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Summary – The Continuous Performance Test (CPT) has become an essential constituent of the neuropsychological
investigation of schizophrenia. Also, a vast number of brain imaging studies, mostly PET investigations, have employed
the CPT as a cognitive challenge and established a relative hypofrontality in schizophrenics compared to controls. The
aim of the present investigation was to clarify whether this predescribed hypofrontality could also be verified using
functional magnetic resonance imaging (fMRI). 20 healthy volunteers and 14 schizophrenics on stable neuroleptic
medication were included. Imaging was performed using the CPT-double-T-version and a clinical 1.5 T MRI-scanner
with a single slice technique and a T2*-weighted gradient-echo-sequence. The schizophrenics exhibited a decreased
activation in the right mesial prefrontal cortex, the right cingulate and the left thalamus compared to controls. These
results obtained by fMRI are discussed in relation to published findings using PET. © Elsevier, Paris
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INTRODUCTION

One major finding of functional brain imaging studies
in schizophrenia is hypofrontality [4, 51]. This finding
is inconsistent when patients are investigated at rest,
some studies even demonstrated an increased activity in
the frontal lobe especially when acute, neuroleptic free
patients [15] were studied. Cognitive challenges more
or less specific for frontal lobe functions increase the
likelihood to detect hypofrontality. The most widely
used tests to demonstrate this ″behaviour-specific″ hy-
pofrontality are the Wisconsin Card Sorting Test
(WCST), involving working memory and the ability to
adapt behaviour based on performance feedback [30,
49], the Raven Progressive Matrices, which tap the
ability to perceive sequential non-verbal abstract pat-
terns [7, 27, 41], and the Continuous Performance
Test (CPT).

As animal studies suggest [31] attention requires the
integrity of cingulate, thalamic, inferior parietal and
prefrontal cortical function, with right hemisphere
structures playing a more prominent role than left. The
CPT appears to recruit sustained attention [8, 10, 42]
and has therefore become a virtual landmark task in the
cognitive study of schizophrenia [48], exhibiting im-
paired performance not only in schizophrenia itself, but
also in schizophrenia spectrum disorders and in unaf-
fected relatives of patients [35]. Beside neuropsycho-
logical investigations, several brain imaging studies
with the CPT comparing schizophrenics with controls
have also been performed. The methods used were
single photon emission tomography (SPECT) with the
xenon inhalation technique [8] or positron emission
tomography (PET) using 18F labelled glucose (18FDG)
as a tracer [12–14, 16, 19, 29, 43–46]. The most
consistent results of these investigations were decreased
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activation in the frontal cortex and the cingulum in
schizophrenics compared to controls.

In recent years, functional magnetic resonance imag-
ing (fMRI), a new brain imaging method, has been
developed. The principle is based on the different be-
haviour of oxygenated and deoxygenated haemoglobin
(HbO2 and deHbO2) in the magnetic field [26]. As
deHbO2 is used as an intrinsic contrast agent, the
application of radioactive-labelled compounds is no
longer necessary. Depending on the field of view, a
resolution of up to 1 mm is possible, which overcomes
the restricted spatial resolution of SPECT and also
PET. A further advantage consists of the simultaneous
acquisition of activation and topographical data. An
overlap of two completely independent measures, as
required in the case of SPECT and PET, is no longer
necessary. To our knowledge, only two fMRI-studies
using fMRI and the CPT in healthy volunteers are
published [5, 16].

The present study was designed to focus on two main
questions: i) is it possible to replicate the predescribed
activation differences of schizophrenics and controls
obtained primarily with 18FDG-PET using fMRI?, and
ii) can the underlying anatomical structures of the
activation deficit be determined more precisely? Beside
these issues, special attention was applied to the perfor-
mance of the probands in order to reduce potentially
confounding motivational effects during the perfor-
mance of the stimulation task.

METHODS

Subjects

All subjects (healthy controls and patients) were right-
handed [36]. Written informed consent was obtained,
all probands were native German speakers and not paid
for their participation. All participants were screened
thoroughly for internal and neurological symptoms,
persons exhibiting such symptoms or with first degree
relatives showing severe neurological disorders were
excluded. A history or presence of alcohol or drug abuse
was a further exclusion criterion.

A total of 20 healthy controls (12 males, eight fe-
males) with a mean age of 28.2 years (standard devia-
tion [SD]: 5.7), recruited by advertisement, were in-
cluded. They had to be free from any psychotropic or
cardiovascular medication. The volunteers were thor-
oughly screened for psychiatric illnesses, persons show-

ing any symptoms or with first degree relatives suffering
from psychiatric disorders were excluded.

Fourteen schizophrenic inpatients (11 males, three
females), mean age 34.1 years (SD: 12.29) diagnosed
according to DSM III-R [1] were investigated. The pa-
tients had to by free of drugs but were on stable neuro-
leptic medication (10 mg haloperidol or equivalent;
mean chlorpromazine equivalent dose: 652 [668] mg).
Psychopathology was rated using the Brief Psychiatric
Rating Scale (BPRS [37]), the Clinical Global Impres-
sion (CGI [32]), the Scale for the Assessment of Nega-
tive Symptoms (SANS [2]), and the Scale for the Assess-
ment of Positive Symptoms (SAPS [3]). The mean
psychopathological rating scale scores were: CGI: 4.4
(SD: 1.5), BPRS: 42.5 (SD: 8.7), SANS: 43.1 (SD:
14.2), SAPS: 15.6 (SD: 8.2). The psychopathological
ratings were performed by two experienced psychiatrists
(HPV, FH) with an interrater reliability > 0.9.

The study was approved by the ethical review board
of the University of Jena.

Stimulation and performance

For stimulation we used the Stimt PC-version of the
CPT [33] and projected the material via a Philips LC
2000 projector on a screen placed in front of the MRI
scanner. By means of an angled mirror, placed above
the head coil, the screen became visible for the partici-
pant. The subjects responded with their right hand
using a hydropneumatic tap-device. The ears were
plugged with wax to reduce the noise level in the
scanner. On the day before the fMRI measurement, a
learning session of 15 min took place during which the
probands were familiarised with the whole test proce-
dure.

The CPT-double-T-version was used. Subjects were
asked to press a button as fast as possible when a ″T″
was followed by another ″T″. Each stimulus block
consisted of 36 targets, 18 distracters and 126 nontar-
gets in a pseudo-random order. Target probability was
25%, the interstimulus interval 1.2 s, stimulus expo-
sure time 0.6 s. All subjects performed the task four
times.

Each series began with one image at rest (31 s) allow-
ing MRI signal equilibrium to be reached, followed by
40 images alternating baseline condition (eyes open,
tapping the response device in a freely chosen rhythm)
and activation every 2:35 min (5:10 min per cycle, ten
images per cycle, four cycles). The total duration was
about 30 min.
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Subjects’ performance in the CPT can be evaluated in
various ways. We used errors of omission and commis-
sion (hit-rate and false alarm-rate), mean response la-
tency, d≠ as a measurement for discriminability and ln
b as the so-called response criterion [20, 24, 34]. The
signal detection index d≠ (sensitivity) is a parameter
that characterises the ability to discriminate target and
non-target stimuli. So, a subject with a high sensitivity
shows a high hit rate (ie, few errors of omission) and a
low false alarm rate (few errors of commission). The
so-called response criterion ln b measures the amount
of perceptual evidence that the subject requires to de-
cide whether a stimulus is a target or not. So, a subject
with a ‘cautious’ response criterion has a low target hit
rate and a low false alarm rate in contrast to more
‘liberal’ subjects. Both groups were retrospectively di-
vided into good (no commission errors) and poor (at
least one commission error) performers based on their
performance data sampled on-line during fMRI.

Scanning procedures

Imaging was performed on a 1.5 Tesla (Philips Gyros-
can ACSII) MR tomograph using a standard head coil.
For functional imaging, a T2*-weighted gradient-echo-
sequence (FFE) was used (echo time: 50 ms, repetition
time: 100 ms, field of view: 230 mm, matrix: 256 ×
256, slice thickness: 10 mm, voxel dimension: 0.9 × 0.9
× 10 mm3, flip angle: 40°). Scanning also included
acquisition of high-resolution anatomical images for
localisation purposes (T1-weighted, echo-time: 15 ms,
repetition time: 300 ms, field of view: 230 mm, matrix:
256 × 256, slice thickness: 3 mm), localised in the same
plane and centre position as the T2*-weighted images.

In order to ensure that in different subjects the same
region was measured, the following procedure was
used: a series of scout images (an initial set of five
sagittal, transversal and coronal slices) was acquired,
followed by a series of sagittal slices parallel to the
brain’s true midline. In the midline plane, the straight
line between the commissura anterior and posterior
(AC-PC line) was used to determine orientation and
localisation of the plane used for functional imaging.
The crossing points of a perpendicular to the AC-PC-
line through AC with the cerebral surface and of the
AC-PC-line with the cerebral surface were identified. A
line parallel to these two reference points crossing PC
determined the slice where our fMRI measurement
took place (figure 1). The described procedure ensures

that scan orientation and localisation are highly reliable
across sessions and across individuals.

In order to facilitate spatial orientation, the measured
slice was transformed into the Talairach space [47], so
that also the Talairach co-ordinates of activations could
be obtained (figure 2).

This single 10 mm slice covers frontal lobe, cingu-
lum, thalamus, caudate nucleus, hippocampus, tempo-
ral lobe and cerebellum. However, no activation data of
regions outside this slice can be obtained.

Image analysis

The image data were analysed with SPM96 (statistical
parametric mapping [22]) implemented in Matlab. To
remove movement-related variance components in the
time series the scans were realigned to the first scan
which was checked for the absence of motion artefacts.
Three parameters (rotation, translation x and y) were
estimated using a least squares analysis [21]. Subjects
whose images exhibited a translation of ≥2 mm or a
rotation of ≥2°were not included in the study. In order

Figure 1. Slice planning.
(T1-weighted echo-time: 15 msec, repetition time: 300 msec, field of
view: 230 mm, matrix 256X256, slice thickness: 10 mm). In order to
reliably define the measured slice, the commissura anterior (AC) and
posterior (PC) was defined in the midline plane of the scout images.
The crossing point of a perpendicular to the AC-PC-line with the
cerebral surface were identified. A line parallel to these two reference
points crossing PC determined the slice where fMRI measurement
took place.
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to spatially normalise the images and thus facilitating

intersubject averaging the data from different subjects
had to be transformed into a standard anatomical space.
Six parameters of a two-dimensional affine transforma-
tion (rotation, translation x and y, zoom x and y, shear)
were estimated to normalise the data to a predefined
template [21]. The used mean motion correction per
image in the x-direction was 0.35 (SD: 0.17) mm for
controls and 0.50 (SD: 0.27) mm for schizophrenics,
in the y-direction 0.55 (SD: 0.25) mm resp. 0.92 (SD:
0.77) mm, for the rotation 0.42 (SD: 0.22)°, resp. 0.78
(SD: 0.61)°. So, the amount of motion correction
necessary was higher in the schizophrenics, but overall
rather moderate. This procedure was followed by a
spatial smoothing using an isotropic Gaussian kernel.
The reason for smoothing is to increase the signal
relative to noise, to condition the data in the sense that
the data conform more closely to a Gaussian field
model and to facilitate intersubject averaging. For mul-
tisubject analysis a FWHM of 6 mm was used. To keep
the better spatial resolution of single subject analysis, a
smaller FWHM of 4 mm was applied in this case.

The data were analysed with SPM96 using analysis of
covariance (ANCOVA) with global activity as a subject
specific confounding covariate [21, 23]. For single sub-
ject analysis a simple subtractive design (on vs. off) was
performed. The differences in activations between
schizophrenics and controls were assessed using a fac-
torial design with a group x condition interaction.

RESULTS

Cpt-performance

The performance parameters of controls and schizo-
phrenics are given in table I.

Figure 2. Projection of the slice of measurement within the Talai-
rach space.
The respective Talairach coordinates are also given according to
Talairach and Tournoux (1988); top x-axis, left y-axis (+ 3 units),
right z-axis (+ 4 units). Deviations for the y-and z-axis are due to the
oblique slice orientation. The transformation was done manually
based on the standard Talairach brain. The numbers on the left side
indicate the respective Brodmann-areas.
(Abbreviations: dm=nucleus dorsomedialis thalami, Gc=gyrus cin-
guli, Gfi=gyrus frontalis inferior, Gfm=gyrus frontalis medius,
Gfs=gyrus frontalis superior, GTi=gyrus temporalis inferior,
GTm=gyrus temporalis medius, GTs=gyrus temporalis superior,
Hi=hippocampus, INS=insula, Na=nucleus anterior thalami,
NC=nucleus caudatus, Pu=putamen, va=nucleus ventralis anterior
thalami, vl=nucleus ventralis lateralis thalami).

Table I. CPT-performance of controls (C) and schizophrenics (S). Beside the values for the whole groups, also the parameters of the male good
(GP) and male poor performers (PP) are given. Standard deviation in brackets.

C
(n =2 0)

S
(n = 14)

male C, GP
(n = 5)

male S, GP
(n = 5)

male C, PP
(n = 7)

male S, PP
(n = 6)

Hit-rate 0.89
(0.14)

0.92
(0.08)

0.98
(0.03)

0.97
(0.04)

0.85
(0.16)

0.91
(0.06)

False alarm rate 0.01
(0.01)

0.02
(0.02)

0
(0)

0
(0)

0.02
(0.01)

0.02
(0.01)

Mean response latency [s] 0.42
(0.20)

0.44
(0.08)

0.39
(0.07)

0.43
(0.07)

0.39
(0.01)

0.46
(0.10)

d' 4.23
(0.91)

3.98
(0.92)

5.16
(0.23)

4.88
(0.58)

3.57
(0.72)

3.65
(0.53)

ln b 2.73
(1.38)

2.07
(0.94)

3.27
(0.37)

3.10
(0.60)

1.89
(1.57)

1.63
(0.24)
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Both groups exhibited very similar test performance.
For further analysis, the female probands were ex-
cluded, the males were split into good and poor per-
formers. The respective values are also given in table I.

Activation - controls

Activations in a variety of cortical and subcortical re-
gions were detected. The entire control group (n = 20,
figure 3) exhibited activations in the right dorsolateral
and mesial prefrontal cortex, in the right cingulate, in
the right caudate, in thalamic nuclei bilaterally (espe-
cially antero-ventral ncl), and, to a smaller extent, in the
right superior temporal gyrus.

In order to obtain information about the influence of
CPT-performance on the activation pattern, the male
(n = 12) probands were split into good (n = 5) and poor
(n = 7) performers according to the criterion specified
under ‘methods’. Only males were included into this
analysis since we observed pronounced gender effects in
a detailed analysis of the healthy volunteers [25]. Over-

all, poor performers activated more brain regions com-
pared to good performers, this difference being statisti-
cally significant in the right dorsolateral prefrontal
cortex.

Activation - schizophrenics

The whole group of schizophrenics exhibited a quite
different activation pattern compared to controls. The
right prefrontal activation (comprising both the right
dorsolateral and mesial prefrontal cortex) was missing
as well as the activation in the cingulate and in the
caudate (see figure 4). For the difference image (schizo-
phrenics vs. controls), the missing activation in the
right mesial prefrontal cortex and the cingulate as well
as the left antero-ventral nucleus of the thalamus
reached statistical significance (see figure 5).

In analogy to the controls, the male schizophrenics
(n = 11) were further subdivided into good (n = 5) and
poor (n = 6) performers. Whereas there were no major
additional group differences for the good performers
between controls and schizophrenics it became obvious
that the poor male schizophrenic performers activated
more than the poor male control performers in the right
temporal lobe and less in the left dorsolateral prefrontal
cortex.

Figure 3. Controls-whole group (N=20).
Statistical parametric map (SPM{Z}). The underlying slice is the
average of all individual anatomical slices (N=20) with the orienta-
tion described above. Data are presented for clusters and regions that
survived the heigth and extent threshold detailed in the method
section of the paper. The color scale is arbitrary, red and yellow
represent the respective Z-values.
In the following fig. 4 the same color coding is used.

Figure 4. Schizophrenics-whole group (N=14).
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DISCUSSION

The main finding or our study was that schizophrenics
exhibited a decreased activation in the right mesial
prefrontal cortex, the right cingulate and the left thala-
mus compared to controls with the CPT as a cognitive
challenge and fMRI as the functional brain imaging
method. These activation differences were not depen-
dent of the performance in the CPT.

Before discussing the relation of these main results to
prior functional imaging studies with the CPT, we
want to comment on some methodological limitations
of our study.

Before all, we used a single, 10 mm thick slice covering
parts of the frontal lobe, the cingulum, the caudate
nucleus, hippocampus, temporal lobe and cerebellum.
With such a technique, it is only possible to obtain
activation information about areas within this slice. It
might well be that above or below this slice activations
are considerably different. Since this study was per-
formed with an MRI not equipped for EPI (echo planar
imaging), it was not possible for us to measure the whole
brain or multiple slices within a reasonable imaging time.

Another point of criticism might be the definition of
the ‘rest’ condition which controlled only for motor

activation and simple visual input. One might argue
that all non-crucial elements of the CPT should have
been included into this rest or control condition. How-
ever, the CPT is a typical example of a complex test
procedure, e.g., the WCST, including elements such as
feature and letter detection, focused attention, short-
term/working memory and vigilance. Up to now, it has
not been shown which of these components is decisive
for the different activation pattern in schizophrenics
compared to controls. For this reason, we decided to
include no additional elements into the control condi-
tion. In future studies, it is planned to test the different
elements of the CPT separately.

Another item is whether short stimulation exposures
as in our investigation (2:35 min) are sufficient to pro-
duce activation in response to the CPT. In former stud-
ies primarily performed by the group of Buchsbaum [11,
29, 43, 44, 45, 46] using 18FDG-PET, rather long
stimulation periods (approximately 30 min) were used,
which is not feasible in fMRI-studies. However, since we
found similar activation differences between schizo-
phrenics and controls as described by the above men-
tioned authors, it can be assumed that short stimulation
periods are also sufficient to produce reliable activation
patterns. Besides, it is well shown that related challenges
like the sequential letter task or spatial memory tasks
elicit activation in fMRI-studies using very rapid alter-
ations between stimulation and rest/control condi-
tion [9] (duration of stimulation: 75 s). Moreover, the
CPT has been shown to induce reasonable activation
patterns using fMRI in healthy volunteers [5] (not re-
ported); [16] (60 s); [25] (2:35 min).

A further limitation of this study is that all our patients
were on neuroleptics when fMRI-measurement took
place and, therefore, the demonstrated activation differ-
ences might only be due to that fact. Regarding this
methodological limitation, we refer to the discussion of
our results in comparison to previous work below.

The activation pattern of the control group is subject
of another paper of our group [25] and will not be
discussed further. In the present paper, we focus on the
differences between schizophrenics and controls. One
of our major results is that schizophrenics activated less
than controls in the right mesial prefrontal cortex and
the right cingulate. This result is in good accordance
with the following reports using 18FDG-PET: Siegel et
al ( [45]; CPT-visual, degraded version, [70] unmedi-
cated schizophrenics), Siegel et al ( [46]; CPT-visual,
degraded version, [25] unmedicated schizophrenics),
and [11], CPT-visual, degraded version, [20]

Figure 5. Interaction group x condition.
Group 1 are the 20 control subjects, group 2 the 14 schizophrenics.
Red areas indicate significantly increased activations in controls
compared to schizophrenics, for blue areas it is vice versa.
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neuroleptic-naive schizophrenics). Also Schröder et
al [43, 44] found decreased activations in schizophren-
ics for the mesial frontal cortex compared to controls.
However, since most of the included patients were
already part of other studies of the Buchsbaum-group,
these two papers are not further included into the
discussion of our results. So, regarding the mesial fron-
tal cortex and the cingulum, our results replicate find-
ings obtained by other functional brain imaging meth-
ods. Since these studies were performed either on
unmedicated or even on neuroleptic-naive schizo-
phrenic patients, a major influence of neuroleptics on
the different activation pattern of schizophrenics and
controls does not seem very probable. However, for the
frontal cortex, two 18FDG-PET studies, using an audi-
tory, not a visual CPT-version report that neuroleptics
lower the activation [17, 19]. It remains unclear
whether visual and auditory CPT versions are subject to
the same influence of neuroleptics.

Regarding the lowered activation in the left antero-
ventral thalamus in schizophrenics compared to con-
trols, in one paper [14] using 18FDG-PET, a relatively
decreased activation in the right thalamus was also
described. When analysing the anterior part of the
thalamus separately, this lowered activation was present
bilaterally. In the recently published 18FDG-PET-
study of Katz et al [29] using correlation analyses be-
tween different brain areas in schizophrenics (n = 18)
and controls (n = 22) performing a visual CPT the
largest difference in the correlations was present in
those between the anterior thalamus and the frontal
cortex, suggesting that this thalamic region plays a key
role in the thalamo-cortico-striatal circuit suggested to
be disturbed in some models of schizophrenia [6, 38,
39, 40]. In a subgroup analysis of male schizophrenics
versus male controls not reported in the result part of
the paper, we found a decreased activation in the right
caudatum of the patients. Thus, the third element of
the hypothesised disturbed network, the striatum, was
also found to be underactivated at least in a subgroup of
the included patients. A similar deficit was prescribed
bilaterally by Siegel et al [45] and left-lateralised by
Buchsbaum et al [11]. Katz et al [29] link the dysfunc-
tion of the thalamo-cortico-striatal circuit to disturbed
dopamine and glutamate transmission processes which
might lead to impaired control of arousal and of the
filtering of sensory input to the cortex via the thalamus.

So, some of the main anatomical structures of dis-
turbed neural functioning in schizophrenics could be
identified in our fMRI-study. However, by means of

fMRI it is not possible to obtain clear information on
the location of the primary focus of disturbance, since
this method, as PET and SPECT, is not able to reveal
the time course of information transmission along neu-
ronal pathways. Regarding this issue fast time methods
with the possibility of deep structure identification as,
e.g., magnetoencephalography, could be useful. On the
other hand, it is questionable whether such a monofo-
cal approach for explaining the found alterations in the
schizophrenic group is valid. Keeping in mind the
neurodevelopmental hypothesis of schizophrenia [28,
50], it might also be possible that the connections
between the different brain areas are disturbed.
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