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Background: Functional neuroimaging experiments
have implicated prefrontal cortex (PFC) in memory pro-
cesses. Several studies of schizophrenic patients have
shown failure of activation in the dorsolateral region of
PFC (DLPFC). We used a graded memory challenge to
characterize functional neuroanatomical differences be-
tween schizophrenic and control subjects. The graded ma-
nipulation of task demands enabled us to assess group
differences in the context of normal and abnormal psy-
chological task performance.

Methods: Memory-related activity was assessed using
positron emission tomography in schizophrenic pa-
tients and age-matched controls during performance of
a graded memory task. Subjects underwent scanning while
learning and recalling word lists of variable length.

Results: We used a model that assessed linear and non-
linear effects of memory load. Nonlinear group differ-
ences in DLPFC activation were observed. Controls

showed a steepening slope of DLPFC increase as task de-
mands increased. By contrast, schizophrenic subjects
showed initial DLPFC increases that fell away with in-
creasing memory load. The DLPFC response in schizo-
phrenic subjects was closely related to measured task per-
formance. In addition, schizophrenic subjects failed to
show task-related decreases in activity in the left supe-
rior temporal and inferior parietal gyrus.

Conclusions: Patients with schizophrenia showed a
failure in DLPFC activation only in the face of dimin-
ished performance measures, suggesting that a full
characterization of task-related changes in DLPFC acti-
vation must consider performance levels. However,
striking failures of deactivation in superior temporal
and inferior parietal regions were independent of task
performance, possibly reflecting a core abnormality of
the condition.
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F UNCTIONAL neuroimaginghas
revealed associations be-
tween symptoms and altered
patterns of neuronal activity
in schizophrenia.1-4 There is

no unequivocal evidence of a neuronal ab-
normality that characterizes schizophre-
nia as a whole. For example, hypofrontal-
ity has been found in only a few studies, at
least under resting conditions.5,6 A failure
of frontal activationunderconditionsofneu-
ropsychological taskactivationhasbeenpro-
posed as an alternative functional imaging
abnormality in schizophrenia,7,8 although
this has not been a consistent finding.5,9-11

One explanation for inconsistency
among studies is an uncertainty as to
whether hypofrontality in schizophrenia
reflects poor task performance or is an in-
trinsic deficit unrelated to performance.
Compared with control subjects, schizo-
phrenic patients typically underperform on
cognitive tasks,12 with performance on
executive tasks being particularly im-
paired.13-15 Any associated hypofrontality
could therefore reflect an intrinsically ab-

normal response of the prefrontal cortex
(PFC) to cognitive challenge in schizo-
phrenia or a secondary phenomenon that
does not represent a specific schizophre-
nia-related abnormality, but simply re-
flects the fact that schizophrenic subjects
do not perform the task. Attempts to sepa-
rate neuropsychological task perfor-
mance from its functional imaging corre-
lates in schizophrenia have produced
conflicting findings. Berman et al16 have
reported that nonschizophrenic subjects
with similar degrees of poor executive test
performance as schizophrenic patients do
not show task-related hypofrontality. Frith
et al9 and Fletcher et al11 did not find evi-
dence of hypofrontality during perfor-
mance of a verbal fluency task in which
patients’ performance was balanced, as far
as possible, with that of controls.

One approach to characterizing fron-
tal lobe function lies in the use of memory
tasks.17-21 Memory deficits in schizophre-
nia are well documented,22,23 with the de-
gree of impairment often disproportionate
to the overall level of intellectual impair-
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ment.24-26 Performance level in memory tasks is more eas-
ily manipulated than in executive tasks. For example, re-
call of a short list of words is likely to be intact even in
memory-impaired groups, with differences only becom-
ing evident as the list length increases. Using memory tasks,
a number of studies27-29 have failed to find hypofrontality
when comparing schizophrenic patients with controls.

Our study sought to address the generic problem of
interpreting functional imaging abnormalities in the face
of abnormal task performance by examining brain acti-
vation in schizophrenia in the context of a graded memory
task. The design used was similar to that in a previous
study of healthy individuals.30 Varying memory load en-
ables an exploration of how activity varies with chang-
ing task demands and with changing performance mea-
sures. The design enables us to explore qualitative
relationships between frontal function and memory per-
formance and to compare the nature of this relationship
in control and patient groups.

RESULTS

MEMORY PERFORMANCE

The performance of the 3 groups on the word-list recall
task is shown in Figure 1. All 3 groups showed essen-

tially perfect recall with word lists of up to 4 words. Be-
yond this, performance declined, with the steepest fall
in the impaired schizophrenic patients and the shallow-
est in the controls. Analysis of variance showed signifi-
cant interactions of group by word list length (controls
vs unimpaired patients, P = .007; controls vs impaired pa-
tients, P,.001; unimpaired vs impaired patients, P = .009).

FUNCTIONAL NEUROIMAGING RESULTS

The z scores of the activations described below are re-
ported in Table 2 through Table 6. These z scores were
derived from Gaussianization of the t statistic with the
threshold set at P,.01 (df, 157).

MAIN EFFECTS OF MEMORY LOAD

All 3 groups showed a pattern of activations that encom-
passed the PFC bilaterally and the posterior parietal
cortex (Table 2). Deactivations were seen in temporo-
parietal regions bilaterally in all 3 groups (Table 3). De-
activations were also seen in the medial frontal cortex
for the controls and the unimpaired schizophrenic sub-
jects. These effects were satisfactorily characterized us-
ing the first-order model, with no significant gain using
the second-order expansion.

SUBJECTS AND METHODS

SUBJECTS

Twelve male subjects with DSM-III-R diagnoses of schizo-
phrenia31 and 7 (6 male; 1 female) age-matched controls
were studied. Subjects were free of neurologic illness and
had normal results of structural magnetic resonance im-
aging scans. All gave written informed consent, and the study
was approved by the hospital ethics committee and the Ad-
ministration of Radioactive Substances Advisory Commit-
tee, London, England.

All subjects had normal premorbid intelligence based
on schooling and work records and premorbid IQ as esti-
mated using the National Adult Reading Test (NART).32

Memory status of the schizophrenic patients was deter-
mined by their performance on the Rivermead Behavioural
Memory Test,33 a clinically oriented, relatively undemand-
ing test that is made up of 12 subtests. Patients were in-
cluded in the memory-impaired group (n = 6; hereafter re-
ferred to as impaired schizophrenic group) if they achieved
a screening score in the moderately or severely impaired range
(all the patients who finally participated scored in the mod-
erately impaired range).Patientswere included in thememory-
intact group (n = 6; hereafter referred to as the unimpaired
schizophrenic group) if they scored in the normal or poor
memory ranges (most of the patients scored in the poor
memory range). Strictly speaking, therefore, “memory-
unimpaired” is not accurate but is used for convenience. Ba-
sic intellectual and memory test scores for the patients are
shown in Table1. Briefly, the mean NART IQ for the schizo-
phrenic group as a whole was 105 (range, 91-124; SD, 12).

The NART IQs were measured on 6 of the 7 control
subjects (the seventh subject was unavailable for testing).

Their mean score was 117 (range, 101-135; SD, 13). The
difference between schizophrenic patients and controls us-
ing a paired t test was not significant (P = .13; df = 4).

All patients had illnesses of more than 2 years’ dura-
tion. They varied considerably in their extent of positive
and negative symptoms. The impaired schizophrenic group
showed generally more severe degrees of illness. All pa-
tients were outpatients or in stable condition on resettle-
ment or rehabilitation wards at the time of testing. All but
1 patient were taking long-term antipsychotics. Nine pa-
tients were taking conventional neuroleptics; 2 patients,
clozapine. The medication-free patient had been taking a
conventional (depot) neuroleptic until approximately 3
months before examination, and had not shown signs of
clinical worsening. For the patients receiving medication,
the average dosage in chlorpromazine equivalents was 450
mg, with a large degree of intersubject variability (100-
2000 mg).

COGNITIVE TASKS

Throughout each 165-second acquisition, subjects were en-
gaged in learning and recalling word lists. Words were pre-
sented auditorily at a rate of 1 word per 2 seconds, and re-
trieval was paced by the experimenter (P.C.F.) counting
at the same rate. Learning and retrieval of the same list went
on throughout scanning. Across the 12 scans, lists varied
in length from 1 to 12 items, and the order was pseudo-
randomized across subjects. During the first scan, a sub-
ject might repeatedly hear and retrieve a 7-item word list;
during the second scan, a 3-item list; during the third scan,
a 12-item list; and so on. Performance for each list presen-
tation was recorded. When subjects were unable to recall
further items, they responded “pass” each time the pacing
cue was given.
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GROUP BY MEMORY-LOAD INTERACTION

Comparisons of memory-related activations in the con-
trol group with those in the unimpaired schizophrenic
subjects showed significant bilateral ventrolateral and left-
sided dorsolateral PFC differences in activation using the
second-order model (Table 4 and Figure 2). The more
constrained linear model did not reveal differences in PFC
activation, even when a modified significance level of
P,.01 substituted for P,.001 in the analysis. The sig-
nificant nonlinear differences were seen as reduced ac-
tivation in schizophrenic subjects in association with in-
creasing memory load. This phenomenon is shown
graphically in Figure 3. As load increased, the prefron-
tal responses in controls differed qualitatively from those
in both groups of schizophrenic subjects. Whereas con-
trols responded to increasing word list length with an in-
creasing degree of left PFC activation, both schizo-
phrenic groups showed a tailing off of activation during
longer lists.

To summarize, differences in PFC activations be-
tween controls and schizophrenic subjects were seen only
when a flexible model was fitted to the data. The ob-
served differences can be characterized as a steeper slope
of increase in the controls when the tasks became more
difficult and performance fell below 100%. In the schizo-

phrenic subjects, the slope of increase of PFC activity be-
came shallower with the longer word lists.

OTHER GROUP DIFFERENCES

Another region, the medial inferior parietal lobe, showed
a group-by-task interaction that was adequately charac-
terized using the linear model (Table 5). This region
showed a relative failure of activation in the impaired
group of schizophrenic subjects compared with the con-
trols and the unimpaired schizophrenic group.

We also examined the data with respect to task-
related decreases. In both patient groups, there was a rela-
tive failure of decrease in inferior parietal and superior
temporal regions bilaterally (Table 6). This interaction
was fully characterized by the linear model.

In a final analysis, we explored the group-by-task
interactions attempting to remove the effects of medica-
tion levels that varied markedly across the patients. The
crucial findings were unaffected.

COMMENT

Results of functional imaging studies of auditory-verbal
memory in healthy volunteers are strikingly consistent
in demonstrating prefrontal and parietal activa-

FUNCTIONAL NEUROMAGING

All subjects underwent 12 measurements of regional ce-
rebral blood flow during a 2-hour period. A commerically
available scanner was used (C 953B-PET; Computerized
Tomography Inc, Knoxville, Tenn), with collimating septa
retracted. For each regional cerebral blood flow measure-
ment, oxygen 15–labeled water was given as an infusion
for 120 seconds. The amount of tracer injected per subject
was 4995 MBq (calculated dosimetry at 5 mSv). Images were
reconstructed into 63 planes, using a Hanning filter, re-
sulting in a 6.4-mm transaxial and 5.7-mm axial resolu-
tion (full width, half maximum).

DATA ANALYSIS

The data were analyzed with statistical parametric map-
ping (SPM)34,35 using SPM software from the Wellcome
Department of Cognitive Neurology, Institute of Neurol-
ogy, London, England, and implemented using Matlab
(Mathworks, Sherborn, Mass). After realignment, the
scans were transformed into standard stereotactic space36

and smoothed using a Gaussian filter set at 12-mm full
width at half maximum. The regional cerebral blood flow
equivalent measurements were adjusted to a global mean
of 50 mL/dL per minute. We used analysis of covariance
to model condition-specific effects with parametric varia-
tion in memory load using polynomial regression.
Subject-specific effects and global activity were modeled
as confounds. Specific effects and interactions were
explored with the appropriate contrasts using the paired t
statistic, giving a statistic image (SPM[t]) for each con-
trast. Intersubject variability was treated as a fixed effect.
Thus, one must be cautious about the generalizability of
the current results. Nevertheless, there is a high

intrasubject-intersubject variability in measurements
made using positron emission tomography, meaning that
the fixed-effects model is more acceptable.

Data analysis focused on the following effects: First,
the main effects of memory load were examined for each
of the 3 groups separately. Second, the group-by-memory
load interaction was assessed to examine the effects of di-
agnosis (control vs impaired schizophrenia and control vs
unimpaired schizophrenia) and the presence of memory
impairment (unimpaired vs impaired schizophrenia).

After initial analysis of effects using multilinear re-
gression with a linear model, we explored load-related ac-
tivity using a second-order polynomial expansion. The use
of a nonlinear fit enables a variety of brain responses (and
group-related differences in responses) to be modeled.37 The
validity of the second-order term can be assessed by treat-
ing linear effects as confounds. In those cases where the
expanded model did not produce any significant addi-
tional effects, results from the more constrained (linear)
model are reported.

In view of the fact that our study explored an auditory-
verbal memory paradigm that we have used previously, and
because our specific hypotheses and questions concerned
only a small number of regions, we used a lower threshold
(P,.01) in these regions with respect to exploring the data
for group differences. This was done mainly to avoid type
II statistical error. Such an approach is justified, we be-
lieve, with regard to prefrontal function in schizophrenia,
because of the large background of functional imaging stud-
ies addressing abnormalities in this region. This is particu-
larly important in view of our attempts to show that there
was no significant difference between the groups when a
linear model was used, but that these differences only
emerged with the nonlinear model. Nevertheless, the re-
sults we report should be considered preliminary.
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tions.17,19,30,38-43 The findings of activation in these re-
gions in our controls are in accord with these studies, as
are the findings of deactivation in medial PFC and su-
perior temporal and inferior parietal cortices.30

With regard to the question of PFC activation in
schizophrenia, our study indicated that there was a non-
linear pattern of change that differed across groups. This
observation may, in part, explain and reconcile results
of previous functional neuroimaging studies of schizo-
phrenia. Whereas frontal activation was normal when per-
formance levels were matched across groups, neverthe-
less, as task demands increased and performance was

impoverished, subjects with schizophrenia failed to show
an increasing frontal response. This is in accord with stud-
ies of schizophrenia using more demanding tasks44 that
have shown a failure of frontal activation, whereas the
studies employing less demanding tasks9,11 have been as-
sociated with apparently unimpaired PFC activation.

Interpretation of the abnormal profile of PFC activ-
ity in the schizophrenic groups is, necessarily, specula-
tive. Crucially, it seems that the hypofrontality is mani-
fest only under conditions of cognitive stress, and it does
not reflect a simple failure of this region to show activa-
tion-related changes. The more demanding tasks may have
engaged frontally mediated strategies that the schizo-
phrenic patients did not, or could not, adopt. Thus, the
abnormal PFC activation under more demanding con-
ditions may reflect a motivation deficit occurring as the
task becomes too difficult for the subjects.45 Alterna-
tively, there may be a failure to engage or to use the ap-
propriate higher level strategies subserved by PFC.

One obvious interpretation relates to the division
between short- and long-term memory. Verbal short-
term memory function has been found to be relatively
preserved in schizophrenia, whereas the deficit in long-
term memory is substantial.22-26,46 Sparing of short-term
memory was also evident in our study; both groups of
schizophrenic patients had a mean word span length of
about 4 words, which is within the normal range.47 There-
fore, it could be argued that the hypofrontality found in
our study was a simple function of having to engage the
impaired long-term memory system.

Conceptualizing word list recall performance in
terms of short- and long-term memory undoubtedly has
validity, but it is now widely accepted, from results of
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Figure 1. Average percentage performance for each of the 3 subject groups
across the 12 word-list lengths. Groups are described in the “Subjects”
subsection of the “Subjects and Methods” section.

Table 1. Neuropsychological Data*

Patient
No.

NART
IQ

WAIS
IQ

WAIS
Verbal

IQ

WAIS
Performance

IQ MMSE RBMT

Impaired Schizophrenic Group
1 124 96 108 114 26 4,6
2 97 89 78 105 26 3,3
3 110 84 85 86 26 5
4 109 81 94 65 26 4
5 95 84 89 79 26 4
6 95 67 64 74 26 4,5

Unimpaired Schizophrenic Group
1 107 108 116 97 27 8
2 98 90 93 88 30 8,7
3 110 109 124 89 28 8
4 91 95 93 99 28 8
5 115 97 105 88 27 8,7
6 113 122 123 118 28 7,9

*NART indicates National Adult Reading Test; WAIS, Wechsler Adult
Intelligence Scale; MMSE, Mini-Mental State Examination; and RBMT,
Rivermead Behavioural Memory Test. Groups are described in the “Subjects”
subsection of the “Subjects and Methods” section.

Table 2. Memory-Related Activations*

Group Region† Coordinates z Score

Controls

Left PFC
(10) −30, 60, 4 4.2
(47) −30, 20, −8 3.6
(9/46) −42, 28, 24 3.5

Parietal cortex (40/7) −46, −46, 32 3.7
20, −64, 32 3.0

Anterior cingulate
cortex (32)

16, 8, 48 2.2

Right PFC (10) 30, 52, 4 2.1
Right putamen 26, 12, 0 2.1

Unimpaired
schizophrenic
patients

Left PFC
(10) −40, 50, 8 2.5
(9/46) −40, 28, 24 2.9

Parietal cortex (40/7) −22, −68, 32 4.3
44, −46, 32 4.7

Anterior cingulate
cortex (32)

4, 22, 40 3.5

Right PFC (10) 32, 44, 12 3.5
Right putamen 30, 14, −4 3.6
Left putamen and

insula
−34, 14, −4 3.8

Impaired
schizophrenic
patients

Left PFC
(10) −28, 60, 4 3.5
(9/46)

Parietal cortex (40/7) −14, −70, 24 3.5
Right PFC (10) 30, 52, 4 3.0
Occipital cortex (18) −36, −90, 0 3.2

*PFC indicates prefrontal cortex. Groups are described in the “Subjects”
subsection of the “Subjects and Methods” section.

†The numbers in parentheses refer to Brodmann areas.
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neuropsychological48-52 and functional imaging stud-
ies,41 that executive and working memory processes, per-
formed at least partly in PFC, also play important roles
in retrieval. Another interpretation of our findings there-
fore could be that the failure of frontal activation in schizo-
phrenic patients reflected failure to engage such pro-
cesses as task demands increased. This observation is
consistent with the finding that when schizophrenic sub-
jects are encouraged to use appropriate cognitive strat-
egies (by sorting study material into categories), their sub-
sequent recall is comparable with that of controls.53

However, there was no measurable difference in left PFC
activation between the impaired and the unimpaired
schizophrenic subjects, although there was a significant
difference in performance levels between the groups. It

seems likely, therefore, that although performance lev-
els constitute a major effect, they do not account for all
of the differences between patients and controls.

A more general interpretation would be that the
the functional imaging differences found between
schizophrenic patients and controls merely reflect the
state of general cognitive impairment that characterizes
most patients with schizophrenia to some degree. Gen-
eral intellectual impairment was certainly evident in our
patients (ie, the lower Wechsler Adult Intelligence Scale
[current] IQs than NART [premorbid] IQs in almost
every case). In these circumstances, it may be impos-
sible to specify whether memory, executive, or other
specific cognitive subsystems were dysfunctional and
giving rise to functional imaging abnormalities. How-
ever, even if such a view is taken, it is not clear that it
would affect the validity of the findings. It could be
argued that our study merely took advantage of the
facts that memory is impaired in schizophrenia, and
that memory tasks activate the PFC in functional imag-

Table 3. Memory-Related Deactivations*

Group Region† Coordinates
z

Score

Right post–central 50, −16, 20 4.1
gyrus (40)

Controls
Left post–central

gyrus (40)
−50, 0, 16 3.7

Left superior and middle
temporal gyrus (21/22)

−54, −46, 8 3.5

Medial PFC (10) 2, 54, 12 3.7
Left superior −38, −40, 16 3.6

temporal gyrus (22) −50, −50, 12 3.0
Unimpaired

schizophrenic
Right superior

temporal gyrus (22)
46, −48, 16 3.9

patients Medial PFC (10) −2, 52, 0 3.9
Anterior cingulate

cortex (24)
−4, 30, 0 4.2

Impaired Right superior 48, −56, 12 3.5
schizophrenic temporal gyrus (22)
patients Left superior

temporal gyrus (22)
−48, −56, 12 3.1

*PFC indicates prefrontal cortex. Groups are described in the “Subjects”
subsection of the “Subjects and Methods” section.

†The numbers in parentheses refer to Brodmann areas.

Table 4. Regions Showing Differences in Profiles
of Task-Related Brain Activation Identified Using
a Second-Order Polynomial Expansion*

Group Comparison Region† Coordinates
z

Score

Left middle frontal −46, 34, 24 2.8

Controls vs unimpaired
gyrus (46)

schizophrenic
patients

Left inferior frontal
gyrus (47)

−28, 16, −4 2.6

Right middle frontal
gyrus (10)

32, 54, 8 3.2

Left middle frontal −34, 40, 20 2.3
gyrus (10/46)

Controls vs impaired
schizophrenic

Left inferior frontal
gyrus (47)

−30, 10, −4 2.9

patients Right middle frontal 34, 44, 12 2.4
gyrus (10)

*Groups are described in the “Subjects” subsection of the “Subjects and
Methods” section.

†The numbers in parentheses refer to Brodmann areas.

Table 5. Differential Activations*

Group Comparison Region† Coordinates
z

Score

Controls vs unimpaired Posterior cingulate 22, −38, 16 2.1
schizophrenic patients cortex (30)

Left inferior −44, −46, 32 2.7
Controls vs impaired parietal lobe (40) −24, −60, 36 2.2

schizophrenic patients Posterior cingulate 10, −56, 24 2.1
cortex (31)

Left inferior parietal −20, −62, 36 3.1
Unimpaired vs impaired lobe (40)

schizophrenic patients Right inferior parietal 44, −46, 32 4.1
lobe (40)

*Groups are described in the “Subjects” subsection of the “Subjects and
Methods” section.

†The numbers in parentheses refer to Brodmann areas.

Table 6. Differential Deactivations*

Group Comparison Region Coordinates
z

Score

Right post–central 48, −6, 16 2.0

Controls vs unimpaired
gyrus and superior

schizophrenic
temporal gyrus

patients
Left post–central −52, 0, 16 2.4

gyrus and superior
temporal gyrus

Right post–central 44, −16, 8 3.2
gyrus and superior

Controls vs impaired temporal gyrus
schizophrenic Left post–central −40, −22, 12 2.3
patients gyrus and superior

temporal gyrus
Medial frontal gyrus −6, 54, 12 2.5

Unimpaired vs impaired
Left post–central −40, −24, 12 3.0

schizophrenic
gyrus and superior

patients
temporal gyrus

Medial frontal gyrus −4, 56, 4 2.7

*Groups are described in the “Subjects” subsection of the “Subjects and
Methods” section of the text.
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ing studies, to provide a further examination of the
question of whether the PFC is dysfunctional in schizo-
phenia. Whether the cognitive dysfunction that pro-
duces the hypofrontality is specific or general might
legitimately be regarded as immaterial.

A noteworthy observation in our study was that a
region showing impaired activation, the posterior pari-
etal region (Brodmann area 40), was specific to the im-
paired schizophrenic group. Posterior parietal activa-
tions are a common finding in functional imaging studies
of memory retrieval.19,38,40,54 It is striking that the unim-
paired schizophrenic group showed high activity in this
region, despite performance that was significantly infe-
rior to that seen in controls. Whereas the roles of this
area of cortex have yet to be fully explored, the ubiquity
with which it appears to be active in functional imaging
studies of memory is striking. The significant reduction
of its activation in the impaired schizophrenic group may
reflect an impairment in long-term memory retrieval pro-
cesses in schizophrenia.

An important finding in our study is the replica-
tion of previous findings of a relative failure of superior
temporal and inferior parietal deactivation in both groups
of schizophrenic subjects. The fact that the linear model
fully characterized this effect implies that the lateral su-
perior temporal and inferior parietal activity, although
related to changing task load, is unaffected by perfor-
mance levels (in controls or schizophrenic subjects). Re-
sults of a number of previous positron emission tomog-
raphy studies of healthy volunteers have presented

evidence of a relative decrease in activity of this region
during tasks that engage frontal lobes.17,20,55 The finding
of a relative failure of this deactivation in schizophrenic
subjects has been found in 2 previous studies9,11 and has
been discussed in terms of a functional disconnection be-
tween temporal and prefrontal regions.56 In 1 study,10,11

a dopaminergic challenge, which augmented anterior cin-
gulate cortex activity, was associated with a relative nor-
malization of the superior temporal response. This was
interpreted in terms of cingulate modulation of prefron-
totemporal connectivity.10,11 There may be an abnormal-
ity of frontotemporal integration in the schizophrenic sub-
jects, with this phenomenon being reflected in poorer
cognitive abilities. The functional significance of the in-
verse relationship between frontal and temporal regions
in normal brain function is unclear. The superior tem-
poral region may be concerned with semantic elabora-
tion of verbal material. In the context of the memory task,
this may be inappropriate and, in the normal situation,
it is inhibited, an inhibition that does not occur in the
schizophrenic subjects. This suggestion is clearly specu-
lative, and exploring the nature of abnormal frontotem-
poral relationships in schizophrenia will require specifi-
cally designed experiments.

There was no evidence of medial temporal lobe ac-
tivation in our study. This is not unusual in positron emis-
sion tomography studies of memory function54 and there
is no consensus as to why this should be so. Recent data43

suggest that, in a memory task, the hippocampal region
is differentially sensitive to novelty of material. If this is

A B C

D E F

Figure 2. Images of statistic parametric mapping explored using the paired t test. Images show group-by-task nonlinear interactions in brain activations. Figures
were thresholded at P,.01 (uncorrected), and linear changes were treated as a confound thresholded at P,.01 (uncorrected). Areas of activation within
orthogonally orientated “glass brains” (ie, maximum intensity projections) are shown. Views are shown from the right (A and D), behind (B and E), and above (C
and F). A through C, Regions showing a relative failure of activations across all lists in the unimpaired schizophrenic group compared with controls. D through F,
Regions showing a failure of activation in the impaired schizophrenic group compared with controls. Groups are described in the “Subjects” subsection of the
“Subjects and Methods” section.
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so, then our study, in which each scan contained fre-
quently repeated words, would not be expected to show
strong change in this region.

Whereas the small numbers of subjects, and the fact
that they were receiving antipsychotics, mean that our
findings must be treated as preliminary, we have shown
that, in schizophrenic patients, there is an abnormal pro-
file of task-related activation in prefrontal regions. This
profile was intimately related to task demands and per-
formance. In controls, increasing memory demands lead
to increasing left PFC activity, whereas schizophrenic sub-
jects, under the same conditions, showed a falling away
of PFC activity. Unimpaired PFC activation across the
shorter subspan lists suggests that task-related hypofron-
tality in schizophrenia may reflect a failure to engage criti-
cal cognitive processes necessary to optimize perfor-
mance in the face of increasing task demands. We
conclude that PFC activity in schizophrenia cannot be
evaluated independently of task demands and associ-
ated performance measures, since it is only observed in
the situation where task demands are high and perfor-
mance is impaired.
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Figure 3. Profiles of response brain regions showing group-by-task
interactions in left prefrontal cortex (−44, 32, 20) across the 12 conditions
for control subjects and unimpaired and impaired schizophrenic subjects.
The voxel was selected on the basis of a combined comparison between
controls and both schizophrenic groups. The ordinate represents activity
about the mean. For controls, the general trend is one of activation with
increasing word list length. Controls show an upward trend in activation that
continues in the longer word lists. In the schizophrenic subjects, an initial
increase in activation is seen, which appears to fall away during the longer
lists. Groups are described in the “Subjects” subsection of the “Subjects and
Methods” section. rCBF indicates regional cerebral blood flow.

ARCH GEN PSYCHIATRY/ VOL 55, NOV 1998
1007

©1998 American Medical Association. All rights reserved.
 at University College London, on October 11, 2006 www.archgenpsychiatry.comDownloaded from 

http://www.archgenpsychiatry.com


phrenia: effects of memory processing on regional activation. Biol Psychiatry.
1994;35:3.

28. Busatto GF, Costa DC, Eli PJ, Pilowsky LS, David AS, Kerwin RW. Regional ce-
rebral blood flow (rCBF) in schizophrenia during verbal memory activation: a 99mTc-
HMPAO single-photon emission tomography (SPET) study. Psychol Med. 1994;
24:463.

29. Ganguli R, Carter C, Mintun M, Brar J, Becker J, Sarmar R, Nichols T, Benington
E. PET brain mapping study of auditory verbal supraspan memory versus visual
fixation in schizophrenia. Biol Psychiatry. 1997;41:33.

30. Grasby PM, Frith CD, Friston KJ, Bench C, Frackowiak RS, Dolan RJ. A graded
task approach to the functional mapping of brain areas implicated in auditory-
verbal memory function. Brain. 1994;117:1271.

31. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Third Edition, Revised. Washington, DC: American Psychiatric Asso-
ciation; 1987.

32. Nelson HE. The National Adult Reading Test (NART). Windsor, Conn: NFER-
Nelson; 1982.

33. Wilson BA, Cockburn JM, Baddeley AD. The Rivermead Behavioural Memory Test.
Bury St Edmunds, England: Thames Valley Test Co; 1985.

34. Friston KJ, Ashburner J, Frith CD, Poline J-B, Heather JD, Frackowiak RSJ. Spa-
tial registration and normalisation of images. Hum Brain Mapping. 1995;2:165.

35. Friston KJ, Holmes AP, Worsley KJ, Poline JB, Frith CD, Frackowiak RSJ. Sta-
tistical parametric maps in functional imaging: a general linear approach. Hum
Brain Mapping. 1995;2:189.

36. Talairach J, Tournoux P. Co-Planar Stereotaxic Atlas of the Human Brain. Stut-
tgart, Germany: George Thieme Verlag; 1988:1-122.

37. Biichel C, Wise RJS, Mummery CJ, Poline J-B, Friston KJ. Nonlinear regression
in parametric activation studies. Neuroimage. 1996;4:60.

38. Squire LR, Ojemann JG, Miezin FM, Petersen SE, Videen TO, Raichle ME. Acti-
vation of the hippocampus in normal humans: a functional anatomical study of
memory. Proc Natl Acad Sci U S A. 1992;89:1837.

39. Rugg MD, Fletcher PC, Frith CD, Frackowiak RSJ, Dolan RJ. Differential activa-
tion of the prefrontal cortex in successful and unsuccessful memory retrieval.
Brain. 1996;119:2073.

40. Shallice T, Fletcher P, Frith CD, Grasby P, Frackowiak RSJ, Dolan RJ. Brain re-
gions associated with acquisition and retrieval of verbal episodic memory. Na-
ture. 1994;368:633.

41. Fletcher PC, Shallice T, Frith CD, Frackowiak RSJ, Dolan RJ. Brain activity dur-
ing memory retrieval: the influence of imagery and semantic cueing. Brain. 1996;
119:1587.

42. Dolan RJ, Fink GR, Rolls E, Booth M, Frackowiak RSJ, Friston KJ. How the brain
learns to see objects and faces in an impoverished context. Nature. 1997;389:
596-599

43. Dolan RJ, Fletcher PC. Dissociating prefrontal and hippocampal function in epi-
sodic memory encoding. Nature. 1997;388:582.

44. Berman KF, Zec RF, Weinberger DR. Physiologic dysfunction of dorsolateral pre-
frontal cortex in schizophrenia. Arch Gen Psychiatry. 1986;43:126.

45. Frith CD. Two kinds of cognitive deficit associated with chronic schizophrenia.
Psychol Med. 1977;7:171.

46. Goldberg TE, Torrey EF, Gold JM, Ragland JD, Bigelow LB, Weinberger DR. Learn-
ing and memory in monozygotic twins discordant for schizophrenia. Psychol Med.
1993;23:71.

47. Logie RH, Della Sala S, Laiacona M, Chalmers M, Wynn V. Group aggregates
and individual variability: the case of verbal short-term memory. Memory Cogn.
1996;24:305.

48. Baddeley AD. Working Memory. New York, NY: Oxford University Press;
1986.

49. Baddeley AD. Human Memory. Hillsdale, NJ: Lawrence Erlbaum Associates; 1991.
50. Petrides M, Milner B. Deficits in subject-ordered tasks after frontal- and temporal-

lobe lesions in man. Neuropsychologia. 1982;20:249.
51. Stuss DT, Alexander MP, Palumbo CL, Buckle L, Sayer L, Pogue J. Organisa-

tional strategies of patients with unilateral or bilateral frontal lobe injury in word
list learning tasks. Neuropsychologia. 1994;8:355.

52. Incisa Della Rochetta A, Milner B. Strategic search and retrieval inhibition: the
role of the frontal lobes. Neuropsychologia. 1993;31:503.

53. Russell PN, Beekhuis ME. Organisation in memory: a comparison of psychotics
and normals. J Abnorm Psychol. 1976;85:527.

54. Fletcher PC, Frith CD, Rugg MD. The functional neuroanatomy of episodic memory.
Trends Neurosci. 1997;20:213.

55. Frith CD. Positron emission tomography studies of frontal lobe function: rel-
evance to psychiatric disease. In: Baddeley AD, Wilson BA, Watts FN, eds. Hand-
book of Memory Disorders. Chichester, England: Wiley & Sons; 1991:181-197.

56. Friston KJ, Frith CD. Schizophrenia: a disconnection syndrome? Clin Neurosci.
1995;3:89.

ARCH GEN PSYCHIATRY/ VOL 55, NOV 1998
1008

©1998 American Medical Association. All rights reserved.
 at University College London, on October 11, 2006 www.archgenpsychiatry.comDownloaded from 

http://www.archgenpsychiatry.com

