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Abstract 

Navigational Memory in Amnestic Mild Cognitive Impairment 
By Riikka Hess 

Objective: Patients with amnestic mild cognitive impairment (aMCI) demonstrate impaired 
explicit memory due to medial temporal lobe dysfunction but relatively preserved implicit 
memory, which is more broadly mediated within the brain. Many patients have difficulty with 
navigation in both familiar and unfamiliar environments. Therefore, we assessed the relative 
contributions of explicit and implicit memory in aMCI and healthy elderly controls (HEC) on a 
virtual spatial navigation task using the process-dissociation procedure. We expected to find that 
explicit memory is impaired in aMCI while implicit memory is preserved, as compared to HEC. 
In navigation, explicit and implicit memory contributions are influenced by practice, such that 
there is a greater contribution of explicit memory for retrieval of novel mazes and a greater 
contribution of implicit memory in retrieval of well-learned mazes, with navigational demands 
held constant.  
 
Participants and Methods: Five HEC and 5 aMCI were trained on 15 virtual T-mazes such that 
they became well-learned. Following a short delay, participants completed a retrieval task of 
well-learned mazes. Participants then viewed videos depicting navigation of 15 novel and 15 
well-learned mazes. Following a 15 minute-delay, participants navigated the well-learned and 
novel mazes under both include and exclude conditions. During the include condition, 
participants were instructed to navigate to the correct exit. In contrast, during the exclude 
condition, participants were told to navigate to the incorrect exit. This procedure (i.e. the process 
dissociation approach) provides a method for assessing the relative contributions of explicit and 
implicit memory. 
 
Results: Given the small sample sizes, the effect sizes for memory contributions are likely better 
indicators of meaningful differences than the inferential statistics are (none of which reached 
statistical significance). Considering explicit contributions, there were very large effect sizes for 
maze type (novel < well-learned) and for the interaction between maze type and diagnosis in 
explicit memory. Specifically, the contribution of explicit memory in aMCI was comparable to 
HEC for well-learned mazes but not for novel ones. Implicit contributions were comparable 
between HEC and aMCI regardless of maze type; however, implicit memory contributed more to 
navigation of well-learned mazes than novel ones.  
 
Discussion: The results support our prediction that implicit memory is preserved in aMCI and 
appears to play a major role in the navigation of well-known environments. Conversely, explicit 
memory deficits in aMCI impede the learning of novel environments. These findings support the 
development of rehabilitation techniques that encourage greater reliance on implicit spatial 



memory processes in aMCI. Our conclusions are based on extremely small sample sizes, 
however, the magnitude of the effects warrants additional study.   
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INTRODUCTION 

Spatial navigation is a fundamental yet complex function of everyday life.  From 

learning and remembering novel routes to travelling well-learned ones, navigation 

presents a variety of demands on the brain’s ability to encode, retrieve, integrate and 

manipulate spatial information.  Our capacity to do so relies on two distinct yet 

interactive memory systems: explicit memory and implicit memory.  

Explicit memory is the conscious and flexible retrieval of information (Squire & 

Zola, 1996; Bird & Burgess, 2008; Voss & Paller, 2008).  In contrast, implicit memory is 

the inflexible retrieval of information without conscious awareness (Squire & Zola, 1996; 

Bird & Burgess, 2008; Voss & Paller, 2008), and is measured via changes in 

performance.  For example, during the first week on campus, a college freshman may 

have to actively assess the relative locations of his classes and the distances between 

campus buildings in order to develop routes from one class to another.  For the first few 

days in his new, unfamiliar college world, he will consciously evaluate every choice 

point in order to determine which path or direction to take.  This process is dependent on 

explicit memory.  Eventually however, he will navigate from one class to another by 

automatically following these well-learned inflexible routes; a process primarily 

mediated by implicit memory.  As alluded to above, explicit memory supports flexible 

representations of the environment and adaptive navigation such as when encountering 

detours or developing novel routes.  Conversely, implicit memory mediates navigation of 

fixed routes and is presumably guided by perceptual cues (Wolbers & Hegarty, 2010). 

The Hippocampus and Explicit Memory 
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There is strong evidence to suggest that explicit memory depends upon the 

hippocampus in particular.  The classical example in support of this is the patient H.M., 

who became densely amnesic after bilateral hippocampectomy (Scoville & Milner, 

1957).   Although it was eventually discovered that H. M. had additional lesions to 

neighboring medial temporal lobe structures that may have influenced his memory 

deficits, a number of studies on human hippocampal lesions have largely corroborated the 

involvement of the hippocampus in explicit memory (Moscovitch et al, 2006).  

Neuroimaging in healthy individuals also support these findings; tasks designed to 

engage the explicit memory system, such as retrieval of remote autobiographical 

memories, elicit activity in the hippocampus during explicit memory retrieval but not 

during baseline activities (Rekkas & Constable, 2005; Ryan et al, 2001; Gilboa et al, 

2004).  

 One specific function of hippocampally-mediated explicit memory is the flexible 

use of spatial memory.  In 1971, O’Keefe and Dostrovsky discovered ‘place’ cells in 

rodent hippocampi that signaled the spatial location of self and automatically updated 

with movement.  This led to the “cognitive map” theory, which proposed that the 

hippocampus supports mental representations of the environment and one’s location 

within that environment (O’Keefe & Dostrovsky, 1971; O’Keefe & Nadel, 1978).  

Existence of place cells in monkeys and humans was confirmed soon after (see Bird and 

Burgess, 2008 for a review).  Interestingly, this relationship may be independent of 

vision.  Functionality of place cells in blind rats is comparable to that in seeing rats (Save 

et al, 1998).  In humans, Fortin et al (2008) demonstrated that blind individuals have 

significantly larger hippocampi and make fewer mistakes during navigation as compared 
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to blindfolded seeing individuals.  These results support the role of the hippocampus in 

spatial memory.  

These studies and others have also suggested that the hippocampus plays a critical 

role in navigation (Burgess, Maguire & O’Keefe, 2002).  More specifically, the 

hippocampus appears to be particularly important to the initial development and 

navigation of routes.  Functional imaging during human virtual navigation demonstrates 

greater activity in the anterior hippocampus during early route encoding and posterior 

hippocampal activity throughout learning (Cornwell et al, 2008; Xu et al, 2010).  

Similarly, a series of experiments using virtual navigation and neuroimaging 

demonstrated increased hippocampal activity in London taxi drivers during initial route 

planning (Maguire et al, 1998; Spiers & Maguire, 2006).  In addition, posterior 

hippocampal volume was enhanced in taxi drivers relative to control subjects and bus 

drivers, considered controls for navigational experience (Maguire et al, 2000; Maguire, 

Woollett & Spiers, 2006).  This volumetric distinction also correlated with years of 

experience as a taxi driver (i.e. years of experience in route development).  These results 

further implicate hippocampal involvement in navigational memory and suggest a 

specific function in early route development and encoding. 

Finally, these findings are echoed in human lesion studies.  Moscovitch and 

colleagues’ review (2006) of hippocampal lesions in humans noted deficits in spatial 

memory.  A meta-analysis by Kessels et al (2001) on maze learning, spatial working 

memory and object-location memory after hippocampal lesions in humans consistently 

found significant impairments in each of these categories.  Interestingly, a comparison of 

patients with unilateral lesions displayed greater impairments on maze learning, object 
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location memory and positional memory in individuals with right hippocampal damage.  

These results support the importance of the hippocampus in spatial processing and 

navigational memory in humans. 

The Striatum and Implicit Memory 

As described earlier, implicit memory is the “influence of past experiences [on] 

subsequent task performance – unintentionally and without conscious recollection of a 

learning episode” (Schacter, Chui & Ochsner, 1993).  These responses are exhibited 

through improved performances and do not require use of explicit memory.  

The striatum, which mediates inflexible, “automatic” responses to perceptual 

environmental stimuli, has been implicated in implicit memory (Poldrack et al, 2001).  

This function of the striatum appears to be particularly important in the navigation of 

inflexible, well-learned routes (Squire & Zola, 1996, Iaria et al, 2003, Hartley et al, 

2003).  In fact, Hartley and Burgess (2005) claim that “the caudate is crucial for the 

acquisition of ‘habits’ – stereotypical responses to repeatedly reinforced situations, such 

as learning to turn right at a particular point in a route.”  

Striatal mediation of implicit spatial memory can be seen in rodents during win-

stay and win-shift Morris water maze tests.  Rats with striatal lesions are severely 

impaired at learning the stimulus-response relationship in the win-stay condition (implicit 

memory) yet show no impairment in the win-shift condition (explicit memory) (Packard 

& Knowlton, 2002).  Conversely, glutamate injections in the caudate nucleus enhanced 

the use of striatally-mediated response strategy while injections in the hippocampus 

enhanced the use of hippocampally-mediated spatial strategy in a cross maze navigational 
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task (Packard, 1999).  These findings support the striatal mediation of implicit spatial 

memory. 

In humans, damage to the striatum in patients with Parkinson’s disease also 

impairs tests of implicit memory (Moody et al, 2010), as evidenced by diminished 

performance on a concurrent discrimination task.  In addition, striatal damage in 

Parkinson’s disease and Huntington’s disease impairs probabilistic classification learning 

on the weather prediction test (Packard & Knowlton, 2002).  The weather prediction test 

is considered one of the primary tests of implicit memory, as use of explicit memory 

generally does not enhance performance.  

Human studies also confirm striatal mediation of implicit spatial memory 

processes.  A virtual navigation task in which healthy participants learned to navigate to a 

target location found that enhanced bilateral activity in the striatum correlated with 

successful retrieval of location after the target was removed (Baumann, Chan & 

Mattingley, 2010).  These findings indicate that implicit memory contributions to spatial 

navigation are supported by the striatum. 

Competitive Interactions Between Memory Systems: 

Although research provides strong evidence for hippocampal involvement in 

explicit memory and striatal involvement in implicit memory, these memory processes 

are not mutually exclusive and may, in fact, be quite interactive.  For example, the 

college freshman could be following the same invariant route but think ahead to 

determine whether he will be walking past the cafeteria.  However, Poldrack and Packard 

(2003) proposed that these two neural systems are competitive in nature such that a lesion 

to one system facilitates processes mediated by the other.  This theory is supported by a 
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number of studies that found reciprocal activation between the striatum and hippocampus 

during a variety of learning tasks, such that activity in one structure was correlated with 

negative signal change in the other (Poldrack & Rodriguez, 2004).  For example, 

increased hippocampal activity was found during an ()*+(,(-!./0(-!+1/23(34!-/565!(3!

*/-(13-5!7(-.!8/26(3593:5!;(51/51!<7.951!5-2(/-=)!/21!;>5?=3,-(93/+@!<A99;>!1-!/+B!

#CC%@D!!

Notably, reciprocal interactions between the striatum and the hippocampus also 

appear influence spatial navigational memory.  As noted above, explicit memory is 

critical for the initial formation of a cognitive map and developing routes from one 

location to another.  As routes become invariant and well-learned with practice, 

navigation is increasingly supported by implicit memory processes (Poldrack & Packard, 

2003).  This can be seen in virtual navigation tasks in humans in which enhanced 

hippocampal activity correlated with use of a spatial strategy in early navigation yet 

additional practice corresponded with reduced hippocampal activity and increased striatal 

activity (Iaria et al, 2003; Bohbot et al, 2007).  Switching from a spatial strategy to a 

nonspatial strategy or constant use of a nonspatial strategy was also associated with 

improved performance and enhanced caudate activity.  There is strong evidence 

demonstrating that individuals who are able to switch between spatial and procedural 

strategies in accordance with task demands are the most successful navigators (Hartley et 

al, 2003; Bohbot et al, 2007; Etchamendy & Bohbot, 2007).  These findings from spatial 

navigation studies showing variability in hippocampal or striatal activity lend further 

support to their distinct yet interactive involvement in navigational memory.  
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Spatial Navigation in HEC & aMCI 

Navigational memory is sensitive to the effects of aging (see Moffat 2009 for a 

review).  In addition, degeneration of the hippocampus and associated explicit memory 

deficits are evident early in the course of Alzheimer’s disease.  Amnestic mild cognitive 

impairment (aMCI) is considered a clinical precursor of Alzheimer’s disease (AD) 

(Petersen, 2004).  Importantly, early hippocampal atrophy is also characteristic of aMCI 

and may be used a measure of disease progression (Leung et al, 2010; Morra et al, 2009; 

Whitwell et al, 2007).  However, the structure, integrity and function of striatum remain 

relatively preserved in aMCI (Madsen et al, 2010, Agosta et al, 2010).  These 

pathological findings are supported by changes in performance since neuropsychological 

testing shows an early decline in explicit memory but intact implicit memory!(3!FG!

<Klimkowicz-Mrowiec et al, 2008, Golby et al, 2004).  Patients with aMCI also 

consistently perform worse than healthy elderly controls yet better than patients with 

early AD on numerous spatial memory tasks, such as self-orientation, route drawing and 

spatial location (Cushman, Stein and Duffy, 2008).  These impairments may impose 

restrictions on independent living for aMCI such as increasing their risk of getting lost 

when taking a detour or navigating to an unknown location.  

Interestingly, no studies have examined the relative contributions of explicit and 

implicit memory contributions for navigational memory.  H31!*9-13-(/++>!=51?=+!

)1-.9;!?92!;1-12)(3(34!5=,.!,93-2(0=-(935!(5!-.1!*29,155I;(559,(/-(93!*29,1;=21!

<J/,90>B!"KK"L!J/,90>B!M9-.!N!O931+(3/5B!"KK$@D!!M.1!*29,155!;(559,(/-(93!/**29/,.!

./5!0113!/**+(1;!-9!/!3=)012!9?!-15-5!9?!1P*+(,(-!/3;!()*+(,(-!)1)92>!*29,15515B!

(3,+=;(34!/!?/)9=5!3/)1!Q=;4)13-!-/56!<R(**(,.B!"KK%@B!)1)92>!51/2,.!-/565!
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<O931+(3/5!N!J/,90>B!"KK&@!/3;!T/2(/-(935!9?!-.1!792;I5-1)!,9)*+1-(93!-15-!<M9-.B!

U1(349+;!N!J/,90>B!"KK%L!F;/)!1-!/+B!#CC&@D!!V-!./5!/+59!0113!5=,,155?=++>!1)*+9>1;!

(3!*/-(13-5!7(-.!FG!<W3(4.-B!"KKEL!X)(-.!N!W3(4.-B!#CC#L!W1551+5B!Y1(Q13!N!895-)/B!

#CC&@!/3;!1/2+>!FG!<W9(T(5-9B!892-(3!N!U(331B!"KKS@D!!M.(5!*29,1;=21!,9=+;!01!

*/2-(,=+/2+>!=51?=+!?92!;1-12)(3(34!-.1!1P-13-!-9!7.(,.!3/T(4/-(93/+!)1)92>!;1?(,(-5!

/21!)1;(/-1;!0>!1P*+(,(-!T125=5!()*+(,(-!)1)92>!(3!/AZVD!![(T13!-.1!;9,=)13-1;!

;1?(,(-5!(3!/AZVB!\=/3-(?>(34!-.1!*21512T/-(93!/3;!=51!9?!1P*+(,(-!/3;!()*+(,(-!

)1)92>!5>5-1)!(3!3/T(4/-(93!)/>!./T1!*955(0+1!2/)(?(,/-(935!?92!;15(43(34!

21./0(+(-/-(T1!strategies that promote functional independence in daily life. 

In the current study we examined the relative contributions of explicit and implicit 

memory to spatial navigation in aMCI and healthy elderly controls (HEC).  Participants 

navigated a series of virtual T-mazes until they were well-learned, confirmed by a 

memory test after a short delay.  Participants then viewed videos of navigation through 

novel and well-learned mazes.  Later, the process dissociation procedure was used to 

assess the explicit and implicit contributions to memory for the novel and well-learned 

mazes.  We expected to see a greater contribution of explicit memory in the HEC for 

novel mazes, in accordance with the early involvement of explicit memory processes in 

navigation.  In navigation of well-learned mazes, we expected the increased practice to 

elicit a greater contribution of implicit memory in the HEC.  In contrast, we expected 

early impairments in hippocampal function and explicit memory in the aMCI to support 

the use of implicit memory.  That is, we expected to see comparable or enhanced 

contributions of implicit memory but impaired explicit memory on both well-learned and 

novel mazes in the aMCI relative to the HEC. 
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,943(-(T1!()*/(2)13-!</AZV@!7121!21,2=(-1;!?29)!-.1!^)92>!_3(T125(->!F+`.1()12:5!

G(51/51!U151/2,.!Z13-12!<FGUZ@!/3;!-.1!F-+/3-/!aFAZD!!]^Z!7121!(3;1*13;13-!(3!

;/(+>!+(T(34!/,-(T(-(15!/3;!?211!9?!5=0Q1,-(T1!/3;!90Q1,-(T1!)1)92>!()*/(2)13-5D!!

G(/439515!9?!/AZV!7121!)/;1!/,,92;(34!-9!81-12513:5!,2(-12(/!;=2(34!/!,935135=5!
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*92-(93!9?!-.1!5-=;>!<;1?(31;!/5!+155!-./3!SCc!,9221,-!93!-.1!+/5-!&!9?!"&!-9-/+!
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-./-!-.121!7121!39!5(43(?(,/3-!;(??1213,15!(3!-2/(3(34!93!/3>!9?!-.1!)/`15D!!A/`1X=(-1!
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59?-7/21!<777D)/`15=(-1D,9)@!7/5!=51;!?92!)/`1!;15(43B!3/T(4/-(93/+!-15-(34B!/3;!

;/-/!,9++1,-(93D!

)+7.386+3(

F?-12!,93513-(34!-9!-.1!5-=;>B!)/`1!3/T(4/-(93!7/5!1P*+/(31;!-9!/++!

*/2-(,(*/3-5!=5(34!/!5-/3;/2;!51-!9?!(35-2=,-(935D!!R1!/+59!*29T(;1;!/!0+=1*2(3-!9?!

-.1!)/`1B!5/)*+1!()/415!/3;!/!02(1?!72(--13!1P*+/3/-(93!9?!-.1!-/56!-9!5=**+1)13-!

-.1!T120/+!(35-2=,-(935!<F**13;(P!F@D!!8/2-(,(*/3-5!-.13!+1/231;!-9!=51!/!Q9>5-(,6!-9!

3/T(4/-1!-.29=4.!-79!5/)*+1!)/`15!;=2(34!/!*2/,-(,1!5155(93!-./-!5()=+/-1;!-.1!

1P*12()13-/+!-/565D!!M.1!*2/,-(,1!5155(93!13;1;!7.13!*/2-(,(*/3-5!,935(5-13-+>!

3/T(4/-1;!-9!-.1!,9221,-!1P(-!7(-.(3!/**29P()/-1+>!S!51,93;5D!!F++!*/2-(,(*/3-5!

5=,,155?=++>!,9)*+1-1;!-.1!*2/,-(,1!5155(93!7(-.(3!#&!)(3=-15!/3;!21*92-1;!01(34!

21/;>!-9!014(3!-.1!-2/(3(34!*92-(93!9?!-.1!-/56D!!!!

8/2-(,(*/3-5!7121!-2/(31;!93!931!9?!-79!+(5-5!9?!)/`15!-./-!7121!*21513-1;!(3!

/!,9=3-120/+/3,1;!)/3312D!!^/,.!+(5-!7/5!,9)*2(51;!9?!"&!-9-/+!)/`15B!0=-!-2/(3(34!

7/5!*12?92)1;!93!93+>!$!)/`15!/-!/!-()1!-9!?/,(+(-/-1!+1/23(34B!/5!5=**92-1;!0>!*(+9-!

-15-(34D!!8/2-(,(*/3-5!21,1(T1;!/!-9-/+!9?!"&!-2(/+5!93!1/,.!9?!-.151!"&!)/`15!<Y(4=21!

#@B!21?1221;!-9!.121/?-12!/5!-.1!!"##$#"%&'"()*%+",)<Rd@D!!!M.1!9-.12!+(5-!9?!)/`15!(5!

21?1221;!-9!/5!-.1!'-."#)*%+",D!!F!"&I)(3=-1!;1+/>!?9++971;!-.1!,9)*+1-(93!9?!

-2/(3(34D!!F?-12!-.1!;1+/>B!*/2-(,(*/3-5!*12?92)1;!/!5(34+1I-2(/+!,/-&0$("#%1))1)92>!

-15-!7.121(3!-.1>!7121!(35-2=,-1;!-9!3/T(4/-1!-9!-.1!1P(-!(3!1/,.!9?!-.1!71++I+1/231;!

)/`15D!!

Next, participants viewed 5 pre-recorded videos that depicted navigation through 

all 30 mazes (i.e. both the well-learned and the novel mazes) (Figure 3).  Only navigation 
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to the correct exit was shown during these videos in order to promote learning.  Each of 

the 5 videos contained a total of 6 - 30 second active blocks (3 novel mazes; 3 well-

learned mazes) that were separated by 20-second rest blocks (Figure 3).  The sequences 

of active blocks and the orders of mazes within each block were initially randomized in 

all videos.  The order in which videos were presented was also randomized across 

participants.  Although the current study only focuses on the behavioral aspects of the 

study, 3 HEC and 5 aMCI underwent fMRI scanning while viewing the videos.  Those 

who were unable to undergo fMRI scanning experienced the same procedure in a quiet 

office.  As they viewed the videos, participants were required to indicate the direction 

traveled within each maze shown (i.e. left or right) either by button press (in the scanner) 

or using paper and pencil (in the office) to ensure that they were attending to the videos. 

F**29P()/-1+>!"&!)(3=-15!/?-12!,9)*+1-(93!9?!?AUV!5,/33(34!<92!-.1!

01./T(92/+!1\=(T/+13-!(?!*12?92)1;!(3!/3!9??(,1@B!*/2-(,(*/3-5!,9)*+1-1;!-79!#-'2$

("#%1!)1)92>!-15-5!?92!-.151!5-()=+(!(3!/!\=(1-!9??(,1D!!V3!/,,92;/3,1!7(-.!-.1!

*29,155!;(559,(/-(93!*29,1;=21!<J/,90>B!M9-.!N!O931+(3/5B!"KK$@B!-.1!-79!+934I;1+/>!

)1)92>!-15-5!*21513-1;!/++!$C!)/`15!<(D1D!09-.!-.1!71++I+1/231;!/3;!-.1!39T1+@!(3!/3!

3'4#5("!,93;(-(93!/3;!/3!"64#5("!,93;(-(93B!215*1,-(T1+>D!!F5!)13-(931;!/09T1B!(3!-.1!

(3,+=;1)21-2(1T/+!-15-B!*/2-(,(*/3-5!7121!(35-2=,-1;!-9!3/T(4/-1!-9!-.1!,9221,-!1P(-!/5!

-.1>!./;!;931!*21T(9=5+>!;=2(34!-2/(3(34!/3;!-.1!5.92-I;1+/>!21-2(1T/+!-15-D!!V3!

1P,+=;1!-15-B!*/2-(,(*/3-5!7121!(35-2=,-1;!-9!3/T(4/-1!-9!-.1!3'4-&&"40!1P(-!<(D1D!-.1!

931!,93-/(3(34!-.1!21;!+(4.-@D!!M.1!2/-(93/+1!?92!-.151!-15-5!(5!;15,2(01;!?=2-.12!

01+97D!!M.1!9T12/++!5-=;>!;15(43!(5!*29T(;1;!(3!Y(4=21!%D!!Y(3/++>B!71!*12?92)1;!-79!

21*1/-1;!)1/5=215!/3/+>515!9?!T/2(/3,1!<FeHaF5@!-9!,9)*/21!-.1!)/(3!/3;!
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(3-12/,-(93!1??1,-5!9?!;(/4395(5!<]^Z!92!/AZV@!/3;!)/`1!->*1!<71++I+1/231;!92!39T1+@!

93!1P*+(,(-!<U@!/3;!()*+(,(-!)1)92>!<F@!,93-2(0=-(93D!!

! J/,90>!<"KK"@!21,943(`1;!-./-!)1)92>!-15-5!)/>!39-!01!f*29,155I*=21Bg!

)1/3(34!-./-!-15-5!9?!1P*+(,(-!)1)92>!)/>!01!f,93-/)(3/-1;g!0>!()*+(,(-!)1)92>!

/3;!T(,1!T125/D!!M.1!*=2*951!9?!-.1!*29,155!;(559,(/-(93!*29,1;=21B!-.121?921B!7/5!-9!

;(5-(34=(5.!-.1!-2=1!,93-2(0=-(93!9?!1/,.!)1)92>!5>5-1)D!!M.1!*29,155!;(559,(/-(93!

*29,1;=21!(5!,935-2=,-1;!/5!?9++975D!!^P*+(,(-!)1)92>!(5!;15(43/-1;!/5!7!

<21,9++1,-(93@!/3;!()*+(,(-!)1)92>!(5!;15(43/-1;!/5!8!</=-9)/-(,!21-2(1T/+@!<J/,90>B!

"KK"@D!V3!-.1!3'4#5("!,93;(-(93B!*/2-(,(*/3-5!7121!-9+;!-9!3/T(4/-1!-9!-.1!,9221,-!1P(-B!

21*21513-1;!0>!/!42113!5-9*+(4.-D!!8/2-(,(*/3-5!3/T(4/-1;!5=,,155?=++>!(?!-.1>!

1P*+(,(-+>!21)1)0121;!-.1!,9221,-!1P(-!<U@!92!(?!*12?92)/3,1!7/5!4=(;1;!0>!()*+(,(-!

)1)92>!<F@D!!V3!-.1!"64#5("!,93;(-(93B!*/2-(,(*/3-5!7121!(35-2=,-1;!-9!3/T(4/-1!-9!

-.1!(3,9221,-!5(;1B!21*21513-1;!0>!/!21;!5-9*+(4.-D!!M.(5!21\=(21;!-.1)!-9!,935,(9=5+>!

21,/++!-.1!,9221,-!;(21,-(93!<T(/!1P*+(,(-!)1)92>@!/3;!(3-13-(93/++>!,.951!-.1!

9**95(-1D!!e/T(4/-(93!-9!-.1!42113!5-9*+(4.-!<9**95(-1!9?!(35-2=,-(935@!(5!,935(;121;!

-.1!,93-2(0=-(93!9?!()*+(,(-!)1)92>!-9!*12?92)/3,1!(3!-.1!/0513,1!9?!314/-(T1!

?11;0/,6!?29)!-.1!1P*+(,(-!)1)92>!5>5-1)D!!F!512(15!9?!)/-.1)/-(,/+!,/+,=+/-(935!

/21!-.13!*12?92)1;!=5(34!-.1!*12?92)/3,15!93!-.151!-79!,93;(-(935!-9!/22(T1!/-!U!

/3;!F!T/+=15!<511!M/0+1!%@D!!V)*+(,(-!)1)92>!*12?92)/3,15!,9=+;!39-!01!,/+,=+/-1;!

?92!-79!*/2-(,(*/3-5!<931!]^Z!/3;!931!/AZV@!;=1!-9!)(55(34!;/-/D!!

9"':;#'!

! e931!9?!-.1!?9++97(34!,93-2/5-5!;1)935-2/-1;!5-/-(5-(,/+!5(43(?(,/3,1D!!M.(5!(5!

./2;+>!5=2*2(5(34B!4(T13!-.1!T12>!5)/++!5/)*+1!5(`15D!!M.121?921B!71!*2()/2(+>!
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,935(;12!1??1,-!5(`15!7.13!;(5,=55(34!-.1!215=+-5!9?!-.1!5-=;>B!/5!-.151!7(++!01!,2(-(,/+!

?92!,935-2=,-(34!?=-=21!5-=;(15D!!F++!(3,+=;1;!*/2-(,(*/3-5!*12?92)1;!/-!SCc!92!

01--12!93!-.1!+/5-!&!+1/23(34!-2(/+5!?92!/-!+1/5-!SCc!9?!-.1!)/`15D!!F-!-.1!13;!9?!

-2/(3(34B!-.121!7/5!39!;(??1213,1!01-7113!429=*5!<_!h!"#DCB!*!h!CDKC'B!2!h!CDC%@!<511!

M/0+1!'!?92!/!,9)*/2(593!9?!1??1,-!5(`15@D!!F?-12!/!"&!)(3=-1!;1+/>B!/!+/241!1??1,-!5(`1!

5=4415-5!-./-!/AZV!/+21/;>!-13;1;!-9!*12?92)!21+/-(T1+>!79251!-./3!]^Z!<_!h!&DCCB!*!

h!CD"#B!2!h!CD&C@D!!G/-/!?29)!)/`15!-./-!7121!39-!+1/231;!7121!1P,+=;1;!?29)!

/3/+>515D!!

"2/5-.-,(!347+<!=9>(

Y92!1P*+(,(-!)1)92>B!-.121!7/5!/!+/241!)/(3!1??1,-!9?!)/`1!->*1!<*/2-(/+!i#!h!

CD%$"@B!;=1!-9!421/-12!,93-2(0=-(93!9?!1P*+(,(-!)1)92>!93!-.1!71++I+1/231;!-./3!-.1!

39T1+!)/`15B!/3;!/!)1;(=)!)/(3!1??1,-!9?!429=*!<*/2-(/+!i#!h!CDCS'@!7.121!1P*+(,(-!

)1)92>!7/5!21+/-(T1+>!421/-12!(3!-.1!]^Z!-./3!-.1!/AZVD!!!M.1!(3-12/,-(93!1??1,-!5(`1!

7/5!+/241!<*/2-(/+!i#!h!CD$&"@!5=,.!-./-!-.1!429=*5!;1)935-2/-1;!,9)*/2/0+1!

,93-2(0=-(935!9?!1P*+(,(-!)1)92>!-9!-.1!71++I+1/231;!)/`15!0=-!/!5=05-/3-(/++>!

21;=,1;!,93-2(0=-(93!9?!1P*+(,(-!)1)92>!(3!-.1!/AZV!?92!-.1!39T1+!)/`15!<M/0+1!#L!

Y(4=21!&@D!F,,92;(34!-9!/!*9712!/3/+>5(5!<M/0+1!E@B!&'!-9-/+!*/2-(,(*/3-5!79=+;!01!

21\=(21;!?92!-.1!;(??1213,1!01-7113!429=*5!(3!1P*+(,(-!)1)92>!,93-2(0=-(93!93!71++I

+1/231;!)/`15!-9!21/,.!5(43(?(,/3,1D!V3!,93-2/5-B!93+>!#C!-9-/+!*/2-(,(*/3-5!79=+;!01!

31,155/2>!?92!-.1!;(??1213,1!(3!1P*+(,(-!)1)92>!,93-2(0=-(93!93!39T1+!)/`15!-9!

21/,.!5-/-(5-(,/+!5(43(?(,/3,1D!

?4/5-.-,(!347+<(=@>!
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Y92!()*+(,(-!)1)92>B!-.121!7/5!/!+/241!1??1,-!9?!)/`1!->*1!<*/2-(/+!i#!h!

CD$#C@!7(-.!421/-12!()*+(,(-!,93-2(0=-(93!9T12/++!-9!71++I+1/231;!)/`15!-./3!-9!

39T1+!9315D!!]971T12B!-.121!7/5!39!)/(3!1??1,-!9?!429=*!<*/2-(/+!i#!h!CDCC%@!/3;!39!

(3-12/,-(93!1??1,-!<*/2-(/+!i#!h!CDCC#@D!!M.151!?(3;(345!(3;(,/-1!,9)*/2/0+1!

,93-2(0=-(935!9?!()*+(,(-!)1)92>!(3!09-.!429=*5B!-.1!)/43(-=;1!9?!7.(,.!7/5!

21;=,1;!?92!39T1+!21+/-(T1!-9!-.1!71++I+1/231;!)/`15!<M/0+1!$L!Y(4=21!'@D!V3!5=**92-!

9?!-.(5B!/!*9712!/3/+>5(5!;1)935-2/-1;!-./-!'#BEE%!-9-/+!*/2-(,(*/3-5!-9-/+!

*/2-(,(*/3-5!79=+;!01!21\=(21;!?92!()*+(,(-!)1)92>!,93-2(0=-(935!-9!71++I+1/231;!

)/`15!-9!01,9)1!5-/-(5-(,/++>!;(??1213-!01-7113!429=*5!<M/0+1!E@D!d(617(51B!#"C!

-9-/+!*/2-(,(*/3-5!79=+;!01!21\=(21;!?92!()*+(,(-!)1)92>!93!39T1+!)/`15!-9!01,9)1!

5-/-(5-(,/++>!;(??1213-!01-7113!429=*5D!

?0-,-*5(A!9?(&*,*(

! ^P/)*+1!?AUV!()/415!?29)!931!]^Z!/3;!931!/AZV!/21!*29T(;1;!(3!Y(4=215!E!

/3;!SB!215*1,-(T1+>D!!F5!1P*1,-1;B!.(**9,/)*/+!/,-(T(->!;=2(34!T(;19!*21513-/-(93!9?!

39T1+!)/`15!7/5!13./3,1;!(3!-.1!]^Z!0=-!/0513-!(3!-.1!/AZVD!!V3!,93-2/5-B!;=2(34!

-.1!71++I+1/231;!)/`15B!-.121!7/5!(3,21/51;!/,-(T(->!(3!-.1!,/=;/-1!3=,+1=5!<7.(,.!

(5!/!)/Q92!,9)*9313-!9?!-.1!5-2(/-=)@!9?!-.1!/AZV!0=-!/!+/,6!9?!,/=;/-1!/,-(T(->!(3!

-.1!]^ZD!

&?'B:''?%C)

M.1!*=2*951!9?!-.1!*21513-!5-=;>!7/5!-9!1P/)(31!-.1!21+/-(T1!,93-2(0=-(935!

9?!()*+(,(-!/3;!1P*+(,(-!)1)92>!-9!3/T(4/-(93!(3!/AZV!/3;!.1/+-.>!/4(34D!![(T13!-./-!

.(**9,/)*/++>I)1;(/-1;!1P*+(,(-!)1)92>!(5!;9)(3/3-!1/2+>!(3!3/T(4/-(93!7.(+1!

5-2(/-/++>I)1;(/-1;!()*+(,(-!)1)92>!01,9)15!)921!(3?+=13-(/+!/5!3/T(4/-(93!9?!
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29=-15!01,9)1!(3T/2(/3-!/3;!71++I+1/231;B!71!1P*1,-1;!-9!511!-.(5!5/)1!-213;!(3!

.1/+-.>!/4(34D!!M./-!(5B!1P*+(,(-!)1)92>!79=+;!,93-2(0=-1!)921!-9!3/T(4/-(93!9?!-.1!

39T1+!)/`15!7.(+1!()*+(,(-!)1)92>!79=+;!,93-2(0=-1!)921!3/T(4/-(93!9?!-.1!71++I

+1/231;!)/`15!(3!-.1!]^ZD!!]971T12B!/5!1/2+>!;1?(,(-5!(3!1P*+(,(-!)1)92>!/21!

,./2/,-12(5-(,!9?!/AZVB!71!1P*1,-1;!-9!511!()*/(21;!1P*+(,(-!)1)92>!0=-!,9)*/2/0+1!

92!13./3,1;!,93-2(0=-(935!9?!()*+(,(-!)1)92>!93!09-.!71++I+1/231;!/3;!39T1+!

)/`15!(3!-.1!/AZVB!21+/-(T1!-9!-.1!]^ZD!!Initial fMRI imaging is consistent with these 

distinctions (Figures 7 and 8). !

"2/5-.-,(!347+<(=9>!

! V3!-.1!,=2213-!5-=;>!71!?9=3;!-./-!1P*+(,(-!)1)92>!,93-2(0=-(935!7121!

,9)*/2/0+1!01-7113!-.1!]^Z!/3;!-.1!/AZV!?92!71++I+1/231;!)/`15B!0=-!

5=05-/3-(/++>!;()(3(5.1;!(3!-.1!/AZV!?92!39T1+!)/`15D!!M.1!()*/(21;!1P*+(,(-!

)1)92>!(3!-.1!/AZV!*/-(13-5!(5!,935(5-13-!7(-.!*21T(9=5!5-=;(15!;1)935-2/-(34!

*992!*12?92)/3,1!(3!/AZV on spatial memory tasks that are sensitive to explicit 

memory deficits (Cushman, Stein & Duffy, 2008).  Considering that explicit memory 

processes are involved early in route encoding during navigation (Cornwell et al, 2008; 

for a review see Burgess, Maguire & O’Keefe, 2002), our finding of specific explicit 

memory impairment in aMCI for novel mazes is consistent with such previous work.  

This supports our prediction that explicit memory would be impaired in aMCI relative to 

controls as well as our distinction between maze types, such that novel mazes would 

promote greater use of explicit memory.!

 The similar contribution of explicit memory between well-learned and novel 

mazes in the HEC did not match our prediction that explicit memory would be relatively 
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greater for novel mazes and reduced for well-learned mazes.  In addition, the contribution 

of explicit memory was comparable between the HEC and the aMCI on well-learned 

mazes. However, these findings may be explained by the multiple trace theory (Nadel & 

Moscovitch, 1997), which states that memory acquisition and retrieval are dependent on 

the medial temporal lobe.  Each time a memory is retrieved, the MTL supports the 

creation of a “memory trace.”  The addition of multiple memory traces strengthens the 

memory, such that repeated practice makes information become both more resistant to 

degradation and more accessible for retrieval by the explicit memory system.  Thus, 

when directly requested to navigate to the correct side, HEC participants were able to 

explicitly recall the correct direction on both maze types while the aMCI were only able 

to do so on the well-learned mazes.  

?4/5-.-,(!347+<(=@>!

( V)*+(,(-!)1)92>!,93-2(0=-(935!7121!,9)*/2/0+1!(3!-.1!]^Z!/3;!-.1!/AZV!?92!

09-.!)/`1!->*15D!!This finding!5=**92-5!9=2!*21;(,-(93!-./-!-.1!,93-2(0=-(93!9?!

()*+(,(-!)1)92>!-9!5*/-(/+!3/T(4/-(93!(5!1\=(T/+13-!01-7113!429=*5!92!421/-12!(3!-.1!

/AZVD!!V3!/;;(-(93B!between maze types, implicit memory contributed more to well-

learned mazes than novel ones in both groups.  Here also our findings supported our 

prediction that retrieval of well-learned mazes would promote greater use of implicit 

memory, in accordance with the practice-enhanced involvement of striatally-mediated 

implicit memory processes in spatial navigation (Poldrack & Packard, 2003).  M941-.12B!

-.151!?(3;(345!/+59!,9(3,(;1!7(-.!*21T(9=5!5-=;(15!(3;(,/-(34!-./-!()*+(,(-!)1)92>!

5=**92-5!5*/-(/+!3/T(4/-(93!<Baumann, Chan & Mattingley, 2010) /3;!(5!*21512T1;!(3!

/AZV!!<Klimkowicz-Mrowiec et al, 2008).  In consideration of memory traces, it is 
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possible that memories are ultimately represented in the cortex, thus allowing for access 

by both the striatally-mediated implicit memory system and hippocampally-mediated 

explicit memory system (Winocur, Moscovitch & Bontempi, 2010).  In addition, the 

preservation of implicit memory in aMCI has important ramifications for designing 

potential rehabilitative strategies to overcome explicit memory deficits via use of the 

implicit memory system.  In fact, neuroimaging studies in humans strongly indicate that 

individuals who are able to switch between explicit and implicit memory strategies are 

the most successful during navigation (Hartley et al, 2003; Bohbot et al, 2007; 

Etchamendy & Bohbot, 2007).  

;-4-,*,-701(!

F5!)13-(931;!01?921B!-.1!421/-15-!+()(-/-(93!-9!-.1!,=2213-!5-=;>!7/5!5/)*+1!

5(`1B!7.(,.!31,155(-/-1;!9=2!?9,=5!93!1??1,-!5(`15D!!]971T12B!-.1!215=+-5!*29T(;1;!

()*92-/3-!(3(-(/+!?(3;(345!-./-!7/22/3-!?=2-.12!1P*+92/-(93B!/5!1T(;13,1;!0>!-.1!

*9712!/3/+>515D!!V-!(5!/+59!*955(0+1!-./-!/!)921!,9)*+1P!13T(293)13-!79=+;!01!)921!

5135(-(T1!-9!1P(5-(34!3/T(4/-(93/+!;1?(,(-5D!!H-.12!T(2-=/+!3/T(4/-(93!5-=;(15!./T1!

9T12,9)1!-.(5!905-/,+1!0>!(3,21/5(34!,.9(,15!/3;!/;;(34!?1/-=215!-./-!/++97!?92!

)921!1+/092/-1!/3;!21/+(5-(,!3/T(4/-(93!-/565!<U95130/=)!1-!/+B!#CC%@D!!]971T12B!

71!*=2*951?=++>!1P/)(31;!*12?92)/3,1!(3!/!MI)/`1!01,/=51!(-!./5!/!290=5-!.(5-92>!

(3!31=295,(13,1!/3;!(-5!5()*+(,(->!/++975!*/-(13-5!-9!*12?92)!/-!/!21/593/0+>!.(4.!

+1T1+D!!!

D6,6+3(&-+3.,-701(

F;;(-(93/+!5-=;(15!)/>!?(3;!(-!=51?=+!-9!,9)*/21!-.211!)/`1!->*15!=5(34!/3!

1P*12(13,1I;1*13;13-!)9;1+!<(D1D!39T1+B!(3-12)1;(/-1!1P*12(13,1!/3;!71++I+1/231;!



!

!

"K!

)/`15@!-9!01--12!,/*-=21!-.1!-()1I;1*13;13-!(3-12/,-(935!01-7113!*29,15515!

)1;(/-1;!0>!-.1!.(**9,/)*=5!/3;!5-2(/-=)!(3!3/T(4/-(93D!!V3!/;;(-(93B!-9!21;=,1!-.1!

.(4.!0/51+(31!,./3,1!9?!/,,=2/-1!*12?92)/3,1!(3!/!MI)/`1B!/!)=+-(I9*-(93!)/`1B!

5=,.!/5!/!2/;(/+!/2)!)/`1!92!,2955I)/`1!)/>!01!=51?=+D!!M.151!)/`15!./T1!0113!

=51;!5=,,155?=++>!-9!-15-!3/T(4/-(93/+!)1)92>!(3!>9=34!.1/+-.>!(3;(T(;=/+5!<b9.09-!

1-!/+B!#CCE@!/3;!(3!29;13-5!<8/,6/2;B!"KK"@B!215*1,-(T1+>D!!]971T12B!(3!+(4.-!9?!-.1!

;(??(,=+-(15!59)1!9?!-.1!*/2-(,(*/3-5!./;!(3!-.1!*21513-!5-=;>!7(-.!93+>!-79!,.9(,1!

9*-(935B!-.151!->*15!9?!)/`15!)/>!*29T1!-9!01!-99!;(??(,=+-!?92!]^Z!/3;!/AZVD!!

F39-.12!=51?=+!)9;(?(,/-(93!9?!-.(5!5-=;>!,9=+;!(3,+=;1!T(2-=/+!3/T(4/-(93!</5!

9**951;!-9!/--13;(34!-9!T(;195!=5(34!0=--93!*2155(34@!9?!71++I+1/231;!/3;!39T1+!

)/`15!;=2(34!5,/33(34D!!F+-123/-(T1+>B!(?!-.1!0=--93!*215515!,=1;!-.1!;(21,-(93!9?!

)/`1!3/T(4/-(93!(3!-.1!T(;195B!-.(5!,9=+;!/,.(1T1!/!5()(+/2!0131?(-!7(-.!)(392!

/;/*-/-(935!-9!-.1!3/T(4/-(93!59?-7/21D!Y(3/++>B!31=29()/4(34!;=2(34!13,9;(34!/3;!

21-2(1T/+!79=+;!/+59!/++97!?92!421/-12!1P/)(3/-(93!9?!31=2/+!5=05-2/-15!(3T9+T1;!(3!

3/T(4/-(93!(3!.1/+-.>!/4(34!/3;!/AZVD!

CONCLUSION 

 The results of the current study are suggestive of important differences and 

similarities in HEC and aMCI, in terms of in memory contributions to spatial navigation, 

and warrant additional examination using larger group sample sizes.  In accordance with 

our predictions and previous studies, explicit memory is impaired, particularly on novel 

mazes, in aMCI.  Conversely, implicit memory for spatial navigation.is preserved in 

aMCI. These findings hold valuable implications designing rehabilitative strategies that 

promote greater use of implicit memory in aMCI during navigation.  Finally, virtual 
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#C!

navigation and the process dissociation procedure are useful methods for distinguishing 

between the concurrent explicit and implicit memory contributions to performance in 

HEC and aMCI. 

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!



!

!

#"!

@//308-2(@(
!
*Note- the ‘correct’ side will vary, depending on the maze environment. I.e. some 
correct exits will be on the right-hand side 
!
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9-%#j!G1-12)(31!-.1!k,9221,-!5(;1:!/559,(/-1;!7(-.!1/,.!)/`1!
13T(293)13-!
!
:-&&"40!h![2113!d(4.-!
;'4-&&"40!h!U1;!d(4.-!
!
^/,.!)/`1!7(++!01!21*1/-1;!)=+-(*+1!-()15!59!>9=!,/3!+1/23!(-D!
!
O9=!./T1!S!51,93;5!*12!)/`1!-9!)/61!/!;1,(5(93!-9!49!-9!-.1!
+1?-!92!2(4.-D!

',*+,(

"2-,( "2-,(
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Y(4=21!"D!V))125(T1!)/`1!13T(293)13-5!=51;!?92!-.1!5*/-(/+!3/T(4/-(93!!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



!

!

#$!

Y(4=21!#D!!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



!

!

#%!

Y(4=21!$D!821513-/-(93!9?!)/`15!;=2(34!T(;195!
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Y(4=21!%D!X1\=13,1!9?!-/565!
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M/0+1!%D!829,155!G(559,(/-(93!Z/+,=+/-(935!

V3,+=;1!h!U!l!F<"IU@)

^P,+=;1)h!F<"IU@!

U!h!V3,+=;1!m!^P,+=;1!

F!h!^P,+=;1n<"IU@!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!

!

$C!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!

!

$"!

Y(4=21!&D!!
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Y(4=21!ED!<%*=#")>?7;)3*%23'2)>&-*)-'")@A:B)Y92!-.1!39T1+!o!71++I+1/231;!)/`1!->*1!

,93-2/5-B!-.1!.(**9,/)*=5!7/5!/,-(T1!?92!39T1+!)/`15!0=-!39-!?92!71++I+1/231;!9315D!

F,-(T(->!(3!-.1!5-2(/-=)!7/5!/0513-!?92!09-.!39T1+!/3;!71++I+1/231;!)/`15D!R/2)!

,9+925!(3;(,/-1;!39T1+!)/`15!/3;!,99+!,9+925!(3;(,/-1!71++I+1/231;!)/`15D!
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(
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Y(4=21!SD!<%*=#")>?7;)3*%23'2)>&-*)-'")%?:;B)Y92!-.1!39T1+!o!71++I+1/231;!)/`1!

->*1!,93-2/5-B!-.1!5-2(/-=)B!5*1,(?(,/++>!-.1!.1/;!9?!-.1!,/=;/-1!3=,+1=5B!7/5!/,-(T1!

?92!71++I+1/231;!)/`15!0=-!39-!?92!39T1+!9315D!F,-(T(->!(3!-.1!.(**9,/)*=5!7/5!

/0513-!?92!09-.!39T1+!/3;!71++I+1/231;!)/`15D!R/2)!,9+925!(3;(,/-1;!39T1+!)/`15!

/3;!,99+!,9+925!(3;(,/-1!71++I+1/231;!)/`15D!
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!

$E!

93A3+30.31!

!

F;/)B!XDB!a/3!;12!d(3;13B!ADB!Z9++1--1B!YDB!d1)/=T/(5B!dDB!N!X/+)93B!^D!<#CC&@D!Y=2-.12!

1P*+92/-(93!9?!,93-29++1;!/3;!/=-9)/-(,!)1)92>!*29,15515!(3!1/2+>!F+`.1()12p5!

;(51/51D!e1=29*5>,.9+94>B!"K<%@B!%#CI%#ED!!

!

F495-/B!YDB!U9,,/B!AD!FDB!8/4/3(B!^DB!F05(3-/B!ADB!A/43/3(B![DB!A/2,931B!FDB!D!D!D!Y(+(**(B!AD!

<#C"C@D!X13592()9-92!31-7926!217(2(34!(3!)(+;!,943(-(T1!()*/(2)13-!/3;!

F+`.1()12p5!;(51/51D!]=)!b2/(3!A/**B!$"<%@B!&"&I&#&D!!

!

b/=)/33B!HDB!Z./3B!^DB!N!A/--(34+1>B!JD!bD!<#C"C@D!G(559,(/0+1!31=2/+!,(2,=(-5!?92!

13,9;(34!/3;!21-2(1T/+!9?!90Q1,-!+9,/-(935!;=2(34!/,-(T1!3/T(4/-(93!(3!.=)/35D!

e1=29()/41B!%K<$@B!#S"'I#S#&D!!

!

b(2;B!ZD!ADB!N!b=24155B!eD!<#CCS@D!M.1!.(**9,/)*=5!/3;!)1)92>j!(35(4.-5!?29)!

5*/-(/+!*29,155(34D!e/-!U1T!e1=295,(B!K<$@B!"S#I"K%D!!

!

b9.09-B!aD!GDB!d12,.B!JDB!M.923;>,2/?-B!bDB!V/2(/B![DB!N!q(Q;13095B!FD!8D!<#CCE@D![2/>!

)/--12!;(??1213,15!,9221+/-1!7(-.!5*93-/319=5!5-2/-14(15!(3!/!.=)/3!T(2-=/+!

3/T(4/-(93!-/56D!J!e1=295,(B!#E<$S@B!"CCESI"CCS$D!!

!



!

!

$S!

b=,.312B!FDB!N!R(**(,.B!RD!<"KK'@D!V3T15-(4/-(34!Y/)1!J=;4)13-5j!H3!-.1![1312/+(->!

9?!]>*9-.1515B!Z93,+=5(935B!/3;!A1/5=21)13-!A9;1+5D!Z935,(9=5!Z943B!&<"n#@B!##'I

#$"D!

!

b=24155B!eDB!A/4=(21B!^D!FDB!N!HpW11?1B!JD!<#CC#@D!M.1!.=)/3!.(**9,/)*=5!/3;!5*/-(/+!

/3;!1*(59;(,!)1)92>D!e1=293B!$&<%@B!'#&I'%"D!!

!

Z92371++B!bD!UDB!J9.3593B!dD!dDB!]9+29>;B!MDB!Z/2T12B!YD!RDB!N![2(++93B!ZD!<#CCS@D!]=)/3!

.(**9,/)*/+!/3;!*/2/.(**9,/)*/+!-.1-/!;=2(34!49/+I;(21,-1;!5*/-(/+!3/T(4/-(93!

*21;(,-5!*12?92)/3,1!93!/!T(2-=/+!A922(5!7/-12!)/`1D!J!e1=295,(B!#S<#$@B!&KS$I

&KKCD!!

!

Z=5.)/3B!dD!FDB!X-1(3B!WDB!N!G=??>B!ZD!JD!<#CCS@D!G1-1,-(34!3/T(4/-(93/+!;1?(,(-5!(3!

,943(-(T1!/4(34!/3;!F+`.1()12!;(51/51!=5(34!T(2-=/+!21/+(->D!e1=29+94>B!E"<"#@B!SSSI

SK&D!!

!

^-,./)13;>B!eDB!N!b9.09-B!aD!GD!<#CCE@D!X*93-/319=5!3/T(4/-(93/+!5-2/-14(15!/3;!

*12?92)/3,1!(3!-.1!T(2-=/+!-973D!](**9,/)*=5B!"E<S@B!&K&I&KKD!!

!

Y92-(3B!ADB!a955B!8DB!d92;B!ZDB!d/5593;1B!ADB!82=155312B!JDB!X/(3-IF)9=2B!GDB!D!D!D!d1*921B!

YD!<#CCS@D!R/>?(3;(34!(3!-.1!0+(3;j!+/2412!.(**9,/)*/+!T9+=)1!/3;!5=*2/392)/+!

5*/-(/+!3/T(4/-(93D!b2/(3B!"$"<8-!""@B!#KK&I$CC&D!!

!



!

!

$K!

[(+09/B!FDB!R(39,=2B![DB![2/;>B!ZD!dDB!]1T1392B!XD!JDB!N!A95,9T(-,.B!AD!<#CC%@D!

U1)1)012(34!9=2!*/5-j!?=3,-(93/+!31=29/3/-9)>!9?!21,9++1,-(93!9?!21,13-!/3;!T12>!

21)9-1!*12593/+!1T13-5D!Z1210!Z92-1PB!"%<""@B!"#"%I"##&D!!

!

[9+0>B!FDB!X(+T120124B![DB!U/,1B!^DB![/02(1+(B!XDB!HpX.1/B!JDB!W3(12()B!WDB!D!D!D![/02(1+(B!JD!

<#CC&@D!A1)92>!13,9;(34!(3!F+`.1()12p5!;(51/51j!/3!?AUV!5-=;>!9?!1P*+(,(-!/3;!

()*+(,(-!)1)92>D!b2/(3B!"#S<8-!%@B!EE$IESED!!

!

]/2-+1>B!MDB!N!b=24155B!eD!<#CC&@D!Z9)*+1)13-/2>!)1)92>!5>5-1)5j!,9)*1-(-(93B!

,99*12/-(93!/3;!,9)*135/-(93D!M213;5!e1=295,(B!#S<%@B!"'KI"ECD!!

!

]/2-+1>B!MDB!A/4=(21B!^D!FDB!X*(125B!]D!JDB!N!b=24155B!eD!<#CC$@D!M.1!71++I7923!29=-1!

/3;!-.1!*/-.!+155!-2/T1+1;j!;(5-(3,-!31=2/+!0/515!9?!29=-1!?9++97(34!/3;!7/>?(3;(34!(3!

.=)/35D!e1=293B!$E<&@B!SEEISSSD!!

!

V/2(/B![DB!81-2(;15B!ADB!G/4.12B!FDB!8(61B!bDB!N!b9.09-B!aD!GD!<#CC$@D!Z943(-(T1!5-2/-14(15!

;1*13;13-!93!-.1!.(**9,/)*=5!/3;!,/=;/-1!3=,+1=5!(3!.=)/3!3/T(4/-(93j!

T/2(/0(+(->!/3;!,./341!7(-.!*2/,-(,1D!J!e1=295,(B!#$<"$@B!&K%&I&K&#D!!

!

J/,90>B!dD!dD!<"KK"@D!F!829,155!G(559,(/-(93!Y2/)17926j!X1*/2/-(34!F=-9)/-(,!?29)!

V3-13-(93/+!_515!9?!A1)92>D!J9=23/+!9?!A1)92>!/3;!d/34=/41B!$C<&@B!&"$I&%"D!

!



!

!

%C!

J/,90>B!dD!dDB!M9-.B!JD!8DB!N!O931+(3/5B!FD!8D!<"KK$@D!X1*/2/-(34!Z935,(9=5!/3;!

_3,935,(9=5!V3?+=13,15!9?!A1)92>j!A1/5=2(34!U1,9++1,-(93D!J9=23/+!9?!^P*12()13-/+!

85>,.9+94>B!"##<#@B!"$KI"&%D!

!

W1551+5B!UDB!;1!]//3B!^DB!W/**1++1B!dDB!N!895-)/B!FD!<#CC"@D!a/2(1-(15!9?!.=)/3!5*/-(/+!

)1)92>j!/!)1-/I/3/+>5(5!93!-.1!1??1,-5!9?!.(**9,/)*/+!+15(935D!b2/(3!U15!b2/(3!U15!

U1TB!$&<$@B!#K&I$C$D! 

 

Kessels, R. P. C., Feijen, J., & Postma, A. (2005). Implicit and explicit memory for 

spatial information in Alzheimer's disease. [Article]. Dementia and Geriatric Cognitive 

Disorders, 20(2-3), 184-191. 

!

W+()697(,`IA297(1,B!FDB!X+97(6B!FDB!W2`>795`/356(B!dDB!]12`94IW2`>795`/356/B!UDB!N!

X`,`=;+(6B!FD!<#CCS@D!X1T12(->!9?!1P*+(,(-!)1)92>!()*/(2)13-!;=1!-9!F+`.1()12p5!

;(51/51!()*29T15!1??1,-(T13155!9?!()*+(,(-!+1/23(34D!J!e1=29+B!#&&<%@B!&C#I&CKD!!

!

W3(4.-B!UD![D!<"KKS@D!Z93-29++1;!/3;!/=-9)/-(,!)1)92>!*29,155!(3!F+`.1()12p5!

;(51/51D!Z92-1PB!$%<$@B!%#EI%$&D!

!

W9(T(5-9B!ADB!892-(3B!UDB!X1(31+rB!FDB!N!U(331B!JD!<"KKS@D!F=-9)/-(,!(3?+=13,15!9?!

)1)92>!(3!F+`.1()12p5!;(51/51D!Z92-1PB!$%<#@B!#CKI#"KD!

!
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%"!

d/,`sB!JDB!F3;1+B!UDB!a>.3/+16B!ADB!a+,16B!WDB!A/4129T/B!]DB!a/2Q/55>9T/B!FDB!D!D!D!]92-B!JD!

<#C"C@D!]=)/3!/3/+94=1!9?!-.1!A922(5!7/-12!)/`1!?92!-15-(34!5=0Q1,-5!/-!2(56!9?!

F+`.1()12p5!;(51/51D!e1=29;141312!G(5B!E<"I$@B!"%SI"&#D!

!

A/;513B!XD!WDB!]9B!FD!JDB!]=/B!tDB!X/./2/3B!8D!XDB!M94/B!FD!RDB!J/,6B!ZD!UDB!D!D!D!V3(-(/-(T1B!FD!5D!

GD!eD!<#C"C@D!$G!)/*5!+9,/+(`1!,/=;/-1!3=,+1=5!/-29*.>!(3!%CC!F+`.1()12p5!;(51/51B!

)(+;!,943(-(T1!()*/(2)13-B!/3;!.1/+-.>!1+;12+>!5=0Q1,-5D!e1=290(9+!F4(34B!$"<S@B!

"$"#I"$#&D!!

!

A/4=(21B!^D!FDB![/;(/3B!GD![DB!J9.352=;1B!VD!XDB![99;B!ZD!GDB!F5.0=2312B!JDB!Y2/,697(/6B!UD!

XDB!N!Y2(-.B!ZD!GD!<#CCC@D!e/T(4/-(93I21+/-1;!5-2=,-=2/+!,./341!(3!-.1!.(**9,/)*(!9?!

-/P(!;2(T125D!829,!e/-+!F,/;!X,(!_!X!FB!KE<S@B!%$KSI%%C$D!!

!

A/4=(21B!^D!FDB!R99++1--B!WDB!N!X*(125B!]D!JD!<#CC'@D!d93;93!-/P(!;2(T125!/3;!0=5!

;2(T125j!/!5-2=,-=2/+!AUV!/3;!31=29*5>,.9+94(,/+!/3/+>5(5D!](**9,/)*=5B!"'<"#@B!

"CK"I""C"D!!

!

A9??/-B!XD!GD!<#CCK@D!F4(34!/3;!5*/-(/+!3/T(4/-(93j!7./-!;9!71!6397!/3;!7.121!;9!

71!49u!e1=29*5>,.9+!U1TB!"K<%@B!%ESI%SKD!!

!

A99;>B!MDB!Z./34B![DB!a/316B!qDB!N!W397+-93B!bD!<#C"C@D!Z93,=2213-!;(5,2()(3/-(93!

+1/23(34!(3!8/26(3593p5!;(51/51D!b1./T!e1=295,(B!"#%<"@B!"ISD!!

!



!

!

%#!

A99;>B!MD!GDB!b996.1()12B!XD!ODB!a/316B!qDB!N!W397+-93B!bD!JD!<#CC%@D!F3!()*+(,(-!

+1/23(34!-/56!/,-(T/-15!)1;(/+!-1)*92/+!+901!(3!*/-(13-5!7(-.!8/26(3593p5!;(51/51D!

b1./T!e1=295,(B!""S<#@B!%$SI%%#D!!

!

A922/B!JD!]DB!M=B!qDB!F*95-9+9T/B!dD![DB![2113B!FD!^DB!FT1;(55(/3B!ZDB!A/;513B!XD!WDB!D!D!D!

V3(-(/-(T1B!FD!5D!GD!eD!<#CCK@D!F=-9)/-1;!$G!)/**(34!9?!.(**9,/)*/+!/-29*.>!/3;!(-5!

,+(3(,/+!,9221+/-15!(3!%CC!5=0Q1,-5!7(-.!F+`.1()12p5!;(51/51B!)(+;!,943(-(T1!

()*/(2)13-B!/3;!1+;12+>!,93-29+5D!]=)!b2/(3!A/**B!$C<K@B!#E''I#ESSD!!

!

A95,9T(-,.B!ADB!e/;1+B!dDB!R(39,=2B![DB![(+09/B!FDB!N!U95130/=)B!UD!XD!<#CC'@D!M.1!

,943(-(T1!31=295,(13,1!9?!21)9-1!1*(59;(,B!51)/3-(,!/3;!5*/-(/+!)1)92>D!Z=22!H*(3!

e1=290(9+B!"'<#@B!"EKI"KCD!!

!

e/;1+B!dD!N!A95,9T(-,.B!AD!A1)92>!,9359+(;/-(93B!21-2942/;1!/)315(/!/3;!-.1!

.(**9,/)*/+!,9)*+1PD!Z=22D!H*(3D!e1=290(9+D!EB!#"Em##E!<"KKE@D!

!

HpW11?1B!JDB!N!G95-29T56>B!JD!<"KE"@D!M.1!.(**9,/)*=5!/5!/!5*/-(/+!)/*D!821+()(3/2>!

1T(;13,1!?29)!=3(-!/,-(T(->!(3!-.1!?211+>I)9T(34!2/-D!b2/(3!U15B!$%<"@B!"E"I"E&D!!

!

HpW11?1B!JDB!N!e/;1+B!dD!<"KES@D!M.1!.(**9,/)*=5!/5!/!,943(-(T1!)/*D!HP?92;j!

Z+/213;93!82155D!

!



!

!

%$!

8/,6/2;B!AD![D!<"KKK@D![+=-/)/-1!(3?=51;!*95--2/(3(34!(3-9!-.1!.(**9,/)*=5!92!

,/=;/-1I*=-/)13!;(??1213-(/++>!5-2134-.135!*+/,1!/3;!215*9351!+1/23(34D!829,!e/-+!

F,/;!X,(!_!X!FB!K'<##@B!"#SS"I"#SS'D!

!

8/,6/2;B!AD![DB!N!W397+-93B!bD!JD!<#CC#@D!d1/23(34!/3;!)1)92>!?=3,-(935!9?!-.1!b/5/+!

[/34+(/D!F33=!U1T!e1=295,(B!#&B!&'$I&K$D!!

!

8/=+B!ZD!ADB!A/4;/B![DB!N!F01+B!XD!<#CCK@D!X*/-(/+!)1)92>j!M.1921-(,/+!0/5(5!/3;!

,9)*/2/-(T1!21T(17!93!1P*12()13-/+!)1-.9;5!(3!29;13-5D!b1./T!b2/(3!U15B!#C$<#@B!

"&"I"'%D!!

!

81-12513B!UD!<#CC%@D!A(+;!,943(-(T1!()*/(2)13-!/5!/!;(/4395-(,!13-(->D!J!V3-123!A1;B!

#&'<$@B!"S$I"K%D!!

!

81-12513B!UDB!U9012-5B!UDB!W39*)/3B!GDB!b91T1B!bDB![1;/B!ODB!VT3(6B!UDB!D!D!D!J/,6B!ZD!JD!

<#CCK@D!A(+;!,943(-(T1!()*/(2)13-j!-13!>1/25!+/-12D!F2,.!e1=29+B!''<"#@B!"%%EI"%&&D!!

!

81-12513B!UD!ZD!<#CC%@D!A(+;!,943(-(T1!()*/(2)13-!/5!/!;(/4395-(,!13-(->D!J!V3-123!

A1;B!#&'<$@B!"S$I"K%D!!

!

89+;2/,6B!UD!FDB!Z+/26B!JDB!8/2vIb+/491TB!^D!JDB!X.9./)>B!GDB!Z2159!A9>/39B!JDB!A>125B!ZDB!

N![+=,6B!AD!FD!<#CC"@D!V3-12/,-(T1!)1)92>!5>5-1)5!(3!-.1!.=)/3!02/(3D!e/-=21B!

%"%<'S'$@B!&%'I&&CD!!



!

!

%%!

!

89+;2/,6B!UD!FDB!N!8/,6/2;B!AD![D!<#CC$@D!Z9)*1-(-(93!/)934!)=+-(*+1!)1)92>!

5>5-1)5j!,93T124(34!1T(;13,1!?29)!/3()/+!/3;!.=)/3!02/(3!5-=;(15D!

e1=29*5>,.9+94(/B!%"<$@B!#%&I#&"D!!

!

89+;2/,6B!UD!FDB!N!U9;2(4=1`B!8D!<#CC%@D!]97!;9!)1)92>!5>5-1)5!(3-12/,-u!^T(;13,1!

?29)!.=)/3!,+/55(?(,/-(93!+1/23(34D!e1=290(9+!d1/23!A1)B!S#<$@B!$#%I$$#D!!

!

U166/5B!8D!aDB!N!Z935-/0+1B!UD!MD!<#CC&@D!^T(;13,1!-./-!/=-90(942/*.(,!)1)92>!

21-2(1T/+!;915!39-!01,9)1!(3;1*13;13-!9?!-.1!.(**9,/)*=5j!/3!?AUV!5-=;>!

,93-2/5-(34!T12>!21,13-!7(-.!21)9-1!1T13-5D!J!Z943!e1=295,(B!"E<"#@B!"K&CI"K'"D!

!

U95130/=)B!UD!XDB!q(14+12B!ADB!R(39,=2B![DB![2/;>B!ZD!dDB!N!A95,9T(-,.B!AD!<#CC%@D!wV!

./T1!9?-13!7/+61;!;973!-.(5!5-211-!01?921wj!?AUV!5-=;(15!93!-.1!.(**9,/)*=5!/3;!

9-.12!5-2=,-=215!;=2(34!)13-/+!3/T(4/-(93!9?!/3!9+;!13T(293)13-D!](**9,/)*=5B!

"%<E@B!S#'IS$&D!!

!

U>/3B!dDB!e/;1+B!dDB!W1(+B!WDB!8=-3/)B!WDB!X,.3>12B!GDB!M29=/2;B!MDB!N!A95,9T(-,.B!AD!

<#CC"@D!](**9,/)*/+!,9)*+1P!/3;!21-2(1T/+!9?!21,13-!/3;!T12>!21)9-1!

/=-90(942/*.(,/+!)1)92(15j!1T(;13,1!?29)!?=3,-(93/+!)/431-(,!21593/3,1!()/4(34!

(3!31=29+94(,/++>!(3-/,-!*19*+1D!](**9,/)*=5B!""<'@B!ECEIE"%D!!

!



!

!

%&!

X/T1B!^DB!Z2155/3-B!FDB!M.(3=5Ib+/3,B!ZDB!N!89=,1-B!bD!<"KKS@D!X*/-(/+!?(2(34!9?!

.(**9,/)*/+!*+/,1!,1++5!(3!0+(3;!2/-5D!J!e1=295,(B!"S<&@B!"S"SI"S#'D!

!

X,./,-12B!GD!dDB!Z.(=B!ZD!ODB!N!H,.5312B!WD!eD!<"KK$@D!V)*+(,(-!)1)92>j!/!51+1,-(T1!

21T(17D!F33=!U1T!e1=295,(B!"'B!"&KI"S#D!!

!

X,9T(++1B!RD!bDB!N!A(+312B!bD!<"K&E@D!d955!9?!21,13-!)1)92>!/?-12!0(+/-12/+!

.(**9,/)*/+!+15(935D!J!e1=29+!e1=295=24!85>,.(/-2>B!#C<"@B!""I#"D!

!

X)(-.B!JD!FDB!N!W3(4.-B!UD![D!<#CC#@D!A1)92>!*29,155(34!(3!F+`.1()12p5!;(51/51D!

e1=29*5>,.9+94(/B!%C<'@B!'''I'S#D!!

!

X*(125B!]D!JDB!N!A/4=(21B!^D!FD!<#CC'@D!M.9=4.-5B!01./T(9=2B!/3;!02/(3!;>3/)(,5!

;=2(34!3/T(4/-(93!(3!-.1!21/+!792+;D!e1=29()/41B!$"<%@B!"S#'I"S%CD!!

!

X\=(21B!dD!UDB!N!q9+/B!XD!AD!<"KK'@D!X-2=,-=21!/3;!?=3,-(93!9?!;1,+/2/-(T1!/3;!

393;1,+/2/-(T1!)1)92>!5>5-1)5D!829,!e/-+!F,/;!X,(!_!X!FB!K$<#%@B!"$&"&I"$&##D!

!

a955B!JD!dDB!N!8/++12B!WD!FD!<#CCS@D!b2/(3!5=05-2/-15!9?!()*+(,(-!/3;!1P*+(,(-!)1)92>j!

-.1!()*92-/3,1!9?!,93,=2213-+>!/,\=(21;!31=2/+!5(43/+5!9?!09-.!)1)92>!->*15D!

e1=29*5>,.9+94(/B!%'<"$@B!$C#"I$C#KD!!

!



!

!

%'!

R13(412B![DB!U=.+1;12B!ADB!d/341B!ZDB!R9+?B!XDB!N!V2+1B!^D!<#C""@D!^49,13-2(,!/3;!

/++9,13-2(,!)1)92>!/5!/551551;!0>!T(2-=/+!21/+(->!(3!(3;(T(;=/+5!7(-.!/)315-(,!)(+;!

,943(-(T1!()*/(2)13-D!e1=29*5>,.9+94(/B!%K<$@B!&"SI&#ED!!

!

R.(-71++B!JD!dDB!82`>01+56(B!XD!FDB!R1(4/3;B!XD!GDB!W39*)/3B!GD!XDB!b91T1B!bD!YDB!81-12513B!

UD!ZDB!N!J/,6B!ZD!UD!<#CCE@D!$G!)/*5!?29)!)=+-(*+1!AUV!(++=5-2/-1!,./34(34!/-29*.>!

*/--1235!/5!5=0Q1,-5!*2942155!?29)!)(+;!,943(-(T1!()*/(2)13-!-9!F+`.1()12p5!

;(51/51D!b2/(3B!"$C<8-!E@B!"EEEI"ES'D!!

!

R(39,=2B![DB!A95,9T(-,.B!ADB!N!b93-1)*(B!bD!<#C"C@D!A1)92>!?92)/-(93!/3;!+934I

-12)!21-13-(93!(3!.=)/35!/3;!/3()/+5j!,93T12413,1!-97/2;5!/!-2/35?92)/-(93!

/,,9=3-!9?!.(**9,/)*/+I319,92-(,/+!(3-12/,-(935D!e1=29*5>,.9+94(/B!%S<S@B!#$$KI

#$&'D!

!

R9+0125B!MDB!N!]14/2->B!AD!<#C"C@D!R./-!;1-12)(315!9=2!3/T(4/-(93/+!/0(+(-(15u!

M213;5!Z943!X,(B!"%<$@B!"$SI"%'D!!

!

t=B!JDB!^T135)913B!]DB!d1.3B!]DB!8(3-`6/B!ZDB!N!]x0124B!FD!<#C"C@D!8125(5-13-!*95-12(92!

/3;!-2/35(13-!/3-12(92!)1;(/+!-1)*92/+!+901!/,-(T(->!;=2(34!3/T(4/-(93D!e1=29()/41D!!

!

O931+(3/5B!FD!8DB!N!J/,90>B!dD!dD!<"KK&@D!G(559,(/-(34!/=-9)/-(,!/3;!,93-29++1;!

*29,15515!(3!/!)1)92>I51/2,.!-/56j!01>93;!()*+(,(-!)1)92>D!85>,.9+!U15B!&E<$I%@B!

"&'I"'&D!


