
led to the notion that some core features of the disorder could be taxonomicallgealgdni
addition to these early accounts, large numbers of patients from WWII withibjaiy due to
focal gunshot wounds became available for systematic inquiry into the neutanisess of
cognition and behavior. These data generated the conceptual framework thiet ggfatietion
could be divided into two main categories: body orientation (egocentric) and oderitatihe
extrapersonal (allocentric) space (Semmes, Weinstein, Ghent, & Teuber, If8f8)tantly, the
behavioral findings (Semmes, Weinstein, Ghent, & Teuber, 1955; Semmes, et al., 1963;
Weinstein, Semmes, Ghent, & Teuber, 1956) also revealed a partial dissociatiorain neur
mechanisms underlying the two systems of spatial coding: patients witlesnjarine anterior

regions of the left hemisphere were more likely to suffer from impairnegocentric



(personal) orientation, whereas those with right posterior lesions exhilffiedlties

performing tasks of allocentric (extra-personal) orientation. Thiststral dichotomy was only
partial, because lesions in the left posterior regions also resulted in the maniadedd in the
performance on both types of tasks (Semmes, et al., 1963). Nevertheless, the gliblstom
since been supported by behavioral and neurobiological data using both animal and human
paradigms, and persists throughout our current conceptual framework in the stualyabf sp

orientation.

Current Conceptual Frameworks

Some disagreement regarding the relative contributions of egocengirs \atiocentric
frames of reference to the human ability to orient and navigate our envirostiexists.
However, there is a general agreement that the two frames of referendistinct from one
another. Proponents of tdesorientation modeémphasize the relative importance of the
egocentric processes that rely on constant updating of self and object latatmoefiortful, on-
line process, allow for a flexible way to arrive at many new destinatiansnvamiliar routes (R.
Wang & Spelke, 2002; R. F. Wang & Spelke, 2000) and to recognize spatial scenies despi
constant changes in vantage points as the positions of the gaze, head, and trunk change are
altered all the time as the organism navigates the environment (NakatanieRp8aishnson,
2002; Shelton & McNamara, 1997; Shelton & McNamara, 2001). Nevertheless, when the
organism’s ability to use egocentric cues is disrupted by several rotdtionsst rely on the use
of external or allocentric cues to reorient itself (R. Wang & Spelke, 2002pdaodate the
object of search (Lee, Shusterman, & Spelke, 2006).

Proponents of thevo-system mod¢Burgess, 2006) propose that both transient, body-to-

object, egocentric associations and the more stable, object-to-object, albosgmasentations



co-exist and complement each other (Burgess, Becker, King, & O'Keefe,2&idn & Sholl,
1995; Waller & Hodgson, 2006). The cooperation of the allocentric and the egoceiatrance
frames is necessary whenever one navigates following a geographithenagap provides the
allocentric cues, but when one has to make a turn, the decision is based on the egodgntric
coordinates (Gugerty & Brooks, 2004). Further, performance on the thrgmatawval tasks
(route finding, object localization, and identifying object location) becomes isiymilfy less
accurate and the latency of response much greater when the two spatiatedfienmes are
misaligned (Gugerty & Brooks, 2001, 2004). Such misalignment may occur, for exarhple
the street grid of the map (allocentric coordinate) is not aligned witlophaf the map
(egocentric coordinate; Gugerty & Brooks, 2004).

The mechanisms of cooperation between the two reference frames ard not we
understood. However, earlier studies suggest that the allocentric infornsatmateid as a large-
scale stable map of the environment (O'Keefe & Nadel, 1978). In novel@isiatich
representation would be quite crude as there is no existing map, and the organmorevill
likely rely on the on-line egocentric mechanisms until it learns the envewoinamd the
allocentric representations of this environment become more refined thdmiap@ifor the use
of the stable cognitive map with greater accuracy (Burgess, 2006; Mou, McaNd&anp, &

Xiao, 2006; Waller & Hodgson, 2006).

Neural Substrates of the Allocentric and the Egocentric M echanisms

The role of the medial temporal lobes in processing of the allocentric spairahation
has been extensively researched. The seminal findings that neurons irsthgopattampus
were activated in response to a particular location, suggested the presameei

representation of a stable cognitive map of the animal’s spatial enviro(@iketfe &



Dostrovsky, 1971; O'Keefe & Nadel, 1978). Induced hypoactivity of glucocattreseptors in
the hippocampi of mice resulted in the selective disruption of the allocentric but not the
egocentric learning (Steckler, Weis, Sauvage, Mederer, & Holsboer, 1999) aGitnal
paradigms showed that destruction of posterior parietal cortices (xMakkesner, 1988; King
& Corwin, 1992) resulted in the allocentric disorientation. Recent fMRI studibshealthy
human participants revealed the partially overlapping neural networks difédiseactivated by
the allocentric and the egocentric reference frames: allocentric grdgractivated parieto-
temporal regions whereas egocentric judgments activated parietd-fretvtark (Committeri et
al., 2004; Galati et al., 2000; Galati, Pelle, Berthoz, & Committeri, 2010; Grgrvauller,
Schonebeck, & Debus, 2006; Neggers, Van der Lubbe, Ramsey, & Postma, 2006).

The interaction and cooperation between the two spatial frames of refapgreas to
have underlying neural representations as well. Save and Poucet (2000) proposedttdat parie
cortices integrate visual, sensory, and proprioceptive environmental inputs cadin int
egocentric representations and then, via neuronal projections to the hippocamiows)\sed in
the conversion from the egocentric to the allocentric representations.

In summary, animal and human studies generally agree on the relativeamepart both
parietal and medial temporal areas for the intact allocentric orientaiibtina parieto-frontal

connections for the egocentric orientation.

Relationship to the AD pathology.

Impairment of spatial navigation function is highly prevalent among the patéht&\D
(Monacelli, Cushman, Kavcic, & Duffy, 2003; Teri, Borson, Kiyak, & Yamagishi, 1989).
Regions of the brain underlying the allocentric orientation system coalig@verlap with

those affected by the AD pathology. Early medial temporal lobe pathologgk(Bla Vos,
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Jansen, Bratzke, & Braak, 1998) with later progression to parietal and frotizé€dBraak &
Braak, 1996) in the course of AD have been well-documented in literature. The disease
gradually invades the association areas of neocortex through the intermiadjase and finally
destroys connections between the medial temporal regions and neocortéaashese
between the sensory association areas and prefrontal cortices in thefeal(&raak, Rub,
Schultz, & Del Tredici, 2006). Further, decreased right posterior hippocampal #tdlpar
volumes in patients with AD are associated with increased instances of bgdostiand poor
performance on the task of allocentric spatial processing, such as igenliffyation on a map
(delpolyi, Rankin, Mucke, Miller, & Gorno-Tempini, 2007). Limited data from theugir
reality-based paradigms (Cushman, Stein, & Duffy, 2008) and the reaklifgation tasks (Hort
et al., 2007; Laczo et al., 2010) point in direction of early vulnerability of the atlocspatial
processing to the AD pathology.

Further support for the early loss of the allocentric orientation as a oésiuét AD
process comes from the animal paradigms. A study using knock-out mice welssdbiated
hAPP genes (delpolyi et al., 2008) revealed that wildtype (geneticalkgret) mice typically
rely on the allocentric strategies when solving the maze tasks, wheoeasxpressing AD
genes begin relying on the egocentric strategies early in the progressine disease. This may
be interpreted as an early compensatory mechanism where reliance on thenmigigdaased
allocentric strategy compromised by the disease pathology would beievgf{aelpolyi, et al.,

2008).

Relationship to normal aging.

Normal aging is associated with a number of changes in the neural nsechani

supporting allocentric and egocentric reference frames. Hippocampuseamgpocampal



formation, critical in the conversion of the egocentric to the allocenpresentations of the
environment (O'Keefe & Nadel, 1978) are diminished during the early @dmigat, Elkins, &
Resnick, 2006). Neurobiological data (Moffat, et al., 2006) show reduced activapaneib-
temporal neural circuits, underlying allocentric spatial represensa(Galati, et al., 2000;

Gramann, et al., 2006; Zaehle et al., 2007) in healthy elderly as compargouviter adults.

Involvement of frontal lobes in processing the egocentric information has bden wel
documented (Galati, et al., 2000; Semmes, et al., 1963; Zaehle, et al., 2007). Extsasaiso
exist showing subclinical white matter changes and gray matter atrogfieygmtially affecting
the frontal lobes and consequently disrupting the frontostriatal circuit imetdéhy elderly
(Hedden & Gabrieli, 2004; Pfefferbaum, Adalsteinsson, & Sullivan, 2005).

As neurobiological substrates underlying both allocentric and egmcepé#tial reference
systems show vulnerability in normal aging, some healthy oldetsaexperience episodes of
becoming lost. According to one study, 38% of normal older adult pamisipas opposed to
93% of participants with dementia of Alzheimer’s type, experienced such epidddeacelli, et
al., 2003). Brain plasticity allows most healthy older adults &ntain intact navigation and
orientation abilities. Recent studies confirm that normal algrag is quite plastic, such that in
advanced age, in absence of the disease, more areas of the bdaito tee recruited to
compensate for reduced activation of primary areas associdtedmi given function (Cabeza,
Anderson, Locantore, & Mcintosh, 2002; Greenwood, 2007). Some heterogenéitginn
plasticity has been demonstrated in normal aging, as someyedthgyhged larger areas of the
brain during the cognitive tasks, whereas others relied on the aemas as the young adults
(Cabeza, et al., 2002). Reduced efficiency of brain activation cowdd beditional explanation

why some normal older adults experience episodes of disorientdieneas the majority do not,



but this too has yet to be tested. In summary, healthy older ddwiésseveral areas of brain-
related change that put spatial orientation in jeopardy. Thetefédone, however, are not
sufficient to cause disorientation, and comprehensive comparisonsaltbyhgounger adults
have yet to be performed.

Animal (Begega et al., 2001; Milgram et al., 2002) and human (Madétaal., 2006)
paradigms show that aged animals and humans performed as tinellyaminger adults on tasks
requiring navigation based on egocentric cues, but performed worsasks daf allocentric
navigation. In comparison to younger adults, healthy older adultsrd#rate reduced ability to
form cognitive maps as measured by a virtual reality watere task (Moffat & Resnick, 2002).
In that study, normal older adults exhibited more variability ifigoming the virtual water maze
task, spent less time in the vicinity of the platform, showed cetluappreciation for the
geometric cues of the room, and preferred more proximal ridiaerdistal allocentric cues when
navigating the maze. Behavioral data from the developmental stmidism that allocentric
spatial representations arise later than egocentric s&mions in early development
(Learmonth, Newcombe, & Huttenlocher, 2001), and are diminished in noringl @dpffat &

Resnick, 2002).

Attention and Executive Function in AD and Normal Aging

Attentional dysfunction in AD has been extensively reported (Baddeley, Bgdde
Bucks, & Wilcock, 2001; Foldi et al., 2005; Perry & Hodges, 1999) and aside from memory, i
one of the earliest cognitive domains to be affected by the AD process @@dyl988; Perry

& Hodges, 1999). More specifically, selective (Levinoff, Li, Murtha, & Gkew, 2004; Redel



et al., 2010), focused (Levinoff, Saumier, & Chertkow, 2005), and divided attention (Baddeley
et al., 2001) deficits associated with AD are well-known.

Attention (Madden, 2007) and processing speed (Finkel, Reynolds, McArdle, &
Pedersen, 2007) decline with age in the absence of the disease proceskaljiogns also
associated with the detrimental effect of increased cognitive load (i.@(mperd two or more
tasks at the same time) on cognitive performance (Baddeley, et al., 2@f4,; Della,
MacPherson, & Cooper, 2007; Verhaeghen & Cerella, 2002). This decrement is gudyticul
notable with regard to performance on motor tasks such as walking (Harl&ie,\&iMWann,

2009).

The domain of executive function encompasses a broad range of cognitive constructs.
Executive impairments have been found even in the early stages of the AD (Baligd20€XG).
Working memory (Baddeley, Bressi, Della, Logie, & Spinnler, 1991) has been fourmgbislec
to the AD process. A recent study of attention and executive function in normahading
participants with AD (Coubard et al., 2011) found that normally aging controlsieechmore
specific attentional and executive deficits such as response inhibitiorhisgitttention when
the shift was made unpredictable (i.e., not all trials of the task involved setgphiéind
readiness for the unpredictable set-shift, whereas participants witxAbited a broader, less-

specific range of attentional and executive dysfunction.

Significance and Rationale

Although spatial disorientation is a one of the most common symptothe 8D, not all
patients exhibit such deficit. The clinicians are not able tdigrevhich patients are at higher
risk for becoming lost or disoriented based on typical paper-andpenicopsychological tests

(Habib & Sirigu, 1987; McCarthy, Evans, & Hodges, 1996). Such predietould be crucial to

8



informing the caregivers as to the optimal balance of the safetyhe autonomy of the patient,
thereby improving the quality of life for both patients and their caregivers.

The cognitive mechanisms of spatial disorientation in AD hawes henderstudied and
consequently poorly understood. Declines in attention and executiveofuasociated with
the normal aging (Coubard, et al.,, 2011; Madden, 2007)and with AD (Baddelaly, 2001,
Coubard, et al.,, 2011; Foldi, et al., 2005) have been documented in literaturtneiout
contributions to the ability to use allocentric and/or egocentric @mviental cues have not been
explored to date either in the healthy elderly or in AD population.

Limited data regarding allocentric and egocentric spatialgssing in AD exist, but
these studies utilized virtual reality or real-life navigattasks which engage multiple cognitive
mechanisms that are difficult to parse out. The current stueg assimpler, experimental
measure designed to better isolate utilization of allocentric and egodeantnes of reference.

The current study focused on the distinction betweenetizcentricand allocentric
representations of the environment (see Klatzky, 1998) and theediffdrcontribution of these
two types of representation to disorientation in Alzheimer's dese@d). Egocentric
representation defines the position of objects in one’s environmeglation to one’s own body
or position of parts of the body (i.e., retina, head, or trudkdcentric representation refers to
the position of the objects in the environment with regard to other spjedependent of one’s
body. The current experiment was designed to examine whetheredii® changes in the
allocentric and the egocentric frames of reference relatédet AD process were predictive of
the changes in daily orientation ability.

As in previously described paradigms (Galati, et al., 2000), thigiexg® used a two-

component stimulus consisting of the vertical red line (target) hadhorizontal gray bar



purported to provide allocentric cues in the allocentric condition. Haywesehypothesized that
the presence of the horizontal gray bar continued to provide allacenis even when the
instruction was given to use only egocentric cues (i.e., the posititime red vertical line in
relationship to one’s own midline). As we hypothesized that therfamence would exist
between the allocentric and the egocentric cues when the twaeoemt stimulus is presented,
we called the egocentric condition with the two-component stimugecdntric-Interference
(Egocentric-1). However, to be able to directly contrast amdpare the egocentric condition to
the allocentric condition by changing only the instruction, we opteckt@n this condition
despite the possible interference effects. Unlike other paradigm introduced a condition, in
which only the vertical red line appeared, thereby creating eéypagocentric condition. We
proposed that introducing a one-component stimulus would eliminate amtigotaterference
between the reference frames and therefore called the secarehieigocondition Egocentric-

No Interference (Egocentric-NI).

10



Aims and Hypotheses

Aim 1: to determine whether patients with AD are more affectespatial tasks (the allocentric
and the egocentric ones) more than healthy elderly controls (HEC)ypgthksized that:

Hypothesisl patients with AD would be more impaired overall than age-matched
controls on all spatial measures.

Aim 2. to determine whether allocentric and/or egocentric spatiategsing systems are
differentially impaired in patients with AD compared to the -agdched controls. We
hypothesized that:

Hypothesis 2athe allocentric spatial processing would be more vulnerable togbasai
process than the egocentric because brain mechanisms underlying theratlegstem are most
likely affected. As such, performance on the allocentric conditionldvbe more impaired than
on both egocentric conditions in patients with AD.

Hypothesis 2b As the one-component stimulus on the Egocentric-NI condition

eliminated the potential interference inherent in a task in wditho-component stimulus was
presented (Egocentric-l), Egocentric-NI condition will be easian the Egocentric-l or
Allocentric condition. Allocentric condition would be the most difficédr both groups.
However, participants with the AD would be disproportionately affectedthe Allocentric
condition.

Aim 3: to determine whether objective measures of spatial progessirelated to measures of
attention and executive function. We hypothesized that:

Hypothesis 3a composite scores of neuropsychological measures of attention and

executive function  would equally predict performance on measuresllagerdric and

egocentric processing.
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Hypothesis 3bthe above prediction would be true of egocentric tasks withcggoc-I)
and without (Egocentric-NI) the interference.
Aim 4. to determine whether there is a relationship between repbdetting lost and the
objective measures of allocentric and egocentric spatial processiegisy

Hypothesis 4aWe hypothesized that performance on measures of the allocgdtial

processing would be more predictive on caregiver (for the gaatits in the AD group) or self-
report (for the HEC group) of wayfinding ability as measurgd Algase Wayfinding

Effectiveness Scale. As predicted by Hypothesis 2, egocgntrzessing is expected to be
relatively preserved in participants with AD and as such mayhagé an impact on daily

functioning in the early stages of dementia.
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Method
Participants

Thirty-five participants were recruited and assigned to two grobpalthy elderly
controls (HEC; N =22) and Alzheimer’s disease (AD; N = 1Bgmographic characteristics of
the sample are summarized in Table 1. Participants weretexskléom volunteers in the
longitudinal study of memory disorders and aging conducted by AlgnsirDisease Research
Center (ADRC), Taub Institute for Research on Alzheimer'seBse and the Aging Brain, of
Columbia University.

AD Group Inclusion/Exclusion Criteria. Participants in the AD group were at least 65
years of age on the day of participation in the experiment, had an establesipeosd of
probable AD, have received Clinical Dementia Rating Scale (CDR) Globe¢ Sd, Folstein
Mini-Mental State Examination (MMSE) score of 15-26, and demonstrateditsaimaprovide

consent.

A clinical consensus diagnosis of Alzheimer's disease waslbasea decision by a
collaborative team of neurologists, neuropsychologists, and psydiia@snsensus diagnosis
was in part based on the findings from a comprehensive neuropsychobagteay in addition
to neurological examination, laboratory findings, and neuroimaging data.

Exclusionary criteria were the evidence of focal infarciscm in size on brain imaging,
an episode of unexplained loss of consciousness, or a diagnosis of deofasttology other

than AD.

! Comprehensive neuropsychological battery inclug@dtein Mini-Mental State Examination (MMSE; Felst,
Folstein, & McHugh, 1975), Buschke Selective Rermigdrest (Buschke & Fuld, 1974), Boston Naming Test
(Goodglass & Kaplan, 1983), Controlled Oral Wordséaation Test (CFL; Benton, Sivan, Hamsher, Vaygey
Spreen, 1994), Boston Diagnostic Aphasia Examindfiategory Fluency Test (Animals; Goodglass & Kapla
1983), Trail Making Test (Trails A and B; Reitarf®5B), and Rosen Drawing Test (Rosen, 1981).
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HEC Group Inclusion/Exclusion Criteria.

Participants were at least 65 years of age on the day dfijpatibn in the experiment,
had no history of memory or other cognitive complaints, receivedR €D, and had MMSE
27.

HEC participants previously participated in Columbia University ADRC stydvere
found by the clinical consensus team to have no evidence of neurodegenerative disease or

cognitive changes, and gave their permission to be contacted for other studies.

Participants were excluded if they met any of the exclusrideria for AD group,
reported a history of memory or cognitive complaints, had ahpststry of loss of consciousness
> 30 minutes in duration, and/or exhibited clinically significanpamment on standardized tests

of cognitive functioning.

M easures

Allocentric-Egocentric test (AET).

The AET (Galati, et al., 2000; Neggers, et al., 2006) is an empetal, computer-based
measure of allocentric (extra-body) and egocentric (body-bagpeatiplsorientation. The task
was modified to accommodate the needs of the aging and cognitiyeyréa population and to
better fit the objectives and hypotheses of this study.

There were three conditions in the task: Allocentric, Egocehtand Egocentric-NI (see
Figure 1).

In the Allocentric condition, the stimulus consisted of a red vérlica and a gray
horizontal bar. The red line could be placed at different points dhengray horizontal bar (see

Figures 1 and 2). The gray horizontal bar could also be displacedrighther left of the middle
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of the computer screen (see Figure 2). Participants were tskledide whether the red vertical
line appeared to the left or right of the midpoint of the grayizbatal bar, and press a
corresponding right or left button as quickly as possible.

In the Egocentric-1 condition, participants were again presentadhe red vertical line
and the gray horizontal bar (see Figures 1 and 2). The gray hatibantwas still present but
not relevant to the task. Participants were asked to decidéeavhbe red vertical line was to the
left or right of their body’s midline, corresponding to the midlaig¢he screen, and respond by
pressing the corresponding right or left button (see Figure 1).

The Egocentric-NI condition was added as a control measure for the pas=ifErénce
effects between the cues provided by the red vertical line and the gragnit@lrizar. The
stimulus consisted of only the red vertical line (see Figure 1). The instrua®identical to the
Egocentric-1 condition, such that the participants were asked to respond whetieer tkeical
line was to the right or left of their body’s midline.

Stimuli in all three conditions were presented against blackgbaghkd. The gray
horizontal bar subtended 1.685y 9.02° visual angle. The red vertical line subtended 6.04° by
1.06° visual angle. The gray horizontal bar was displaced in relaifots the middle of the
screen with 4 levels of displacement subtending -1.82°, and -2.42°, + 2.42°, w&g#‘angle,
where the negative values indicated displacement to the leftthangositive values indicate
displacement to the right of the center of the screen (gpeeFR). The red vertical line was

displaced in relationship to the middle of the gray horizontal bdr 4vievels of displacement

2 Degrees of visual angle were calculated using the following formula:

® = tan" (physical size in cm/ viewing distance in cm), where viewing distance = 50 cm
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subtending -0.45°, -0.91°, +0.91°, + 0.45° visual angle (see Figure 2). Each dirdke t
conditions of the task consisted of 16 combinations of the red Velinea and the gray
horizontal bar (see Figure 2) which from this point on in the maipuser referred to as a
“position” of the stimulus. The positions were differentiatedthsy direction (right or left) and
level of displacement of a) red vertical line in relationshitheogray horizontal bar and b) gray
horizontal bar in relationship to the middle of the screen. Combinationkich the middle of
the gray horizontal bar coincided with the middle of the screen wectided to avoid
ambiguity. Stimuli in which the red vertical line coincided wilie middle of the screen were
also excluded so that participant could make a left or right judgmehe Egocentric-l and the

Egocentric-NI conditions.

Neuropsychological Measures.

A portion of neuropsychological testing data was accessed ritsdgc from
participants’ ADRC records and datasets and included the following measures:

Clinical Dementia Rating Scal@Vorris, 1993). The CDR is a 5-point scale used to describe six

domains of cognitive and functional performance: Memory, Orientalimigment and Problem
Solving, Home and Hobbies, Community Affairs, and Personal Care. lafiormis obtained
through a semi-structured interview of the patient and a reliable informant.

Folstein Mini-Mental State Examinatioffolstein, et al., 1975). The MMSE is a 30-point

guestion-and-answer, paper-and-pencil clinical tool designed and widetlyto briefly assess
global cognitive functioning, including orientation, attention, drawibgitg, language, and
calculation.

Wechsler Adult Intelligence Scalé3revision: Digit Span subtes{The Psychological

Corporation, 1997a). The WAIS-III is a widely used, standardizedbtegtneral, verbal, and
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non-verbal intelligence. The Digit Span subtest was designed tauradadividual’s attention
span and working memory capacity. Participants are askegdatreerbatim orally presented
strings of numbers of increasing length.

Trail Making Test, A and B(Reitan, 1958). The TMT is a paper-and-pencil measure of

attention, processing speed, and mental flexibility, which has $teedardized for use in people
ages 15-89. Participants were asked to connect circles with a pen or a pencil.

In addition, the following standardized measures were administkredg the study
session:

Spatial Span--Wechsler Memory Scal&+8vision(The Psychological Corporation, 1997b) The

WMS-III is an extensively used, well-normed and standardized t@gmed to assess various
aspects of memory functioning in individuals 16-89 years of age.Sph#@al Span subtest is a
measure of spatial attention span and working memory capacitygduhich an examiner

tapped on a sequence of numbered blocks and a participant was askpdat these spatial
sequences as demonstrated (in Spatial Span Forward) or in revdese (8patial Span

backward).

Cancellation Tasks(Sano, Rosen, & Mayeux, 1984). The Cancellation tasks are paper-and-

pencil measures of selective attention. Participants wereregswith two separate letter-sized
sheets of paper: one pre-printed with an array of various shapeleaathér, with an array of
letter triads. They were asked to find and cross out all shapeseasrtriads identical to a target

shape or letter triad printed on top of the page as quickly as they can.

Algase Wayfinding Effectiveness Sca(@lgase WES; Algase et al., 2007). This is a 30-item 5-
point Likert scale questionnaire used to describe individual'slifeaspatial orientation and

wayfinding ability. Caregivers of participants in AD group cortgideAlgase WES caregiver-
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report version, by checking the appropriate boxes for each of ther3$. ititems were assigned
scores ranging from 1 (unable or never) to 5 (always), withehigtore indicating better level of
functioning, so that the lowest possible total score was 30 andgtheshil50. The scale yielded
4 subscale scores: complex wayfinding goals (CWG), analytiegiea (AS), global strategies
(GS), and simple wayfinding goals (SWG). Participants in the @ogtoup completed self-
report version of the Algase WES in the same manner.

Composite scores for the domains of attention and executive functrencavmputed as
follows. Z-score distributions were generated for each particifmanthe neuropsychological
measures of attention (Digit Span Forward maximum length, $&en Forward maximum
length, Trails A time, and Shape Cancellations total number ofsamigrrors) and executive
function (Digit Span Backward maximum length, Spatial Span Backwaximum length,
Trails B time). A single domain score was then computed for each of the abovews:fol

Attention= (z-score Digit Span Forward + z-score Spatial Span Forwardcere Trails

A time + z-score Shape Cancellations omissions) / 4

Executive= (z-score Digit Span Backward + z-score Spatial Span Backward + z- score

Trails Btime) / 3

The following measures described above were used as dependent saAdbtentric-
Egocentric computer test, Attention composite, Working Memory/Executomposite, and

Algase WES.

Procedure

Institutional Review Boards of New York State Psychiatricituist and Queens College
of the City University of New York (CUNY) approved the study.| pdrticipants gave a written

informed consent in accordance with the current ethical standards as defingidahEinciples
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of Psychologists and Code of Conduct (American Psychological, 200@y. té’being asked to
participate, prospective participants in the dementia group received an indemssssment of
their capacity to consent to a research study. Only those deapable to provide such consent
on their own behalf were asked to take part in the experiment. Uponatampbf the study
session, each participant received a one-time monetary compensation of $15.

During the study session, participants completed the AET, Spaizad, and Cancellation
Tasks. The remainder of neuropsychological data was retroacticebssed from the ADRC
files and database. A reliable informer (whenever possiblepmapricaregiver) completed the
Algase WES for the participants in the AD group. Participanteencontrol group completed a
self-report version of the same questionnaire.

AET Procedure. The AET was administered using an IBM-compatible laptgputenwith a

14-inch monitor with the resolution of 1024 X 768 pixels and refresh rate of 75 Hz. Participants
were seated 50 cm away from the computer screen with their body midlinelakighehe

center of the screen. Responses were made by pressing one of the two buttons on th® Ergode
DX1TM Input System, an 8 X 10 inch pad connected to the computer and aligned with
participant’s midline, so that one button was on the participant’s right and the othenwee

left.

Each trial contained 4 screens (see Figure 3). In screen 1, a fixation pattsisting of
four stars forming a square field, was presented at the beginning of ekfdr tha duration of
1000 ms and the participants were instructed to fixate their gaze on the paittatimnScreen
was followed by a black screen presented for the duration of 500 ms (screen 2) diéjotlue
presentation of one of the sixteen positions of stimuli (screen 3). Participenetencouraged

to respond as quickly as they could without making an error. As soon as they made their
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response, the stimulus disappeared and was replaced by a black screen (screékee diifation
of 500 ms. If they did not respond, the stimulus stayed on the screen for the maximum of 4500

ms followed by screen 4.

The inter-trial interval was 500 ms. Both response time (RT in millisecondsteamcaey of
response (correct = 1, wrong = -1, missed = 0) were recorded for each trial. €hegetatal of
96 trials per condition, such that each of 16 types of stimuli was randomly presemied.6 ti
Missed trials were randomly replaced within each condition of 96 trials. foherér some
participants the number of trials per condition was greater than 96, but no dreat¢t?, as

each type of missed trial was only replaced once per condition.

Data from the AET vyielded a total of 9953 trials. Anticipatoegponses, defined as
responses that were made within < 100 ms, were removed. Eabtincluding such responses
were eliminated from the analyses, resulting in 9945 trialsreTinere no significant group
differences in terms of the number of anticipatory responges @.41;p = .059). Z-score
distributions were then generated for the RT data for each swdgsxss the conditions and
stimuli positions. One hundred ninety-four (194) outlier trials, define@ssonses more than 3
standard deviations away from the mean reaction time (RT;zRT>> +3) were eliminated.
Significant group differences were observed between the grougs participants in the HEC
group made significantly greater number of outlier responsespirdicipants in the AD group
(x> = 187.11p = .00). The remaining 9751 trials were used for data analyses.

To ensure adequate effect sizes, given a small sampleasizaracy and RT data
generated by the AET were combined in three different wage. original 16 stimulus positions
were combined based on one of three principles. (1) 4 levels of thepadithe red vertical

line relative to the body midlinesuch that the red line was presented to the “distal” left,
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“central” left, “central” right, and “distal” right of the bodyidline (see Figure 2). (2) 4 levels

of the position of the red vertical line relative to the centéhefhorizontal barsuch that the red

line could be presented to the “distal” left, “central” left, rftal” right, and “distal” right of the
middle of the gray horizontal bar (see Figure 2). (3) Somstiime red line could be close to
the body midline (central), but far (distal) from the midlinghe gray horizontal bar (conflict).
Also, the red vertical line could be distal to the body midline disthl to the midline of the
horizontal bar (no conflict). This resulted in 2 levels (‘confliot’ ‘no-conflict’) of distal vs.
central position. The third set of analyses was based on the presence or absericearffhcts.

Data from the Egocentric-NI condition were not included Analysear{d)(3) above, as
the gray horizontal bar was absent.

All statistical analyses were performed using PASW Statistissore18.0 software.

Design and Data Analysis.

To determine whether egocentric and allocentric spatial pliogessystems are
differentially affected in patients with AD, a 2 (Group: AD, EEby 3(Condition: Allocentric,
Egocentric-1, Egocentric-NI) by 4 (Stimulus Position :distd, leentral left, central right, and
distal right) mixed factorial Analysis of Variance (ANOVAjas performed, where Group,
Condition, and Stimulus Position were independent variables anar Bdcuracy (percent of
correct responses) were dependent variables.

To determine the relationship between performance on the objecteasures of
allocentric and egocentric spatial processing, as measuréa B®\ET and the self- or caregiver
report of participants’ wayfinding ability (Algase WES), lineggression analyses were
performed using RT or accuracy on AET as independent variables gaseAIVES Total Score

as a dependent variable.
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To determine the relationship between objective measures of allocentegarehtric
spatial processing and domains of attention and working memory/executive fuvetidmear
regression analyses were performed using Attention and Working Memecyftitse composite
scores as calculated above as independent variables and RT or accuracy ord&gehdsent

variables.

Repeated measures ANOVAs were performed to determine whethentlmaead
egocentric processing (AET) are differentially affected in pgaitis assigned to AD group and
whether participants in AD group performed worse on tasks of allocentric and egocentr
processing compared to age-matched controls. Six separate repeateesn®=HEIVAS were
performed, such that for each of the three aforementioned groupings of détady.enidline,
gray horizontal bar midline, and “conflict/no-conflict”) there were two ys&s: one using
accuracy as dependent variable and another using RT as dependent varipbédedRaeasures
analyses revealed that only grouping data by position of vertical bar iemslap to body
midline produced significant results, with neither of the other two adding new etiomto
these results. Thus, only data combined by body midline were used in furtlesisiegr
analyses, reported in the Results, and discussed. These data are summaaizieddiriSEe
Appendices B and C for Supplemental Tables and Figures on the two rematipomgs of

data).
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Results
Main Analyses
Hypothesis 1: Participants with AD would be more impaired than the HEC participants on

the Alocentric, the Egocentric-1, and the Egocentric-NI conditions.

Two 2 x 3 x 4 repeated measures ANOVAs with Group (AD, HEC), @ondi
(Allocentric, Egocentric-l, Egocentric-NI), and Stimulus Positi@istal Left, Central Lefft,
Central Right, and Distal Right) as independent variables and RiEouracy of response as
dependent variables were computed. The results of both ANOVAs supphbged priori
prediction that participants with AD would perform significantlgrée than participants in the
HEC group, as measured by main effect of group (see Table 4).

RT.

There was a significant main effect of grodp(1, 31) = 9.877p = .004,np2 = .242.
Participants with ADNM = 978.21,SD = 276.25) responded significantly slower than participants
in HEC group M = 673.37;SD = 271.66) on the Allocentric, Egocentric-I, and Egocentric-NI
trials (see Table 4b).

Accuracy.

Participants with AD ¢ = .90; SD = .07) responded significantly less accurately than
participants in HEC grougV = .97,SD = .07) on all Allocentric, Egocentric-l, and Egocentric-
NI trials, as evidenced by significant main effect of grdal, 33) = 7.213p = O.Oll,np2=
179 (see Table 4a).

Hypothesis 2: The allocentric spatial processing would be more affected than egocentric

processing in participants with AD.
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Two 2 x 3 x 4 repeated measures ANOVAs with Group (AD, HEC), Conditi
(Allocentric, Egocentric-l, Egocentric-NI), and Stimulus Positi@istal Left, Central Left,
Central Right, and Distal Right) as independent variables anor R¥e accuracy of response as
dependent variables were computed. The results of these ANOVAaslegvihat RT data
supported the a priori prediction that the allocentric spatialgssieg would be more affected
than the egocentric in participants with AD and the accuraiaysteowed a trend in the expected
direction, as measured by condition by group interaction effect (see Tabtpide 4).

RT.

There was a significant Condition by Group interaction, F(2, 62) = 3.370, p =4,
.098 (see Table 4b and Figure 4b). Post-hoc analyses (LSD) revealed thatevHiteC
participants took significantly longer to respond on the Allocentric than theeRgel trials, (p
=0.005) and on Egocentric-NI trials, (p = 0.000), there was no difference in performance
between the Egocentric-I and the Egocentric-NI condition. In contrast, panti€iwith the AD
did not differ significantly on the Allocentric and the Egocentric-1 conditionsrduuired
significantly less time to respond on a the Egocentric-NI trials as cenhpaboth Allocentric
(p = .000) and Egocentric-I (p = 0.000) conditions. Participants with the AD performed
significantly worse than the HEC participants on the Allocentric (p = .002) anckEge-I (p =

.001), but not Egocentric-NI (p = .143) conditions.
Accuracy.

The Condition by Group interaction showed a treA@, 66) = 2.691p < .075,11p2 =
.075. The decrement in performance on Egocentric-l as compared Aldbentric and the
Egocentric-NI condition was much greater in the AD group than in the H&( gsee Table 4a;

Figure 4a). Post-hoc testing revealed that participants thie AD performed significantly
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worse than the HEC participants on the Allocengie.042) and Egocentric-p(= .002), but not
Egocentric-NI p = .644) condition.

Hypothesis3: The performance on the neuropsychological tests of attention, working memory
and executive functioning would be predictive of performance on measures lbt¢eatac and

the egocentric processing
RT.

Three forced entry linear regression analyses were performedRvias the dependent
variable and the composite Attention and Executive scores as predictor warldideesults

detailed below are summarized in Table 5.

Allocentric. The overall model was significarf, (2, 31) = 5.812p = .008 with both
predictors explaining 28.6 % of the varian& £ .286). Neither attentiorp(= -.295,p = .250),
nor executive function scorf € -.271,p = .289) contributed significantly to the model.

Egocentric-1:The overall model was significarf, (2, 31) = 10.170p = .000, with both
predictors together explaining 41.2% of the variarRe X .412). The attention composite
significantly predicted performance on computerized measures of allocentespingff =
-.653,p = .008), whereas the executive functioning composite did3net 014,p = .953).

Egocentric-Ni The overall model was significarf, (2, 31) = 5.593p = .009, with both
predictors together explaining 27.8% of the variangé £ .278). The attention composite
significantly predicted performance on computerized measuré® @llbcentric processing €
-.584,p =.028), whereas the executive functioning composite did3rotQ75,p = .769).

In summary, measures of attention were predictive of the RT omwihezgocentric
conditions, whereas the executive functioning measure was not preditperformance on any

of the three conditions.
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Accuracy.

The forced entry linear regression analyses were performeéd agcuracy of
performance used as the dependent variable in the following thressien analyses, using the
composite attention and executive functioning scores as predicing. data described below
are summarized in Table 5.

Allocentric: The results of the regression indicated that the overall mode$ignaificant
F (2, 31) = 9.215p = .001 and explained 38.9% of the variariRes{ .389). Attention composite
score alone significantly predicted accuracy of performamcehis condition § = .799,p =
.002), but the executive function composite alone did not contribute sigrfitanihe model f§
=-.322,p=.290).

Egocentric-1 The overall model was significarit,(2, 31) = 7.022p = .003, with the two
predictors together explaining 32.6% of the variarRe=( .326). Attention composite score
alone significantly predicted accuracy of performance on this ¢ondf = .710,p = .007), but
the executive function composite alone did not contribute significemtlye modelf = -.194,p
= .433).

Egocentric-Ni The overall model was significarf, (2, 31) = 4.323p = .023, with the
two predictors together explaining 23% of the variafi®e=(.230). Attention composite score
alone significantly predicted accuracy of performance on this ¢ondfi = .717,p = .010), but
the executive function composite alone did not contribute significamtlyet model f = -.388,p
= .148).

Overall, models using combined measures of attention and executiverfiingtwere

significantly predictive of accuracy on all three conditions. Howewnly the attention
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composite alone contributed significantly to these models whdreaxéecutive composite alone
did not.

Hypothesis 4: The performance on objective measures of allocentric and egocentric fumgtioni
would be predictive of caregiver reports of wayfinding ability as measyrédgase WES Total

Score.

The forced entry linear regression analysis was performed tstigate whether the RT
or the accuracy of performance on the Allocentric, the Egocdntand the Egocentric-NI
conditions of the AET (predictors) would predict the caregiver reparivayfinding ability as
measured by the total score of Algase WES (dependent variable).

RT.

The overall model was significaht(3, 33) = 3.319p = .033. RT on all three conditions
together (Allocentric, Egocentric-1, and Egocentric-NI) explained 2408%he varianceF¢ =
.249), but RT on any one of these conditions alone did not contribute significantly to the model.

Accuracy.

The overall model was significant F (3, 33) = 4.437, p =.011. Accuracy of performance
on all three conditions of the AET together explained 30.7% of the variance (R2 = .307), but
accuracy of performance on any one of these conditions alone did not contributeasiggifo

the model.

Exploratory analyses

Additional exploratory analyses were conducted to examine propertieooéAdlic-

Egocentric Test and Algase Wayfinding Effectiveness Scale.
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Allocentric-Egocentric Test.

RT: Data combined by position of the red vertical line in relationship to bodynidli

A repeated measured ANOVA with Group (AD, HEC), Condition d¢édintric,
Egocentric-1, Egocentric-NI), and Stimulus Position (Distadtl Central Left, Central Right, and
Distal Right) as independent variables was computed with R& dgpendent variable.
Mauchly’s test indicated that the assumption of sphericity walated for the Condition by
Stimulus Position interaction?(20) = 117.302p < .000. Therefore, degrees of freedom were
corrected using Greenhouse-Geisser estimates of spheticityl(0). Data detailed below are
summarized in Table 4b.

Results showed a significant main effect of Conditle2, 62) = 24.996p < .OOO,np2 =
446 (see Appendix C, Supplemental Figure 1b). Post-hoc analysesLi&ihgrocedure
revealed that participants responded significantly slower on beefstric M = 916.315SD =
391.167) as compared to the Egocentriddl £ 798.391,SD = 377.346,p < .005) and the
Egocentric-NI conditions M = 623.183,SD = 193.485,p < .000). Further, participants
responded significantly slower on the Egocentric-1 condition as cauparthe Egocentric-NI
condition (p < .000).

Results showed a significant main effect of Stimulus Posi&g8, 93) = 23.590p <
.000, np2 = .432 (see Appendix C, Supplemental Figure 2b). Post-hoc analyisgs L&D
procedure revealed that participants responded significantly slawéials, in which the red
vertical line was positioned to the central I&ft £ 854.387SD = 366.969) as compared to those
in which it was positioned to the distal lefl & 700.233SD = 222.331p < .000) and the distal
right M = 716.892,SD = 293.997,p < .000). Similarly, participants responded significantly

slower on trials in which the red vertical line was positionecéocentral rightN1 = 857.477,
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SD = 335.071) as compared to those in which it appeared to the dis{g@l ¥2f000) and to the
distal right p < .000). No significant differences in RT were found betweels timawhich the
red vertical line was centrally located and those in which it was gistathted.

Results showed a significant Condition by Stimulus Position interacF(2.463,
76.348) = 5.061 < .005,np2 =.140. Post-hoc analyses using LSD procedure revealed that for
the stimuli in which the red vertical line was located to théabieft of the body midline,
participants responded most slowly on the Allocentric condition, which s¥gnificantly
different than RT on the Egocentricp € .000) and the Egocentric-NI conditions < .000).
Further, RTs on these trials in the Egocentric-l condition wigrefieantly slower than RTs on
the same trials on the Egocentric-NI conditign<( .000). For the stimuli in which the red
vertical line was located to the central left of the bodglime, participants also responded most
slowly on the Allocentric condition, which was significantly slewlgan RT on the Egocentric-I
(p < .011) and the Egocentric-NI conditions € .000). Further, RTs on these trials in the
Egocentric-l1 condition were also significantly slower than RTstlm same trials on the
Egocentric-NI conditiong < .000). For the stimuli in which the red vertical line wasated to
the distal right of body midline, participants responded equally slowly odllibeentric and the
Egocentric-1 conditions, but both were significantly slower than Riisthe Egocentric-NI
condition @ <.000 andp < .000 respectively). For the stimulus positions in which the red
vertical line was positioned to the distal right of body midlind,sRvere slowest on the
Allocentric condition, which was significantly slower than RTs be Egocentric-1{§ < .000)
and the Egocentric-NI conditionp € .000). In addition, RTs on these trials in the Egocentric-I
condition were also significantly slower than RTs on the sanaés ton the Egocentric-NI

condition p < .035).
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Accuracy: Data combined by position of the red vertical line in relationship to tlyentudtine.

A repeated measures ANOVA with Group (AD, HEC), Condition (@dlutric,
Egocentric-1, Egocentric-NI), and Stimulus Position (DistakL&Entral Left, Central Right, and
Distal Right) as independent variables was computed with agcafaesponse as the dependent
variable. Mauchly’s test indicated that the assumption of sptyewas violated for the main
effects of Conditiony%(2) = 12.613p < .002, and Stimulus PositigA(5) = 20.428p < .001, as
well as Condition by Stimulus Position interactigpf(20) = 187.84p < .000. Therefore, degrees
of freedom were corrected using Greenhouse-Geisser estiafatpbericity ¢ = .754 for the
main effect of Condition ane = .764 for the main effect of Stimulus Positiars .481 for the
Condition by Stimulus Position interaction). Data described below are suracthariZable 4a.

Results showed significant effect of Conditié#1.509, 49.783) = 11.846,< .OOO,np2 =
.264 (see Appendix C, Supplemental Figure 1a). Post-hoc analysis usihgpio8edure
revealed that the accuracy of performance was significkovigr on the Egocentric-I condition
(M = .890,SD = .148) as compared to the Allocentric condititvh< .961,SD = .091, p< .001)
and as compared to the Egocentric-NI conditivh= .976,SD = .062,p < .000). Difference
between accuracy on the Allocentric and the Egocentric-NI conditionaatasgnificant.

Results showed significant effect of Stimulus Positief2.293, 75.684) = 15.21p <
.OOO,np2 = .316 (see Appendix C, Supplemental Figure 2a). Post-hoc anaymsis LSD
procedure revealed that accuracy of performance was signijidawer on trials where the red
vertical line appeared to the central left of the body midlMe=(.910,SD = .121) as compared
to the distal leftiM = .988,SD = .024, p < .000) and the distal rightA = .978,SD = .082,p <
.001). In addition, this analysis revealed that accuracy of perfoemaas significantly lower on

trials where the red vertical line appeared to the cengial of the body midlineNl = .894,SD
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= .152) as compared to the distal right € .978,SD = .082,p < .000) and the distal lef\M =
.988, SD = .024,p < .000). Difference in accuracy of performance on trigene the red
vertical line appeared to the distal left as compared to thed dggtit of the body midline was not
significant.

Results showed significant Stimulus Position by Group interadi@®,,99) = 3.398p <
.021, np2 = .093 (see Appendix C, Supplemental Figure 3a). Post-hoc anabisig LSD
procedure revealed that the decrement in accuracy of performant@where the red vertical
line was located to the central left (p < .004) and the cemgttl of the body midline < .001)
was more significant in the AD group as compared to the HEQpg The differences in
accuracy of performance on trials in which the red vertical line was puitito the distal left or
the distal right of the body midline were not significant between the two groups.

Results showed significant Condition by Stimulus Position intemadt (2.884, 95.182)
=8.752,p< .OOO,np2 =.210. Post-hoc analysis using LSD procedure revealed thabagof
performance was not significantly different on all types ahsli on the Allocentric and the
Egocentric-NI conditions, but on the Egocentric-1 condition, there veagn#icant decrement in
accuracy of performance on trials, in which the red vertinal Was located to the central left as
compared to performance on same trials on the Alloceptrc.Q00) and the Egocentric-Nb €
.000) conditions. Also, there was a significant decrement in agcofgperformance on trials
where the red vertical line was located to the centrat ag compared to performance on same
trials on the Allocentric{ < .000) and the Egocentric-Nd € .000) conditions.

Results showed significant Group by Condition by Stimulus Posititaraction,F(6,
198) = 2.1497p < .049,11p2 = .061 (see Appendix C, Supplemental Figure 4a). Post-hoc

analyses using LSD procedure revealed that accuracy ofriparioe was not significantly
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different across three conditions (Allocentric, Egocentric-I, Egtrec-NI) on trials where the
red vertical line was located to the distal left or righthef body midline for both groups (AD,
HEC). Further, no significant difference between groups was fouadduracy of performance
on the Egocentric-NI condition for trials in which the red vertioa was positioned to the
central left or central right of the body. In contrast, sigaificdifferences were found between
the groups on the Allocentric condition for the stimulus positions in wiielréd vertical line
was placed to the central lefp € .043) and to the central right € .025) of body midline.
Significant differences were found between the groups on the Egaeewrtindition for the
stimulus positions in which the red vertical line was positioned tea¢h&al left p < .000) and
central right p < .000) of the body midline. Further, decrement in accuracy observilen
with the centrally located red vertical line as comparedéodistally located red vertical line
was more pronounced in the AD group.

RT: data combined by conflict/ no-conflict.

A repeated measured ANOVA with Group (AD, HEC), Condition Igééntric,
Egocentric-1), and Stimulus Position (Conflict, No-Conflict) as petedent variables was
computed with RT as a dependent variable (see Appendix B, Supplemental Table 2).

The results revealed a significant main effect of Conditigf, 33) = 12.509p < .001,
an = .275 (see Appendix C, Supplemental Figure 5b). Post-hoc analysisL&D procedure
revealed that RT on the Allocentric conditiod & 907.448,SD = 373.855) was significantly
longer than that on the Egocentric-1 conditiéh£ 749.950SD = 320.392p < .001).

The results revealed a significant main effect of Stimiilyse F(1, 33) = 12.800p <
.001, an = .279 (see Appendix C, Supplemental Figure 6b). Post-hoc analysg LWSD

procedure revealed that the RT on trials in which there was actdigtween the position of the
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red vertical line and the instructioM (= 849.649,SD = 337.050) was significantly longer than
on trials in which no such conflict was presavitf 817.749SD= 320.013p < .005).

The results revealed a significant Condition by Stimulus Basititeractionf(1, 33) =
12.232p < .001,np2 = .270 (see Appendix C, Supplemental Figure 9b). Post-hoc analysis using
LSD procedure revealed that the presence of conflict betweerppeieues and instruction did
not significantly impact performance on the Allocentric tridis.contrast, participants took
significantly longer to respond on conflict trials of the Egogetitcondition M = 834.644SD
= 320.977)as compared to non-conflict trial®l = 761.042SD = 286.226p < .000).

Accuracy: data combined by conflict/ no-conflict.

A repeated measures ANOVA with Group (AD, HEC), Conditiong@dhtric,
Egocentric-1), and Stimulus Position (Conflict, No-Conflict) aslapendent variables was
computed with accuracy as a dependent variable (see Appendix B, SupplementahY.able

The results revealed a significant main effect of Conditgh, 33) = 8.5895p < .006,
an = .207 (see Appendix C, Supplemental Figure 5a). Post-hoc analygsL&D procedure
revealed that accuracy of response on the Egocentric-1 condiion .893,SD = .147)was
significantly worse than that on the Allocentric conditiévh% .962,SD= .091,p < .009).

The results revealed a significant main effect of StimuastiénF(1, 33) = 9.0506p <
.005, np2 = .215 (see Appendix C, Supplemental Figure 6a). Post-hoc analysgs LSD
procedure revealed that accuracy of response on the trials ih thiie was a conflict between
the position of the red vertical line and the instructigh=.916,SD = .111) was significantly
lower than on trials in which no such conflict was preskeht(.939,SD= .089,p < .005).

The results revealed a significant Condition by Stimulus Position intema€ifl, 33) =

24.643, p < .00(yp2 = .428 (see Appendix C, Supplemental Figure 8a). Post-hoc analysis using
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LSD procedure revealed that the presence of conflict between percesiand instruction did
not significantly affect accuracy of response on the Allocentric condition. Inaspmhe
presence of such conflict resulted in significantly lower accuracy on the iigodecondition

(p < .000).

Additional analysis was conducted to explore the effects of conditioler oon
participants’ performance. There were no significant conditrderceffects either on RT (F (2,

66) = .6708p = .515) or accuracy datk (2, 66) = 1.0609 = .352).

Further, to examine the effect of age on RT, we divided both HEC and AD samples into 3
age groups: 65-74, 75-84, and 85 and older. A one-way ANOVA was computed for each sample
(HEC, AD), with Age group as the independent variable and the RT on each of the three
conditions of the AET (Allocentric, Egocentric-1, and Egocentric-NI) agi#pendent variable.

In the HEC sample, the results revealed no significant effect of age on the tR& Allocentric,
F (2, 21) = 1.615p = .225; the Egocentric-F, (2, 21) = .902p = .422, or the Egocentric-NI
condition,F (2, 21) = .523p = .601. Similarly, in the AD sample, there was no significant effect
of age on the RT on the Allocentrie,(2, 12) = .413p = .672; the Egocentric-F, (2, 12) =.767,
p = .490; or the Egocentric-NI conditioR,(2, 12) = .308p = .742. When the data were not
divided by group membership to examine the effects of Age on the RT across theanpie,
there were still no significant effects of age on the RT, but there wasdaoimghe Allocentrick
(2, 34) = 2.540p = .095, and the Egocentric-I conditidh(2, 34) = 2.607p = .089. On the
Allocentric condition, participants 85 years of age and older exhibited the longastRT (1 =
1089.94SD= 477.53), followed by the participants ages 75M4-(982.16 SD = 450.09), and
the participants ages 65-74 having the shortest meanNR¥s/66.43SD = 141.76). Similarly,

on the Egocentric-I condition, participants in the oldest age group exhibited the lmegest
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RTs M =959.63SD=472.28), followed by participants in the 75-84 age grolig (783.06,
SD= 305.21), and participants in the youngest age group, ages 65-74 exhibiting thé shortes
mean RTsN = 644.63SD=193.30). There was no significant effect of age on the mean RT

on the Egocentric-NI conditio; (2, 34) = 1.867p = .171.

Algase WES.

A one way ANOVA was computed to examine the effect of group, (ABC) on the
caregiver/self-report of wayfinding ability in daily lifes aneasured by Algase WES Total Score.
The results revealed a significant effect of grok(,, 33) = 51.029p < .000 on wayfinding
score. Post-hoc analysis using LSD procedure revealed thaipzarts in the AD group were
rated much lower on the measure of wayfinding ability in daié/ (M = 86.54,SD = 18.406)
compared to the HEC participand € 122.45SD= 11.446).

Accuracy and RT.

Exploratory analyses showed that accuracy data were quite variable andlapgtbe
ceiling effect. Further, significant negative correlations were foutwldss the accuracy and the
RT data on the Allocentria € -.714,p = .006), the Egocentric-t £ -.562,p = .000), and the
Egocentric-NI ( = -.345,p = .042) conditions. Namely, the lower the percent of accurate
responses, the longer the mean RT was. As both reduced accuracy and incraaded are
indicative of poorer performance, both indices were in agreement and, thereftine, garpose

of clarity the less variable, more reliable data (mean RT) were used tigglibe results.
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Discussion

The purpose of the study was to examine the allocentric and the egocethianisms
of spatial disorientation in Alzheimer’s disease.

The sparse extant studies of the allocentric and the egocentricmsechaf AD relied
on virtual reality (Cushman, et al., 2008) or real-life navigation tasksdlygelpt al., 2007),
which are more ecologically valid, but performance on these tasks likely involuéple
cognitive mechanisms that would be difficult to parse out. Further, more compled vaality
and real-life navigation paradigms may be difficult to learn for the patieith AD, who have a
well-documented memory impairment. We used a simpler experimentalmaedshe
allocentric and the egocentric functioning that used abstract geosteimdi and allowed for
the examination of participants’ abilities to use allocentric versus egimcgpdtial cues in
relative isolation from other cognitive demands and one another.

Hypotheses 1 and 2 examined the differences in performance between the AD and the
HEC groups on the Allocentric-Egocentric Test. The test had three conditioAdloitentric,
the Egocentric (Egocentric-1) and the Egocentric-no-interferdbgecentric-NI), where the
Egocentric-NI was the modification of the Egocentric condition (see Figure

In the first hypothesis, we predicted that participants with AD would perfareerthan
the age-matched controls on both allocentric and egocentric tasks. Our fiswuipgsted this
hypothesis, as AD participants were significantly slower on all three comsliff hese findings
corroborate literature to date, which shows that patients diagnosed with ABtentigiperform
worse on both allocentric and egocentric types of spatial orientation and navigskisiiHort,

et al., 2007; Laczo et al., 2009) compared to the age-matched controls.
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The second aim was to examine whether allocentric and egocentric functiaffe cied
differentially in the AD sample as compared to the HEC sample. We had hypeth#sat a) the
performance on the Allocentric condition would be significantly more impaired tha
performance on either Egocentric-1 and Egocentric-NI conditions in the AD, but thet HEC
group; b) the participants in the AD group will perform significantly worse on Hoeetric
condition, but not on the Egocentric-1 or Egocentric-NI condition as compared to the HEC
participants; and c) that eliminating the interference between the two nentp®f the stimulus
(i.e. the red vertical line and the gray horizontal bar) through introduction ofeoomgonent
stimulus (the red line alone) would result in the relative improvement in perforraaribe
Egocentric-NI condition as compared to both Allocentric and Egocentric-1 eamslih both
groups. The initial analysis did not support our hypotheses, as performance on theridlocent
condition was not significantly worse than on the Egocentric-1 condition in therédipgbut it
was in the HEC group. However, exploratory analyses revealed that thecereséhe two-
component stimulus negatively impacted performance on the Egocentric-I but not on the
Allocentric condition regardless of the group status (see Figure 14b). We propdke tha
presence of the two-component stimulus resulted in a conflict between the tvabfspaes of
reference, such that, for example, in the Egocentric-l condition, the participaiienastructed
to use the egocentric spatial cues (i.e. is something to the right or left of igimejbut may
not be able to disregard the allocentric cues automatically provided by teaqeed the second
component of the stimulus (the gray horizontal bar). Alternatively, when asked to respload t
red vertical line, participants may have been unable to disregard the prekande
consequently responded to the irrelevant component of the stimulus (i.e., gray hobzontal

thereby placing additional attentional demand upon the participants. We also phapose t
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patients with AD are particularly sensitive to the presence of such ¢ownftich made the
Allocentric and the Egocentric-I conditions equally difficult for this poparatin fact,
presentation of a one-component stimulus resulted in the significant improventemability
to use egocentric cues in the AD sample (Mean RT Egocentric-NI < Egoei@niniit not in the
HEC sample. This finding supports the idea that HEC participants are not geibieste the
presence of such conflict, caused by the presence of the two items, asitimapgstwith AD.
Further, when the stimulus was composed of a single item, participants with #Dpest
significantly better on the egocentric task rather the allocentric onen(R€allocentric >
Egocentric-NI), which supported our original hypothesis and is in agreemérlitenature to
date.

Participants in the AD group were significantly slower on the Allocentric tondi
compared to the HEC group, but the groups’ performance was equal on the Egocentric-NI
condition, supporting our hypothesis that the ability to use egocentric cues is adalfe the
AD process, but ability to process allocentric cues is. It may be arguexlitHatdings are
secondary to generalized slowing, as other studies suggest that patie#B withibit general
motor slowing as compared to the healthy elderly (Kluger et al., 2008) and tbeeafaverall
reduction in motor speed could have resulted in comparatively longer mean RT for the AD
participants. However, all three conditions involved identical motor task (i.e.nessihe
button as fast as possible). Although we did not specifically examine pure motorrspeed i
sample, the absence of significant differences in the mean RT on the Egadéntrdition
suggests that reduction in motor speed alone in AD group does not explain the differences we

found between the groups.
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We found that even for the HEC sample, the tasks requiring the use of the allocentric
cues were more difficult than the ones with the egocentric ones. Early develdgitezatare
(Learmonth, et al., 2001; Lew, Bremner, & Lefkovitch, 2000) suggests that the &b
allocentric cues arises later in childhood. Our findings may be indicative lfiegan changes
in differential ability to use allocentric versus egocentric environmentd, with possible loss
of the allocentric abilities as a result of normal aging. Further ne&s@ath a younger control
group would be necessary to confirm such hypothesis. In addition, we learned that the
presentation of a two-component stimulus significantly affected ogettines of the participants
in the AD group, such that they were significantly slower on the Egocentricmhgsaced to
Egocentric-NI condition. Such phenomenon was not observed in the HEC group. A number of
mechanisms could explain such differential decrement in this group. AD is &sgavith
deficits in divided attention (Baddeley, et al., 2001; Perry & Hodges, 1999), aruipgats’
attention may well have been divided between two lines comprising the stimuluserfFurt
although the target line was vertical and the non-target line was horizontal inayr st
similarity in shape between the target and the non-target may have played additionally,
each of the components (red vertical line and gray horizontal line) may have prosgickegaint
spatial cues to the participants, which may have resulted in undue interfereneenbitey
allocentric and the egocentric reference frames.

Our third aim was to examine the relationship between the objective measurdsabf spa
processing and the cognitive constructs of attention and executive function. pdtledsyzed
that attention and executive function together would be predictive of performanasasures
of both allocentric and egocentric processing and would contribute equally to each @odel

data partially supported this hypothesis, as both indices of attention and executios func
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together were significantly predictive of performance on all three conduiaihe Allocentric-
Egocentric Test (see Table 7). However, the index of attention significamttributed to the
models on the Egocentric-l1 and Egocentric-NI conditions, but not on the Allocentricioondit
The significant contribution of the attention to the performance on egocentriditasksll with

the hypothesis that egocentric spatial processing involves primarilygamgnon-line

processing of the spatial representations around a person (R. Wang & Spelkengd@@éguae
significant attentional resources. In contrast, the more stable allcaemresentations may be
less dependent on attention and more dependent on other higher order cognitive domains.
Although we expected executive function to be one of these domains, our data did not support
that. This may be due to the fact that executive function is not a unitary coastiusubsumes
many higher order functions under its umbrella. It is possible that the neuropsychldiasks

we chose to calculate the executive function index did not tap into the executive components
involved in the allocentric spatial processing. Therefore, the specific aecamponents of
allocentric orientation are yet to be elucidated in future research.

Our fourth and last aim was to examine the relationship between the objectiveameasur
of spatial processing and the reports of getting lost in familiar and unfaemnk&@onments. We
proposed that measures of the allocentric and the egocentric function wouddlicEve of
caregiver reports and that performance on the allocentric and the egocemipenents of the
Allocentric-Egocentric Task (Allocentric, Egocentric-I, and Egogesidl conditions) would
equally contribute to the model. Our data supported our hypothesis in that performalhce on a
three conditions of the task together predicted a significant amount of variancecaretjieer
reports of getting lost. However, neither condition alone significantlyiboiéd to the model.

These data are in line with the existing data suggesting that we integoateatibn from both

40



allocentric and egocentric frame of reference to navigate in our environGuegerty & Brooks,
2004; Maguire, Burgess, & O'Keefe, 1999; Save & Poucet, 2000). Our sample wasalido s
examine this model separately for the AD and the HEC groups. Future heagtarsufficient
sample size is warranted to examine whether differences exist inweesamples with regard
to relative contribution of the allocentric and the egocentric mechanisms tqdnts ref daily
navigational ability.

The results of the current study suggest that ability to rely on the allicosunes is
diminished in patients with AD but their ability to use egocentric cues nmagimantact until
later in the progression of the disease process. Such knowledge may hejmsliniorm the
caregivers as to the environmental modifications to be put in place to achieve it opti
balance of autonomy and safety for the individual patient. For example, a patireimpaired
allocentric, but intact egocentric ability may be able to navigate safehearoivn if directions
allow them to navigate solely using position of landmarks in relationship to their &odya(
the corner turn to your left, walk two blocks then walk to your right). In additionn giue
findings of a significant relationship between attention and the egocentntabioa, significant
attentional impairment on the neuropsychological evaluation may help clinidemtgy those
individuals at increased risk of becoming lost or disoriented and thereforeeramueased
levels of supervision when traveling. In these patients, reduced attention wplitcrorse their
already inefficient orientation ability, as they have to rely on only omeefraf reference
(egocentric) and the one that places significant attentional demands on the ihdividaga
Also, given the attentional demands of navigating via use of egocentric cues alongettie pa
should be instructed in minimizing distractions as much as they can when navigating

unaccompanied, such as not talking on the phone or listening to music.
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Limitations

There were several limitations in our study. We selected alosegquently adjusted the
Allocentric-Egocentric Test, originally created and desatiby Galati et al (2000), in order to
accommodate the diminished skills of participants with AD. Ongdiron of the task is that it
may have been too easy as evidenced by the high accuracynratgh groups. In addition, the
task only required the use of proximal allocentric cues. In maalylife instances, allocentricity
is determined by objects that are not necessarily in our proxikal For instance, navigating
to a room outside one’s immediate view would require understandinge viherroom is in
relationship to another distal place in space. Finding one’s wpyres even more conceptual
organization, not only what is in the immediate view. Moreover, in Iifsatasks, places or
objects contain a meaningful semantic component. For example, gnee®a to consider the
location of the bedroom in relationship to the living room, or the cup otabike in relationship
to the sugar bowl. These semantic cues amend the otherwisdisomiglature recognition used
in this study.

Another limitation was the small number of available participartis AD who met all
inclusion/exclusion criteria, which in turn limited the number of mieds allowable in the
regression analyses. Small sample size also prevented usXaonining separate models of the
relationship between the allocentric and egocentric orientatiornyadniid cognition for the AD
sample and the HEC sample. Participants in the AD group weleirelatively early clinical
stage of disease (CDR = 1.0) as patients in more advanced stagel have had considerable
difficulty learning the task secondary to greater memory impait. This restriction in range of

disease severity limited our ability to examine relationshigwéen progression of
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neurodegenerative process and loss of allocentric and egocentrad ppacessing ability as
well as the range of deficits found on these tasks.

Lastly, the absence of the younger control group prevented us framirerg the
developmental changes in the allocentric and the egocentrialgpaitcessing associated with

normal aging.

43



Appendix A

Algase Wayfinding Effectiveness Scale
Instructions:Check the box that describes the participant Igsiring 1=Never/Unable; 2=Sometimes; 3= Often; 4=Always

Never/Unable Sometimes Often Always

1.Can find way to distant and unfamiliar places
2.Can find way to near and unfamiliar places

3.Can find way to distant places if route and dedibn are familiar

4.Can generate alternative routes of comparabieierfty to common
destinations

5.Can compensate for forced detour when traveling familiar
destinations

6.Can detect when “off course” to an unfamiliaration

7.Can detect when “off course” to a familiar looati

8.Can find way to near places when route and destimare familiar

9.Can find way to unfamiliar places around the arfe@sidence

10.Can compensate without assistance once off @daran unfamiliar
location
11. Overall, has a good sense of direction

12. Locations an unfamiliar location by circlingan it

13. Relies on maps when heading to a familiar lonat

14. Relies on maps when heading to an unfamilation

15. Relies on landmarks when traveling to an unifanmipcation

16. Prefers route in cardinal sings when gettingations to a new
location

17. Finds way about in a mall or museum by accgdirectory

18. Prefers distance estimates in terms of milddawks when traveling
to a new location

19. Relies on landmarks when traveling to a famibaation

20. Locates lost items in the home by retracingsste

21. Locates lost items in the home by systemagicsdlarching each
room

22. Prefers route in terms of landmarks when obtgidirections to a
new location

23. Prefers route in terms of left-right when obitag directions to a
new destination

24. Uses organizers, such as key hooks, to plaee ofed items

25.Ascribes to saying: a place for everything avetyhing in its place

26.Can find way through own home with eyes closed

27.Can locate any familiar room in one’s home

28.Can locate any unfamiliar room in one’s home

29.Can find way around the area of residence iferand destination
are familiar
30.Locates lost items by asking help of others

* Algase, et al. (2007). Initial psychometric evaion of the Wayfinding Effectiveness Scale. Wieskeurnal of Nursing Research, 29,
1015-1032.
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Appendix B: Supplemental Tables

Supplemental Table 1. ANOVA Tables for the Allocentric-Egocentric Test Data Grouped by

the Relative Position of the Red Line to the Horizontal Gray Bar

la. Accuracy

Effect SS df MS F p S
Group .599 1 .599 9.745 .000 991
Condition .366 1 .366 8.638 .006 .207
Position .008 3 .003 .559 .643 .017
Group by Condition .036 1 .036 .841 .366 .025
Group by Position .003 3 .001 .187 .904 .006
Condition by Position .078 3 .026 4.206 .008 113
Group by Condition by .017 3 .055 .890 449 .026
Position

1b. Reaction Time

Effect SS df MS F p S
Group 6157380 1 6157380 8.513 .006 .205
Condition 1771663 1 1771663 15.274 .000 .316
Position 970667 3 323556 11.602 .000 .260
Group by Condition 7212 1 7212 .062 .804 .002
Group by Position 114335 3 38112 1.367 .257 .040
Condition by Position 1152619 3 384206 18.503 .000 .359
Group by Condition by 70821 3 23607 1.137 .338 .033
Position
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Supplemental Table 2. ANOVA Tables for the Allocentric-Egocentric Test Data Grouped by
the Presence or Absence of Conflict Between the Instructions and the Resitren of the
Red Line

2a. Accuracy

Effect SS df MS F p N
Group .306 1 .306 10.005 .003 .233
Condition 182 1 182 8.589 .006 .207
Position .018 1 .018 9.051 .005 215
Group by Condition .018 1 .018 .864 .359 .026
Group by Position .0004 1 .0004 191 .665 .006
Condition by Position .025 1 .025 24.643 .000 .428
Group by Condition by .001 1 .001 .803 377 .024
Position

2b. Reaction Time

Effect SS df MS F p o
Group 3010492 1 3010492 8.578 .006 .206
Condition 732991 1 732991 12.800 .001 279
Position 36217 1 36217 12.510 .001 275
Group by Condition 2509 1 2509 .044 .835 .001
Group by Position 951 1 951 .329 570 .010
Condition by Position 53122 1 53122 12.232 .001 270
Group by Condition by 11717 1 11717 2.698 110 .076
Position
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Appendix C: Supplemental Figures

la.
CONDITION; Unw eighted Means
Current effect: F(2, 66)=11.846, p=.00004
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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Supplemental Figure 1. Repeated measures ANOVA; main effect of condition. 1a) accuracy
1b) RT *p <.05 ** p <.01 ns = not significant

47



2a.

POSITION; Unw eighted Means
Current effect: F(3, 99)=15.211, p=.00000
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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Supplemental Figure 2. Repeated measures ANOVA,; main effect of Position; 2a) accuracy 2b)
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POSITION; Unw eighted Means
Current effect: F(3, 93)=23.590, p <.001
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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3a.

POSITION*GROUP; Unw eighted Means
Current effect: F(3, 99)=3.3980, p=.021
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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3b.
POSITION*group; Unw eighted Means
Current effect: F(3, 93)=2.1927, p=.094
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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Supplemental Figure 3. Repeated measures ANOVA, Position by Group Interaction; 3a)
accuracy 3b) RTF p<.05 **p<.01
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4 a.

CONDITION*POSITION*GROUP; Unw eighted Means
Current effect: F(6, 198)=2.1497, p=.049
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Vertical bars denote +/- standard errors

1.0

09

0.8 |

% Accuracy

0.7

0.6 |

0.5

DISTAL LEFT |
CENTRAL LEFT }

CENTRAL RIGHT ¢

ALLOCENTRIC

4b.

DISTAL RIGHT }

DISTAL LEFT |

CENTRAL LEFT |

CENTRAL RIGHT ¢

DISTAL RIGHT }

EGOCENTRIC

DISTAL LEFT |

CENTRAL LEFT |

CENTRAL RIGHT ¢

DISTAL RIGHT |

NO-INTERFERENCE

CONDITION*POISTION*GROUP; Unw eighted Means
Current effect: F(6, 186)=1.5967, p=.150
Effective hypothesis decomposition
Vertical bars denote +/- standard errors

1600
1500
1400
1300
1200
1100
1000
900 |
800 }
700 t
600 t
500 }
400 |
300

Mean RT

>

DISTAL LEFT |
CENTRAL LEFT |

CENTRAL RIGHT |

ALLOCENTRIC

Supplemental Figure 4: Repeated measures ANOVA; Condition by Position by Group

DISTAL RIGHT ¢

DISTAL LEFT |

CENTRAL LEFT

CENTRAL RIGHT

DISTAL RIGHT [

EGOCENTRIC

DISTAL LEFT |

NO-INTERFERENCE

CENTRAL LEFT

Interaction; 4a) accuracy 4b) RTp*< .05 *p< .01

50

CENTRAL RIGHT

DISTAL RIGHT ¢

=% group

HEC

== group

AD

== group
HEC

== group
AD



S5a.

CONDITION; Unw eighted Means
Current effect: F(1, 33)=8.5895, p=.006
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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5b.

CONDITION; Unw eighted Means
Current effect: F(1, 33)=12.800, p=.001
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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Supplemental Figure5. Repeated measures ANOVA; data combined by conflict/ no conflict
between position of red vertical line and instruction; Main effect of Conditiorga&ajracy and

5b) RT; ** p <.01
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6a.

STIMULUS TY PE; Unw eighted Means
Current effect: F(1, 33)=9.0506, p=.005
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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Supplemental Figure 6. Repeated measures ANOVA. Data combined by conflict/ no conflict
between position of red vertical line and instruction; Main effect of Stimulusdt$a)
accuracy 6b) RT; * p <.01
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7a.

STIMULUS TY PEGROUP; Unw eighted Means
Current effect: F(1, 33)=.19099, p=.665
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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7b.

STIMULUS TY PE*GROUP; Unw eighted Means
Current effect: F(1, 33)=.32858, p=.570
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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Supplemental Figure 7. Repeated measures ANOVA. Data combined by conflict/ no conflict
between position of red vertical line and instruction; Stimulus Position dyp3dnteraction (not

significant); 7a) accuracy 7b) RT; * p < .05
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8a.

CONDITION*GROUP; Unw eighted Means
Current effect: F(1, 33)=.86398, p=.359
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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CONDITION*GROUP; Unw eighted Means
Current effect: F(1, 33)=.04381, p=.835
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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Supplemental Figure 8. Repeated measures ANOVA. Data combined by conflict/ no conflict
between position of red vertical line and instruction; Condition by group Intemgctot

significant); 8a) accuracy 8b) RT; *p <.05 **p < .01
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9a.

CONDITION*STIMULUS TY PE; Unw eighted Means
Current effect: F(1, 33)=24.643, p=.000
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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Supplemental Figure 9. Repeated measures ANOVA. Data combined by conflict/ no conflict
between position of red vertical line and instruction; Condition by Stimulus &tositieraction;
9a) accuracy 9b) RT; ** p < .01, only significant results indicated.
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Table 1. Characteristics of the sample

Healthy Elderly Controls Alzheimer’s Disease
(n=22) (n=13)
M (SD) Min -Max M (SD) Min -Max
Age 74.64 (8.07) 65.00 — 94.00 78.43 (8.11) 65.00 — 89.00

vears of education 15.64 (2.50) 10.00 - 19.00 15.14 (3.88) 6.00 — 20.00

Mini-Mental State
Examination 29.27 (0.77) 27.00 — 30.00 23.64 (4.27) 16.00 — 29.00

(Maximum = 30

Clinical Dementia
Rating Scale 0.05 (0.15) 0.00 - 0.50 4.79 (1.41) 2.00 -8.00

(Sum of boxek

Note.Samples did not differ in terms of age or years of educatiordifieted significantly in
their performance on the Folstein Mini-Mental State Examindidfh, 34) = 35.812p = .000

and Clinical Dementia Rating Sum of Boxes sdeK&, 34) = 235.513 = .000).
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Table 2. Standard Neuropsychological Tasks

Healthy Elderly Contoks 22) Alzheimer’s Disease € 13)

M(SD) Min-Max M(SD) Min-Max
Digit Span Forward Length 7.14 (.83) 6-8 6.57 (1.22) 4-8
Digit Span Backward Length 5.32 (1.21) 4-7 4.07 (1.00) 3-7
Spatial Span Forward Length 5.41 (.96) 4-7 4.07 (1.14) 3-6
Spatial Span Backward Length  4.55 (1.06) 3-6 3.50 (1.02) 2-5
Shape Cancellation Time (sec)  49.36 (11.05) 22-72 87.57 (34.80) 49-166
Shape Cancellation Omissions  4.09 (2.60) 0-9 7.43 (2.79) 2-11
Trails A Time 31.00 (12.23) 15-55 59.36 (35.68) 30-134
Trails A Errors .09 (.29) 0-1 .36 (.84) 0-3
Trails B Time 77.32 (32.03) 40-164 227.27(96.08) 54-300
Trails B Errors .32 (.57) 0-2 1.56 (1.42) 0-4
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Table 3. Descriptive Statistics for the Allocentric-Egocentric Test Dt&roup and Condition

Table 3a. Accuracy

Healthy Elderly Controls Alzheimer’s Disease
(n=22) (n=13)
Condition M (SD) Min - Max M (SD) Min - Max
Allocentric .99 (.02) .93 -1.00 .92 (.13) .53 -1.00
Egocentric-| .93 (.10) .68 - 1.00 .82 (.18) 47 -1.00
Egocentric-NI .98 (.03) .86-1.00 .97 (.10) .65 -1.00
Table 3b. Reaction Time
Healthy Elderly Controls Alzheimer’s Disease
(n=22) (n=13)
Condition M (SD) Min -Max M (SD) Min —Max
Allocentric
794.62 (203.23) 583.22 — 1385.67.122.26 (536.80) 661.15 —2394.24
Egocentric-I

658.91 (197.35) 439.09 - 1068.88 1042.49 (491.20) 529.05 — 1965.24

Egocentric-Nl - 5e7 49 (158.68)  399.44-000.05 717.43 (216.10)  447.48 — 1185.29
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Table 4. ANOVA Tables for the Allocentric-Egocentric Test Data Grouped by Bddtlfine

Table 4a. Accuracy

Effect SS

df MS

P Mp

Group 456 1 456 7.213 .011 .994
Condition .704 2 .352 11.846 .000 .264
Position .866 3 .289 15.211 .000 316
Group by Condition .160 2 .080 2.691 .075 .075
Group by Position 193 3 .065 3.398 .021 .093
Condition by Position .796 6 133 8.752 .000 .210
Group by Condition by .196 6 .033 2.150 .049 .061
Position

Table 4b. Reaction Time

Effect SS df MS F p S
Group 8348578 1 8348578 9.877 .004 .242
Condition 6579628 2 3289814 24.996 .000 446
Position 2410059 3 803353 23.590 .000 432
Group by Condition 887033 2 443517 3.370 .041 .098
Group by Position 224022 3 74674 2.093 .094 .066
Condition by Position 980301 6 163384 5.061 .000 .140
Group by Condition by 309264 6 51544 1.597 .150 .050
Position
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Table5. Summary of the results of regression analyses.

ALLOCENTRIC EGOCENTRIC-I

EGOCENTRIC-NI

Whole Model ** b b
REACTION TIME  Attention ns o *
Executive ns ns ns
Whole Model *x b *
ACCURACY Attention o ** *
Executive ns ns ns

Note: Forced entry linear regressions with reaction time or accuracy on thedmeigons of
the Allocentric-Egocentric Test (Allocentric, Egocentric-l, and EgtraeNI) as dependent
variables and the composite scores of Attention and Executive Function asopsedict
(independent variables); px .05 ** p< .01 ns = not significant
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Alocentric Egocentri-| Egocentric-l

-
AN

Figurel.
Allocentric-Egocentric Test conditions: Allocentric, EgocentriEdpcentric-NI. The blue arrow

indicates the instruction for each task: in Allocentric condition participants agked to
indicate whether the red line is to the right or left of the middle of the grayohtalzar. The
middle of the horizontal bar was not identified and the participants had to tesitinha the
Egocentric-1 and the Egocentric-NI conditions the participants were askedidate whether

the red line is to the right or left of their own midline.
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1 2 3 4 13 14 15 16

s 6 7 8 9 10 11 12

Red Vertical Bar Position in Relationship to Body Midline

Distal Left Central Left Central Right Distal Right
1256 34738 9 10 13 14 11 12 15 16
Figure 2.

16 positions of vertical red line were reduced to 4 based on the relative positierred t
vertical line to the body midline resulting in 4 positions: distal left, ckletita central right, and

distal right.
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Up to 4500ms

Figure 3.
The Allocentric-Egocentric Test. Each experimental trial waspeis®d of 4 screens. Screen 1:

fixation pattern composed of four stars presented for 1000 milliseconds. Screanks@ken
presented for 500 milliseconds. Screen 3: The stimulus was presented andistiayieel
participant made a response or up to 4500 milliseconds. Screen 4: Black screerb@r t

milliseconds.
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4a.

CONDITION*group; Unw eighted Means
Current effect: F(2, 66)=2.6908, p=.07526
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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4b.

CONDITION*group; Unw eighted Means
Current effect: F(2, 62)=3.3699, p=.041
Effective hypothesis decomposition
Vertical bars denote +/- standard errors
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Figure4.
Repeated measures ANOVA,; Condition by Group Interaction; 4a) accuracy
4b) RT; *p <.05 ** p < .01 ns = not significant
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