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a b s t r a c t

Implicit contextual learning refers to the ability to memorize contextual information from our environ-
ment. This contextual information can then be used to guide our attention to a specific location. Although
the medial temporal lobe is important for this type of learning, the basal ganglia might also be involved
considering its role in many implicit learning processes. In order to understand the role of the basal
ganglia in this top–down process, a group of non-demented early-stage Parkinson’s patients were tested
with a contextual cueing task. In this visual search task, subjects have to quickly locate a target among a
number of distractors. To test implicit contextual learning, some of the configurations are repeated during
the experiment, resulting in faster responses. A significant interaction effect was found between Group
patial

emory
arkinson’s disease
asal ganglia

and Configuration, indicating that the control subjects responded faster when the spatial context was
repeated, whereas Parkinson’s patients failed to do so. These results, showing that the contextual cueing
effect was significantly different for the patients than for the controls, suggest an important role for the
basal ganglia in implicit contextual learning, thus extending previous findings of medial temporal lobe
involvement. The basal ganglia are therefore not only involved in implicit motor learning, but may also
have a role in purely visual implicit learning.
. Introduction

Our environment contains a large amount of information that
s stable over time. For example, the positions of doors, windows,
arge pieces of furniture, trees and houses are usually fixed in rela-
ion to each other. Additionally, specific objects are found close to
ach other or in specific locations, for instance pots and pans are
lose to the stove in the kitchen. This type of visual organization can
e memorized and can guide attention when scanning our environ-
ent (e.g. Chun & Jiang, 1998). This mechanism is called implicit

ontextual learning and is thought to help internalize meaningful
egularities and co-variations between objects and events in the
isual world (Chun, 2000).
The contextual cueing effect can be studied by using a visual
earch task, in which a target (T) has to be located among a num-
er of distractors (L) (e.g. Chun & Jiang, 1998). When the target is

ocated, subjects have to indicate whether the target T is rotated to
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the left or to the right. A large number of different configurations
are generated, of which some are repeated throughout the experi-
ment. Importantly, several studies have demonstrated that targets
are located faster in trials with repeated configurations than with
new configurations (e.g. Chun & Jiang, 1998, 2003; Chun & Phelps,
1999; Peterson & Kramer, 2001). This effect can be obtained after
5 or 6 repetitions, indicating it is a fast effect, and can be found up
to a week after encoding the information, indicating it remains in
memory for a long time-period (Chun & Jiang, 2003). Furthermore,
subjects are not aware of the repeated contextual information and
perform on change level during a Recognition memory task, indi-
cating that this type of contextual learning is the result of an implicit
memory process (e.g. Chun & Jiang, 1998).

Although several studies have investigated the functional char-
acteristics of implicit contextual learning (Chun & Jiang, 1998; Chun
and Jiang, 1999; Chun & Jiang, 2003; Jiang & Leung, 2005; Jiang,
Song, & Rigas, 2005; Olson & Chun, 2002; Peterson & Kramer, 2001;
Tseng & Li, 2004), little is known about its neural correlates. So

far, research has mainly been aimed at defining the importance of
the medial temporal lobes (MTL), including the hippocampus. Chun
and Phelps (1999) found that amnesia patients with damage to the
MTL were not able to benefit from repeated spatial context infor-
mation, suggesting a crucial role for the MTL in implicit contextual

http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:masselen@ibili.uc.pt
dx.doi.org/10.1016/j.neuropsychologia.2009.01.008
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Fig. 1. Example of a few disp

earning. It was later suggested by Manns and Squire (2001) that the
ippocampus per se is not essential and that an implicit contextual
ueing impairment was only found after extended MTL damage.
owever, they could not indicate what MTL areas were essential.
recent brain imaging study did demonstrate the involvement of

he hippocampus in this type of task (Greene, Gross, Elsinger, & Rao,
007).

Although the importance of MTL areas in implicit contextual
earning has clearly been shown (Chun & Phelps, 1999; Manns &
quire, 2001), other brain areas are likely to be involved as well.
rain regions that are of great importance to many implicit learning
nd memory mechanisms are the basal ganglia. The involvement
f these subcortical brain regions was demonstrated in humans by
sing a variety of paradigms, including the serial reaction time task
nd the probabilistic classification learning task. The serial reaction
ime task requires subjects to perform a series of finger move-

ents that are typically shown on a computer screen. Unknown to
he participants, the sequence of movements is repeated, resulting
n faster response times than when a new sequence of move-

ents is used. Patient (Kim et al., 2004; Wilkinson & Jahanshahi,
007) and neuroimaging studies using fMRI to define brain activity

n healthy subjects (Daselaar, Rombouts, Veltman, Raaijmakers, &
onker, 2003; Rauch et al., 1997) have shown that the basal ganglia
ave an important role in this type of implicit learning (for a review
ee: Doyon, Penhune, & Ungerleider, 2003). Probabilistic classifica-
ion learning is another type of implicit memory that is often used to
efine characteristics and neural correlates of implicit learning. In
probabilistic classification learning task, different cues are prob-

bilistically associated with one of two outcomes. Since feedback
s given during the task, participants slowly learn to associate the
ues with the outcomes (Knowlton, Squire, & Gluck, 1994). Again,
oth patient studies (Knowlton, Mangels, & Squire, 1996; Perretta et
l., 2005; Witt et al., 2006) and neuroimaging studies with healthy
articipants (Poldrack, Prabhakaran, Seger, & Gabrieli, 1999; Seger
Cincotta, 2005) have convincingly demonstrated the importance

f the basal ganglia in probabilistic classification learning. Together,
he large amount of literature on the involvement of the basal gan-
lia in different types of implicit learning processes underlines
he importance of studying its possible involvement in implicit
ontextual learning. This is particularly interesting, since implicit
ontextual learning has different features than most of the implicit
earning paradigms. That is, most of these paradigms are based
n implicit motor learning (learning the associations between a
ue and a motor response) or reward-related learning. In contrast,
mplicit contextual learning does not have such a motor or reward

omponent and is purely based on visual learning, since the associ-
tion between a target and the visual features of the environment
s memorized. This would imply that the basal ganglia is not only
nvolved in motor learning, but might have a more general role in
mplicit learning processes.
f the contextual cueing task.

The aim of the current study was to investigate the role of the
basal ganglia in implicit contextual learning by testing patients with
Parkinson’s disease. Parkinson’s disease is a neurodegenerative dis-
order, in which reduced dopamine production due to neuronal
loss in the substantia nigra leads to basal ganglia dysfunction. In
the current study early-stage, non-demented Parkinson’s disease
patients were tested with a contextual cueing task, in order to define
whether they are able to implicitly memorize repeated spatial con-
text information.

2. Methods

2.1. Participants

Twenty-three patients with Parkinson’s disease without dementia were exam-
ined. All patients had been admitted to the Department of Neurology in the
University Hospital of Coimbra and were seen by an experienced neurologist (CJ,
RA or AFG) to define the severity of the disease by using the Unified Parkinson’s Dis-
ease Rating Scale (Fahn & Elton, 1987) and the Hoehn and Yahr scale (Hoehn & Yahr,
1967). Additionally, 30 healthy age- and education matched controls were tested.
None of the patients or control participants had a history of other neurological or
psychiatric diseases. The study was approved by the medical ethics committee and
written informed consent was obtained according to the declaration of Helsinki.

2.2. Neuropsychological evaluation

The Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) and
the Hamilton Depression Rating Scale (Hamilton, 1960) were used to exclude
patients with depression and signs of dementia respectively. Verbal intelligence was
measured with the Vocabulary subtask of the Wechsler Adult Intelligence Scales
(WAIS)-III. The Forward and Backward recall versions of the Corsi Block-Tapping
task were used as a measure of spatial working memory. Handedness was defined
by using a translated version of the Edinburgh Handedness Inventory (Oldfield,
1971). Informed consent was obtained according to the declaration of Helsinki and
all procedures were approved by our local ethics committee.

2.3. Apparatus and stimuli

The software package Presentation (Neurobehavioral systems) was used to
present a visual search task, in which 11 distractor stimuli ( ) and one target stimu-
lus (�) were presented each trial. The distractor stimuli were created in such a way
as to make them look similar to the target stimulus (see Fig. 1). The stimulus size
was 0.81◦ × 0.81◦ . The color of the stimuli was white and the background color was
grey. Distractor stimuli could be rotated 0◦ , 90◦ , 180◦ , 270◦ and the target stimulus
could be rotated 90◦ or 270◦ .

2.4. Procedure

Participants were seated in a comfortable chair in a darkened room. After instruc-
tions were given, they were asked to place their chin in a chinrest that was positioned
50 cm from the computer screen. Twenty-four practice trials were given, including
only new spatial configurations. If participants did not understand the task after the

practice session, or were still making many errors, the practice trials were repeated.
Participants were instructed to locate the target stimulus as quickly as possible, and
indicate its orientation by pressing one of two buttons on the keyboard. The experi-
ment included 16 blocks of trials, resulting in a total of 384 trials. Each block consisted
of 24 trials, including 12 trials with a new configuration and 12 trials with a configu-
ration that was repeated across blocks, appearing once in each block. Target position
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Table 1
Characteristics of the patient and control group.

Patients N = 23 Controls N = 30

Mean SE Mean SE

Age (years) 58.0 1.4 55.2 1.4
Sex (m:f) 13:10 11:19
Education (years) 8.3 1.0 8.1 0.9
Age disease onset 51.8 2.4 – –
Disease duration 6.8 1.3 – –
UPDRS 20.6 1.9 – –
Hoehn and Yahr 1.9 0.1 – –
Hamilton 3.5 0.6 – –
MMSE 29.3 0.3 – –
Vocabulary (WAIS-III) 35.4 2.9 36.0 2.6

Corsi Block-Tapping task
Forward 34.3 1.5 44.3 2.8
Backward 35.5 3.3 36.4 2.9
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Configuration and Group [F(1, 51) = 5.9, p < 0.05] was found. When
the Z-scores were analyzed for the two groups separately we found
a significant effect for Configuration for the control group [F(1,
29) = 7.6, p < 0.01], but not the Parkinson’s patients [F(1, 22) = 1.2].
This indicates that after correcting for differences in response times
ote: UPDRS = Unified Parkinson Disease Rating Scale, MMSE = Mini-Mental State
xamination, WAIS-III = Wechsler Adult Intelligence Scales-III and SE = Standard
rror.

n both repeated and new trials were randomly defined from the same set of posi-
ions. However, the positions of both the target and distractor stimuli were constant
n the repeated configurations. The direction of rotation of the target stimulus was
andomly defined, in order to prevent subjects of learning fixed stimulus–response
ssociations. A fixation cross was presented before each trial during 500 ms. A 10
econd interval was given after each block so participants could take a short rest.
or statistical analysis, the 16 blocks were collapsed into 4 epochs of 4 blocks each.
rials in which an error was made were excluded from analyses as well as trials with
response time that took longer than 2 SD above the individual mean.

After finishing the task, participants were asked to answer the following three
uestions: (1) ‘Did you notice anything during the experiment?’ (2) ‘Did you notice
hat some of the configurations were repeated?’ (3) ‘Did you try to remember the
epeated configurations?’ Finally, in order to verify whether context information
as memorized implicitly, a Recognition memory control task was applied. This

ask consisted of 24 trials, including the 12 configurations that were repeated during
he contextual cueing task and 12 new configurations. Repeated and new configura-
ions were presented in a random order and participants were instructed to indicate
hether the configuration was repeated during the experiment by pressing one of

wo keyboard buttons.

. Results

.1. Neuropsychological tests

Characteristics of the patient and control group are described in
able 1. No significant difference was found between the patient
nd control group for the Vocabulary test [t(51) = 0.1] and the back-
ard recall condition of the Corsi Block-Tapping task [t(50) = 0.2].
owever, the control group did perform significantly better than

he patient group for the forward recall condition of the Corsi Block-
apping task [t(51) = 2.9, p < 0.01], indicating a working memory
mpairment in the Parkinson’s disease patients. No difference was
ound between the patient and control group for age [t(51) = 1.4],
ducation [t(51) = 0.1], or gender distribution [�2 (1) = 2.1].

.2. Contextual cueing task

Both groups made very few errors (patients: 2.7%; controls:
.7%) and few trials were excluded because of a delayed response
patients: 4.4%; controls: 3.9%). Overall, patients responded slower
han the healthy controls [F(1, 51) = 9.8, p < 0.01].

We used the difference in response times between the new
nd repeated trials as a measure of contextual cueing. In line with
revious patient studies (Chun & Phelps, 1999; Manns & Squire,

001), we have only included the second part of the experiment
or statistical analyses (Epoch 3–4). For the control participants an
verall difference of 98.3 ms was found, whereas for the patients
his difference was −42.2 ms. Statistical analyses showed a signif-
cant interaction between the variables Group (patients/controls)
Fig. 2. Mean reaction times and standard errors of the control group for the Repeated
and New trials separately as a function of Epoch (1–4).

and Configuration (repeated and new trials), indicating that the
contextual cueing effect was significantly different for the patients
than for the controls [F(1, 51) = 5.9, p < 0.05].

We also analyzed the response times of the patient and control
group separately. For the healthy controls, a Repeated Measures
analyses indicated that response times in the repeated trials were
faster than in the new trials [F(1, 29) = 5.6, p < 0.05], reflecting
implicit contextual learning (see Fig. 2). In contrast, no such learn-
ing effect was found for the Parkinson patients [F(1, 22) = 1.4)] (see
Fig. 3). This underlines the idea that damage to the basal ganglia
due to Parkinson’s disease impairs implicit contextual learning.

It could be argued that the Parkinson’s patients group failed to
show a contextual cueing effect since their overall response times
were slower than the healthy control group. Therefore, we have
transformed the response times into Z-scores based on each sub-
jects’ mean and standard deviation. These Z-scores were analyzed
with the same Repeated Measures analyses as was previously used
for the response times. Again, a significant interaction effect for
Fig. 3. Mean reaction times and standard errors of the Parkinson’s disease patients
for the Repeated and New trials separately as a function of Epoch (1–4).
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etween the two groups, the Parkinson’s patients still showed an
mpairment on the contextual cueing task.

Interestingly, Parkinson’s disease does not seem to affect visuo-
otor learning. Indeed, during the visual search task the overall

esponse times of the group decreased significantly [F(3, 153) = 33.0,
< 0.001], regardless of Configuration. Most importantly, no inter-
ction effect with Group [F(3, 153) = 1.9] was found.

.3. Recognition memory control task

In response to the questions asked before application of the
ecognition memory task, none of the patients reported sponta-
eously to have noticed the repeated configurations. Seven out
f 23 Parkinson’s patients reported to have noticed some of the
epeated trials when asked explicitly, but none of them reported
rying to memorize the configurations. Although none of the con-
rols reported spontaneously to have noticed the repetitions, 4 of
he 30 control participants reported to have noticed the repetitions
fter explicitly being asked. One subject reported to have tried to
emember the repetitions, although this subject had a performance
f 12 correct responses on the Recognition memory task, which is
t chance level (12 out of 24 trials correct).

On average, the control participants made 51.3% errors (5.8
epeated trials and 6.5 new trials). A one-sample t-test indicated
o significant difference [t(30) < 0.8] with chance level (chance

evel = 12 errors). Parkinson patients made 54% errors on average.
one-sample t-test indicated no difference between performance

n the old and new trials and chance level [t(21) < 0.9].

.4. Correlation analysis

Associated with Parkinson’s disease is a working memory
mpairment revealed in our patients by a deficit on the forward
ecall condition of the Corsi Block-Tapping task, which reflects
mpaired spatial working memory. To exclude the possibility that
he spatial working memory impairment is responsible for the con-
extual cueing impairment, a 2-tailed Pearson Correlation analysis
as performed between the performance of the patients on the

orward recall condition of the Corsi Block-Tapping task and the
ifference between the repeated and new trials of the last two
pochs of the contextual cueing task, as a measurement of the per-
ormance on the contextual cueing task. No significant effect was
ound (r = 0.04), suggesting that these two types of impairment are
ot related.

. Discussion

The current study was aimed at investigating implicit contex-
ual learning in patients with damage to the basal ganglia due to
arkinson’s disease. Therefore, a visual search task was used, in
hich half of the trials included spatial configurations that were

epeated throughout the experiment. Healthy control participants
ere able to benefit from the repeated trials, as was shown by the

aster response times when the context information was repeated
n comparison to the trials with new configurations. This contex-
ual cueing effect is due to a truly implicit learning mechanism, as is
eflected by the chance level performance on the Recognition mem-
ry task. In contrast, no difference in response times between the
epeated and new trials was found for the patients with Parkinson’s
isease, indicating an implicit contextual cueing deficit. Impor-
antly, the contextual cueing effect of the control group differed

ignificantly from the Parkinson’s patients. The finding that Parkin-
on patients failed to benefit from a repeated context suggests an
mportant role for the basal ganglia in implicit contextual learning.
his extends previous findings that have underlined the role of the
asal ganglia in implicit learning processes (Daselaar et al., 2003;
logia 47 (2009) 1269–1273

Doyon et al., 2003; Kim et al., 2004; Knowlton et al., 1996, 1994;
Perretta et al., 2005; Poldrack et al., 1999; Rauch et al., 1997; Seger
& Cincotta, 2005; Wilkinson & Jahanshahi, 2007; Witt et al., 2006).
An important difference between the previously studied implicit
learning tasks and the currently used task is the fact that implicit
contextual learning is not based on the association between per-
ception and motor responses. This suggests that the basal ganglia
is not only involved in motor learning, but also has a role in purely
visual implicit learning mechanisms. These results further extend
the conclusions of Castelo-Branco et al. (2009) who showed that
the basal ganglia are important for visual functions.

Previous studies aimed at defining the neural correlates of
implicit contextual cueing have been limited to the MTL (Chun
& Phelps, 1999; Greene et al., 2007; Manns & Squire, 2001). The
idea that the MTL and basal ganglia are involved in implicit con-
textual learning is interesting and in line with recent studies that
have shown involvement of both brain areas in a single learn-
ing process. Poldrack et al. (2001) used functional neuroimaging
to show that classification learning depends on the MTL during
early learning phases, while this dependence rapidly declines with
training. In contrast, the caudate nucleus (which is a part of the
basal ganglia) is inactive in initial stages, and becomes active in
later stages. Poldrack et al. (2001) suggest that the MTL might
acquire flexible, relational knowledge, whereas the striatum might
be involved in creating inflexible stimulus–response associations,
reflecting declarative and nondeclarative memory respectively. In
the case of implicit contextual cueing, the MTL might be involved in
an early learning phase, in which the relations between the target
and context information are learned and the basal ganglia becomes
involved when visual search is based on learned stimulus–response
associations. However, it is not clear whether this would necessarily
reflect declarative and nondeclarative learning respectively, since
no direct evidence was found of declarative memory during implicit
contextual learning. It should be noted that the finding of MTL
involvement in implicit contextual cueing does raise the question
whether the neural correlates of declarative and nondeclarative
memory are strictly based on the MTL and the basal ganglia respec-
tively. Disentangling the exact role of the MTL and the basal ganglia
in implicit contextual learning is therefore not only important for
our understanding of the neural correlates of this learning mecha-
nism, but can also help to understand the mechanism underlying
the MTL and basal ganglia interaction.

It should be noted that Parkinson patients show normal visu-
ospatial skill learning since the overall response time decreases
during the experiment to the same extent for the patients and
controls. This is important, since it indicates that implicit learning
effects can be measured in these subjects, in spite of motor deficits
leading to decreased response times.

Parkinson disease patients were significantly impaired on the
forward recall condition of the Corsi Block-Tapping task, supporting
previous findings of a spatial working memory impairment (Kemps,
Szmalec, Vandierendonck, & Crevits, 2005; Stoffers, Berendse,
Deijen, & Wolters, 2003). Interestingly, performance on the back-
ward recall condition of the Corsi Block-Tapping task is normal. In
contrast to the forward recall condition, the backward recall con-
dition requires subjects to reorganize the spatial information, thus
making it more dependent on executive functioning. It should be
noted that the contextual cueing impairment that is found in the
current study is most likely not due to this spatial working mem-
ory deficit, as no correlation was found. Although spatial working
memory might be important for making a visual search in general

and therefore partly explain the general effect of slower response
times, this accounts for the new and repeated trials to the same
extent.

In sum, the current study has shown that Parkinson’s disease
patients with damage to the basal ganglia due to dopamine deple-
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ion are impaired on an implicit contextual learning task. This
uggests that the basal ganglia have an important role in acquiring
patial context information through an implicit memory process.
hese results give a new direction in the search for the neural cor-
elates of implicit contextual learning by emphasizing the role of
he basal ganglia. Future studies should be aimed at defining the
elative roles of the MTL and basal ganglia in implicit contextual
earning.
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