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bstract

Age differences in navigation strategies have been demonstrated in animals, with aged animals more likely to prefer an egocentric (route)
trategy and younger animals more likely to prefer an allocentric (place) strategy. Using a novel virtual Y-maze strategy assessment (vYSA),
he present study demonstrated substantial age differences in strategy preference in humans. Older adults overwhelmingly preferred an
gocentric strategy, while younger adults were equally distributed between egocentric and allocentric preference. A preference for
llocentric strategy on the Y-maze strategy assessment was found to benefit performance on an independent assessment (virtual Morris water
ask) only in younger adults. These results establish baseline age differences in spatial strategies and suggest this may impact performance
n other spatial navigation assessments. The results are interpreted within the framework of age differences in hippocampal structure and
unction.

2010 Elsevier Inc. All rights reserved.
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. Introduction

Multiple studies have demonstrated reliable age differ-
nces in nonhuman species in a wide variety of navigation
nd spatial learning tasks, including the Morris water maze,
nested T-maze, and the Barnes circular platform maze

Barnes et al., 1980; Ingram, 1988; McLay et al., 1999).
imilarly, the observation that young adult humans outper-
orm their older counterparts on spatial navigation measures
as now been demonstrated in numerous studies (Driscoll et
l., 2005; Moffat et al., 2001; Newman and Kaszniak, 2000;

ilkniss et al., 1997).
In younger adult humans, the hippocampus is part of a

eural system involved in spatial navigation, along with the
arahippocampal gyrus, cuneus, precuneus, parietal lobe,
nd posterior cingulate gyrus (Gron et al., 2000; Moffat et
l., 2006; Morris et al., 1982; O’Keefe et al., 1975) and it
as been suggested that the hippocampus plays a role in
llocentric spatial processing whereas other regions, most
otably the parietal cortex and caudate nucleus, may play a

* Corresponding author at: 87 E. Ferry Street, 226 Knapp Building,
etroit, MI 48202, USA. Tel.: �1 313 577 2297; fax: �1 313 875 0127.
aE-mail address: moffat@wayne.edu (S.D. Moffat).

197-4580/$ – see front matter © 2010 Elsevier Inc. All rights reserved.
oi:10.1016/j.neurobiolaging.2010.07.021
ore prominent role in egocentric spatial processing
Maguire et al., 1998). Several functional neuroimaging
tudies have now demonstrated that older adult humans
how reduced or absent hippocampal activation in perform-
ng navigation tasks compared with younger adults (An-
onova et al., 2009; Meulenbroek et al., 2004; Moffat et al.,
006) and 1 structural magnetic resonance imaging (MRI)
tudy has shown that hippocampal volume is positively
orrelated with navigation performance in the young but not
n the elderly (Moffat et al., 2007).

The observation of behavioral deficits in navigation
mong the elderly and reduced hippocampal involvement in
lderly navigation has led some researchers to theorize that
lderly humans may adopt extrahippocampal strategies in
olving navigation tasks (Iaria et al., 2009; Moffat et al.,
006, 2007). Although there are multiple ways to describe
avigation strategies, the most common are egocentric and
llocentric. An egocentric strategy — sometimes called
esponse or route strategy — is a strategy in which an
ndividual remembers directions or a route based on a frame
f reference centered on the individual, independent of
bsolute position. An allocentric strategy — also known as

cognitive map or place strategy — relies on a frame of

mailto:moffat@wayne.edu
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eference external to the individual, based, for example, on
sing a cognitive map with external reference points.

There are currently no published studies empirically
emonstrating that older human subjects actually do use
ifferent strategies than their younger counterparts. How-
ver, 2 published studies provide suggestive data. One study
etrospectively asked younger and older human participants
ow they solved a navigation task and found that self-
eported allocentric strategy decreased with age (Driscoll et
l., 2005). However, it is not ideal to use self report as it
equires insight into one’s own cognitive processes (i.e.,
etacognition) which itself decreases with age (Isingrini et

l., 2008). In another indirect assessment of strategy in
ognitive mapping, it was found that age differences in a
ognitive mapping task were maximal when objects were
ot present on a map and age differences were eliminated
henever proximal objects were present (Moffat and
esnick, 2002). This suggests that older participants may
isregard distal geometric information in an environment
nd focus more on objects to guide navigation.

Although there is very little work explicitly investigating
ge differences in strategy selection in humans, some stud-
es have used creative paradigms to investigate this in non-
uman species. Barnes and colleagues (1980) performed an
legant strategy assay in middle-aged (14 months) and older
29 months) rats. Using a 3-armed T-maze, rats were trained
o go to 1 arm of the maze using water as a reward. An
nimal could select an arm and maintain set over repeated
rials using either a cue strategy (e.g., moving to a specific
ue located directly next to the reward), an egocentric strat-
gy (e.g., always turn left), or an allocentric strategy (e.g.,
o to the same absolute spatial location). Barnes and col-
eagues measured strategy preferences by starting the rats in
different arm and observing their behavior on a probe trial.
his study found that older rats were more likely to use an
gocentric strategy to solve the maze than an allocentric

able 1
emographics and control measures

Young

Male Female Tota

26 28 54
gea 21.04 (4.18) 21.21 (4.07) 21.
ducationa 13.77 (2.01) 13.39 (1.40) 13.
ystolic BPa 115.42 (10.40) 104.75 (11.28) 109.
iastolic BPa 71.31 (9.24) 69.75 (8.50) 70.
MSE 29.38 (0.85) 29.39 (0.63) 29.
EQa 15.96 (3.33) 12.63 (2.31) 14.
ausea 3.58 (4.0) 5.32 (6.41) 4.
peeda 58.70 (1.64) 63.39 (7.05) 61.
igh BP 0 1 1
P medication N/A 1 1

ata presented as mean (SD), except as indicated: Education, education o
peed assessment task (higher values denote slower speeds); High BP, num
ases high blood pressure receiving treatment.
ey: BP, blood pressure; CEQ, computer experience questionnaire; MMS

a Variables on which there was a significant age difference.
trategy, and the reverse was true for middle-aged rats,
hich preferred an allocentric strategy.
The purpose of the present study was to use a virtual

-maze strategy assessment task modeled after Barnes and
olleagues (1980) to assess age differences in navigation
trategy preference. In addition, the present study investi-
ated the effects of strategy preference on an independent
easure of spatial navigation, the virtual Morris water task.

. Methods

.1. Participants

Ninety-nine community-dwelling older adults (n � 45;
ged 55 to 85) were recruited using newspaper advertise-
ents and notices posted at older adult community centers,
orkshops, and events, and 54 younger adults (aged 18 to
5) were recruited from the Wayne State University (WSU)
sychology Department volunteer pool and from the com-
unity. All participants were free of psychological, neuro-

ogical, or severe cardiac disorders as revealed by detailed
elf-report of medical history, scored 26 or higher on the
ini Mental Status Examination (MMSE), scored better

han 20/40 (corrected) on visual acuity tests, and spoke
nglish as their native language. See Table 1 for complete
emographic information.

.2. Procedure

.2.1. Computer experience
To assess potential between groups differences in com-

uter and virtual environment (VE) experience, a computer
xperience questionnaire (CEQ) was administered to all
articipants. The computer experience questionnaire pre-
ented a series of questions asking participants to rate their
eneral computer experience, experience with computer
ames in general, and their experience specifically with

Older

Male Female Total

20 25 45
8) 60.85 (6.88) 63.2 (7.46) 62.16 (7.22)
1) 15.90 (2.65) 15.80 (2.00) 15.84 (2.29)
04) 133.75 (17.28) 134.24 (25.86) 134.02 (22.22)
2) 79.80 (10.14) 81.40 (18.08) 80.69 (14.59)
4) 29.25 (1.16) 29.00 (0.96) 29.11 (1.05)
8) 10.05 (3.27) 10.40 (3.54) 10.24 (3.39)
9) 3.10 (3.23) 5.48 (6.70) 4.42 (5.51)
7) 64.05 (6.18) 68.80 (6.35) 66.69 (6.65)

10 11 21
5 5 10

ipant in years; Nausea, nausea questionnaire; Speed, latency to complete
cases classified as having high blood pressure; BP medication, number of

i Mental State Examination.
l

13 (4.0
57 (1.7
89 (12.
50 (8.8
39 (0.7
26 (3.2
48 (5.3
13 (5.6

f partic
ber of

E, Min
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ames that feature VEs. Each scale (self-rated from 0 to 7)
ontributed to an overall computer experience rating for
ach participant (maximum � 21).

.2.2. Blood pressure
Blood pressure was collected using a commercially

vailable automated blood pressure cuff (Omron Automatic
lood Pressure Monitor 711X, Omron, Tokyo, Japan). Par-

icipants were also asked if they had a hypertensive or high
lood pressure diagnosis and if they were taking medica-
ions for hypertension. Participants were classified as either
igh or low blood pressure, with criterion for “high” blood
ressure being a systolic blood pressure (BP) �140, and/or
iastolic BP �90 or self-report of high blood pressure
iagnosis.

.2.3. Nausea assessment
One of the risks associated with virtual environments is,

n rare cases, nausea. A nausea questionnaire used in mul-
iple studies (e.g., Moffat and Resnick, 2002) was included
o determine whether an individual was experiencing severe
ausea.

.2.4. Virtual environments
All VEs were created using Unreal Tournament 2003

odified for use in navigation experiments (Epic Games,
ockville, MD, USA). All environments were run on a
ersonal computer (PC) and presented on a 19� monitor
pproximately 20� away from the face in a dark room.
articipants interacted with the virtual environment using a
ommercially available joystick (Thrustmaster Top Gun
ox 2 Pro, Guillemot Corporation, La Gacilly Cedex,
rance).

All participants received joystick/VE familiarization
raining before the test. Additionally, a speed test was ad-
inistered in which all participants were required to meet a

hreshold proficiency at moving through a twisting virtual
allway. Participants repeated the task until they completed
t in less than 120 seconds (see Table 1).

.2.5. Protocol
The navigation tasks took place in the following phases:

irtual Y-maze strategy assessment (vYSA), virtual Morris
ater task (vMWT), and cognitive mapping assessment. On

he vYSA, virtual environment order, starting location, and
raining route were counterbalanced within each group to
void environment order, location, or turn preference ef-
ects.

.2.6. Virtual Y maze strategy assessment
In order to determine pre-existing preferences for allo-

entric vs. egocentric strategy use, a virtual Y-maze strategy
ssessment was created. The maze consisted of 3 arms of
qual length, connecting in the center, distributed at 120°
ntervals, and slightly recessed into the floor of a larger
irtual room of irregular shape and containing both distal
nd proximal visual cues. Participants were not able to leave

he recessed area, but were easily able to see out of it into t
he surrounding room. Each arm of the maze terminated
ith a circular goal area. The vYSA consisted of 5 blocks of
parts each: training and probe. Each block was completed

n a different vYSA environment. During the training por-
ion of each block, participants completed multiple trials
tarting at a given location and terminating in 1 of the 3
ircular goal areas. See Fig. 1 for the layout of starting
oints and goal areas in the vYSA. Each trial terminated
hen the participant reached a goal area. When participants

ntered the correct goal area, a pleasing tone sounded. A
oxious buzzer sounded when participants entered the in-
orrect goal position. Training continued until participants
eached a criterion level of 5 consecutive successful learn-
ng trials. See Fig. 1a for a diagram of this procedure.

For the probe trial of each block, participants were
laced at a third position that was neither the starting loca-
ion nor the goal location for preceding training trials (Fig.
b). Participants were allowed to move to whichever goal
osition they preferred, at which point neither tone sounded.
he vYSA probe trial was designed to determine allocentric
r egocentric strategy preference. Participants who, during
he probe, followed the same route they learned in training,
egardless of absolute location (e.g., turn right), were clas-
ified for that block as using an egocentric strategy. Partic-
pants who moved to same absolute location as trained in
he training trials, even though it required taking a different
oute were classified as using an allocentric strategy for that
rial.

In order to increase the reliability of our vYSA and
nsure stability of strategy preferences, participants com-
leted 5 separate blocks of vYSA training and probe trials
nd were required to choose the same strategy for at least 4
f the 5 blocks in order for that participant to be classified
s preferring 1 strategy over another. Participants (n � 8
oung adults; 5 older adults) who did not demonstrate the
ame strategy preference for 4 or 5 of the 5 vYSA assess-
ents were eliminated from analysis.

.2.7. Virtual Morris water task
In the interests of investigating the relationships between

nitial preferences for a specific navigation strategy and
ther independent measures of navigation ability, partici-
ants were tested on a virtual Morris water task (vMWT).
articipants completed 10 learning trials followed by 1
robe trial. For all trials, participants navigated through a
ircular pool contained in a large, nonsymmetrical virtual
oom. Four objects were situated close to the edge of the
ool, and 2 objects or features were situated more distally in
he environment. For learning trials, participants were
laced in the environment randomly at 1 of 6 potential
tarting positions inside the pool area. Participants were
nstructed that their goal was to find a hidden platform.

hen located, the platform lifted participants out of the
ater, accompanied by a pleasing tone. If the participant did
ot find the platform after 90 seconds, a discordant buzzer

one sounded, the participants were frozen in place, and



p
f
v
p

i
i
p
9
p
b
p

r
l
w

w
w
r
g
t
l

3

3

a
s

t
p
s
t
c
s
p
O
c
r
a
b
s
�
b
v
p
t
s

C
t
w
s

3
t

F
a
c
“
t
a

4 M.K. Rodgers et al. / Neurobiology of Aging xx (2010) xxx

ARTICLE IN PRESS
articipants were allowed to look around the environment,
ollowed by the beginning of the next trial. The dependent
ariable on the learning trials was the latency to reach the
latform on each trial.

In the probe trial, the platform was removed and partic-
pants began at 1 of the 6 starting locations and were
nstructed to locate the platform. Unlike training trials, the
latform did not rise out of the water when occupied. After
0 seconds the probe trial ended. Dependent variable on the
robe trial was the number of platform intersections (num-
er of times the participant crossed over the location that
reviously contained the platform).

For the visible platform trial, participants started at a
andom point and were asked to move to the platform
ocation which was marked by flags. The dependent variable
as average latency to platform.
Following the completion of the vMWT, participants

ere presented with 3 overhead maps of the environment: 1
ith only the objects surrounding the pool, 1 with only the

oom geometry present, and 1 with both objects and room
eometry. Participants were asked to place the location of
he hidden platform, and error (in mm) from the correct
ocation was calculated for each map.

. Results

.1. Age differences on control measures

Means and standard deviations for all control measures
re reported in Table 1. Due to significant skew and kurto-

ig. 1. Experimental sequence of Y-maze tasks including sample training p
ssessment (vYSA). In this sample, the participant starts at location A with
hooses correctly (as indicated by the “check mark”). On trial 2, the partic
X”). This procedure continues until the participant travels to the reinforced
rial, participants start in the location that was neither the original starting
llocentric probe response, respectively.
is, the speed test variable was submitted to a square root 4
ransformation. Five outliers (1 each on the speed test, total
latform crossings, swim trial latency, diastolic blood pres-
ure, and vYSA average time variables) were found by
ransforming scores into z-scores. Z-scores � 3.29 were
lassed as outliers and were preserved in the data set by
etting their value to the next highest value in the dataset
lus 1 unit of measurement (Tabachnik and Fidell, 2006).
lder adults required more time than younger adults to

omplete the speed task, t(97) � �4.49, p � 0.001 and
eported lower scores on the CEQ compared with younger
dults, t(97) � 5.95, p � 0.001. There was no difference
etween young and older adults on nausea questionnaire
cores, t(97) � .054, p � 0.96. Both diastolic t(97) �
6.68, p � 0.001, and systolic, t(97) � �4.209, p � 0.001

lood pressure were higher in older adults. Using the pre-
iously described classification for hypertension status, 2
ercent of the young participants were classified as hyper-
ensive. Forty-seven percent of the older adults were clas-
ified as hypertensive.

Because there were significant age differences on speed,
EQ, and blood pressure status, these variables were en-

ered as covariates in all of the following analyses. Except
here specifically noted, these covariates did not reach

tatistical significance.

.2. Age and sex differences in strategy preference on
he vYSA

Of the 99 tested subjects, 86 reached criterion (at least

d probe start locations. (A) Sample learning block of the Y-maze strategy
n C being designated as the goal. In trial 1, participant has free choice and
starts in the same position and makes an incorrect choice (as indicated by
n for 5 consecutive trials, triggering the probe. (B) Probe trial. In the probe
n nor the reinforced location. Shown are examples of an egocentric and
aths an
locatio

ipant re
locatio
locatio
/5 consistent strategy preferences) required for classifica-
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ion into a strategy category.1 Of the 13 who did not reach
riterion, 8 were young (4 male, 4 female) and 5 were older
2 male, 3 female).

To investigate age differences in strategy preference, a
2 test was performed on age and strategy selection (Fig. 2).
trategy selection differed as a function of age group (�2 �
2.43, p � 0.001). Older adults overwhelmingly preferred
n egocentric strategy (82% egocentric; 18% allocentric),
hile younger adults showed a modest preference for allo-

entric strategy (46% egocentric, 54% allocentric).
To investigate sex differences in strategy preference, a

2-test was performed on sex and strategy selection. Strat-
gy selection did not differ as a function of sex (�2 � 0.003,
� 0.96).

.3. Effects of age, sex, and strategy on vMWT
erformance

.3.1. Visible platform trial
In order to examine performance in the vMWT when the

latform was visible, a 2 (young vs. old) by 2 (male vs.
emale) by 2 (egocentric vs. allocentric) analysis of variance
ANOVA) was computed with vMWT visible platform trial
istance as the dependent variable. There was a main effect of
ge, F(1,85) � 8.583, p � 0.001, in which older adults
mean � 2930.60 units, SD �1757.76) traveled a longer
istance to complete the task than younger adults (mean �
283.30 units, SD � 582.29). There was no main effect for
ex, F(1,85) � .24, p � 0.62, nor for strategy preference,
(1,85) � .56, p � 0.46. Due to the significant age differ-
nce, visible platform trial performance was entered as a
ovariate in all analyses of the vMWT, was not found to be

1 All analyses were also completed with a less stringent classification of
or more consistent strategy choices. As these analyses did not produce

ifferent results than the reported analyses, the more conservative classi-

ig. 2. Frequency plots describing strategy preference by age group on the
-maze strategy assessment (vYSA). Older adults preferred an egocentric

trategy whereas younger adults showed no marked preferences for ego-
entric or allocentric strategy.
cation system was maintained. t
significant covariate, and was therefore excluded from
nalyses reported here.

.4. Learning trials

To investigate the role of age, sex, and strategy on
MWT performance, a 2 (young vs. old) by 2 (male vs.
emale) by 2 (egocentric vs. allocentric vYSA strategy)
nalysis of variance was conducted using average comple-
ion latency of the learning trials as the dependent variable
Fig. 3). There was a main effect of age, F(1,85) � 6.04, p

0.02; older adults took more time to complete the water
aze than younger adults. There was no significant main

ffects of sex, F(1,85) � .66, p � 0.42, or vYSA strategy
reference, F(1,85) � .60, p � 0.44.

There was, however, a significant interaction between
ge and strategy preference F(1,85) � 4.78, p � 0.03.
-tests were conducted to determine the nature of this in-

eraction. Young adults who preferred an allocentric strat-
gy completed the vMWT maze more quickly than younger
dults who preferred an egocentric strategy, t(44) � 2.66,
� 0.011, whereas, there was no effect of strategy prefer-

nce in the older adults, t(38) � �.562, p � 0.577.
An interaction between age group and sex approached

ignificance, F(1,85) � 3.63, p � 0.06. Although not sta-
istically significant, the nature of the interaction was such
hat older females took longer to complete the vMWT
earning trials than younger females, t(44) � �3.24, p �
.002, older males, t(38) � 2.11, p � 0.042, and younger
ales, t(42) � �2.03, p � 0.049. None of the other groups

iffered in performance (all p=s �0.24). There was no
trategy preference by sex interaction, F(1,85) � 1.17, p �

ig. 3. Mean Morris water task (vMWT) Learning trial latency as a function
f age and Y-maze strategy assessment (vYSA) strategy preference. There was
main effect for age, with older adults taking more time to complete the

MWT than younger adults. Younger adults who preferred an allocentric
trategy on the vYSA completed the vMWT learning trials faster than all other
roups. Older adults who preferred an allocentric strategy performed similarly

o older adults who preferred an egocentric strategy.
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.283, nor was there a strategy by age by sex interaction,
(1,85) � 1.720, p � 0.194.

.5. Probe trial

In order to examine the effect of age, sex, and strategy on
he probe trial of the vMWT, a 2 (young vs. old) by 2 (male
s. female) by 2 (egocentric vs. allocentric) ANOVA was
omputed with platform crossings during probe trial as the
ependent variable. The speed test was a significant covari-
te, F(1,85) � 5.76, p � 0.02 and was therefore included in
he analysis. There was a main effect of strategy preference,
(1,85) � 5.42, p � 0.02, with participants who preferred
n allocentric strategy crossing the platform more often than
hose who preferred an egocentric strategy (Fig. 4). There
as no main effect for age, F(1,85) � 1.03, p � 0.31, or

ex, F(1,85) � 2.27, p � 0.14. There was no interaction
etween age group and strategy preference, F(1,85) � .69,
� 0.97, sex and strategy preference, F(1,85) � 3.65, p �

.06, or age group, sex, and strategy preference, F(1,85) �
434, p � 0.512.

.6. Cognitive mapping

In order to examine effects of age, sex, strategy prefer-
nce, and map type on accuracy of platform placement, a 2
young vs. old) by 2 (male vs. female) by 2 (egocentric vs.
llocentric) repeated measures ANOVA was computed with
lacement error on the 3 map types as the repeated measure.
here was a main effect of map type, F(2,76) � 21.01, p �
.001, but not age or sex, p=s �0.28. A least significant
ifference (LSD) posthoc test revealed placement error on
he geometry only map to be significantly greater than either
he objects only map or the objects � geometry map,
=s �0.001. There was a main effect of strategy preference,
(1,76) � 12.78, p � 0.001 in which participants who
referred an allocentric strategy were more accurate at plac-

ig. 4. Morris Water Task (vMWT) Platform Crossings as a function of
trategy Preference. Participants preferring an egocentric strategy on the Y-
aze strategy assessment (vYSA) crossed the platform more often on the

MWT.
ng the platform than participants who preferred an egocen- c
ric strategy. There were no interactions involving age group
r sex, (all p=s �0.12) nor were there significant interactions
nvolving map type (all p=s �0.20).

. Discussion

The present study tested age differences in human strat-
gy preference in a new task based on a classic rat model
eported by Barnes and colleagues (1980). Like Barnes’
odel, the test featured a training phase in which the par-

icipants had the opportunity to employ either spatial infor-
ation (allocentric strategy) or route information (egocen-

ric strategy). The probe trial provided an opportunity for
articipants to reveal to the experimenters which of the 2
ypes of information was employed to solve the task. Older
dults were much more likely to choose an egocentric strat-
gy than an allocentric strategy, while younger adults were
ore equally distributed between allocentric and egocentric

trategy preferences. The difference in strategy in older
dults was pronounced: only 7 of the 40 older adults pre-
erred an allocentric to an egocentric strategy. This finding
s the clearest empirical demonstration to date that older
dults have different strategy preferences or biases in ap-
roaching spatial navigation tasks.

In the Barnes task, older rats were more likely to use an
gocentric strategy to solve the maze than an allocentric
trategy, and the reverse was true for middle aged rats,
hich preferred an allocentric strategy. The results of the
resent study are similar to Barnes’ results, in that older
dults were more likely to choose an egocentric strategy
han young adults. In fact, older adults were overwhelm-
ngly more likely to choose an egocentric strategy over an
llocentric strategy, which departs somewhat from Barnes’
esults in which the age differences were more modest. This
uggests that to the extent that there are species differences,
uman aging may be associated with a more marked shift
oward egocentric strategy preference than in the rat.

Consistent with previous studies (Driscoll et al., 2005;
offat and Resnick 2002; Newman and Kaszniak 2000),

lder adults took longer to solve the water maze than
ounger adults. The novel contribution of this study to the
iterature on age differences in vMWT performance is our
emonstration that strategy preferences on an independent
patial task (the vYSA) may feed forward and predict be-
avior on the vMWT. Specifically, we found a significant
nteraction between age and strategy preference on the
YSA such that allocentric strategy preference on the vYSA
as associated with more platform crossings on the probe

rial and more accurate cognitive mapping. On the vMWT
earning trials allocentric preference was associated with
mproved performance in the young but did not affect per-
ormance in the older group. Although our data indicated
hat allocentric strategy preference did not benefit perfor-
ance in the vMWT learning trials in older adults, some
aution is warranted in that we had very few older adults
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ho evidenced an allocentric preference (n � 7); thus we
ay simply not have had the statistical power to detect a

ositive effect of allocentric spatial processing in older
dults. In fact, our data suggest that a large number of older
dults would have to be recruited and screened to achieve a
ample size large enough to adequately test this hypothesis.
umulatively, these results suggest that the vYSA is mea-

uring an important preference for a spatial navigation strat-
gy. Importantly, by demonstrating effects of vYSA strat-
gy preference on subsequent vMWT performance our
esults suggest that the preferences identified on the vYSA
eed forward and influence performance on other spatial
asks.

The relationship between strategy preference, age, and
MWT performance are consistent with and may help to
xplain the results from other studies on aging and spatial
avigation. For example, Moffat and colleagues (2007)
ound that HC volume was related to water maze perfor-
ance in the young, but not in the old. Similarly, functional

maging studies comparing older and younger adults in
avigation tasks reliably show reduced or absent hippocam-
al/medial temporal lobe activation in the older adults (An-
onova et al., 2009; Meulenbroek et al., 2004; Moffat et al.,
006). Based on these findings, researchers have speculated
hat young individuals may solve navigation tasks using an
llocentric strategy whereas older individuals may use a
esponse or egocentric strategy, thus minimizing or elimi-
ating HC involvement in navigation performance in the
lderly. The present study provides empirical support for
his proposition by showing explicitly that older individuals
ave a marked preference for egocentric solution strategies.

Given that allocentric processing is thought to be depen-
ent on the hippocampus and surrounding areas, (Holdstock
t al, 2000; Jordan et al., 2004), and that HC volume
eclines with age in humans (Raz et al., 2005), it is reason-
ble to suggest that allocentric processing is especially sen-
itive to HC atrophy in aging. This is consistent with long
tanding observations regarding deficits in spatial cognition
s an early sign of age-related cognitive impairment, includ-
ng dementia (Logsdon et al., 1998; Passini et al., 1995).

hile relying on overlapping neural structures, egocentric
avigation does not rely on the hippocampus and is instead
rimarily reliant on the caudate nucleus (Bohbot et al.,
007; Iaria et al., 2003). The present results suggest that the
ehavioral manifestation of age-related alterations in medial
emporal lobe structure and function may be a reduced
eliance on allocentric strategies and, as a result, a much
reater reliance on egocentric solution strategies with ad-
ancing age. The timing of these changes is not known, and
nly longitudinal studies would be able to address the tim-
ng of these behavioral and brain changes.

While the vYSA found age differences in strategy, no
elationship was found between sex and strategy preference.

hile there is some evidence of a male bias for an allocen-

ric strategy (Levy et al., 2005), other results are not entirely
onsistent with this (Schmitzer-Torbert, 2007). Further re-
earch is needed to determine what, if any, impact sex might
ave on navigation strategy and how this might be mediated
t the neuroanatomical level and how this may be impacted
y different environmental characteristics and task de-
ands.
A weakness of the present study was the lack of an

gocentric task to parallel the vMWT. It is possible that
articipants who preferred an egocentric strategy on vYSA
ight show an advantage when faced with an egocentric

ask. In addition, self-report of strategy was not collected in
ur study, making it impossible to compare self-reported
trategy with observed strategy on vYSA. Self-reported
trategy was deliberately not collected following the vYSA
n this study in order to avoid cueing individuals to the
ature of the study and possibly influencing their behavior
n subsequent tasks. Finally, this study employed a cross-
ectional design rather than a longitudinal design, leaving
he question open as to whether the age differences ob-
erved here would be reflected in within individual changes.

In summary, the present study provided evidence for
ge-related differences in strategy preference in revealing
hat older adults are more likely to prefer an egocentric
avigation strategy. This overwhelming preference for ego-
entric strategies in older adults may be a consequence of
unctional and anatomical changes in the HC and related
edial temporal structures. Although this reliance on ego-

entric processing might negatively impact performance on
ome navigation tasks, it may also reflect adaptation to a
hanging brain. Ultimately, results from the present study
ay lead to specific strategy training interventions that

ould ameliorate some of the age-related deficits in naviga-
ion.
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