Brain (1997),120, 1823-1843

Frontal—striatal cognitive deficits in patients with
chronic schizophrenia

Christos Panteli, Thomas R. E. BarnesHazel E. Nelsorf, Susan TannetLisa Weatherley,
Adrian M. Owert and Trevor W. Robbirfs

1Cognitive Neuropsychiatry Unit, Mental Health Research Correspondence to: Dr C. Pantelis, Cognitive

Institute and Department of Psychiatry, The University of Neuropsychiatry Unit, Mental Health Research Institute,
Melbourne, Australia?2Department of Psychiatry, Charing Locked Bag 11, Parkville, Victoria 3052, Australia

Cross and Westminster Medical School, London,

3Department of Psychology, Horton Hospital, Surrey,

“Department of Experimental Psychology, Cambridge

University, UK

Summary

Spatial working memory and planning abilities were assessethsk. However, the groups of patients with schizophrenia
in 36 hospitalized patients with chronic schizophrenia, usingand frontal lobe lesions made fewer perfect solutions and
the computerized Cambridge Neuropsychological Testequired more moves for completion. Movement times were
Automated Battery (CANTAB), and compared with those o$ignificantly slower in the schizophrenia group, suggesting
normal subjects and patients with neurological disordersimpairment in the sensorimotor requirements of the task. The
(frontal lobe lesions; temporal lobe and amygdalo- patients with schizophrenia were not impaired in their ‘initial
hippocampal lesions; Parkinson’s disease), matched for agethinking’ (planning) latencies, but had significantly prolonged
sex and National Adult Reading Test 1Q. The patients in thésubsequent thinking’ (execution) latencies. This pattern
group with temporal lobe lesions were unimpaired in theirresembled that of the group with frontal lobe lesions and
performance on these tasks. Patients with schizophrenia weontrasted with the prolonged ‘initial thinking’ time seen in
impaired on visuo-spatial memory span compared with allParkinson’s disease. The results of this study are indicative
the other groups, while severity of Parkinson’s disease wasf an overall deficit of executive functioning in schizophrenia,
correlated with the degree of impairment on this task. Thesven greater than that seen in patients with frontal lobe
patients with schizophrenia and those with frontal lobe lesiondesions. However, the pattern of results in schizophrenia
were impaired on a ‘spatial working memory’ task, with resembled that seen in patients with lesions of the frontal
increased ‘between-search errors’. Patients with Parkinson'dobe or with basal ganglia dysfunction, providing support
disease performed this task poorly compared with the youngeor the notion of a disturbance of frontostriatal circuits in
control subjects. Patients with schizophrenia were unable tschizophrenia. Our findings also indicate that there is a
develop a systematic strategy to complete this task, relyintpss of the normal relationships between different domains
instead on a limited visuo-spatial memory span. Higher levebf executive function in schizophrenia, with implications for
planning ability was investigated using the CANTAB ‘Towerimpaired functional connectivity between different regions
of London'. All groups were equally able to complete theof the neocortex.

Keywords: working memory; planning; bradyphrenia; frontal-subcortical connections; functional connectivity

Abbreviations: CANTAB = Cambridge Neuropsychological Test Automated Battery; NARTNational Adult Reading
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Introduction

The neural substrates of schizophrenia remain uncleaneurotransmitter systems in the pathogenesis of the disorder.
although advances in neuroimaging and post-mortem analys@ese include the temporal and frontal cortices, hippocampus,
have implicated a range of candidate structures andmygdala, striatum and thalamus, as well as dopaminergic,
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serotoninergic and glutamatergic systems (for reviese®  this hypothesis includes PET studies of drug-naive patients
Falkai and Bogerts, 1995; Owen and Simpson, 1995; Bildewith schizophrenia, which have identified reduced
and Szeszko, 1996; Woodruff and Lewis, 1996). Recentlymetabolism in basal ganglia structures while confirming
there has been particular interest in the possible contributiohypofrontality (Buchsbaumnat al., 1992; Siegeét al., 1993),
of the frontal cortex and its interactions with other structureswhile in another study of never-medicated patients changes
notably the hippocampus and basal ganglia. Hypotheses haweere identified in the globus pallidus (Eargt al, 1987).
been advanced which seek to explain the symptomatolog@ther studies have identified changes in both medial temporal
of schizophreniain terms of the cognitive processes subservddbe structures as well as changes in the striatum (Friston
by these structures (Robbins, 1990, 1991; Buchsbaum, 199@t al, 1992). Such investigations suggest that, while
Goldman-Rakic, 1990; Weinberger, 1991; Pantedisal,  dysfunction of frontal-hippocampal circuits may provide
1992). an explanation of hypofrontality in schizophrenia, another
Neuropsychological studies of patients with schizophrenigossible contribution to the cognitive deficits in schizophrenia
have consistently identified deficits of executive function,is made by dysfunction of frontal-striatal-thalamic circuitry
traditionally considered sensitive to frontal lobe damage(Frith and Done, 1988; Robbins, 1990, 1991; Buchsbaum
with deficits apparent on tasks such as the Wisconsin Cardt al., 1992; Siegelet al, 1993; Pantelis and Brewer,
Sorting Test, verbal fluency, the Stroop task and the ‘Towed 995, 1996), possibly reflecting disturbed pathophysiology
of London’ (Kolb and Whishaw, 1983; Taylor and Abrams, in subcortical areas, such as the basal ganglia or thalami
1984, 1987; Weinbergest al., 1986; Goldberget al, 1990, (Barnes, 1988; Pantelit al., 1992; Collinsoret al., 1996).
1993; Morice, 1990; Liddle and Morris, 1991; Shallieeal., The frontal-striatal-thalamic pathways are highly
1991; Morrison-Stewaret al, 1992; Morriset al, 1995). organized with parallel, segregated circuits throughout their
These findings have been supported by the results afourse (Alexandeet al, 1986; DelLonget al., 1990). These
functional neuroimaging studies suggesting ‘hypofrontality’ subserve motor and ocular motor function via loops involving
in schizophrenia. The latter has been most consistentlthe supplementary motor area and the frontal eye fields, and
demonstrated using cognitive activation paradigmsare involved in cognitive function, emotion and behaviour via
(Weinbergeret al., 1986; Bermaret al, 1988; Andreasen functional loops separately involving dorsolateral prefrontal
et al, 1992; Buchsbaumet al, 1992; for review,see cortex, orbitofrontal and anterior cingulate regions of the
Velakoulis and Pantelis, 1996). prefrontal cortex. Dysfunction of these prefrontal regions and
Although abnormal function has been demonstrated in théheir associated circuits has been implicated as important
prefrontal cortex, there is scant evidence of anatomicaln understanding the range of symptoms, disturbances of
pathology of this brain area (Sheltehal.,, 1988; Andreasen behaviour and neuropsychological deficits evident in
et al,, 1990). Recent investigators have attempted to explaischizophrenia (Robbins, 1990, 1991; Pantelis and Brewer,
the apparent hypofrontality by examining distant sites, sucii995, 1996). In contrast, the frontal-hippocampal hypothesis
as hippocampus and basal ganglia, and the pathways whiémplicates the dorsolateral prefrontal cortex specifically,
connect them with the prefrontal cortex (Robbins, 1990which may only explain a limited range of the observed
1991; Weinberger, 1991; Panteés al, 1992). In particular, deficits in this disorder.
it has been proposed that pathology in the hippocampus While these hypotheses provide two possible explanations
explains the hypofrontality observed in functional imagingfor the observed hypofrontality in schizophrenia, only a
studies, especially those involving the dorsolateral prefrontalew recent studies have made direct neuropsychological
cortex (Weinberger, 1991; Weinberget al, 1992). This comparisons between patients with schizophrenia and those
hypothesis receives support from the findings ofwith disorders affecting the neocortex or subcortical structures
neuropathological and structural neuroimaging studiegGold et al, 1994; Heatoret al, 1994; Hanegt al., 1996,
(Bogertset al, 1985, 1990; Browret al., 1986; Suddath b). The main aim of the present study was to characterize
et al, 1989, 1990). Primate studies also suggest that ththe neuropsychological profile of patients with chronic
hippocampus and its connections with the dorsolateraschizophrenia on a test battery [the Cambridge
prefrontal cortex plays an important role in executive functionNeuropsychological Test Automated Battery (CANTAB)]
and these models have been applied to schizophrenthat has been shown to be sensitive to impairments of
(Goldman-Rakic, 1990). However, to date, few human studieset shifting, working memory and planning, not only in
have examined the role of the hippocampi or other mediaheurosurgical cases of frontal or temporal lobe injury
temporal lobe structures in executive function and the resultéincluding amygdalo-hippocampectomy) (Owehal., 1990,
of those studies have been contradictory (Frisk and Milner1991, 1995, 199§, but also in disorders of the basal ganglia,
1990; Corcoran and Upton, 1993; Owenal., 199&). including Parkinson’s disease (Morigs al., 1988; Sahakian
While structural changes in the hippocampus may providest al., 1988; Downe®t al., 1989; Oweret al., 1992, 1993,
one explanation for the hypofrontality observed inb; Robbinset al., 1992, 1994). The test battery includes a
schizophrenia, other investigators have suggested that it ferm of the ‘Tower of London’ test of planning (Shallice,
the connections between prefrontal cortical areas and th&982) which incorporates measures of thinking latency as
basal ganglia and thalami which are important. Support fowell as accuracy and a test of self-ordered spatial working
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memory based on analogous tasks used in experimentahdertaken for this group of patients with schizophrenia: (i)

animals (Passingham, 1985; Petrides, 1995). The latter te§&tomparison 1, which compared patients with schizophrenia

yields measures of performance on spatial working memoryith age-matched normal control subjects, and with groups

and the optimal strategy used to complete the task, which ief patients with frontal or temporal lobe lesions; (ii)

presumed to be an indicator of executive function. WhileComparison 2, which compared patients with schizophrenia

studies to date have identified deficits of spatial short-ternwith Parkinson’s disease patients and their respective (older)

memory in schizophrenia (e.g. Park and Holzman, 1992), nage-matched normal control subjects. All patients and control

previous study has examined the various components afubjects provided informed consent to participate in the study,

working memory in schizophrenia assessed by this task. which was approved by the Riverside Ethics Committee
Therefore, in order to examine the nature and extent ofLondon, UK).

the deficits in executive function in schizophrenia, patients

with this illness were compared with matched control subjects

and matched groups of patients with neocortical damagegomparison 1: schizophrenia versus frontal and

mvolylng frontal lobe or med|al temporal Igbe.structures, Ortemporal lobe lesions

Parkinson’s disease. This allowed examination of the key

question arising from the two hypotheses of hypofrontality . . . . , .
outlined above, specifically, whether the pattern ofPatients with schizophreniarhe 36 patients with

neuropsychological deficits in schizophrenia more closely®¢hizophrenia who undertook the ‘working memory and
resembles that resulting from frontal—striatal dysfunction oP/@nning’ test battery, were chosen to maich the other

the performance observed in patients with lesions in mediaf€urological groups and normal control subjects as closely
temporal lobe structures. as possible with regard to age, sex and NART I§gg

Table 1). The patients and control subjects did not differ
significantly with respect to sex{ = 5.59) and were well
matched for NART 1Q F(3,115) = 1.215]. However, the

Methods temporal/amygdalo-hippocampectomy group were
Patients and control subjects significantly younger than the other groups(3,118) =
Patients with schizophrenia 9.965,P < 0.0001]. For the analyses that follow, age was

All in-patients between 18 and 65 years of age who werg/S€d as a covariate where appropriate.
resident in a long-stay psychiatric hospital (Horton Hospital, '€ 36 schizophrenic patients (29 male, seven female) had

Epsom, UK) for>1 year, with a diagnosis of schizophrenia, :imean agex SEM, standard error of the mean) of 48.31
were screened for inclusion in the study. Patients fulfilling™= 1-70 years, mean age at onset of illness was 26.4906

DSM-III-R (American Psychiatric Association, 1987) criteria years, mean length of_ﬂlness was 27.611.64 years, mean
for schizophrenia and who could not be excluded for othel€N9th Of current admission was 19.372.13 years, mean
reasons, outlined below, were asked to participate. In-patienft@ length of all admissions was 23.38 1.87 years,
from Horton Hospital originated from the North-East Thames""nd mean daily .d_oset( SEM) of neuroleptic medlca_ltlon,
region of London, though many who had been in-patientsexmessed as milligram equivalents of chlorpromazine was
for more than a few years originated from across the country.l‘lol-1 * 218.6 mg. The ‘mean NART IQH{ SEM) was _
Of 111 patients meeting these criteria, 51 patients wer@/-2 = 1.5). These patients were therefore a chronic
excluded for the following reasons: four were acute|ypopulat|on who had been hospitalized for most of their illness.
disturbed; one was unable to work the computer due to )
severe tremor; one had a history of recent drug abuse dy0rmal control subjectsData from normal control
assessed with urine drug Screening; 11 patients had po@ﬂbjeCtSWhO had Completed the CANTAB tests were available
eyesight; five were leucotomized; four had a history offrom studies conducted by the Cambridge group and were
significant head injury, cerebral vascular accident or evidencgainly drawn from the North-East Age Research panel in
of dementia; four with history of epilepsy; four had a history Newcastle-upon-Tyne. These normal control subjects were
of thyroid disease or were being treated with thyroxine;Sim“ar to those used in previous studies of the CANTAB
one patient with schizophrenia and Wilson's disease waée.g9- Owenet al, 1990).
excluded; 14 refused to participate in the study and one
patient became deluded about the computer and could n®atients with frontal lobe lesion®ata from patients
be tested; one patient relapsed during testing. with frontal lobe lesions who had undergone unilateral or
While the CANTAB was administered to the remaining bilateral frontal lobe surgery were derived from the sample
60 patients with chronic schizophrenia, the current studydescribed by Oweet al. (1990). Three patients with frontal
reports findings from those 36 patients who could belobe lesions who had CT scan evidence of subcortical damage
appropriately matched to the other patient groups, accordingrere excluded. Of the 26 patients with frontal lobe lesions
to age, sex and the National Adult Reading Test IQ (NARTIn this study, 15 had right sided frontal lobe excisions (three
IQ) (Nelson, 1982). Two separate comparisons werewith right frontal lobectomy, three cases had an anterior
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Table 1 Characteristics of patients and control subjects for Comparisons 1 and 2

Main groups Comparison 1 Comparison 2
Schizophrenia Matched Frontal Temporal lobe/ Parkinson’s Older
patients control lobe amygdalo-hippo- disease control
subjects lesions campal lesions (medicated) subjects
(n = 36) h=31) (h = 26) (h = 29) h = 29) (n = 29)
Mean age in years 48.31 47.48 41.73 32.72* 62.24 66.41
+ SEM + 1.70 + 2.08 + 3.75 + 1.53 +1.76 + 1.35
Range 26-64 23-65 16-73 21-56 38-82 52-77
Sex (male : female) 29:7 18 : 13 15: 11 17 : 12 19: 10 15: 14
Mean NART IQ 97.16 101.27 97.26 98.39 100.47 100.81
+ SEM + 1.51 + 1.36 + 2.50 + 1.83 + 1.84 +1.23
Range 83-114 79-117 77-116 79-113 79-115 91-115

SEM = standard error of the mean; NARF estimated premorbid NART IQ; Comparison=l schizophrenia patients and their matched
control subjects versus patients with frontal and temporal lobe lesions; ComparisoscBizophrenia and their matched control subjects
versus Parkinson’s disease patients and their (older) matched control subfeets0.0001.

communicating aneurysm clipped, four had a right-sidednonths after surgery (range 8-121 months). Patients in
meningioma removed, two were cases of arteriovenouthe amygdalo-hippocampectomy group (eight left-sided, three
malformation removal, two had astrocytoma removed, oneight-sided) received a variant of the ‘en bloc’ temporal
case had craniopharyngioma removed). Eight patients hagksection, the selective amygdalo-hippocampectomy. This
left frontal lobe excisions (four cases of unilateral lobectomy,operation was performed in patients with a known structural
one case of arteriovenous malformation removed, two hatesion in or near the medial temporal structures or when
astrocytoma removed, one case had intra-cerebral haematortier investigations have suggested a medial temporal focus
evacuated). Three patients had bifrontal meningioma removalor seizures. Amygdala and hippocampus were removed
The patients with frontal lobe lesions were tested, on averagentirely on one side without any permanent damage to the
38 months postoperatively (median 24 months, range= overlying cortical structures. These patients were assessed,
1-240 months). Fifteen were on anticonvulsant medicatioron average, 11.6 months after surgery (rarde-24 months).
at the time of testing. All patients were on anticonvulsant medication. For the
analyses below, the temporal and amygdalo-hippo-
Patients with temporal lobectomy/amygdalo-campectomized patients were grouped together (temporal
hippocampectomypata for patients with temporal lobe group).
lesions who had undergone unilateral surgery for intractable All of the control subjects and neurological patients, as
epilepsy were derived from the sample described by Owemvell as 33 of the schizophrenia patients in Comparison 1,
et al. (1991, 1995). Three patients were excluded because aompleted the ‘Tower of London’ task to all levels of
histories of affective disorder (two patients) and substancdifficulty. Three patients with schizophrenia did not complete
abuse (one patient). Eighteen patients had undergone the five-move problems.
standard ‘en bloc’ unilateral temporal lobe resection and 11
patients had had unilateral resection of medial temporal
structures (amygdalo-hippocampectomy). Those temporal ] ) ) )
lobe patients who had had surgery to the dominant hemisphefeOmparison 2: schizophrenia versus Parkinson’s
had typically received smaller resections (1-2 cm) of thedisease
superior temporal gyrus, in order to reduce any effects on the second comparison, the patients with schizophrenia
speech. In this standard operation usually up to one half ofvere compared with a group of patients with Parkinson’s
the amygdala was also removed as well as a small amounlisease. The same patients with schizophrenia and their
of hippocampus. Nine cases in the group with temporal lob&ontrol subjects (as described in Comparison 1) were
lesions had had left-sided surgery, with a mean resection ( compared with a group of 29 patients with Parkinson’s
SD) of 6.1+ 0.63 cm (range, 4.5—7.0 cm), including resectiondisease. Because the latter were older than the schizophrenia
of a portion of hippocampus (mean 17.4 mm, range= 5—  group, a second control group of 29 subjects, matched to the
28 mm). Nine temporal lobe patients had a right temporaParkinson’s disease patients, was also used. The
lobectomy with a mean resectiort: (SD) of 5.94+ 0.391 characteristics of these patients and control subjects are
cm (range= 5.0-6.5 cm) excised, including removal of shown in Table 1. The four groups were well-matched for
hippocampus in four patients (mean 20.75 mm, range= NART 1Q [F(3,120) = 1.68] and were not significantly
20-23 mm). These patients were tested, on average, 3fifferent with regard to sexxf = 6.71, P < 0.1). The
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Parkinson's disease group and their older control subjectSpatial short-term memory task (visuo-spatial
were significantly older than the schizophrenia group andspan)

their controls F(3,121) = 29.78,P < 0.0001]. However, This computerized version of Corsi's block tapping test
each patient group and their respective control group Wer@jiner, 1971) assessed the subject's ability to remember a
well-matched for age. o _ _ sequence of squares presented on the screen. For each trial,
Data for the Parkinson's disease patients were derived hiects observed a series of white squares that changed
from the sample already described by Owenal (1992).  qoyr and were required to remember the location and
The patients were diagnosed with idiopathic Park'nsonyssequential order of the squares that changed. The test
disease by a consultant neurologist, who also assessed R menced at a ‘two-square’ span level and, for each
severity of the iliness using the rating scale of I-,|oehln andyccessful trial, the number of squares changing colour in
Yahr (Hoehn and Yahr, 1967). The Parkinson's diseasgne proceeding sequence was increased by one, to a maximum
patients in the present study had mild or severe symptomgs nine squares. The visuo-spatial span was defined as the
of the illness. The average duration of illness was 8.64 yearﬁighest level at which the subject successfully remembered
and the mean Hoehn and Yahr score $EM) was 2.62= 51 |east one sequence of squares. This measure was used to
0.17. They were all receiving-dopa preparations (mean ,gsess the ability of subjects to hold information ‘on-line’ in
dose of .-dopa = 677 mg), while seven patients Weré g qer to plan a series of moves in tasks such as the

also receiving anti-cholinergic medication (orphenadrine Olspatial working memory task and the Tower of London
benzhexol) at the time of testing. All the Parkinson’s diseasejascribed below. '

patients had Mini-Mental State Scores (Folstefral., 1975)
of >23, to exclude the possibility of clinical dementia. Six
of the Parkinson’s disease patients did not complete al

problems from the ‘Tower of London’ task. JSpatlaI working memory task

This task required subjects to ‘search through’ a number of
boxes on the screen in order to locate blue tokens which
. were hidden inside the boxes. The key instruction was that
Neuropsychological assessments once a token had been located behind a particular box, that
Patients and control subjects were assessed with the Nationghyx would not be used again to hide another token in the
Adult Reading Test (NART; Nelson 1982), which provides sequence. Since each box was only used once, on every trial
an accurate estimate of premorbid intelligence level. Thishe maximum number of tokens corresponded to the number
was converted to the Wechsler Adult Intelligence Scale—yf poxes on the screen. Subjects received four test trials with
Revised intelligence quotient (WAIS-R 1Q) (Wechsler, 1981)gach of two, three, four, six and eight boxes. A ‘within-
using standard tables or the formula available in the manuakearch error’ occurred when a subject searched any box more
For those patients with schizophrenia who sco@dd correct  than once during the sequence, while a ‘between-search
words on the NART, further testing was carried out usingerror’ was committed when a subject returned to search a
the Schonell Graded Word Reading Test (Schonell, 1942),y in which a token had already been found during a previous
which provided more accurate assessment of premorbid 'Qearching sequence. A ‘strategy’ score was calculated for
at the lower levels. subject performance for the more difficult six- and eight-box
levels (Owenet al, 1990). This score reflected how often
the subject initiated a searching sequence from the same box

Computerized neuropsychological assessment during the trial, indicating the ability to adopt a systematic
procedures searching approach. The measure was scored on a scale of

Patients and control subjects were assessed using tests frdmi© 37, with |0W’_3f scores indicating _exte_nsw_e_use of the
the Cambridge Neuropsychological Test Automated Batten@PProach, and higher scores reflecting inefficient use of
(CANTAB) (Owen et al, 1990; Sahakian and Owen, 1992; the strategy.

Robbinset al., 1994), a series of computerized tasks which

were run on an Acorn BBC Master microcomputer with a

high resolution Microvitec colour monitor and a Microvitec Planning task (computerized ‘Tower of London’)
(Touchtec 501) touch sensitive screen. Subjects were seat@this task was derived from the ‘Tower of London’ task
~0.5 m from the monitor and were required to respond bydeveloped by Shallice and McCarthy (Shallice, 1982).
simply touching the screen with a finger. They first completedSubjects were presented with a problem where they were
a ‘motor screening task’ (placing a finger on the centre of aequired to rearrange a set of balls in the bottom half of the
flashing cross) which familiarized them with the testingcomputer screen, so that their positions matched the goal
procedure. After satisfactory completion of this task, subject@arrangement presented in the top half of the screen. The
were given the tasks that are briefly described below. Detailedtarting position of the balls was varied so that the minimum
descriptions of these tests are provided elsewhere (Owemumber of moves to solution was two, three, four or five
et al, 1990; Robbingt al., 1992). moves. Subjects were instructed to examine the position of
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the balls at the commencement of each problem and attemptgnificantly below all other groupsF[3,114) = 11.70,
to solve it in a specified minimum number of moves. TwelveP < 0.001, with age as covariate]. In Comparison 2, the
copying trials were presented: two trials for each of the two-patients with schizophrenia scored significantly below the
and three-move solutions, and four trials for each of the fourfarkinson’s disease group and both control groups, while the
and five-move solutions. The accuracy measures during thearkinson’s disease group was impaired in comparison with
copying trials consisted of the number of test trials completedhe younger control subjects(3,119)= 11.27,P < 0.0001].
within the minimum number of moves and the total number
of moves in excess of the minimum. The program also
recorded the planning (initial thinking’) and execution Spatial working memory task
(‘subsequent thinking’) latencies during the copying trials toFigure 1A and B show the mean number of ‘between-search
provide estimates of cognitive speed. errors’ for each group at various stages of the task for the
For each copying trial, a control condition was employedtwo comparisons. For both Comparison 1 and Comparison
to provide a measure of motor initiation and execution2, there was a highly significant difference between the four
times that were independent of thinking times. During theseroups in their performance of the task in terms of the
‘following’ trials, subjects were instructed to follow a number of ‘between-search errors’ [for Comparison 1,
sequence of single moves executed in the top half of th&(3,112) = 12.95,P < 0.001, with age as covariate; for
screen, by moving the corresponding ball on the displayComparison 2((3,118)= 10.68,P < 0.001]. There was also
presented on the lower half of the screen. Once the subjeét significant main effect of task difficulty [for Comparison 1,
had made the appropriate move, the top arrangement wouldilk's A = 0.161,F(4,110)= 143.42,P < 0.001, with age
change again and the subject was required to make anothas covariate; for Comparison 2, Wilkis= 0.125,F(4,115)=
single move. Subjects were prompted to make these sing201.34, P < 0.001] and significant groupdifficulty
moves as quickly as possible. These ‘following’ trials actedinteractions [Comparison 1: Wik's A = 0.626,
as a control condition for the copying trials, as they wereF(12,291.32)= 4.70, P < 0.001, with age as covariate;
exact replications of the subject’s earlier planning moves. Th€omparison 2: Wilk'sA = 0.697,F(12,304.55)= 3.71,P
measurement of selection (‘initial movement’) and execution< 0.001] indicating that the magnitude of the difference
(‘subsequent movement’) latencies in the ‘following’ between the groups increased as the task demands became
conditions provided the estimates of motor speed. progressively greater. For each study, the difference between
the groups was investigated further using the Studentized
Newman-Keuls test at each level of difficulty as well as
comparing the total ‘between-search errors’ summed over all
ages of the task.
In Comparison 1, there was no difference between the
cr‘ontrol group and that with temporal lobe lesions in the

Data processing and analysis
Data analysis was performed using the Statistical Packag%t
for the Social Sciences (SPSS/PC) (Kial, 1970). Latencies

for the ‘Tower of London’ task were measured to the neares

10 ms, and transformed into logarithms (base 10) to reduc@umber of ‘between-search errors’ at each level of difficulty

skewness in the distribution and thereby meet the assumptiolé Itn the total bﬁtween-s,ezﬂ]ch errli)_rsé@hTabl_e 2)- tF_or;cotaI d
of the analysis method. Repeated measures analysis etween-search €rrors, the schizophrenic patients made

variance was conducted using a two-factor design Whicﬁ,lgnificantly more errors than all other groups, including the

included a between-subjects factor (group) and a within-.grOUpWith frontal lobe lesions who, in turn, were significantly

subject factor (e.g. difficulty level). For Comparison 1, age|mpaired in comparison with the control subjects and the

was included as covariate in these analyses, as the gro oup W'_th temporal Iobe_ Ie5|on§(3,11_2) N 12'.92’P <

with temporal lobe lesions was significantly younger than '001_’ with age as covariate]. Th? schlzophrenla group was
the other groups. Within-group effects and interaction effectémpfel'red at all stages 0 f the task in comparison with control
were examined using repeated measures analysis of varianﬁ%bJeCtS: Also, they differed from the group with temporal
within a MANOVA design (Wilk's Multivariate test of lo € Iespns at all stages ?xcept 3, and differed from the
significance).Post hocanalyses were conducted using one-p"?ltlents with frontal I_obe Ie_smns at stages 4 and 8. The_group
way analysis of variance and the Studentized Newman—KeuI\Q"th frontal Iobe_lesmns differed from the control subjects
procedure. Correlations were calculated using Pearson@nd the group with temporal lobe lesions at stage 6.

product moment coefficient)or Spearman’s rank correlation In Qompanson 2, th_e schizophrenia group was S|gn|f|cqntly
(r), as appropriate impaired compared with the group of matched control subjects

at all levels of difficulty F(3,118)= 10.67,P < 0.001], and
performed worse than the Parkinson’s disease group and the
elderly control subjects at stage 2 and 3. The Parkinson’s
Results disease group was impaired in comparison with the younger
Spatial short-term memory task (Table 2) control subjects, but was not significantly different from their
In Comparison 1, there was a significant difference in visuo-matched older control subjects. The latter were also impaired
spatial span scores, with the schizophrenia group scoringn this task in comparison with the younger control group.
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Table 2 Scores for the six groups of subjects (unadjusted meai$EM) in the various tasks

Schizophrenia Matched Frontal Temporal lobe/ Parkinson’s Older
patients control lobe amygdalo-hippo- disease control
subjects lesions campal lesions (medicated) subjects
Visuo-spatial span  3.7% 0.16 5.10+ 0.18 4,96+ 0.23 5.46+ 0.21 4,38+ 0.17 4,72+ 0.18
Spatial working memory (between- and within-search errors)
Between 69.15+ 4.30 36.87+ 4.53 51.08+ 4.37 33.81+ 3.42 58.31+ 4.17 53.10+ 3.61
Within 10.45+ 2.00 7.16+ 2.61 12.04+ 2.53 3.22+ 0.58 6.86+ 1.15 6.72+ 1.66
Strategy 21.1 + 0.59 16.2 = 0.74 17.2 = 0.88 15.5 = 0.95 17.0 = 0.87 17.5 = 0.76
Tower of London: perfect solutions
2 moves 1.9 = 0.07 1.97+ 0.03 2.0 £ 0.0 2.0 = 0.0 1.82=* 0.09 2.0 £0.0
3 moves 1.25+ 0.12 1.68* 0.10 158+ 0.11 1.83* 0.07 1.43+ 0.15 141+ 0.12
4 moves 2.0 £ 0.17 2.32+ 0.20 2.15+ 0.18 2.62+ 0.18 1.85+ 0.21 2.14+ 0.17
5 moves 1.53+ 0.17 2.06+ 0.24 1.65+ 0.21 2.41+ 0.20 1.67+ 0.23 1.55+ 0.20
Tower of London: excess moves above minimum
2 moves 0.22t 0.15 0.03+ 0.03 0.0 0.0 0.46t 0.25 0.0
3 moves 1.33+ 0.27 0.45+ 0.16 0.62+ 0.18 0.17+ 0.07 1.46=* 0.53 0.83+ 0.22
4 moves 6.45t 0.79 6.42+ 0.81 6.96+ 0.87 5.0+ 0.62 7.67+ 1.17 7.03+ 0.79
5 moves 10.75+ 0.96 8.19+ 1.24 10.35+ 1.56 6.10= 1.0 10.11+ 1.70 10.83+ 1.23
Tower of London: number completed within maximum
2 moves 1.97+ 0.03 2.0 0.0 2.0 = 0.0 2.0 = 0.0 1.89=+ 0.08 2.0+ 0.0
3 moves 1.94+ 0.04 1.97+ 0.03 2.0 £ 0.0 2.0 = 0.0 1.71+ 0.13 1.97+ 0.03
4 moves 3.03t 0.15 3.03+ 0.16 2.92+ 0.18 3.28+ 0.10 2.81+ 0.26 2.86+ 0.17
5 moves 3.03t 0.15 3.39* 0.18 2.92+ 0.24 3.59+ 0.14 2.96=* 0.26 3.10+ 0.19
Tower of London: initial movement time (s)
2 moves 8.54+ 1.21 2.63+ 0.21 3.38+ 0.43 2.32+ 0.18 4.03+ 0.51 4.14+ 0.48
3 moves 7.7+ 1.89 2.32+ 0.22 2.62+ 0.26 2.31+ 0.23 3.72+ 0.39 3.42+ 0.36
4 moves 6.23t 1.05 2.25+ 0.25 2.53+ 0.23 1.85+ 0.09 3.65+ 0.37 3.45+ 0.37
5 moves 6.18+ 0.84 2.10+ 0.19 2.41+ 0.24 1.81+ 0.08 3.13+ 0.35 2.82+ 0.29
Tower of London: subsequent movement time (s)
2 moves 7.06= 0.69 2.07+ 0.12 453+ 0.34 4.35+ 0.29 3.21+ 0.26 2.96+ 0.29
3 moves 5.88+ 0.65 2.23+ 0.13 4.06%= 0.36 3.18+ 0.14 3.59+ 0.35 2.95+ 0.22
4 moves 5.88+ 0.46 2.42+ 0.13 3.54+ 0.26 0.31+ 0.12 3.86+ 0.40 3.10+ 0.22
5 moves 4.46+ 0.29 2.38+ 0.11 3.34+ 0.33 2.76+ 0.11 2.23+ 0.20 3.36+ 0.56
Tower of London: initial thinking time (s)
2 moves 8.95+ 3.13 2.09+ 0.30 2.62+ 0.45 2.92+ 1.23 3.66+ 0.66 3.07+ 1.01
3 moves 13.01+ 2.21 8.57+ 1.23 14.48+ 2.58 8.10+ 1.22 15.40+ 2.50 10.88+ 1.21
4 moves 12.22+ 1.89 8.10*+ 0.63 12.51+ 2.27 11.53+ 1.78 14.95+ 2.09 8.60+ 0.78
5 moves 9.20+ 1.56 10.74+ 1.41 14.11+ 3.18 12.98+ 1.24 16.12+ 2.73 9.28+ 1.09
Tower of London: subsequent thinking time (s)
2 moves 4.33+ 1.50 0.53+ 0.22 1.66* 0.49 0.77+ 0.33 2.35+ 0.75 0.45+ 0.18
3 moves 429+ 1.15 0.80* 0.25 3.86+ 1.59 1.24+ 0.37 2.45+ 0.94 1.68* 0.45
4 moves 5.01+ 0.78 2.70%= 0.49 6.82+ 1.95 2.53+ 0.37 3.22+ 0.49 4.01+ 0.57
5 moves 3.83+ 0.64 1.90=+ 0.37 4.79+ 1.24 2.04+ 0.37 2.70*+ 0.48 2.81+ 0.37

‘Within-search errors’ were variable and at a low level, box is used to initiate each search sequence (Table 2). There
hence analysis was performed by summing over the levelwas a significant difference in strategy scores between the
of difficulty to determine the total number of ‘within-search groups in Comparison 1F[3,111)= 8.69,P < 0.001, with
errors’ for each group (Table 2). The difference between thege as covariatePost hocanalysis revealed that this was
groups for the number of ‘within-search errors’ did not reachdue to the significantly reduced use of strategy in the
significance in Comparison F(3,112)= 2.67,P = 0.051, schizophrenia group in comparison with the other groups.
with age as covariate]. There was no significant differenceStrategy scores were also found to be significantly different
between the groups in the number of ‘within-search errorsbetween the groups in Comparison BE(3,116) = 9.20,
on this task in Comparison Z(3,118)= 0.86]. P < 0.001]. This was also due to the significant impairment

The measure of strategy in this task was scored on a scale the use of strategy by the patients with schizophrenia.
of 1 to 37, with lower scores representing more efficient use The results from the ‘spatial working memory’ task indicate
of strategy. A score of one is achieved when, within each othat patients with schizophrenia are impaired in their ability
the more difficult six- and eight-move problems, the sameo complete the task, as evidenced by the greater number of
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Fig. 1 The ‘spatial working memory’ task. The number of ‘between-search errors’ at each stage for (
Comparison 1,B) Comparison 2. Frontals: patients with frontal lobe lesions; temporatspatients
with temporal lobe lesions.

‘between-search errors’, in comparison with control subject{i) Perfect solutionsFor Comparisons 1 and 2, the
and all the other neurological groups. The patients withproportions of perfect solutions are shown in Table 2. In
frontal lobe lesions also made significantly more ‘between-Comparison 1, there was a significant difference between the
search errors’. groups F(3,113)= 4.66,P < 0.01, with age as covariate],
a significant effect of increasing task difficulty [Wilkks =
0.619, F(3,112) = 22.97,P < 0.001], and an interaction
Planning task (‘Tower of London’) effect between difficulty and group approached significance
For the computerized ‘Tower of London’ task the number of[Wilk's A = 0.862,F(9,272.73)= 1.91,P = 0.05]. Analysis
moves to solution was calculated for each group as well aat each level of difficulty revealed that the schizophrenic
the motor and thinking times. patients completed significantly fewer perfect solutions at
level 3 in comparison with all the other grougs(3,118) =
5.87,P < 0.001], while the schizophrenia and frontal lobe
Number of moves lesion groups differed from the group with temporal lobe
The ‘Tower of London’ task consisted of a total of 12 lesions at level 5H(3,114) = 3.78, P = 0.01]. This was
problems. For each problem, three measures were determinednfirmed when the total minimum move solutions across
relating to the number of moves to solution (Table 2),all tasks was examined, with the schizophrenia and frontal
providing indices of efficiency or accuracy of performancelobe lesion groups differing significantly from the group with
on the task: (i) the proportion of problems solved within thetemporal Iobe lesions, while the schizophrenia group also
minimum number of moves, (ii) the mean number of movessolved fewer problems within the minimum moves than the
above the minimum possible, (iii) the number of problemscontrol subjects§(3,113) = 4.66, P < 0.001, with age as
solved within the maximum allowed. covariate]. In Comparison 2, the differences between the
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groups in the number of perfect solutions were not significanexecution (motor execution time) were determined from the
[F(3,115)= 2.05]. 12 ‘yoked control’ trials of the ‘Tower of London’ task, as

. ) . described earlier. In Comparison 1, there was a highly
('_') Excess movesthe groups in Comparison 1 were gjgnificant main group effecF{3,114)= 19.09,P < 0.001,
significantly different in the number of moves above theyith age as covariate] indicating that there was a significant
minimum at each level of difficulty (3,113) = 2.85,  gjfference between the groups for initial movement time.
P < 0.05, with age as covariate] (Table 2). The number ofrpere was a significant main effect of task difficulty on
excess moves increased as the task became more difficylisior initiation time [Wilk's A = 0.761, K3,113)= 11.83
[Wilk's A = 0.248,F(3,112)= 113.45,P < 0.001] and there  p 4 go1], but no significant groug difficulty interaction
was a significant group difficulty interaction suggesting [Wilk's A = 0.963, R9,275.16)= 0.48]. As the task became

that the groups were differentially affected at the morey, e difficult the initial movement times tended to decrease

difficult levels [Wilk's A = 0.835,F(9,272.73)= 2.34,P < in value for all groups, except for the group with temporal
0.05]. Post hocanalysis at each task level indicated that thek groups, P group P

schizophrenic patients differed from the other groups at IeveObe lesions at level 4. Separafost hoc Studentized
: ~"“Newman—Keuls tests at each level of difficulty revealed that
3 [F(3,118) = 6.81,P < 0.001] and that the schizophrenia .. . v HHCUTty rev

! o the schizophrenic patients differed from all other groups at
and frontal lobe lesion groups made significantly more MOVeS, - 1 level of difficulty, while no difference was found
above the minimum in comparison with the group with '

. N between the other groups.
@Tgﬁr?géoegtﬁsfncseilemvil gf’iég); t3h25rrF1)r1<n??”r?] or In Comparison 2, examination of the schizophrenia group
. X v v inimum w %ompared with the Parkinson’s disease patients together
conS|de_red_,_the schizophrenia and frontal lobe lesion 9rOURZih their respective control groups revealed a significant
made S|gn|f|cantly more excess moves than the group Wltrr]nain effect for motor initiation time F(3,111) = 14.20
;esnlﬁ’)?:r'i;‘t’ge *‘;ﬂg”ﬂss'iﬁgo_phzrf;f; d(}'rg‘:’]’t;’;"lt:bzglgsiog < 0.001], a significant effect of task difficulty [Wilk’s =
' ' .827, F(3,109) = 7.59, P < 0.001], but no significant

groups required more moves above the minimum than other . U B
groups in attempting to solve the tasks and this discrepancgteraq'on effect [Wilk'sA = 0.938, F(9,265.43)= 0.79].
xamination of each level of difficulty revealed that the

was more apparent as the task became more difficult. X ) : o
There were no significant differences between the varioug‘ChIZOphrenIC patients were significantly slower than the
other groups at all difficulty levels, while the Parkinson’s

groups in Comparison F{3,115)= 0.87], indicating that the iff f h | [
number of excess moves was not different when schizophrenﬁi,'sease group differed from the younger control group at a

patients were compared with Parkinson's disease patieni€Ve!S except 2. There was no significant difference between
(Table 2). the Parkinson’s disease patients and their matched older

control group. The older control group differed from the

(i) Solutions within maximum moves allowed.younger control group at all levels except 5.
There were no significant differences between the groups in There was a significant main group effect for motor
the total number of solutions completed within the maximumexecution time in both Comparison F(B,114) = 38.48,
moves allowed at each level of difficulty for either P < 0.001, with age as covariate] and Comparison 2
Comparison 1 or Comparison 2 [for Comparison 1,[F(3,111) = 28.89,P < 0.001], also significant effects of
F(3,113) = 2.28, P < 0.10, with age as covariate; for difficulty [for Comparison 1, Wilk'sA = 0.673,F(3,113)=
Comparison 2,F(3,115) = 1.06]. This suggests that the 18.31,P < 0.001; for Comparison 2, Wilk's\ = 0.834,
patients with schizophrenia as well as the other neurologica#(3,109) = 7.21, P < 0.001] and significant
patients were able to complete the problems successfullgroupx difficulty interactions [for Comparison 1, Wilk’s
though not necessarily efficiently. A = 0.628,F(9,275.16)= 6.45,P < 0.001; for Comparison

In summary, the patients with chronic schizophrenia and, wilk's A = 0.740,F(9,265.43)= 3.89,P < 0.001]. For
the other neurological patients were able to complete agach level of difficulty in Comparison 1, the schizophrenia
many problems as control subjects on the computerizegroup had significantly longer motor execution times
‘Tower of London’ task. However, the patients with compared with all other groups. The patients with frontal
schizophrenia and the patients with frontal lobe lesions solve@sjons were significantly different from control subjects at
significantly fewer problems within the minimum number of g|| difficulty levels, while the group with temporal lobe
moves (i.e. fewer perfect solutions) and required significantlyfesjons differed at all stages except level 5. In Comparison
more moves above the minimum to achieve a solutionp the schizophrenia group were again significantly slower
indicating that the efficiency or accuracy of their performancey their subsequent movement times across all difficulty

was inferior to those of other groups. levels, while the Parkinson’s disease patients and older control
subjects differed from the younger control subjects but not
Latency measures from each other.

These data demonstrate that, in comparison with normal
(i) Movement times (Table 2)he movement times for subjects and the other neurological groups, the patients with
problem initiation (motor initiation time) and subsequentchronic schizophrenia were impaired in the sensorimotor
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Fig. 2 The ‘Tower of London’ test: &) ‘subsequent thinking’ times for patients and control subjects in
Comparison 1,B) ‘initial thinking’ (planning) times for patients and control subjects in Comparison 2.
Latencies presented as logarithmic transformations (untransformed values appear in Table 2). Frontals
patients with frontal lobe lesions; temporaispatients with temporal lobe lesions.

requirements of the task involved in producing a sequencenatched control subjects [significant difference in initial
of single moves. thinking time: F(1,50) = 6.07, P < 0.05; no significant
difference in subsequent thinking timie{1,49) = 0.14].
(i) Thinking times.To assess the speed of cognitive In Comparison 1, there was no significant difference
processing, initial and subsequent thinking times werebetween the groups for initial thinking time=(3,114) =
examined across each difficulty level of the computerizedl.66, with age as covariate]. However, the groups differed
‘Tower of London’ task §eeTable 2 and Fig. 2A and B). In  significantly in their subsequent thinking timeseéFig. 2A)
Comparison 1, we were particularly interested in subsequerff(3,113) = 5.28, P < 0.01, with age as covariate], for
thinking times in the schizophrenia group in comparison withwhich there was also a significant effect of task difficulty
the group with frontal lobe lesions, as such lesions have bediwilk's A = 0.487,F(3,112) = 39.32,P < 0.001] but no
shown to prolong subsequent, rather than initial, thinkingsignificant groupxdifficulty interaction [Wilk's A = 0.923,
time (Owenet al.,, 1990). This was confirmed in the present F(9,272.73)= 1.01]. Separatpost hocanalyses were carried
study, in which the group with frontal lesions had significantly out at each difficulty level and for a composite measure of
longer subsequent thinking time in comparison with matchedhe mean subsequent thinking time across all levels. The
control subjects F(1,55) = 8.00, P < 0.01], while initial  schizophrenia and frontal lobe lesion groups differed
thinking time was not significantly differentF[1,55) = significantly from the control and temporal lobe lesion groups,
0.06]. In Comparison 2, we were comparing patients withwith the schizophrenic patients also being significantly slower
schizophrenia and Parkinson’s disease, as the latter have bettian the frontal lobe lesion group [for composite mean
demonstrated to have a specific impairment of initial rathessubsequent thinking timé3(3,116)= 6.04,P < 0.001, with
than subsequent thinking time (Owenal.,, 1992), in direct age as covariate]. Also, the schizophrenia group had slower
contrast to the pattern observed in the group with frontakubsequent thinking times than the frontal lobe lesion group
lesions. This finding was also confirmed in the present studwt the simplest level of the task [level B(3,118)= 7.16,P
when Parkinson’s disease patients were compared with the# 0.001] while the frontal lobe lesion group showed a trend
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for a prolonged subsequent thinking time at the more difficuldnter-relationships between ‘visuo-spatial span’
levels. Thus, the patients with schizophrenia and thosand ‘spatial working memory task’ measures.
with frontal lobe lesions were similar, in that both groupsnormal subjects, there were significant correlations between
demonstrated a significantly prolonged subsequent thinkingerformance on the ‘spatial working memory task’, as
time, while the initial thinking time for both groups was not measured by the number of ‘between-search errors’, and both
prolonged in comparison with that in control or temporal spatial short-term memory span and strategy score, while
lobe lesion groups. However, the schizophrenia and frontaghort-term memory span and strategy were not significantly
lobe lesion groups also differed, in that the schizophrenigorrelated. Thus, improved performance on this task was
group showed a prolonged subsequent thinking time at thgslated both to greater short-term memory span and better

earlier stages of the task. o _ strategy scores, with each contributing separately to
In Comparison 2, there was a significant difference betweeperformance. This relationship was also apparent in the group
the groups for initial thinking time (Fig. 2B)H(3,112) =  with temporal lobe lesions and the older control subjects.

4.84,P < 0.01] with a significant effect of difficulty [Wilk's  However, in the patients with frontal lobe lesions the
A = 0.525,F(3,110)= 33.20,P < 0.001], but no significant  re|ationship between strategy and performance on the ‘spatial

groupx difficulty interaction [Wilk's A = 0.956, \orking memory task’ was weakened, while the relationship
F(9,267.86)= 0.56]. There was also g5|gnlf|gant difference with short-term memory span was greater, suggesting that
between the groups for subsequent thinking tif@[111)= " patients with frontal lesions relied more heavily on short-

4.56,P < 0.01], with a significant effect of difficulty [Wilk's  arm memory to perform the task. In contrast, patients with
A = 0.439, F(3,109) = 46.50, P < 0.001] and a non-  pykinson’s disease showed the opposite pattern; in this group
S|g_n|f|cant trend for a groupx difficulty interaction effect ‘spatial working memory task’ performance was no longer
[Wilk's A = 0.872, F(9,265.43)= 1.70, P < 0.10]. The significantly associated with short-term memory span, but

summary scores for subsequent thinking time across task§,q highly and significantly associated with strategy. Thus,

suggested that the differences were between the schizophrenjgyients with Parkinson's disease, who were impaired on the
group and the other groups, although older control subject§pan task compared with younger control subjects, relied
were also slower than the younger control grok(8{114)= more heavily on strategy to perform this task. In patients

?:'42’ P.< 0'1003]1]' Aﬁ. angupgted by tnedflndlngls of ith schizophrenia, who were the most severely impaired on
ol;nparlso?th., K € fc lzophrenia 'grOUp.th?h ?DDLQ ong? trategy, performance on the ‘spatial working memory task’
subsequent thinking time In comparison wi € Farinsons, as only found to be associated with spatial short-term
disease group, while the latter had a prolonged initial thinkin emory span. Therefore, the relative contribution of either
time in comparison with both control subjects and patients ' '

. . . sqort-term memory span or strategy to the overall
with schizophrenia. However, separate analyses of subsequen . . :

o . performance on the spatial working memory task differed
thinking time at each level revealed that both the : . }
schizophrenia and Parkinson's disease groups ha cross patient groups. While frontal lobe lesion and

- i . .schizophrenia groups relied more heavily on short-term
significantly longer subsequent thinking times at level 2 in emorp span ragther‘:han strate Parkinsor):’s disease patients
comparison with both older and younger control subjectgn ysp 9y, P

[F(3,120) = 8.69, P < 0.0001], while subsequent thinking SnWed the opposite pattern. . o
time at the other levels were not significant. When partial correlations were examined, using visuo-

In summary, while patients with chronic schizophrenia ands‘[)"’lti"“,I span or strategy as covariates (as appro.priate),.the
patients with frontal lobe lesions had a tendency to Spen@ssomatmn between task performance on the ‘spatial working

less time planning a move to solution (i.e. initial thinking MeMOry task” and strategy remained non-significant in the
‘planning’ time), they demonstrated significantly probngedschlzophrenla group, becamg non-'5|gn.|f|cant in the frontal
subsequent thinking times in comparison with other groupsloPe lesion group, but remained high in the other groups
This was in contrast to the Parkinson’s disease patients whg > 0-46, with visuo-spatial span as covariate). In contrast,

had significantly prolonged initial thinking or ‘planning’ the relationship between task performance and visuo-spatial
times. span remained significant for the schizophrenia, temporal

lobe lesion, Parkinson’s disease and elderly control groups

(r < 0.45, with strategy as covariate), while the association
Correlational analyses was no longer apparent in the young control and frontal lobe
Inter-relationships among cognitive tests lesion groups. Thus, the markedly impaired use of strategy
Inter-relationships between measures of performance on eadh the patients with schizophrenia was not associated with
of the tasks were examined separately for each of the groupgieasures of impaired performance on the task, even after
As is seen in Table 3, in the normal subjects there wergontrolling for the effects of visuo-spatial span. Rather, visuo-
significant relationships between the various measures afpatial memory span was related to these measures, such that
executive function. The pattern of these relationships wadbetter scores for visuo-spatial span were associated with
significantly different in the frontal, Parkinson’s disease andower numbers of errors. In contrast, in the other groups,
schizophrenia groups. either strategy alone or both strategy and short-term spatial
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Table 3 Correlational analyses between measures on the CANTAB tasks, for each group

Groups Short- Between Strategy Minimum Initial

Tasks term search score move thinking

memory errors (SWMT) solutions time
span (SWMT) (TOL) (TOL)

Young control subjects

Between-search errors (SWMT) -0.37*

Strategy score (SWMT) -0.29 0.64***

Minimum move solutions (TOL) 0.35 —0.55%* -0.37*

Initial thinking time (TOL) 0.24 -0.12 -0.14 0.25

Subsequent thinking time (TOL) 0.20 0.49** 0.46** —0.56*** 0.35
Patients with schizophrenia

Between-search errors (SWMT) —0.47**

Strategy score (SWMT) -0.21 0.20

Minimum move solutions (TOL) 0.06 -0.01 0.16

Initial thinking time (TOL) -0.08 0.39* 0.02 -0.26

Subsequent thinking time (TOL) -0.07 0.01 0.20 —0.46** 0.52%**
Patients with frontal lobe lesions

Between-search errors(SWMT) -0.46*

Strategy score (SWMT) -0.41* 0.47*

Minimum move solutions (TOL) 0.19 —0.42* —0.45*

Initial thinking time (TOL) -0.34 0.13 0.03 0.25

Subsequent thinking time (TOL) —0.64*** 0.61%** 0.34 —-0.36 0.45*
Patients with temporal lobe and amygdalo-hippocampal lesions

Between-search errors(SWMT) —0.59%**

Strategy score (SWMT) -0.32 0.76***

Minimum move solutions (TOL) 0.41* —0.45* -0.28

Initial thinking time (TOL) 0.10 0.05 0.35 0.17

Subsequent thinking time (TOL) -0.38 0.50** 0.42* —-0.44* 0.48**
Medicated Parkinson’s disease patients

Between-search errors(SWMT) -0.33

Strategy score (SWMT) -0.37 0.81%**

Minimum move solutions (TOL) 0.07 -0.34 -0.37

Initial thinking time (TOL) 0.00 -0.18 -0.09 0.13

Subsequent thinking time (TOL) —-0.26 -0.01 0.10 —0.47* 0.51*
Older control subjects

Between-search errors(SWMT) -0.40

Strategy score (SWMT) -0.39 0.49*

Minimum move solutions (TOL) -0.15 -0.24 -0.20

Initial thinking time (TOL) -0.03 0.16 0.24 -0.25

Subsequent thinking time (TOL) -0.34 0.51* 0.52* -0.51* 0.41

Short-term memory spas visuospatial short-term memory span; SWMT Spatial Working Memory Task; TOl= Tower of London
Task. *P < 0.05; *P < 0.01; **P < 0.001.

span were associated with performance on the ‘spatiahinking time and greater accuracy was diminished in patients
working memory’ task. with frontal lobe lesions in comparison with other groups.
These results suggest that the patients with schizophrenla contrast, no associations were found between initial
could not rely on strategy, which was more severely impairedhinking times and accuracy measures. Positive correlations
than in all other groups, to perform the ‘spatial working were apparent between initial and subsequent thinking times,
memory’ task, but relied on (an albeit impaired) spatial short-suggesting that increased time to plan was associated with
term memory. increased execution time. These relationships were most
significant in the patient groups, particularly in the
Inter-relationships with ‘Tower of London’ task schizophrenia and Parkinson’s disease groups, suggesting an
Mmeasureswith regard to the ‘Tower of London’ task, the overall slowness to complete the task.
main measures were intercorrelated with each other. Accuracy
on the ‘Tower of London’ task was negatively and Inter-relationships between ‘Tower of London’ task
significantly associated with subsequent thinking time in alland other measuress seen in Table 3, the performance
groups except the frontal lobe lesion group (Table 3). Thison the ‘Tower of London’ task was significantly associated
suggested that the relationship between faster subsequemith measures from the ‘spatial working memory task’. There
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was a significant association between performance on thiae ability to manipulate such information; as well as tests
two tasks in normal subjects, such that better performancehich assessed planning ability and both motor and cognitive
on the ‘spatial working memory task’ and better use ofspeed (computerized Tower of London task). This represents
strategy were associated with better and faster performaname of the few studies to date that have systematically
on the ‘Tower of London’ task. In the frontal group a different compared schizophrenia with neurological disorders. The
pattern emerged. Strategy score was still associated witbchizophrenia group was impaired on all three of these tasks
better ‘Tower of London’ task performance; however, thein comparison with matched control subjects. While some of
relationship with speed was no longer significant but, insteacthese deficits were apparently unique to schizophrenia, the
was highly and significantly associated with spatial sparpattern of results was qualitatively similar to the impairments
score. This suggested that, in this patient group, short-terrfound in the patients with focal frontal lobe lesions and, to
memory span was important for efficient performance on the lesser extent, similar to those found in the patients with
‘Tower of London’ task. In the temporal lobe lesion group Parkinson’s disease. In contrast, there were no similarities
and older control group, as in the younger control subjectspn these tests between the performance of the patients with
strategy score and better performance on the ‘spatial workingchizophrenia and of patients with focal temporal lobe lesions,
memory task’ predicted efficient ‘Tower of London’ task which included lesions of the hippocampus and amygdala.
performance. However, span was associated with improvedhese findings thus provide support for the notion of
performance on the ‘Tower of London’ task in the temporalschizophrenia as a disorder involving frontostriatal circuits.
lobe lesion group. In contrast, for the schizophrenia andrhe deficits in executive functioning identified in this study
Parkinson’s disease groups, there were no associatiom®uld not be attributable to involvement of medial temporal
between short-term memory span, or strategy, and the ‘Towdobe structures.

of London’ task performance.

Subject characteristics and cognitive measures Spatial short-term memory and spatial working
In the patients with schizophrenia, higher premorbid NART-memory deficits in schizophrenia
estimated 1Qs were associated with higher scores for visuoFhe spatial span task involves the ability to hold information
spatial spanr(= 0.38, P < 0.05) but with no other task (a sequence of moves) ‘on-line’ and this task provides a
variable. Lower visuo-spatial span scores were also associat@aeasure of spatial short-term memory capacity (cf. Baddeley,
with increasing ager(= —0.35,P < 0.05), and with increased 1986). In contrast, the spatial working memory test is a self-
length of all hospital admissions & —0.36,P < 0.05, after ordered task of increasing difficulty which involves at least
controlling for age). Total length of all admissions was nottwo important components of ‘working memory’, namely the
associated with any other cognitive variables. Lengths oholding of information ‘on-line’ and the performance of other
illness and lengths of current hospital admission were notognitive operations involving this informatioedeRobbins,
associated with task performance on any of the cognitivdl996). In the present study, the patients with schizophrenia
measures after controlling for age. Increasing age wasvere impaired on both of these tasks. For the spatial span
associated with lower levels of neuroleptic medication,task, patients with schizophrenia had lower scores compared
expressed as milligram equivalents of chlorpromazige=(—  with all other neurological groups and with matched control
0.51,P < 0.01). The levels of medication were not associatedsubjects. Patients with Parkinson’s disease were also impaired
with performance on any of the cognitive tasks. For thein their performance on this task in comparison with the
patients with Parkinson’s disease there was a significantounger control group, and increased severity of Parkinson’s
relationship between the severity of their illness and visuodisease was associated with lower span scores. This is
spatial span scores, indicating that patients with more sevemonsistent with the previous findings of Owenal. (1992)
illness had lower visuo-spatial span=€ —0.37,P < 0.05).  that identified impairments on this task in the more severely
affected patients with Parkinson’s disease. Thus, the patients
with chronic schizophrenia were particularly impaired in
Discussion their capacity to hold information ‘on-line’, in agreement
In the present study, we directly compared cognitivewith other results (Park and Holzman, 1992; Flemétigal.,
performance of a large sample of patients with chronicl997). However, there was a preserved capacity to avoid
schizophrenia with that of matched patients with ‘within-search’ errors in the self-ordered spatial working
neurosurgical lesions of the frontal and temporal neocorticememory task, which indicates some residual ability to use
and with a group of patients with Parkinson’s disease, usingn-line processing for performing self-generated response
tests of executive function which had previously been showrsequences.
to be sensitive to the integrity of the frontostriatal circuitry. The main results of the self-ordered ‘spatial working
These tests included tasks which assessed different aspeatemory’ test identified significant differences between the
of working memory (spatial span and spatial working memorygroups in their performance on this task, as measured by the
tasks), including the ability to hold information on-line and number of ‘between-search errors’, and the magnitude of the
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difference between the groups was accentuated as the tapkrhaps indicating the profound influence of the schizophrenic
demands progressively increased. The patients witldisorder on frontal lobe function, rather than temporal lobe
schizophrenia showed the most severe deficit in performancar basal ganglia function. The results are unlikely to be a
on this task in comparison with all other grouge€¢Fig. 1).  consequence of the NART estimated premorbid 1Q
The older control subjects and Parkinson’s disease patientgpresenting an underestimate of the true potential of patients
were impaired in comparison with the younger controlwith schizophrenia (as suggested by some studies; e.g. Wolf
subjects, as expected from the results of Oweal (1992). and Cornblatt, 1996) as that would act to minimize group
The patients with frontal lobe lesions also showed significantifferences.
deficits in their performance on the ‘spatial working memory’ It is also evident that the frontal deficit on the spatial
task (cf. Owenet al, 1992, 1996), while the temporal working memory task is not merely attributable to impaired
lesioned group were unimpaired on this task (cf. Oweal,  strategy as pointed out by other authors (Mio#b al,
1995). Previously, Oweret al. (199&) identified distinct 1996; Oweret al.,, 199&; Robbins, 1996). The correlational
deficits in the patients with frontal and temporal lobe lesionsanalyses revealed that the relative contributions of spatial
the former group demonstrated marked deficits on the samgpan and strategy to the performance on the ‘spatial working
task of spatial working memory as that used in the presentnemory’ task differed for each of the neurological patient
study, while the temporal lobe patients were most severelgroups and normal control subjects. In normal subjects, both
impaired on a similar task of visual working memory. While span and strategy contributed independently to performance,
in the present study only spatial working memory wasas indicated by the lack of correlation between these measures.
assessed, the results suggest that the patients witthis pattern changed in the other groups, with span and
schizophrenia were more similar to patients with frontal lobestrategy being more, or less, important to task performance,
lesions and Parkinson’s disease rather than to patients witbarticularly where groups were differentially impaired on
temporal lobe/amygdalo-hippocampal lesions. Future studiesne or other of these measures. In the frontal lobe lesion
will need to compare these groups on tasks of visual as welind schizophrenia groups there was a significantly greater
as spatial working memory. contribution of short-term memory span to performance of
Performance on the spatial self-ordered working memorythe task. This was particularly evident in schizophrenia,
task has previously been found to be related to eithewhere there was no contribution from strategy to task
the ability to develop a systematic strategy during taskperformance, even after controlling for the effects of the
performance or to holding information ‘on-line’ in a visuo- diminished visuo-spatial span in these patients. In contrast,
spatial scratch pad, as measured in the spatial span taike performance of Parkinson’s disease patients was related
(Owenet al, 1990; Robbins, 1996). Strategy was measuredo strategic ability rather than visuo-spatial short-term
during the task by assessing the use of a systematic approastemory. This group exhibited an impaired spatial span
for solving the more difficult six- and eight-move problems. compared with young control subjects and poorer span
For the patients with schizophrenia, there was a marked angerformance was associated with greater severity of illness,
significant impairment in the ability to develop a systematicwhile no deficit in strategy was apparent. Thus, while patients
strategy to perform the task. The patients with Parkinson'svith schizophrenia and Parkinson’s disease showed impaired
disease did not show any deficit in strategic ability, confirmingvisuo-spatial span, the schizophrenia group necessarily relied
a previous study (Owert al, 1992). While a deficit in on their impaired visuo-spatial span ability to perform the
strategy has been demonstrated in patients with frontal lobtask, as the strategic deficit was severe.
lesions (Owenet al, 1990, 1996), no such deficit was Therefore, both impaired strategy and reduced capacity of
apparent in the present study which used a subset of theshort-term spatial memory contributed to performance of the
patients, but compared them with a different control groupself-ordered task in the different patient groups, with deficits
The likely cause of this apparent discrepancy is that then these being most marked in the patients with schizophrenia.
control subjects used here had lower WAIS scores than th&his form of self-ordered ‘spatial working memory’ test has
high functioning group with frontal lobe lesions (both NART not been used previously in the assessment of cognitive
IQ and WAIS scores are reported by Owetral., 1992). The function in patients with schizophrenia. Working memory
strategic deficit in planning in patients with frontal lobe deficits have been reported in schizophrenia using ocular
lesions has recently been confirmed in an independent studpotor and tactile tasks to index spatial working memory
which used a virtually identical task (Miottet al, 1996). (Park and Holzman, 1992, 1993). However, the tests used in
The latter study and our own unpublished observations (Rthose studies only required subjects to hold spatial information
Rogers and T.W.R., unpublished results) have shown thabn-line’ in short-term memory, not to manipulate the
right sided lesions produce significantly greater deficits ofinformation via a central executive as in the present study.
strategic ability. Thus, the heterogeneity within the group Deficits of working memory have been implicated in
with frontal lobe lesions may also contribute to the presentlisorders affecting prefrontal areas, including the dorsolateral
failure to repeat the original findings of impaired strategy.prefrontal cortex (Goldman-Rakic, 1987; Petrides, 1995).
Notwithstanding, the deficits in strategic processing showrThe dorsolateral prefrontal cortex has been suggested to be
here by the schizophrenia group are highly robust and reliablelysfunctional in schizophrenia as shown by deficits during
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cognitive activation under PET (Weinberget al, 1986, of their performance was inferior to other groups and these
1988). However, more recent evidence suggests that thedeficits were increasingly apparent as the task became
are two important executive processing systems within thenore difficult.
lateral frontal cortex (Petrides, 1994), which are important The pattern of effects for thinking latency in the
components necessary for the working memory tasks usesthizophrenia group was qualitatively similar to that of the
in the present study. Petrides (1994) suggests that the actiggoup with frontal lobe lesions, with no impairments in the
comparison of stimuli held in short-term memory and thelatency to initiate a planned sequence of moves, but a
active sequential organization of responses is subservaatolongation of the time taken to complete the problems
by the middle portion of the ventrolateral frontal cortex (subsequent thinking time). Previously, this pattern has been
(Brodmann areas 45 and 47). In contrast, the activénterpreted as resulting from a tendency to produce solutions
manipulation and monitoring of information within working before they are fully planned with the result that the subjects
memory requires the integrity of the mid-dorsolateral frontalhave to pause during the task for further planning and greater
cortex (Brodmann areas 46 and 9). ‘monitoring’ of the solutions (cf. Oweret al., 1990). One

In a recent PET study Oweet al. (1996) investigated possibility for the patients with schizophrenia was that they
these components of working memory using tasks derivedvere unable to hold information ‘on-line’ in order to plan a
from the same spatial working memory and spatial span taskseries of moves, a deficit also suggested by the impairments
used in the present study. The spatial span task was shovim spatial span and spatial working memory of this group.
to activate the ventrolateral prefrontal cortex (area 47), whildHowever, there was no correlation between measures of
the spatial working memory task resulted in activation of theperformance on this task and either visuo-spatial span or
mid-dorsolateral prefrontal cortex (areas 46 and 9). Thiother aspects of working memory in the patients with
study suggested that the dorsolateral frontal cortex subservashizophrenia, and other forms of cognitive deficit may have
the executive functions of monitoring, organizing and contributed.
executing a sequence of selections. Our findings thus support Like the patients with frontal lobe lesions, the schizophrenia
the notion that, in schizophrenia, both ventrolateral andyroup was generally slower to make the movements required
dorsolateral frontal circuits are compromised (as well as theim the planning component of the task, as shown in the yoked
interaction). These findings are consistent with previous PETotor control test §ee Table 2), and this was taken into
findings of hypofunctioning of dorsolateral prefrontal cortex account in the estimates of thinking time described above. It
in patients with schizophrenia (Weinberget al., 1986). is of interest that the schizophrenia group was slower on this
However, our results also implicate ventrolateral prefrontatask than the neurological patient groups, even including the
areas, suggesting that other prefrontal areas may also Warkinson’s disease group. This is probably not simply a
important in this disorder. product of greater motor deficit but greater impairment on

the sensorimotor aspects of the yoked-control test, reminiscent
of a simple ‘continuous performance test’ of attention,

Deficits in planning in schizophrenia which is known to be sensitive to deficits in patients with
In the ‘Tower of London’ task, subjects were required toschizophrenia (Cornblatet al., 1989; Nuechterleiret al,
plan the moves from an initial position to a target position1994).
as quickly and efficiently as possible. The task was first While the frontal lobe lesion and schizophrenia groups
developed to assess the ability to plan and execute thshowed a pattern of prolonged subsequent thinking times,
solution to a novel task, and was found to be sensitive tdhe Parkinson’s disease group had prolonged initial thinking
frontal cortical lesionsgeeShallice, 1982, 1988). While the times (cf. Owenet al, 1990, 1992). This suggests that the
original version required subjects to complete each taskrontal lobe lesion and schizophrenia groups tended to spend
within a specified time period, the computerized version usedess time planning the solution to a problem. However,
in the present study did not impose a time limit. Insteadwhereas patients with frontal lobe lesions had longer
using a ‘yoked’ control condition, both movement and subsequent thinking latencies as the task became more
thinking latencies were assessed. The latter have provaedifficult, the schizophrenia and Parkinson’s disease groups
useful in evaluating differences between patients with frontahad significantly prolonged subsequent thinking latencies
lobe lesions and those with basal ganglia disorders (Oweaven with the simplest two-move problems of the task which
et al., 1992). they were able to solve efficiently. Thus, though the findings

In the present study, the patients with chronic schizophreniauggest that patients with schizophrenia behave like patients
and the other neurological patients were able to solve awith frontal lobe lesions with a specific impairment of
many ‘Tower of London’ problems as control subjects, subsequent rather than initial thinking time, the pattern
indicating that there were no gross deficits. However, theobserved for subsequent thinking time bears some limited
patients with schizophrenia and the patients with frontal lobesimilarity with Parkinson’s disease patients. Further, initial
lesions solved these problems inefficiently, using more moveand subsequent thinking times were highly correlated within
to complete the problems and producing fewer perfecthe schizophrenia and Parkinson’s disease groups, suggesting
solutions. Thus, for these groups the efficiency or accuracyhere was an overall cognitive slowness, or ‘bradyphrenia’,
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for these patient groups. Bradyphrenia has been consideredficiency. The findings in these groups contrasted with
a characteristic feature of basal ganglia disorders (Cummings$he findings in patients with schizophrenia and Parkinson’s
1986), and so this evidence for long thinking latencies indisease for whom there were no significant associations
patients with schizophrenia provides support for the notiorbetween these measures of spatial working memory and
that subcortical structures or frontal—striatal-thalamic circuitspatial short-term memory and the measures of planning
are involved in this disorder (e.g. Eargyf al, 1987; Nelson ability on the ‘Tower of London task’. These findings in
et al,, 1990; Robbins, 1990; Buchsbhawhal.,, 1992; Pantelis schizophrenia indicate a ‘loosening’ of relationships between
et al., 1992). task components which may represent a loss of supraordinate
Previous studies of performance on the ‘Tower of London’executive or supervisory operations, possibly corresponding
task in patients with schizophrenia have also reportedo recent evidence of disordered functional connectivity in
impaired accuracy but few of these studies have obtainedchizophrenia (McGuire and Frith, 1996).
accurate estimates for thinking latency. One other recent
study, using a non-computerized version of the ‘Tower of
London’, confirmed that patients with schizophrenia did not o )
differ from control subjects in their planning time, though in Implications for neural substrates of functional
this study no assessment of subsequent thinking time wageficits
available (Hane=t al, 199@). In the only other study to The hypothesis of disordered functional connectivity can
examine planning and execution times in patients withbe pursued further with the aid of neuroimaging studies,
schizophrenia, Morriset al. (1995) also employed a particularly as all of the tests described in this study have
computerized version of the ‘Tower of London’. They been investigated in a functional activation context using
examined a group of consecutive admissions to a psychiatrieET or single photon emission computerized tomography
hospital, that constituted a less chronic population than thosgSPECT) (Morriset al, 1993; Rezaiet al, 1993; Owen
in the present study. Their results are consistent with thet al, 1996, b). Some of these studies have identified
present findings of prolonged execution times, rather thameural systems activated by these tasks which overlap to a
initiation latencies, in comparison with control subjects. Theconsiderable extent (Owegt al., 1996, b). These systems
authors suggested that these findings were similar to thimclude discrete regions of the prefrontal cortex, as well as
deficits observed in patients with frontal lesions. Howeverthe striatum. Thus, a likely cause for the significant deficits
in contrast to the present study, no direct comparison wa schizophrenia on these tests is the dysfunction of one or
made with other neurological groups with pathology affectingmore elements in the neural systems, or because of a lack of
frontal regions or basal ganglia. Further, these studies ditfunctional connectivity’ of the system as a whole (McGuire
not examine the inter-relationships between performancand Frith, 1996). While recent authors have proposed that
measures on the ‘Tower of London’ nor did they assess theorticocortical disconnections involving prefrontal cortex
interrelationship with other tasks tapping executive functionand medial temporal lobe structures (Goldman-Rakic, 1990;
In the present study, the pattern of inter-relationshipsieinberger, 1991; McGuire and Frith, 1996) or frontal—
between measures of performance on the ‘Tower of Londonsubcortical deafferentation (Pantedisal., 1992) may explain
planning task and the other executive measures differethe deficits in executive function in schizophrenia, our data
between the various patient and control groups. The changesould be consistent with a lack of the normal ‘connectivity’
pattern of relationships suggested that each group dependedtween a number of prefrontal cortical areas (or their
on a different balance of cognitive operations to assist irassociated circuits). Further, the lack of deficits on the tasks
successful completion of the planning tasieéTable 3). In  of executive function, including working memory, in the
the normal subjects, better spatial working memorypatients with lesions in medial temporal lobe structures does
performance and enhanced ability to generate an effectiveot strongly support the suggestion of Weinberger (1991)
strategy were associated with more accurate and fastend Goldman-Rakic (1990), that working memory deficits in
performances on the ‘Tower of London’ planning task. Inschizophrenia involve dysfunctional interactions in
the frontal and temporal lobe lesion groups, spatial workingconnections between prefrontal cortex and the medial
memory ability was also associated with better and fastetemporal lobe. Rather, our data suggest that, for some tasks
ability on the planning task. In the frontal lobe lesion group,involving working memory such as the self-ordered spatial
however, greater short-term memory capacity was associatedorking memory task and the ‘Tower of London’ task, the
with a faster speed on the planning task, while strategynteractions may involve other structures such as fronto-
remained important to more efficient performance. In contrastparietal or frontostriatal circuitry. These results and
for the temporal lobe lesion group, greater short-term memorgonclusions are also consistent with the findings of Gold
capacity was related to more efficient performance whileet al (1994), who compared a group of patients with
strategic ability was associated with faster speed. In the oldeschizophrenia with patients with right- and left-sided temporal
control subjects, better spatial working memory performancéobe epilepsy, on a comprehensive neuropsychological test
and impaired strategy predicted slower performance on thbattery.
planning task, but they were not related to measures of The greater deficit in the schizophrenia group compared
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with the frontal excision patients could derive from either of marked deficits in spatial short-term memory, spatial working
the above explanations, or stem from the fact that the excisiomemory, the ability to generate an effective strategy, and
patients had discrete, but also highly variable, lesions (Oweanlso marked deficits on a task of planning ability which
et al, 1990). Further studies to investigate the nature of théncluded measures of both motor and cognitive speed. We
deficits in schizophrenia would thus benefit from comparisondave demonstrated, in patients with schizophrenia, that there
with patients with frontal lobe lesions with more is a ‘loosening’ of the association between different aspects
homogeneous lesion sites. By thus enabling a ‘fractionationdf cognitive function, with evident similarities to patients
of the prefrontal cortex into functionally separable areaswith lesions of the prefrontal cortex or Parkinson’s disease.
(Shallice, 1988; Shallice and Burgess, 1891b) the  These results implicate frontostriatal circuitry in the cognitive
underlying pathophysiological substrates of schizophreniaeficits observed in schizophrenia.
may be identified (Pantelis and Brewer, 1995, 1996; Brewer While few of the deficits observed during these tests were
et al., 1996). present in the patients with temporal lobe lesions, this does
not necessarily imply, of course, that the patients with
schizophrenia exhibit no temporal lobe-like cognitive

Relationship between neuropsychological features. In a parallel series of studies we have employed

. . . : . . tests of visual memory and learning, sensitive to temporal
deficits and clinical measures in schizophrenia y g P

Of th Ve i X ts of tive function identif dlobe lesions, to investigate this same group of patients with
. € cognitive impairments ot executive function identiiie schizophrenia. Further, the relationships of each of these sets
in this study, only spatial short-term memory span wa

ated with f the ill lated bl L Sof frontostriatal and ‘temporal-like’ cognitive deficits in
associated with any of the 1liness related variables. Lowe chizophrenia have to be defined with respect to distinct

scores for spatial shc.)rt—.term memory were assomat_ed Withinical profiles, an issue to be explored in further analyses
longer length of hospitalization rather than length of |IIness,of these data

suggesting that increased length of hospital stay was

associated with the degree of deficit. While these findings

could be interpreted to suggest that increased length of
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