
Article

286 Am J Psychiatry 161:2, February 2004http://ajp.psychiatryonline.org

Brain Activation Measured With fMRI During a Mental 
Arithmetic Task in Schizophrenia and Major Depression

Kenneth Hugdahl, Ph.D.

Bjørn Rishovd Rund, Ph.D.

Anders Lund, Ph.D., M.D.

Arve Asbjørnsen, Ph.D.

Jens Egeland, Ph.D.

Lars Ersland, Ph.D.

Nils Inge Landrø, Ph.D.

Atle Roness, Ph.D., M.D.

Kirsten I. Stordal, Ph.D.

Kjetil Sundet, Ph.D.

Tormod Thomsen, Ph.D.

Objective: The authors used functional
magnetic resonance imaging (fMRI) to in-
vestigate brain activation in patients with
schizophrenia and major depression
while they performed two tasks—a vigi-
lance task and a mental arithmetic task—
that differed in cognitive complexity.

Method: In the vigilance task, the partic-
ipants had to press a response button
whenever a specific number was seen on
a screen inside the MR scanner. In the
mental arithmetic task, the participants
had to add two consecutive numbers and
press the response button whenever the
sum was 10. fMRI was performed with a
1.5-T MR scanner. Twelve patients with re-
current nonpsychotic unipolar major de-
pression, 12 patients with schizophrenia,
and 12 healthy comparison subjects were
included in the study.

Results: Performance data showed that
the patients were impaired relative to the

comparison subjects and showed no
difference in performance between the
patient groups. The patients with schizo-
phrenia, but not those with major depres-
sion, had less activation in prefrontal
brain regions, relative to the comparison
participants. However, subtracting brain
activation during the vigilance task from
activation during the mental arithmetic
task showed that the schizophrenia pa-
tients had activation in parietal areas.

Conclusions: A double dissociation of
parietal and frontal lobe activation was
found for the schizophrenia patients and
the depression patients. The greater pari-
etal lobe activation in the patients with
schizophrenia may reflect a compensa-
tory strategy for the failure to recruit cog-
nitive processes that involve frontal lobe
areas when solving a mental arithmetic
task.

(Am J Psychiatry 2004; 161:286–293)

An intact cognitive apparatus that involves attention,
working memory, and executive functions is necessary for
performance of mental arithmetic, such as simple addi-
tion or subtraction. Despite the importance of the ability
to perform simple number calculations in everyday life,
this basic cognitive function has not been the target of
neurocognitive studies of psychiatric disorders. In the few
studies that have investigated arithmetic ability, the tasks
performed by subjects either were complex operations
similar to those in the WAIS test battery for assessment of
general intellectual ability (1, 2) or involved several arith-
metic operations in the same study procedure (3). In none
of these studies was the correspondence between perfor-
mance and brain activation studied.

A correspondence between performance and brain acti-
vation for mental arithmetic can be inferred from the clin-
ical neuropsychological literature, which has consistently
shown that patients with lesions in the inferior parietal
lobe fail to perform simple number calculations (4–8).
Some of these studies have also pointed to the angular and
supramarginal gyri as critically involved brain areas (e.g.,
references 9–11). Recent studies involving healthy sub-
jects and using hemodynamic neuroimaging methods
(functional magnetic resonance imaging [fMRI] and
positron emission tomography) have supported the litera-

ture on lesions by showing that inferior parietal and pre-
frontal cortical areas are activated during tasks that in-
volve mental arithmetic (12–17).

We used fMRI to investigate activation in brain areas re-
lated to a continuous mental arithmetic task involving sim-
ple addition of single digits in patients with schizophrenia,
patients with major depression, and healthy comparison
subjects. We expected less activation in these brain areas in
the patient groups, relative to the comparison subjects. We
also expected that the amount of activation in these areas,
and particularly in prefrontal areas, in the depressed pa-
tients would fall between that in the schizophrenia pa-
tients and that in the comparison subjects.

Method

Participants

Twelve patients with recurrent nonpsychotic unipolar major
depression, 12 patients with schizophrenia, and 12 healthy com-
parison subjects were included in the study. The gender distribu-
tions were seven women and five men in the depressed group, six
women and six men in the schizophrenia group, and seven
women and five men in the comparison group. The patients were
outpatients or inpatients recruited for research purposes from
four psychiatric clinics in the Bergen and Oslo areas in Norway.
Data for the comparison participants were previously reported by
Landrø et al. (18). The patient groups were part of a larger Norwe-
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gian study of neurocognitive deficits in schizophrenia and de-
pression. Neuropsychological data from the larger study have
been published elsewhere (19).

Exclusion criteria were alcohol or drug abuse as a primary di-
agnosis, somatic disorders, recent ECT treatment, the presence of
major hearing or vision difficulties, and a diagnosis of schizoaf-
fective disorder. Present or past history of psychiatric disorder
was also a reason for exclusion from the comparison group. Po-
tential participants in all groups were excluded if they had a his-
tory of neurological disorder.

The depressed patients were taking various types of medica-
tion, including SSRIs, mianserin, nefazodone, venlafaxine, and
moclobemide. None of the depressed patients was taking a tricy-
clic antidepressant medication. The schizophrenia patients were
taking various types of antipsychotic medication, including both
older agents (haloperidol, perphenazine, zuclopenthixol) and
newer agents (olanzapine, risperidone).

The study was approved by the Regional Committee for Medi-
cal Research Ethics at the University of Bergen. All patients gave
their written informed consent after the procedure had been
carefully explained and after they had had the opportunity to ask
questions about the research.

Clinical Assessments

The initial diagnostic interviews were done by experienced clin-
ical psychiatrists and consisted of collection of relevant clinical
and demographic information, including data about current and
past medications. The Structured Clinical Interview for DSM-IV
Axis I Disorders was used to confirm diagnoses. Severity of depres-
sion was measured with the 17-item Hamilton Depression Rating
Scale (20) and the 10-item Montgomery-Åsberg Depression Rating
Scale (21). To be included in the depression group, participants
had to have a minimum score of 18 on the Hamilton depression
scale and on the Montgomery-Åsberg Depression Rating Scale,
which reflects moderate to severe depression. Ratings of psychiat-
ric symptoms were made with the Brief Psychiatric Rating Scale
(BPRS), the Positive and Negative Syndrome Scale (Norwegian
translation) (22), and the Global Assessment of Functioning Scale
(DSM-IV). Both patient groups were assessed with all scales. Addi-
tional clinical characteristics are presented in Table 1.

MRI Scanning

fMRI was performed with a 1.5-T Siemens Vision Plus scanner
(Siemens, Erlangen, Germany). Initial scanning of anatomy was
done with a T1-weighted three-dimensional fast low-angle shot
pulse sequence. Thereafter, serial imaging with 100 blood-oxy-
gen-level-dependent sensitive whole brain measurements was
acquired with an echo-planar imaging pulse sequence during
each of the two tasks. Thus, a total of 200 volume images were
acquired. Each measurement of 4 seconds consisted of 40 axial
slices, which constituted an image volume with a measurement

interval of 6 seconds (flip angle=50°, acquisition time=4 seconds,
TR=6 seconds, TE=84 msec, field of view=230 mm, matrix=
64×64). The mean in-plane pixel size was 3.44×3.44 mm, and each
slice had a thickness of 3.0 mm, thus creating nearly isotropic
voxels. The first 10 volume images for each task were discarded
before statistical analyses to avoid initial steady-state problems
typically observed with echo-planar imaging sequences.

Study Procedure

There were two runs, corresponding to the two tasks, each with
three  “on” and three “off” blocks, presented in a boxcar design
(Figure 1). The digit stimuli were the numbers “1” through “9.”
Forty-eight trials with digit stimuli were presented during each
“on” block. Each digit stimulus was presented for 300 msec, with a
2200-msec blank interstimulus interval. Thus, each “on” block
lasted 120 seconds and was followed by a 60-second “off” block.
The “on” and “off” blocks were alternated within each run. Six tar-
get stimulus presentations occurred in each “on” block. Thus, the
total number of target stimulus presentations in a run was 18. The
total length in time for the echo-planar imaging was about 25 min-
utes, and scanning of brain anatomy took another 10 minutes. The
digit stimuli were presented with Micro Electronic Laboratory
(MEL2) software (Psychology Software Tools, Inc., Pittsburgh). The
“off” blocks consisted of a baseline period with no stimulus pre-
sentations. The participants viewed the digit stimuli by means of
electronic goggles consisting of a liquid crystal display screen
(Magnetic Resonance Technology, Inc., San Diego, Calif.) that were
connected to a computer containing the MEL2 software that was
outside the MR chamber. A response button was placed on the
participant’s chest, and he/she was instructed to press the button
according to the specific instructions for each run. The MEL2 soft-
ware recorded both response accuracy (correct responses) and re-
sponse latency (reaction time in milliseconds).

In the first run, the participants were instructed to press the re-
sponse button whenever they saw the number 7 during each of the
three “on” blocks. During the “off” blocks that were interspersed
between the “on” blocks, the participants were instructed to sim-
ply relax and not to think about the digits seen during the “on”
blocks. In the second run, the participants were instructed to add
each consecutive number to the previous one, and press the but-
ton whenever the sum was 10. The stimulus setup is illustrated in
Figure 1.

The first run emphasized visual perception and vigilance, while
the second run in addition emphasized number manipulation
and simple mental arithmetic. By subtracting activity during the
first run from activity during the second run, activations related to
mental arithmetic would be obtained when effects of perception
and vigilance are subtracted out. The “off” blocks would serve as a
within-task baseline condition. By contrasting activation during
the second run between the groups, activations related to group
differences during mental arithmetic would be obtained.

TABLE 1. Characteristics of Patients With Schizophrenia or Major Depression and Healthy Comparison Subjects in an fMRI
Study of Brain Activation During Performance of Mental Arithmetic

Patients With Schizophrenia 
(N=12)

Patients With Depression 
(N=12)

Healthy Comparison Subjects 
(N=12)

Characteristic Mean SD Mean SD Mean SD
Age (years) 32.4 8.0 32.8 8.0 31.0 5.5
Education (years) 15.2 4.5 14.6 3.2 16.0 4.8
Duration of illness (years) 8.7 8.2 14.1 9.6
Brief Psychiatric Rating Scale score 45.2 16.6 46.2 9.6
Positive and Negative Syndrome Scale score 58.2 24.3 63.3 15.2
Montgomery-Åsberg Depression Rating Scale scorea 7.9 3.4 28.9 5.3
Hamilton Depression Rating Scale scoreb 7.8 5.1 22.6 3.5
a Significant difference between patient groups (p<0.05, t test).
b Significant difference between patient groups (p<0.05, t test).
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Image Processing and Statistical Analysis

The data for the different conditions were modeled according
to a boxcar stimulus function that was convolved with the hemo-
dynamic response function. Statistical analyses were performed
by using contrasts according to the general linear model as imple-
mented in the statistical parametric mapping analysis software
package (SPM 99) (London, Wellcome Department of Cognitive
Neurology, http://www.fil.ion.ucl.ac.uk) run under MATLAB
(Mathworks, Natick, Mass.). The echo-planar images were re-
aligned intraindividually to the first image (11th datapoint) in the
first time series, or run, on a voxel-by-voxel basis for each individ-
ual, to correct for head movements. The realigned images were
then coregistered with the three-dimensional fast low-angle shot
anatomy images, transformed into the standardized stereotactic
reference system developed by Talairach and Tournoux (23)
(Montreal Neurological Institute version), and smoothed with an
8-mm Gaussian kernel. Whole-volume global effects were re-
moved, and the time series data were high-pass filtered to remove
artifacts due to cardiorespiratory and other cyclical influences.
Areas with statistically significant changes were determined by
using the t statistic on a voxelwise basis.

We have chosen to present the higher-order group main effects
and the group-by-condition interactions in order to reduce the

large amount of data generated in this design. Thus, two different
kinds of statistical analyses are reported:

1. For within-group comparisons, the images obtained during
the second run (mental arithmetic task) were contrasted with the
corresponding images obtained during the first run (vigilance task)
according to the following formula: (run 2on–off) – (run 1on–off). The
reversed contrast for each group was determined according to the
following formula: (run 1on–off) – (run 2on–off). Voxels were identified
as significantly activated if they passed an intensity threshold of
p<0.05, corrected for multiple comparisons, with a minimum of 10
adjacent voxels to define an activated cluster.

2. For group-by-condition interactions, the images from the
within-group reversed contrasts ([run 1on–off] – [run 2on–off]) were
compared between the different groups to look for group-by-con-
dition interactions according to the following formula: 

The interaction analyses were performed by using the two-sam-
ple t test included in the SPM 99 package. The two-sample t test
was based on a random effects model. Due to the dramatic reduc-
tion in the degrees of freedom for this type of analysis, the signifi-
cance threshold was raised to p<0.01.

Results

Response Accuracy and Response Latency

Response accuracy in the comparison group during
both the vigilance task (run 1) and the mental arithmetic
task (run 2) was significantly better than the correspond-
ing performances of the schizophrenia group and the de-
pression group (p<0.05, t tests). No significant difference
in response accuracy was found between the patient
groups. The comparison participants had significantly
shorter reaction times during the mental arithmetic task
(run 2) than did the patients with schizophrenia but not
the patients with depression. No significant difference in
reaction time was found between the patient groups.
Mean response accuracy scores and response latency
times are reported in Table 2. There were no significant
correlations between the performance and activation
data.

Within-Group Comparisons: Contrasting Runs

Comparison group. Figure 2 shows brain regions with
significant activation in the comparison group when acti-
vations during the vigilance task were subtracted from
activations during the mental arithmetic task ([run 2on–off]
– [run 1on–off]). Four clusters passed the p threshold and
cluster size cutoff. They were localized in the left and right
middle frontal gyri (Brodmann’s area 44/45 and Brod-
mann’s area 9) and the left and right inferior parietal lob-
ule (Brodmann’s area 40). The Talairach coordinates and t
values for maximal activation in these clusters were x=–39,
y=18, z=18 (t=6.30) for the medial part of the left middle
frontal gyrus; x=45, y=15, z=39 (t=5.35) for the right mid-
dle frontal gyrus; x=–39, y=–36, z=39 (t=6.36) for the left
inferior parietal lobule; and x=27, y=–51, z=42 (t=5.94) for
the right superior parietal lobule.

FIGURE 1. Schematic Outline of the Stimuli Presented in a
Vigilance Task (run 1) and a Mental Arithmetic Task (run 2)
to Patients With Schizophrenia or Major Depression and
Healthy Comparison Subjectsa

a Run 1 tested participants’ visual perception and vigilance. Run 2
tested number manipulation and simple mental arithmetic in ad-
dition to visual perception and vigilance. The lower panel shows
the time course for the “on” and “off” blocks in the boxcar design
for each run. Stimuli were presented during the “on” blocks. During
the “off” blocks, the participants were instructed to relax and not to
think about the digits seen during the “on” blocks. The first 10 vol-
ume images (from the first “off” block) in each run were discarded
before data analysis. See Method section for further details.

Run 1: “Press on number 7”

1 8 5 7 3

Run 2: “Add each consecutive number to the previous
one, and press when the sum is 10”

Off 120 sec Off 120 sec Off 120 sec Off

60 sec 60 sec 60 sec 60 sec

On On On

9 7 2 6 4

(group 1 run2on off–[ ] run1on off–[ ]– ) group2 run2on off–[ ] run1on off–[ ]–( ).–
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When activations during the mental arithmetic task
were subtracted from activations during the vigilance task
([run 1on–off] – [run 2on–off]), one significant cluster was
found in the right transverse temporal gyrus. The coordi-
nates and t value for maximal activation in this cluster
were x=60, y=–12, z=12 (t=4.62).

Schizophrenia group. Figure 3 shows brain regions with
significant activation in the schizophrenia group when
activations during the vigilance task were subtracted from
activations during the mental arithmetic task ([run 2on–off]
– [run 1on–off]). Two main clusters passed the p threshold
and cluster size cutoff: a band of activation from the left to
right superior parietal lobule (Brodmann’s area 40/7), in-
cluding the precuneus, and a relatively smaller cluster in

the left middle frontal lobe (Brodmann’s area 9). The coor-
dinates and t values for maximal activation in these clus-
ters were x=–21, y=–72, z=45 (t=6.66) for the left parietal
lobule/precuneus; x=24, y=–66, z=48 (t=5.89) for the right
superior parietal lobule; and x=–45, y=12, z=27 (t=5.40) for
the left inferior frontal gyrus.

When activations during the mental arithmetic task
were subtracted from activations during the vigilance
task ([run 1on–off] – [run 2on–off]), three significant clusters
were found. They were localized in the posterior cingulate
and bilaterally in the middle temporal gyrus. The coordi-
nates and t values for maximal activation in these clusters
were x=–2, y=–45, z=24 (t=5.19) in the posterior cingulate;
x=–51, y=–18, z=–9 (t=4.87) in the left middle temporal gy-

TABLE 2. Percentage of Correct Responses and Reaction Time of Patients With Schizophrenia or Major Depression and
Healthy Comparison Subjects for a Vigilance Task and Mental Arithmetic Task

Correct Responses (%) Reaction Time (msec)a

Patients With 
Schizophrenia 

(N=12)

Patients With 
Depression

(N=12)

Comparison 
Subjects
(N=12)

Patients With 
Schizophrenia 

(N=12)

Patients With 
Depression

(N=12)

Comparison 
Subjects
(N=12)

Task Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Visual perception and vigilance taskb 77.8 33.7 72.2 38.6 96.3 11.0 564 167 481 134 501 118
Mental arithmetic taskc 72.2 28.0 68.5 16.8 88.9 13.0 691 186 622 143 596 148
a Time between presentation of stimuli and subject’s response.
b A series of numbers was presented on a screen, and subjects were instructed to press the response button whenever they saw the number 7.
c A series of numbers was presented on a screen, and subjects were instructed to add each consecutive number to the previous one and to

press the response button whenever the sum was 10.

FIGURE 2. Brain Regions With Significant Activation During Performance of Mental Arithmetic, Relative to Performance of
a Visual Perception and Vigilance Task, in Healthy Comparison Subjects (N=12)
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rus; and x=54, y=–15, z=–18 (t=4.57) in the right middle
temporal gyrus.

Depression group. Figure 4 shows brain regions with
significant activation in the depression group when acti-
vations during the vigilance task were subtracted from
activations during the mental arithmetic task ([run 2on–off]
– [run 1on–off]). Five significant clusters were found. They
were localized in the right inferior and middle frontal gyri
(Brodmann’s areas 44 and 47), left inferior and right supe-
rior parietal lobule, and left cerebellum. The coordinates
and t values for maximal activation in these clusters were
x=36, y=24, z=9 (t=3.35) for the right inferior frontal gyrus;
x=48, y=15, z=27 (t=3.20) for the right middle frontal gyrus;
x=–36, y=42, z=36 (t=3.35) for the left inferior parietal lob-
ule/supramarginal gyrus; x=30, y=–63, z=51 (t=2.74) for
the right superior parietal lobule; and x=–33, y=–63, z=–24
(t=6.28) for the left cerebellum.

When activations during the mental arithmetic task
were subtracted from activations during the vigilance task
([run 1on–off] – [run 2on–off]), no clusters passed the signifi-
cance threshold.

Between-Group Comparisons: 
Group-by-Condition Interactions

The between-group comparisons were based on the im-
ages that resulted after activations during the vigilance
task were subtracted from activations during the mental
arithmetic task ([run 2on–off] – [run 1on–off]). In the patients

with schizophrenia, relative to the comparison subjects,
significant activations were found bilaterally in the infe-
rior parietal lobe and in the cingulate gyrus. The coordi-
nates and t values for maximal activation in these clusters
were x=–55, y=–40, z=44 (t=4.04) for the left inferior pari-
etal lobe; x=44, y=–52, z=44 (t=3.55) for the right inferior
parietal lobe; and x=4, y=24, z=40 (t=5.29) in the right cin-
gulate gyrus. In the comparison subjects, relative to the
patients with schizophrenia, significant activations were
found in the right inferior frontal gyrus (Brodmann’s area
46) and the right supramarginal and lingual gyri. The coor-
dinates and t values for maximal activation in these clus-
ters were x=60, y=4, z=8 (t=3.72) for the right inferior fron-
tal gyrus; x=48, y=–52, z=24 (t=4.40) for the right superior
temporal gyrus/supramarginal gyrus; and x=4, y=–44, z=–
8 (t=3.91) for the right lingual gyrus.

In the patients with depression, relative to the compari-
son subjects, significant activation was found bilaterally in
the middle frontal gyrus. The coordinates and t value for
maximal activation were x=–36, y=28, z=44 (t=4.32). In the
comparison subjects, relative to the patients with depres-
sion, significant activation was found in the right inferior
parietal lobule. The coordinates and t value for maximal
activation were x=24, y=20, z=56 (t=3.29).

In the patients with schizophrenia, relative to the pa-
tients with depression, significant activation was found bi-
laterally in the right superior frontal lobe/posterior cingu-
late. The coordinates and t value for maximal activation

FIGURE 3. Brain Regions With Significant Activation During Performance of Mental Arithmetic, Relative to Performance of
a Visual Perception and Vigilance Task, in Patients With Schizophrenia (N=12)
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were x=4, y=52, z=28 (t=4.40). In the patients with depres-
sion, relative to the patients with schizophrenia, signifi-
cant activation was found bilaterally medially in the left
superior frontal lobe. The coordinates and t value for max-
imal activation were x=–20, y=0, z=56 (t=3.80).

Discussion

A lower level of prefrontal activation is a typical and fre-
quent finding in schizophrenia, particularly in relation to
demanding information processing tasks (see references
24 and 25 for reviews). The present findings support these
previous results. It should be noted, however, that not all
studies have reported low prefrontal activation in patients
with schizophrenia. For example, Callicott et al. (26) found
greater activation in patients with schizophrenia, relative
to healthy comparison subjects. This finding could per-
haps have been related to differences in activation be-
tween the groups during the baseline period, which was
not the case in our study. In contrast to the present find-
ings, prefrontal activation abnormalities have been re-
ported for depression (27, 28). Elliott (29) and Elliott and
Dolan (30) reviewed brain imaging data that support a role
of the medial prefrontal cortex in relation to dysfunctional
modulation of emotional behavior in depression. Other
involved regions included the orbitofrontal, infralimbic
cortex and the anterior cingulate. It should be noted

however that Elliott et al. (31) used a highly demanding
executive task (Tower of London) to demonstrate attenu-
ated activation in the lateral prefrontal cortex and anterior
cingulate.

The differences in parietal versus frontal lobe activation
between the patients with schizophrenia and the patients
with depression may be a theoretically significant finding,
considering that their accuracy rates and reaction times
did not differ. Thus, despite the fact that the two patient
groups performed similarly, they achieved similar results
by engaging different neuronal activation networks. These
findings support the existence of a double dissociation of
parietal and frontal lobe activation between schizophre-
nia and depression. The greater parietal lobe activation
seen in the schizophrenia group could be thought of as a
compensatory mechanism for the failure to recruit cogni-
tive processes that involve frontal lobe areas. The failure to
suppress, or inhibit, activity in the frontal lobes during
execution of a cognitive task may be apparent in clinical
observations that patients with schizophrenia have prob-
lems when they are required to focus on a specific stimu-
lus source and to suppress attention to input from other
simultaneous stimuli. In the present study, this clinical
characteristic may have been reflected in the patients with
schizophrenia in the temporal lobe and posterior cingu-
late activation during the vigilance task (run 1) that re-
mained after the activation during the mental arithmetic

FIGURE 4. Brain Regions With Significant Activation During Performance of Mental Arithmetic, Relative to Performance of
a Visual Perception and Vigilance Task, in Patients With Major Depression (N=12)
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task (run 2) had been subtracted out. Lower activation in
the posterior cingulate in the depressed patients may be
due to attenuation of a cortical network that relates to
mood and affect (30, 31). The differences in brain activa-
tion between the patient groups, especially in the schizo-
phrenia group, and the healthy comparison group may al-
ternatively have been due to a deficit related to an inability
to internally rehearse the numbers seen on the screen,
which would result in reduced prefrontal activation (in
Broca’s area). Other studies have found hypoactivation of
the parietal lobe in schizophrenia (32). However, this ob-
servation was made in studies that used different para-
digms and tasks than those used in our study and was re-
lated to severity of psychomotor poverty (32), which was
not seen in the subjects in our study.

The two patient groups showed opposite patterns of
hemisphere activations in the superior frontal areas, with
the schizophrenia group showing signs of a left hemi-
sphere deficit, and the depression group showing signs of
a right hemisphere deficit. This finding is in agreement
with other studies comparing neurocognitive function in
patients with schizophrenia and depression, which have
found impaired left hemisphere function in schizophrenia
(33–37).

Online monitoring of continuously presented stimulus
materials would seem especially critical in a mental calcu-
lation task, where the participant has to actively keep the
last digit in memory and at the same time dispose of the
previously presented digit. In our study, the comparison
group and the schizophrenia group also activated areas in
the supramarginal gyrus and angular gyrus, respectively.
These areas have been found to be activated in simple cal-
culations and number processing (9–11). The depressed
patients showed greater prefrontal activation, relative to
both the patients with schizophrenia and the comparison
subjects. The schizophrenia patients appeared to have
failed to monitor the ongoing events adequately because
of frontal lobe impairment. The greater parietal lobe acti-
vation in the schizophrenia patients suggests hyperactiva-
tion of this part of the neuronal circuitry in order to keep
track of the task to be performed. Thus, a specific deficit,
rather than a global nonspecific impairment, was demon-
strated. This finding is supported by the performance
data, which implied that the patients with schizophrenia
were able to perform the task (compare with Price and
Friston [38]).

Both patient groups were impaired in both response ac-
curacy and reaction time, relative to the comparison par-
ticipants. Thus, differences in response accuracy between
the patient groups and the comparison group could not be
explained as a speed-accuracy tradeoff, which would sug-
gest that the patients had lower accuracy because they did
not attempt to perform the tasks. If so, they would also
have had shorter reaction times. The differences in brain
activation were thus observed despite the fact that both
patient groups performed at the same level with regard to

the performance measures. This finding points toward
dissociation between behavioral performance and acti-
vated brain areas for schizophrenia and depression.

The study had some potential limitations that should be
considered in interpreting the findings. The effects on
cognitive performance of the various medications the pa-
tients were taking could have mediated some of the re-
sults. However, it is unlikely that this factor alone could ex-
plain the differences between the schizophrenia group
and the comparison group or between the depression
group and the comparison group, since no studies show-
ing a specific effect of medication in enhancing parietal
lobule activation in schizophrenia have been reported. A
second limitation is that the mental arithmetic task (run 2)
could have confounded working memory with the ability
to perform mental arithmetic. Working memory is, how-
ever, an intrinsic aspect of all cognitive activity that in-
volves the mental manipulation of stimuli across brief pe-
riods of time. Nevertheless, in considering everyday use of
arithmetic abilities, it is not useful to conceptualize men-
tal arithmetic “free” of working memory. All normal execu-
tion of an arithmetic operation involves an aspect of work-
ing memory. To force a separation of the two functions in
designing a study would, in our view, make the study task
substantially different from the everyday action of adding
two numbers to get to the sum.
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