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Abstract

The medial temporal (MT) lobes and basal ganglia have both been implicated as brain substrates of associative learning. Here, we show
a dissociation between medial temporal and basal ganglia damage using a latent learning task, in which prior exposure to cues, uncorrelatec
with each other, slows subsequent learning of an association between them. Consistent with prior work, we found a robust exposure effect
in healthy controls, with exposed controls learning more slowly than non-exposed controls. This effect was abolished in medial temporal
amnesia: both exposed and non-exposed amnesic patients learned at the same speed. A group of patients with basal ganglia damage dt
to Parkinson’s disease showed a reversal of the effect: exposed subjects learned faster than non-exposed subjects. Our findings point tc
distinct and dissociable contributions of medial temporal lobe and basal ganglia structures to learning and memory.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction (C9)) is repeatedly paired with a response-evoking stimulus
(the unconditioned stimulus (US)) until presentation of the
The medial temporal (MT) lobes, including the hip- CS alone evokes an anticipatory response. If the CS and
pocampus and associated structures, have long been knowk)S overlap and co-terminate (called the delay conditioning
to play an important role in learning and memory, but paradigm), learning of the CS-US association is not dis-
there is less agreement regarding the precise nature of thigupted in MT amnesia (e.§Veiskrantz & Warrington, 1979
role. Currently, various theories implicate the hippocam- Daum, Channon, & Canavan, 198Sabrieli et al., 199bor
pal region in declarative memongquire, 198Y, episodic in animal models of amnesia involving hippocampal-region
memory {Tulving & Markowitsch, 1998, spatial learning  damage (e.gSchmaltz & Theios, 197%2Port, Mikhail, &
(O’'Keefe & Nadel, 1978 Nadel, 1992, contextual learn- Patterson, 19851t is not enough, though, to conclude that
ing (Hirsh, 1973, configural learning$utherland & Rudy,  classical conditioning is hippocampal-independent; if the
1989, temporal or sequence learniruzsaki, 1989; Levy, conditioning paradigm involves more complex contextual,
1996, consolidation of new memories to long-term cortical spatial, temporal, or configural relationships, then there
storage Nadel & Moscovitch, 1997 Teyler & DiScenna, may indeed be impairments after hippocampal-region dam-
1986, learning of flexible relationships between stimuli age (e.gHirsh, 1974 Nadel & Willner, 1980 Sutherland
(Eichenbaum, 1992 and so on. There is general agree- & Rudy, 1989 McGlinchey-Berroth, Carrillo, Gabrieli,
ment that some forms of learning are spared following Brawn, & Disterhoft, 1997Clark & Squire, 1998
hippocampal-region damage. For example, in classical con- One broad class of conditioning behavior affected by
ditioning, a previously neutral cue (the conditioned stimulus hippocampal-region damage is latent learning, in which prior
unreinforced exposure to stimuli affects the speed of later
"+ Corresponding author. Tek+1-973-353-1080x3227; learning ab_out those _stimuli. One example is learned ir-
fax: +1-973-353-1272. relevance, in which prior exposure to CS and US, uncor-
E-mail address: myers@pavlov.rutgers.edu (C.E. Myers). related with each other, slows subsequent acquisition of
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the CS-US association, relative to non-exposed controls Other researchers have suggested that latent learning de-
(Mackintosh, 1978 In rabbits, hippocampal-region dam- pends on the hippocampus for the ability to tune out atten-
age abolishes the learned irrelevance effect, so that exposedion to irrelevant stimuli floore & Stickney, 1980Kaye &

and non-exposed animals learn at the same sp&keh( Pearce, 1987Han, Gallagher, & Holland, 19950r have
Chelius, & Gluck, 200p We have recently shown a simi- implicated hippocampal afferents to the nucleus accumbens
lar latent learning effect in human amnesics with MT dam- in the ability to recognize a novel or unexpected event and
age, using a computer-based task that embeds some of thewitch behavior accordinglyWeiner, 1990; Gray et al.,
features of the classically conditioned learned irrelevance 1995. These theories may not be mutually exclusive; la-
paradigm. In this task, subjects have to learn that a neu-tent learning may reflect several interacting processes which
tral stimulus (a screen color change) predicts a salient eventmay each involve different brain circuits.

(a rabbit appearing under a magician’s hat). Prior expo- Whereas the hippocampal region may be required for la-
sure to the color and rabbit, uncorrelated with each other, tent learning, but not for learning simpler stimulus—response
slows subsequent learning of the color—rabbit association inassociations, the basal ganglia may play a somewhat comple-
healthy control subjectdMyers, Oliver, Warren, & Gluck, mentary role. Many studies have implicated the basal ganglia
2000h. This latent learning effect is abolished in MT am- in learning of incrementally acquired information, particu-
nesia: exposed patients learn the association as quickly adarly where learning is based on error-correcting feedback
non-exposed patients—and as fast as non-exposed healthye.g. Divac, Rosvold, & Szwarcbart, 196Packard, Hirsh,

controls Myers et al., 2000a & White, 1989 Kesner, Bolland, & Dakis, 1993Vlishkin,
Learned irrelevance is also related to the phenomenonMalamut, & Bachevalier, 1984nowlton & Squire, 1993
of latent inhibition Cubow, 1973, in which prior expo- For example, patients with basal ganglia dysfunction due

sure to a CS alone (with no US exposure) slows later to Parkinson’s disease (PD) are often impaired on vi-
CS-US learning; latent inhibition is also abolished by suomotor sequence learnin@ascual Leone et al., 1995
hippocampal-region damage in animalséaye & Pearce, Jackson, Jackson, Harrison, Henderson, & Kennard,)1995
1987 Solomon & Moore, 197p It remains a matter of  verbal serial reaction task¥Jestwater, McDowall, Siegert,
some debate whether learned irrelevance is just a speciaMossman, & Abernathy, 1998and probabilistic classifica-
case of latent inhibition or whether it reflects explicit learn- tion (Knowlton, Mangels, & Squire, 1996 Animals with
ing of a lack of correlation between CS and US (&gker basal ganglia lesions are impaired on tasks that require grad-
& Mackintosh, 1979 Bennett, Maldonado, & Mackintosh, ual learning of cue—outcome relations or stimulus—response
1995 Bonardi & Hall, 1996 Matzel, Schachtman, & associationsRackard et al., 1989%ackard & McGaugh,
Miller, 1988). In either case, both learned irrelevance and 1992, 1996Kesner et al., 1993McDonald & White, 1993
latent inhibition are examples of latent learning phenomena Packard, 1999Kim & Baxter, 200]). However, there is lit-
that appear to require learning about neutral stimuli in the tle evidence that basal ganglia damage disrupts the kind of
absence of direct pairing with a reinforcer. learning believed to depend on the hippocampal region; for
There are a number of theories that address why suchexample, although PD patients are impaired on learning a
latent learning effects might depend on hippocampal-region probabilistic classification task, they are able to form declar-
mediation. One, based on a computational model of ative memories of the task session; conversely, amnesic
hippocampal-region functiorluck & Myers, 1993, 200} patients can initially learn the task well but cannot later
suggests that the hippocampal region is involved in forming recall details of the task sessioinowlton et al., 199%
new stimulus representations that include information about These and related results have led a number of researchers
the context in which the stimulus has appeared in the past.to postulate that the hippocampal region and basal gan-
If a stimulus is presented in a context where no reinforcer glia each play distinct and complementary roles in learning
is present, representations form which compress togetherand memory, supporting two dissociable “memory systems”
information about the stimulus and context; in effect, the (Mishkin et al., 1984; Squire, 199&quire & Zola-Morgan,
stimulus is treated as just one more feature of the context.1996; Knowlton et al., 1996Packard & McGaugh, 1996
Later, when task demands change so that the subject musRobbins, 1996; Gabrieli, 1998; Poldrack et al., 200/Mhite
respond to the stimulus but not to the context alone, this & McDonald, 2003. Supporting this view are recent neu-
representational compression must be explicitty undone, roimaging studies in healthy controls that demonstrate that
and learning is slowed relative to a condition with no stimu- the basal ganglia (specifically caudate) and medial temporal
lus exposure. Similar representational explanations of latentareas are differentially engaged during probabilistic category
learning have been proposed Mackintosh (1973)Hirsh learning, with basal ganglia activation increasing, and medial
(1974) Levy (1989)andEichenbaum (1992Because this  temporal lobe activation decreasing, across triBlsldrack
explanation of latent learning depends on representationalet al., 200J; this finding suggests that these two brain areas
processes putatively mediated by the hippocampal region, itmay even compete with each other during learning. In ani-
accounts for the fact that both latent inhibition and learned mals, the interaction between these two systems can some-
irrelevance are disrupted following hippocampal-region times be seen in a single task domain. For example, rats
damage. with hippocampal system damage are impaired at learning
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a win-shift protocol in an eight-arm radial maze, but not at further expected that PD patients might show slow learn-
a win-stay protocol; rats with dorsal striatal damage show ing overall, but would show a preserved latent learning ef-
the opposite pattern, and are impaired at win-stay but notfect, with exposed PD patients learning even more slowly
win-shift (McDonald & White, 1993see alsdMicDonald & than non-exposed PD patients. If so, the two phases of this
White, 1994. task (exposure and learning) may dissociate medial tempo-
Similarly, a recent study demonstrated a behavioral dou- ral from basal ganglia dysfunction.
ble dissociation between MT amnesics and medicated PD
patients, with the MT amnesics learning an initial set of
stimulus—response associations quickly, but failing to gener- 2. Methods
alize when this information was presented in novel recom-
binations, while the medicated PD patients learned slowly 2.1. Participants
but then generalized as well as contrdiyérs et al., 2008
Given our prior results with the computer-based latent  Twenty individuals with mild to moderate Parkinson’s
learning task, in which MT amnesics were spared at sim- disease participated in the study. PD patients were recruited
ple stimulus-response learning but showed no effect of from the movement disorder clinics at the University of
exposure Nyers et al., 2000a one obvious question is  Southern California (Los Angeles, CA) and St. Barnabus
whether we would again see a complementary pattern in Hospital (Livingston, NJ), and from Parkinson’s disease sup-
PD patients. To the extent that latent learning in this task port groups in the Los Angeles and Sherman Oaks areas
is hippocampal-dependent, PD patients should show sparedf California. Degree of parkinsonism averaged 2.55 (range
latent learning, although they might learn stimulus—response 1-3.5) on the Hoehn—Yahr scaleldehn & Yahr, 196Y.
associations more slowly overall. Time since onset of disease averaged 7.9 years (range 3—-18).
The performance of PD patients on latent learning tasks is The PD group included 16 males and 4 females, with an
also of interest given findings implicating a strong dopamin- average age of 62.55 years (range 50—79) and average edu-
ergic component in latent learning phenomena, and givencation of 17.2 years (range 12-22). PD subjects were given
the dopaminergic disruption characteristic of PD. For ex- medical and psychiatric screening to ensure absence of any
ample, latent inhibition is disrupted in rats by lesions to the other neurologic or psychiatric condition, including depres-
mesolimbic dopamine pathway or by pharmacological ma- sion and dementia. All PD subjects were screened to exclude
nipulations of dopaminergic transmission (S8eay et al., depression using the Beck Depression Inventory (BREk,
1997 for review). These findings might be taken to sug- 1987, cutoff = 12, or the Centers for Epidemiologic Stud-
gest that PD patients would therefore show disrupted latenties Depression Scale (CES-Radloff, 1977, cutoff = 16,
learning. However, these and related studies highlight the and were required to score 28 or greater on the Mini-Mental
ventral striatum as the critical site for latent inhibition (e.g. Status Exam (MMSHrolstein, Folstein, & McHugh, 1975
Solomon & Staton, 1982see alsoGray et al., 199p In consistent with absence of dementia. All PD subjects were
early-stage PD, however, dopamine loss is relatively lim- on dopaminergic medication (Sinemet) at the time of testing.
ited to the dorsal striatunK{sh, Shannak, & Hornykiewicz, = PD subjects volunteered for testing and were tested either
1988, with relatively intact dopaminergic transmission in in the clinical setting or at their homes.
the ventral striatum. Therefore, one might predict that latent ~ Six individuals with anterograde amnesia following hip-
learning effects such as latent inhibition should be spared pocampal or medial temporal damage served as the MT
in early-stage PD. To date, one study that examined a formgroup. The group included three males and three females,
of latent inhibition in de novo Parkinson’s patients demon- with a mean age of 56.0 years (range 40-67), recruited
strated preserved latent inhibition in females, though not in through the Wessex Neurological Centre in Southampton.
males [ubow, Dressler, & Kaplan, 1999 Etiology and neuroimaging information is given for these
There has been relatively less study of learned irrelevance,subjects inTable 1 Although hippocampal/MT damage was
but an effect similar to learned irrelevance is preserved in confirmed in all six subjects, there may be additional dam-
PD: medicated PD patients are slower to learn about a previ-age that is not detectable using structural imaging. Cerebel-
ously irrelevant than a novel dimension in a two-choice task lar and basal ganglia damage appear unlikely, as confirmed
(Owen et al., 1993Gauntlett-Gilbert, Roberts, & Brown, by radiological reports and neurological examinations. Re-
1999. These findings suggest that this type of latent learn- cent data suggest that basal ganglia damage is less com-
ing effect may indeed survive in PD patients. mon than previously suspected following anoxalkinson
Here, we examined performance on our latent learning et al., 2002, while patients with amnesia following herpes
task in medicated Parkinson’s patients, MT amnesics, andsimplex encephalitis may sustain only mild striatal damage
healthy controls. We expected to replicate our prior find- (Kapur et al., 199
ings that healthy controls learn the color-rabbit association To assess degree of amnesia, all subjects in the MT
more slowly if they had previously been exposed to these group were given a series of neuropsychological tests of
stimuli uncorrelated with each other, and that MT amnesics memory, cognition and attention. Key results are summa-
learn equally quickly regardless of exposure condition. We rized in Table 2 MT subjects were given various tests of
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Table 1
Demographic and etiology/imaging information for the MT subjects; age (in years) at time of testing
ID Age Gender Etiology Neuromaging (MRI)
EB 55 M Limbic encephalitis Bilateral hippocampal damage
NT 60 F Paraneoplastic limbic encephalitis Bilateral MT abnormality
MM 58 B Carbon monoxide poisoning Bilateral hippocampal damage
JK 67 F Left hippocampal infarct Left hippocampal damage
JIN 56 F Herpes simplex encephalitis Bilateral MT damage (including
hippocampus but extending laterally)

ML 40 M Paraneoplastic limbic encephalitis Bilateral hippocampal damage
Table 2
Summary of neuropsychological results for MT subjects

EB NT MM JK JIN ML Mean (S.D.)
WAIS-R VIQ 120 104 122 130 82 84 107.0 (20.4)
NART VIQ 110 106 117 105 80 82 100.0 (15.3)
Digit span 18 13 15 9 10 8 12.2 (3.9)
RMT words 39 28 42 26 31 23 31.5 (7.5)
AMIPB immediate story NA 4 16 11 11 4 9.2 (5.2)
AMIPB delay story NA 0 0 0 6 0 1.2 (2.7)
WMS-R LMI, immediate recall 22 NA 19 23 11 NA 18.8 (5.4)
WMS-R LMII, delayed recall 0 NA 0 0 2 NA 0.5 (1.0)

Wechsler Adult Information Scale-Revised (WAIS-R), verbal 1Q (VIQ). National Adult Reading Test (NART). Recognition Memory Test, total words
recognized (RMT). Adult Memory and Information Processing Battery, total items recalled (AMIPB). Wechsler Memory Scale-Revised (WMS-R); Logical
Memory subtests, total items recalled (LMI, LMII).

immediate and delayed recall, such as the story recall por-logical memory and digit span subtests. Control subjects
tions of the Adult Memory and Information Processing Bat- volunteered or were reimbursed at the rate of US$10h
tery (Coughlan & Hollows, 198%or the Logical Memory for their participation.
subtest of the Wechsler Memory Scale-Revised (WMS-R;  Subjects in each group were randomly and evenly as-
Wechsler, 198\ Most MT subjects scored well below the signed to exposed and non-exposed condition. MT sub-
50 percentile on immediate recall and all scored below the jects were also run in a second session, at least 8 weeks
10 percentile on delayed recall. MT subjects were also given after the first session, during which they received the al-
the Wechsler Adult Information Scale-Reviséd/dchsler, ternate experimental condition (non-exposed or exposed).
1981 which generates various age-adjusted scores includ-There were no significant differences in age between groups
ing a verbal intelligence quotient (VIQ) with an expected or among subjects assigned to each condition (AN§VA
mean of 100 (S.D. 15). The MT group averaged a VIQ of group: F(2,46) = 2.22, P = 0.120; condition:F(1, 46) =
107.0 (S.D. 20.42, range 82-130). MT subjects were also0.10, P > 0.500; groupx condition: F(2, 46) = 0.21, P >
given tests of attention and working memory, including the 0.500).
digit span subtest of the WMS-R; the average age-adjusted All subjects signed statements of informed consent prior
percentile score was 48 (S.D. 26.2, range 16—84 percentile) to initiation of testing. The study was approved by the In-
In summary, the MT group showed dense amnesia, as evi-stitutional Review Board for Protection of Human Subjects
denced by significantly below normal performance on tests at Rutgers University.
of memory, with little evidence of disruption on tests of
cognition and attention. 2.2. Apparatus

Twenty healthy controls were also recruited through the
Memory Disorders Project at Rutgers-Newark and the Mo-  The experiment took place in a quiet testing room, with
tor Behavior Laboratory in Los Angeles. Control subjects the task automated on a Macintosh i-book laptop or equiv-
were screened via self-report for absence of any existing glent computer with a color screen programmed in the Su-
neurologic or psychiatric condition and for absence of any percard language (Allegiant Technologies, San Diego, CA).
medications that could affect cognition. This group included The keyboard was masked except for two keys, labeled “yes”
11 males and 9 females, with a mean age of 61.2 yearsand “no”, used to input responses. The participant sat at

(range 44-73) and mean education of 16.8 years (rangea comfortable viewing distance from the computer screen
12-20). Control subjects were also screened for absence Oiapproximately 18in.).

depression (BDI or CES-D), and averaged a score of 29.5
on the MMSE; Fhey were also reqwred to score within one 1 pye to unequal sample size between groups, this and all subsequent
standard deviation of age-appropriate norms on the WMS-R ANOVAs reported here include correction for unbalanced design.



C.E. Myers et al./Neuropsychologia 41 (2003) 1919-1928 1923

appeared along with a beep in the case of incorrect respond-
ing (Fig. 1B).
zoyn Phase 1 consisted of 30 trials. During 15 randomly se-
é lected trials, the signal word/ was presented and the rabbit
[ ~= ]

appeared. On the remaining trials, other words were pre-

sented and there was no rabbit. Thus, “magic wiktkvas

perfectly predictive of, or correlated with, the rabbit in phase

1. In addition, for subjects in the exposed group, the cartoon

balloon appeared in color-£on 10 trials and in color €

on the remaining 20 trials, with the constraint that @nd

(A) the rabbit were perfectly uncorrelated: that is, the probability

of the rabbit's appearance was the same given colpro€
C—. For subjects in the non-exposed condition, the cartoon

zoyn é

Is there a rabbit under the hat?

balloon was always uncolored (gray).
Phase 2 consisted of 60 trials, organized into four blocks

N of 15 trials. Each of the 15 phase 2 magic words occurred
Ry once in each block, in random order, with the constraint
# that no one word should co-occur with the rabbit more than
twice in this phase. Instead, colo+Goccurred randomly
on five trials in each block, along with the rabbit. Color
Is there a rabbit under the hat? Yes. C— occurred on the remaining trials. Thus, colo#@as
Correct! perfectly correlated with (or predictive of) the rabbit while
color C— was negatively correlated with (or predictive of
Fig. 1. Screen appearance at: (A) start of trial and (B) after subject the a_bsence of) .the rabbit. Note that. the magic Words bl
responds correctly. now irrelevant with respect to predicting the rabbit, and that
no magic word appeared both in phases 1 and 2.
In phase 2, subjects were defined as reaching criterion
2.3. Simuli performance if they made 10 consecutive correct responses.
Phase 2 was terminated early if the subject reached criterion
On each trial, the computer screen showed a cartoon ma-performance.
gician waving a wand at a large h&tig. 1A). A large word
balloon appeared over his head, with a “magic word” printed
in black lowercase letters. These magic words were takens Reqiits
from a set of 30 monosyllabic nonwords; for each subject,
15 words were randomly selected and used in phase 1, and g 5 shows the mean trials to criterion in phase 1 for each
the remaining 15 words were used in phase 2. One of the g, There was no significant effect of group or exposure
phase 1 “magic words” was randomly selected to be the Si9- Londition (ANOVA; group: F(2, 46) = 2.39, P = 0.103;

nal word W that would predict Fh_e rabbit in phase 1. The condition: F(1, 46) < 0.01, P > 0.500; groupx condition:
cartoon balloon above the magician could be colored red or F(2,46) = 0.06, P > 0.500).

green or uncolored (gray). One of the colors red and green
was randomly selected to be the colet @hich would pre-
dict the rabbit in phase 2, while the other color was selected

(B)

to be color G-. 307 . Non-exp
2.4. Procedure 2o D Exposed
The procedure was as previously describedMypers g‘::r’;

et al. (2000b) At the start of phase 1, instructions appeared

stating that a magician was trying to make a rabbit appear 107
under his hat, and the participant’'s task was to predict

whether or not the magician was successful. On each trial,

the magician, hat, and magic word appeared, together with 0
a prompt, “Is there a rabbit under the hat?”; the participant HC PD MT

responded by pressing one of t_he two labeled keys (‘yes” Fig. 2. Phase 1 performance in terms of total errors for healthy con-
or “no”). The hat was then raised to reveal whether or to| (HC), Parkinson's disease (PD), and medial temporal amnesia (MT)
not there was a rabbit underneath, and corrective feedbacksubjects.
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30 :
. Non-exp % Subjects . Non-exp
1007
D Exposed D Exposed
20 757
Mean
Errors
507
10
257
01 T 1 01 ™ T m!
(A) HC PD MT B) HC PD MT

Fig. 3. Phase 2 performance, for subjects who previously solved phase 1: (A) total errors and (B) percentage of subjects reaching criterion.

Fig. 3A shows the mean trials to criterion in phase 2 for less, some of the same mechanisms for latent learning may
each group. There was a significant main effect of group apply in both domains.
(ANOQVA, F(2,46) = 9.22, P < 0.001), with no effect of Also consistent with our prior studyers et al., 2000a
exposure conditionA(1,46) = 0.02, P > 0.500) and a MT amnesics showed abolition of the exposure effect. Not
group—condition interactionf(2, 46) = 6.51, P = 0.003). only did non-exposed amnesics learn phase 2 as quickly
Tukey HSD pairwise comparisons confirmed an exposure as controls, exposed amnesics learned phatsté than
effect in the control group K < 0.001) but not the MT exposed controls. Therefore, at least in the exposed con-
group (P > 0.500). By contrast, in the PD group, ex- dition, MT amnesics show a facilitation of learning; such
posed subjects actually outperformed non-exposed subjectdacilitation has also been observed in other paradigms
(P = 0.007); this represented a reversal of the exposure where brain-damaged patients may show reduced interfer-
effect seen in controls. The control non-exposed group andence as a result of pathologiKdpur, 1996. This result
MT non-exposed group did not diffeP(> 0.500), but both is consistent with a large body of prior animal studies

outperformed the PD non-exposed group (All< 0.01). showing that hippocampal lesion can often facilitate simple
There were no significant differences among any of the stimulus—response learning in a variety of species and task
exposed groups (al > 0.200). domains (e.glsaacson, Douglas, & Moore, 1963chmaltz

Fig. 3B shows the percentage of subjects who reached & Theios, 1972 Zola & Mahut, 1973 Eichenbaum, Fagan,
criterion in phase 2. Note that all MT subjects (exposed Mathews, & Cohen, 1998
and non-exposed) reached phase 2 criterion. In the control We previously argued that the lack of exposure effect in
group, significantly more non-exposed than exposed sub-amnesics was unlikely to be due to simple forgetting across
jects reached criterioryé(1) = 6.92, P = 0.009). In the PD the phases because amnesics are able to maintain informa
group, this relationship was reversed: significantly more ex- tion across a similar interval in other taskgyers et al.,
posed than non-exposed subjects reached critexfi) = 20003. Instead, we argued that the abolition of the exposure
5.18, P = 0.023). effect in MT amnesia reflected the fact that initial phase 1
In summary, the control group showed an exposure effect, learning in the amnesics—although fast—was qualitatively
which was eliminated in the MT group; the PD group showed different from controls, and so did not support subsequent
a reversal of the expected exposure effect. transfer when familiar stimuli from phase 1 were presented
in a new context in phase Rifers & Gluck, 1996 see also
Myers et al., 200R This is consistent with other studies

4. Discussion suggesting that MT processing is important in early learn-
ing, and that MT lesions may change the nature of this early
Consistent with our prior studyMyers et al., 2000 learning, leading to differences on subsequent transfer tests

healthy controls showed an exposure effect, with exposedthat require flexible use of this learningé€ber, Knowlton, &
subjects learning more slowly than non-exposed subjects.Squire, 1996see als@&ichenbaum et al., 198&ichenbaum,
This exposure effect is conceptually similar to learned irrel- Otto, & Cohen, 199%

evance (LIRR), in that phase 1 exposure to two stimuli slows In the current case, we cannot completely rule out the
subsequent learning of an association between them in phas@ossibility that simple forgetting contributed to the lack of
2 (Baker & Mackintosh, 1979Matzel et al., 1988 Clearly, exposure effect in the MT group. Additionally, it is important
this computer-based paradigm differs from “true” learned ir- to note that the amnesic group had broad MT damage; thus,
relevance in that the to-be-predicted event—the appearancat is possible that the transfer impairment reflects general
of the rabbit—is not a true US in the sense of evoking an disruption of the limbic—diencephalic circuit. However, at
innate, species specific unconditioned response. Nevertheleast in animals, the critical substrate for this type of latent
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learning appears to be the hippocampal system, specificallying (Downes et al., 1989 However, in other studies, PD
entorhinal cortex Allen et al., 2002 Shohamy, Allen, & patients have been shown to perform as well as controls on
Gluck, 2000, suggesting that hippocampal system damage tasks that involve shifting attention to a novel stimulus di-
may similarly underlie the deficit in MT amnesia. mension Qwen et al., 1998 Additionally, the fact that our
In the PD group, phase 1 learning was not significantly PD patients were notimpaired at phase 1 of the current task,
impaired relative to controls. This contrasts our earlier study when all stimuli were by definition “novel”, argues against
(Myers et al., 200B8in which PD patients were slower at a selective novelty deficit in phase 2.
stimulus—response learning than controls. One possible rea- A third possible explanation is that the PD patients show
son for this discrepancy is the relative difficulty of the two generally slowed learning in phase 2 but that prior expo-
tasks. In the current study, phase 1 involved learning to as-sure to the stimulus actually facilitates this learning. In the
sociate a single stimulus (a particular “magic word”) with non-exposed condition, phase 2 requires learning to inhibit
a single outcome (the rabbit). In the earlier study, subjects responding to the previously relevant stimuli (word cues) in
were required to learn six concurrent associations in which favor of new stimuli (color cues). The impaired performance
individual stimuli were sometimes mapped to different re- by non-exposed PD patients could reflect a perseverative
sponses on different trials. This could generate response condeficit. Several prior studies have documented such deficits
flict that, together with increased memory load, could cause in medicated PD patients performing extradimensional shifts
the PD impairment. Phase 1 in the current experiment may (Downes et al., 1989 auntlett-Gilbert et al., 1999PD pa-
have been simple enough to ameliorate the PD deficit. tients likewise show enhanced negative priming, increased
In phase 2, subjects in the PD group showed a reversalresponse time to a target stimulus that has served as a dis-
of the expected exposure effect. That is, exposed PD sub-tractor on the previous triaMfylie & Stout, 2003, as well
jects learned faster than non-exposed PD subjects. Again,as difficulty ignoring stimuli that served as targets on previ-
PD subjects did not show an overall retardation of learning: ous trials Cools, Barker, Sahakian, & Robbins, 200Ja,b
the exposed PD patients learned as quickly as non-exposed However, our PD patients also showed faster learning
controls. in the exposed condition than in the non-exposed condi-
This reversal of the exposure effect in PD subjects was tion. Such a facilitatory effect of stimulus exposure has
not expected by our original hypothesis. One possible ex- occasionally been observed, particularly in the animal
planation for the reversal of the latent learning effect in PD literature, and is often termed “perceptual learning”. To
patients may come from the idea of competition between the our knowledge, there are no prior data suggesting an in-
basal ganglia and the hippocampal memory systems (e.gcreased tendency for perceptual learning in PD; in fact,
Packard et al., 1989; Poldrack et al., 2R0@n this view, two prior studies involving extradimensional shif@wen
the basal ganglia and the hippocampus interact and com-et al., 1993; Gauntlett-Gilbert et al., 1998plicitly found
pete during learning, such that damage to one system maythat medicated PD patients were impaired on learning
facilitate performance by “freeing” the other system to ex- about a previously irrelevant dimension relative to a novel
ert behavioral control. This would be consistent with animal dimension—precisely the opposite of what we found in the
studies showing that caudate lesions may sometimes speedurrent study. The reason for these conflicting results is
learning, presumably by removing striatal interference with not yet clear, although the prior studies differed from the
hippocampal processing (eBackard et al., 198Mitchell current one on several levels; for example, the prior study
& Hall, 1988), as well as with recent imaging (fMRI) data, by Owen and colleagues was more complicated (involving
showing that increased basal ganglia activity during an in- several successively trained discriminations), reported ac-
cremental learning task is associated with decreased activ-quisition as well as reversal data, and used stimulus dimen-
ity in the hippocampusRoldrack et al., 2001 Based on sions rather than unique stimuli. There are also differences
this reasoning, removal (or disruption) of a potentially in- among the patient populations; for example, our patients
terfering striatal system might account for particularly fast were somewhat more advanced in terms of motor symptoms
hippocampal-based learning in the exposed condition among(averaging 2.55 on the Hoehn—Yahr scale) than those of the
PD patients. However, it is less clear why this hippocampal Owen et al. study (who averaged 1.54). Future work will be
benefit should not likewise be obtained in the non-exposed required to determine which of these variables may be crit-
condition. ical in determining whether PD subjects show impairment
Another possible interpretation of the PD data could be a or facilitation in learning about previously exposed stimuli.
selective deficit at processing novel cues in the PD groups: A final important factor that may have contributed to the
perhaps subjects previously exposed to the color in phase Icurrent results is medication. Early-stage PD involves pro-
were better able to incorporate it into ongoing associations found depletion of nigrostriatal dopamine, but has less effect
than subjects for whom the color was novel at the start of on dopaminergic levels in other brain areas (for example,
phase 2. This explanation would be generally consistent with prefrontal cortex). All PD subjects in the current experiment
prior findings that medicated PD patients are impaired at were on dopaminergic medication at the time of testing. It
shifting attention during learning, particularly when the shift might be the case that such medications remediate dopamin-
involves a different stimulus dimension than earlier learn- ergic impairments in the depleted nigrostriatal circuitry but
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actually have detrimental effects (through dopaminergic Bennett, C., Maldonado, A., & Mackintosh, N. (1995). Learned irrelevance
“overdosing”) elsewhereJools et al., 2001a)bThis raises is not the sum of exposure to CS and UQuarterly Journal of
the possibility that heightened prefrontal dopamine levels  EXperimental Psychology, 488, 117-128.

. " . Bonardi, C., & Hall, G. (1996). Learned irrelevance: No more than the
could be responsible for the abolition of the latent learning ™" " "5 and Us preexposure effectiirnal of Experimental

effect in the medicated PD patients—just as healthy subjects  pgychology: Animal Behavior Processes, 22, 183-191.
on dopaminergic agonists show abolition of latent inhibition Buzsaki, G. (1989). Two-stage model of memory-trace formation: A role
(Weiner, Lubow, & Feldon, 198&ray, Pickering, Hemsley, for “noisy” brain statesNeuroscience, 31, 551-570.

Dawling, & Gray, 1992. In this case, it might be that basal Clark, R., & Squire, L. (1998). Classical conditioning and brain systems?
! : ) ' The role of awarenesscience, 280, 77-81.

gang"a dySfunCtion alone might not suffice to disrUpt latent Cools, R., Barker, R., Sahakian, B., & Robbins, T. (2001a). Enhanced
learning, but that medication itself is responsible for the dis- o impaired cognitive function in Parkinson’s disease as a function
ruption. Consistent with this possibility are recent findings  of dopaminergic medication and task deman@erebral Cortex, 11,
that suggest medicated, but not unmedicated, PD patients 1136-1143.

are impaired at computer-based associative Iearning (e_g_CooIs, R., Barker, R., Sahakian, B., & Robbins, T. (2001b). Mechanisms

. of cognitive flexibility in Parkinson’s diseas®rain, 124, 2503-2512.
ShOhamy' Myers, Onlaor, & Gluck, ZODZDnIy studies of Coughlan, A., & Hollows, S. (1984). Use of memory tests in differentiating

controlled withdrawal of medication, or of never-medicated  organic disorder from depressioBritish Journal of Psychiatry, 145,
(de novo) PD patients, can help resolve these issues. 164-167.

Nevertheless, the current results, like our prior study Daum, I, Channon, S., & Canavan, A. (1989). Classical conditioning
(Myers et al., 200)3 demonstrate that a single associative in patients with severe memory problems, Journal of Neurology.

. . . LS Neurosurgery and Psychiatry, 52, 47-51.
Ieammg task can prOVIde a double dissociation between theDivac, I., Rosvold, H., & Szwarcbart, M. (1967). Behavioral effects of

effec?s of medial temporal damage versus basall ganglia dys- selective ablation of the caudate nucledmurnal of Comparative and
function. In the current study, the effect of medial temporal  Physiological Psychology, 63, 184-190.

amnesia was to abolish the effects of stimulus exposure,Downes, J., Roberts, A., Sahakian, B., Evenden, J., Morris, R., &
while the effect of basal ganglia dysfunction was to reverse Robbins, T. (1989). Impaired extra-dimensional shift performance in

. . . . medicated and unmedicated Parkinson’s disease: Evidence for a specific
the direction of this effect, so that exposed PD patients ... dysfunctionNeuropsychologia, 27, 1329-1343.

learned faster than non-exposed patients. Both amnesic angichenbaum, H. (1992). The hippocampal system and declarative memory
PD patients were significantly different from controls. in animals.Journal of Cognitive Neuroscience, 4, 217-231.

These findings are consistent with other results suggestingEichenbaum, H., Fagan, A., Mathews, P., & Cohen, N. J. (1988).
that medial temporal and basal ganglia structures may play Hippocampal system dysfunction and odor discrimination learning in

e . . rats: Impairment or facilitation depending on representational demands.
complementary or even competitive roles during learning g~ Nedroscience. 102, 331-339

(e.g. Mishkin et al., 1984 Squire & Zola-Morgan, 1996 Eichenbaum, H., Otto, T., & Cohen, N. (1994). Two functional components
McDonald & White, 1993Poldrack et al., 20Q1Schroeder, of the hippocampal memory systeBehavioural and Brain Sciences,

Wingard, & Packard, 2002 Our findings suggest that, in 17, 449-518. .
healthy control subjects, both medial temporal and basal Folstein, M., Foistein, S., & McHugh, P. (1975). “Mini-mental state”:

. - . - A practical method for grading the cognitive state of patients for the
ganglia memory systems play distinct roles in mediating .00 0umal of Psychiatric Research, 12, 189—198.

the effects of stimulus exposure, and that these roles aregaprieli, 3. (1998). Cognitive neuroscience of human memanyual

dissociable in a task where patients with damage to one Review of Psychology, 49, 87-115.

memory system are forced to rely on the other system to Gabirieli, J., McGlinchey-Berroth, R., Carrillo, M., Gluck, M., Cermack,

drive Iearning. L., & Disterhoft, J. (1995). Intact delay-eyeblink classical conditioning

in amnesiaBehavioral Neuroscience, 109, 819-827.

Gauntlett-Gilbert, J., Roberts, R., & Brown, V. (1999). Mecha-
nisms underlying attentional set-shifting in Parkinson’s disease.
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