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SUMMARY
Groups of patients with idiopathic Parkinson's disease, either medicated or unmedicated, were compared
with matched groups of normal controls on a computerized battery previously shown to be sensitive to
frontal lobe dysfunction, including tests of planning, spatial working memory and attentional set-shifting.
In a series of problems based on the 'Tower of London' test, medicated patients with Parkinson's disease
were shown to be impaired in the amount of time spent thinking about (planning) the solution to each
problem. Additionally, an impairment in terms of the accuracy of the solution produced on this test was
only evident in those patients with more severe clinical symptoms and was accompanied by deficits in
an associated test of spatial short-term memory. Medicated patients with both mild and severe clinical
symptoms were also impaired on a related test of spatial working memory. In contrast, a group of patients
who were unmedicated and 'early in the course' of the disease were unimpaired in all three of these tests.
However, all three Parkinson's disease groups were impaired in the test of attentional set-shifting ability,
although unimpaired in a test of pattern recognition which is insensitive to frontal lobe damage.
These data are compared with those previously published from a group of young neurosurgical patients
with localized excisions of the frontal lobes and are discussed in terms of the specific nature of the cognitive
deficit at different stages of Parkinson's disease.
INTRODUCTION

Many studies have now established that patients with Parkinson's disease develop mild
neuropsychological deficits across a range of cognitive functions (Lees and Smith, 1983;
Boiler et al., 1984; Weingartner et al., 1984; Piilon et al., 1986; Taylor et al., 1986;
Sagar et al., 1988a; Ogden et al., 1990; see also a review by Brown and Marsden,
1988). Although some of these impairments closely resemble those commonly attributed
to frontal lobe dysfunction, in general direct comparisons have not been made between
patients with Parkinson's disease and patients with frontal lobe damage.
One exception is in the area of attentional set formation and set shifting. Several studies
have shown that frontal lobe patients perform poorly on the Wisconsin Card Sorting
Test, achieving fewer sorting categories and making more perseverative errors (Milner,
1964). Evidence for a frontal-like set-shifting impairment has also been reported for
both medicated (Bowen et al., 1975; Taylor et al., 1986; Canavan et al., 1989) and
non-medicated patients with Parkinson's disease (Lees and Smith, 1983; Canavan et
al., 1989), although the deficits are generally much smaller than those associated with
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frontal lobe lesions {see Brown and Marsden, 1988). The precise cognitive processes
responsible for impaired Wisconsin Card Sorting Test performance in Parkinson's disease
have been investigated using a number of associated attentional set-shifting paradigms
(Cools et al., 1984; Flowers and Robertson, 1985; Downes et al., 1989). In the recent
study by Downes et al. (1989) both medicated and non-medicated patients with
Parkinson's disease were impaired on a test of visual discrimination learning in which
subjects were required to shift response set between two stimulus dimensions. In a parallel
study, a young group of neurosurgical patients with localized excisions of the frontal
lobes were also shown to be impaired on this task, although no deficits were found
in groups of patients with unilateral temporal lobe or amygdala-hippocampus excisions
(Owen et al., 1991).
Patients with frontal lobe damage are often described as lacking normal executive
control over action, as exemplified by their deficits in the cognitive aspects of planning
on the Tower of London test (Shallice, 1982). Using a computerized version of this
test, patients with frontal lobe excisions have recently been shown to have a characteristic
profile of impairment in terms of both the accuracy and the latency of thinking (Owen
et al., 1990). They required more moves to complete these planning problems and a
'yoked' motor control condition has revealed that movement times were significantly
increased in this group. Taking both of these factors into consideration, initial thinking
(planning) time was unimpaired in the frontal lobe group, although the amount of time
spent thinking subsequent to the first move was significantly prolonged.
Taylor et al. (1986) have suggested that parkinsonian patients are impaired in tasks
that involve 'self-directed behavioural planning', although in a later study no deficits
were found using a three disc planning problem similar in design to the Tower of London
test (Saint-Cyr et al., 1988). In a preliminary study, we investigated planning performance
in patients with Parkinson's disease using the computerized Tower of London test (Morris
et al., 1988). A group of 12 medicated patients with mild or moderately severe clinical
symptoms was no less accurate than controls in solving the Tower of London planning
problems but spent a significantly greater amount of time thinking about the solution
prior to (but not subsequent to) making the first move, a pattern of deficits that contrasted
with the frontal lobe patients described by Owen et al. (1990).
There are, however, several problems of comparison between these studies of frontal
lobe patients (Owen et al., 1990) and patients with idiopathic Parkinson's disease (Morris
et al., 1988). For example, whilst the Tower of London test used in the two studies
was conceptually similar, there were radical differences in the actual appearance and
presentation of the planning problems that may have contributed to the different
performance of the two patient groups. In addition, the methods used to calculate estimates
of initial and subsequent 'thinking' time unconfounded by movement times were refined
in the later study (Owen et al., 1990). Specifically, the estimates of movement time
needed to make these corrections were derived directly from the actual sequence of
moves carried out by the subject, rather than from the 'ideal' or correct sequence as
defined by the problem itself.
The deficits in the Tower of London test in patients with frontal lobe damage and
Parkinson's disease have been considered in terms of the component processes required
for efficient planning. One obvious possibility is that the set-shifting impairments seen
in these two groups may contribute to the deficits in planning, given the importance
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of 'set' for efficient problem solving (see Gibson, 1941). Another possibility is that
the deficits reflect an impairment of memory function. The Tower of London test requires
an active search of possible solutions, placing a significant load on spatial working
memory. Subsequently, the problem solution must be held in spatial short-term memory
and transposed into the appropriate sequence of motor movements before it can actually
be executed. In the two studies described in detail above (Morris et al., 1988; Owen
et al., 1990) specific tests were employed to assess the individual efficiency of some
of these component processes. Spatial short-term memory span was assessed using a
paradigm based on Corsi's block-tapping task (Milner, 1971), which provided a simple
index of the subject's ability to retain, transpose and finally execute a defined sequence
of spatial moves. A self-ordered search task was also employed to measure the efficiency
of spatial working memory which has been reported to be impaired in individuals with
frontal lobe pathology (Petrides and Milner, 1982).
The test of spatial short-term memory revealed no significant impairment in the frontal
lobe patients' ability to execute a sequence of visuo-spatial moves. In contrast, the spatial
working memory paradigm revealed significant impairments in this patient group in
both possible types of search error and this was related to the inefficient use of a particular
search strategy for solving the problems (Owen et al., 1990). No impairments were
reported in patients with Parkinson's disease using similar but not identical tests of spatial
span and spatial working memory (Morris et al, 1988).
There are further problems of comparison between these two studies of patients with
frontal lobe damage and patients with idiopathic Parkinson's disease arising from the
progressive nature of Parkinson's disease and the possibility that the cognitive deficits
are quantitatively and qualitatively different at various stages of the disease. In recent
years several studies have emphasized the need to take account of the severity of clinical
symptoms when assessing cognitive impairments in Parkinson's disease. For example,
Mortimer et al. (1982) found a relationship between the degree of bradykinesia and
visuo-spatial deficit, whilst Taylor et al. (1986) found correlations between the severity
of the clinical (physical) symptoms and the performance on several cognitive tasks. It
should be emphasized, however, that if such a relationship exists, it is not simply a
direct one between impaired motor and cognitive function, since many patients can
fluctuate between extremes of motor disability whilst aspects of cognitive function remain
unaffected (Brown et al., 1984). Furthermore, several studies have found insignificant
or weak associations between measures of cognitive and motor performance (Sahakian
et al, 1988; Ogden et al, 1990).
Medication may also play a key role in the cognitive performance of parkinsonian
patients. Several studies have reported improved function in certain aspects of frontal
lobe test performance when L-dopa is administered (Bowen et al., 1975), whilst in others
the reverse pattern has been found (Gotham et al, 1988). The likely role of medication
in cognition can be assessed by studying patients who are 'early-in-the course' of
Parkinson's disease and are yet to receive any medication. Using this approach, several
studies have now reported specific cognitive deficits in such groups of patients (Lees
and Smith, 1983; Taylor et al., 1987; Downes et al., 1989). In the study of Downes
et al. (1989), the deficits in set-shifting ability were, if anything, worse in the 'earlyin-the-course' unmedicated patients than in the medicated patients with more severe
clinical symptoms.
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In the present investigation, the computerized Tower of London test, and tests of spatial
working memory and spatial span, were used to study planning in three subgroups of
patients with idiopathic Parkinson's disease. An initial group of 44 patients was divided
into those who were non-medicated with mild clinical symptoms, those that were
medicated with mild or moderate clinical symptoms and those who were medicated with
more severe clinical symptoms. By using precisely the same battery of tests adopted
by Owen etal. (1990) to investigate patients with frontal lobe damage, direct comparisons
could be made with this earlier study and, in addition, the likely contribution of both
medication and the severity of clinical symptoms in Parkinson's disease could be assessed.
A test of pattern recognition (Sahakian et al., 1988) was also given to assess the
psychological specificity of any effects observed. This test is not sensitive to localized
excisions of the frontal lobes (A. M. Owen, unpublished results), although impairments
have been observed in patients with both mild and moderate dementia of the Alzheimer
type (Sahakian et ai, 1988; Sahgal etal, 1991).
Although both medicated and non-medicated patients with Parkinson's disease have
previously been shown to be impaired on a test requiring a shift of attentional set to
a previously irrelevant dimension (Downes et al., 1989), all three patient groups assessed
in the present study were also given an identical version of this test in order that direct
comparisons might be made between these patients and those used in the earlier study.
METHODS
Subjects
The 44 parkinsonian patients included in this study were all outpatients at the Maudsley Hospital and
the National Hospital for Neurology and Neurosurgery, London. In all cases, idiopathic Parkinson's disease
was diagnosed by a consultant neurologist who also assessed the severity of clinical symptoms according
to the Hoehn and Yahr rating scale (Hoehn and Yahr, 1967). In cases where patients were experiencing
response fluctuations the Hoehn and Yahr rating referred to the 'on' rather than the 'off condition. On
the basis of this assessment, and depending on whether anti-parkinsonian medication had already been
received, each patient was assigned to one of three groups.
Fifteen patients were early in the course of the disease (mean = 18 mths) and had not yet received any
medication (non-medicated Parkinson's disease). In this group, clinical symptoms were rated either as
Hoehn and Yahr stage I (three patients), stage II (10 patients) or stage III (two patients).
The remaining 29 patients were all receiving L-dopa preparations either alone or in combination with
other medication. Fifteen of these individuals had mild/moderate physical symptoms [medicated Parkinson's
disease (mild)] and were rated as either Hoehn and Yahr stage I (three patients) or stage II (12 patients).
In addition to their dopaminergic treatment, four of these patients were receiving anti-cholinergic medication
(orphenadrine or benzhexol) at the time of testing. The mean daily dose of L-dopa was 575 mg.
The remaining 14 patients [medicated Parkinson's disease (severe)] had more severe physical symptoms
and were rated as stage III (eight patients) or stage IV (six patients). Three of these patients were receiving
anticholinergic as well as dopaminergic medication at the time of testing (orphenadrine or benzhexol).
The mean daily dose of L-dopa for this group was 779 mg.
Exclusion criteria for the two groups of medicated Parkinson's disease patients included clinical dementia
assessed using both the Mini Mental State Examination (MMSE) (Folstein et al., 1975) and the Kendrick
Object Learning Test (KOLT) (Kendrick, 1985). Specifically, this study only included patients who scored
24 out of 30 or above on the MMSE and 23 points or above on the KOLT.
To assess the incidence of affective disturbance in these patients, the Geriatric Depression Scale (GDS)
(Yesavage et al., 1982) was also administered. This is a self-administered, 30-item questionnaire designed
specifically for elderly subjects. It is particularly suited for the assessment of depression in parkinsonian
patients since it contains relatively few somatic items which may relate directly to the patients' physical
disability. In the present study, data from the GDS were analysed twice, including and excluding somatic
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items. Since no qualitative difference was found between the two analyses, only the results from the initial,
fully inclusive analysis are presented. The non-medicated patients were not screened for dementia or
depression. Informed consent was obtained from all patients.
Three groups of healthy control subjects (n = 44) were chosen to match the groups of parkinsonian
patients as closely as possible with respect to age and pre-morbid verbal IQ as assessed using the National
Adult Reading Test (NART) (Nelson, 1982). These subjects were drawn from a large pool of control
volunteers at the North East Age Research panel in Newcastle upon Tyne, with informed consent.
Table 1 shows a summary of characteristics for the three patient groups and their controls. One-way
analysis of variance (ANOVA) confirmed that the non-medicated Parkinson's disease group, the nonmedicated Parkinson's disease (mild) group and the medicated Parkinson's disease (severe) group were
all well matched with their respective control groups in terms of age [F(l,28) = 0.66, F(l,28) = 0.13,
F(l,26) = 0 . 5 9 , respectively] and NART IQ estimate [F( 1,28) = 1.62, F(l,28) = 1.67, F(l,26) = 1.71,
respectively]. The two medicated groups did not differ significantly in terms of their MMSE scores [F(l,22)
= 0.31] or their performance on the KOLT [F(l,24) = 3.3]. There was, however, a significant difference
between these two groups in their scores on the GDS [F( 1,25) = 8.11, P < 0.01] and this will be discussed
in detail later. In addition, a Newman-Keuls comparison between the three patient groups revealed that
the medicated Parkinson's disease (mild) and the medicated Parkinson's disease (severe) subgroups both
differed significantly from the non-medicated Parkinson's disease group in terms of disease duration
[F(2,39) = 4.25, P < 0.025], although the two medicated groups did not differ significantly from each
other in this measure.
In the attentional set-shifting task, the three groups of Parkinson's disease patients were compared with
a large group of normal control volunteers (n = 129, mean age = 57.15 yrs, mean NART IQ = 114.7)
drawn from the North East Age Research Panel in Newcastle upon Tyne and from the Newcastle,
Cambridgeshire and London areas. Since this part of the study was a replication of an earlier investigation
(Downes el ai, 1989), included for the purpose of comparison, the set-shifting task was administered
to a subset of the parkinsonian patients, in a separate test session. In all, 14 non-medicated Parkinson's
disease patients and nine from each of the medicated Parkinson's disease groups were tested.
Materials and procedure
The main testing procedures were taken from the Cambridge Neuropsychological Test Automated Battery,
a series of computerized paradigms run on an Acorn BBC Master microcomputer with a high resolution
Microvitec colour monitor and a Microvitec (Touchtech 501) touch sensitive screen. Subjects were seated
approximately 0.5 m from the monitor and it was explained that they would have to respond to stimuli
by touching the screen. They were introduced to the apparatus by way of a 'motor screening task' in which
they were asked to respond to a series of flashing crosses on the screen by placing the index finger of
their preferred hand on the centre point of each cross. Once each cross had been accurately touched the
next cross appeared after a brief delay. Following a short demonstration by the experimenter, in which
three consecutive crosses were touched, subjects were presented with a series of 10 crosses to touch at
6 s intervals. After satisfactorily completing the introductory motor screening task, subjects were given
the following three tests in the order described below.

TABLE I. SUBJECT CHARACTERISTICS
Stage
[mean]

n

Age (yrs)

Non-medicated Parkinson's
disease
Controls

I-III[I.93|

15

55.73(2.9)

111.8(2.5)

15

58.33(1.49)

115.7(1.6)

Medicated Parkinson's
disease (mild)
Controls

I — III 1 -81

15

58.86(2.83)

108(2.79)

15

60.06(1.84)

112(1.5)

Medicated Parkinson's
disease (severe)
Controls

111—1V[3.43)

14

65.85(1.73)

107.9(2.56)

14

64.14(1.26)

112(1.7)

Group

NART

Disease
duration
(yrs)

L-dopa
(mg)

MMSE

GDS

7.07(1.27)

575(248)

28.25(0.57)

8.61(1.78)

38.16(2.1)

10.21(1.57)

779(273)

27.83(0.52)

15.14(1.55)

33.78(1.46)

KOLT

1.5(4.2)

Standard errors are shown in round brackets. N A R T = National Adult Reading Test: M M S E = Mini Menial Slate Examination: GDS = Geriatric Depression
Scale; K O L T = Kendrick Object Learning Test.
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Spatial short-term memory task (Fig. 1A)
In this computerized version of the Corsi's block-tapping task (Milner, 1971), spatial short-term memory
capacity was determined from the ability of subjects to remember a sequence of squares on the screen.
Each trial began with the same arrangement of nine white 3 cm squares, presented on the screen in a pseudorandom pattern. Subjects were instructed to observe the boxes, as some would change colour one after
the other. Their task was to remember the location and the sequential order of the boxes which changed.
During each series, one box would change colour for 3 s, and then return to white before the next in the
sequence changed to the same colour. The subject was then prompted by a tone to repeat the sequence
by touching the boxes in the same order. During this response sequence, each selected box changed to
the same colour for 1 s, and a feedback tone sounded. Following one demonstration trial by the experimenter,
the task began at the simplest level of difficulty with a two box sequence. After each successful trial, the
number of boxes changing in the next sequence was increased by one to a maximum of nine boxes. After
an incorrect attempt at any particular level, an alternative sequence of the same length was presented.
This continued until the subject had failed three consecutive trials at any one level. During each trial,
a number in the bottom left-hand corner of the screen indicated the length of the current sequence. Also,
all boxes changed to the same colour within each series, although on any two adjacent sequences different
colours were used to minimize interference. The spatial short-term memory span was calculated as the
highest level at which the subject had successfully recalled at least one sequence of boxes.
Spatial working memory task (Fig. 1B)
In this task the subject was required to 'search through' a number of boxes presented on the screen
by touching each one such that it 'opened up', revealing what was inside. The objective was to collect
'blue tokens' hidden inside the boxes and, once found, to use them to fill an empty column at the side
of the screen. The subjects were instructed that at any one time there would be a single token hidden inside
one of the boxes. Their task was to search until they found it, at which point the next token would be
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FIG. 1. A, the spatial span test. B, the spatial working memory test (a six box problem is shown), c. a sub-problem
from the computerized Tower of London test. Three moves (indicated) are required to make the two arrangements identical.

