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Objective: Context processing is a cognitive construct associated with activity in
the middle frontal gyrus. Schizophreniarelated deficits in context processing tasks
have been associated with prefrontal cortical dysfunction. This study evaluated
whether prefrontal cortical dysfunction
related to context processing occurred in
first-episode, never-medicated schizophrenia patients, whether this dysfunction also occurred in patients with nonschizophrenia psychosis, and whether
this dysfunction was related to psychotic
symptom expression.
Method: A modified version of the AX
continuous performance task was conducted during event-related functional
magnetic resonance imaging in 18 nevermedicated, first-episode schizophrenia
patients, 12 never-medicated patients
with first-episode nonschizophrenia psychosis, and 28 comparison participants
without psychiatric disorder.
Results: In-scanner measures of errors
and interference reaction time showed
that the schizophrenia patients had a spe-

cific deficit in context processing. Trials
with greater context processing demands
corresponded to activity in the middle
frontal gyrus (Brodmann’s area 9) in the
comparison subjects and in the patients
with nonschizophrenia psychosis, but not
in the schizophrenia patients. Individual
differences in prefrontal cortical dysfunction were associated with context processing measures and disorganization symptoms. The schizophrenia patients also
showed increased activity in the anterior
(Brodmann’s area 10) and inferior prefrontal cortices (Brodmann’s area 45/46)
when they were maintaining context over
a delay.
Conclusions: Prefrontal dysfunctions related to context processing were found
only in schizophrenia patients early in the
course of the illness, and these dysfunctions were related to disorganization
symptoms. Instead of using context processing during a continuous performance
task, schizophrenia patients may use an
inefficient encoding and retrieval strategy.
(Am J Psychiatry 2005; 162:475–484)

S

chizophrenia patients’ deficits in executive functions
have been consistently associated with a dysfunction of
the prefrontal cortex (1, 2). However, important questions
remain regarding such disturbances, including the nature
of the relationship between frontal deficits and cognitive
impairments, their specificity to schizophrenia, their association with clinical symptoms, and the influence of potentially confounding factors such as performance confounds, medication effects, and chronicity of illness. The
current study was designed to address these questions in a
group of never-medicated, first-episode psychosis patients.
Although many studies have shown prefrontal dysfunctions in schizophrenia patients, few have attempted to
show that this pathology is specific to the diagnosis of
schizophrenia. Among studies that have compared medicated patients, three have reported hypofrontality in
schizophrenia patients, compared to depressed or bipolar
disorder patients (3–5), whereas one study found no prefrontal differences between schizophrenia and bipolar
Am J Psychiatry 162:3, March 2005

disorder patients (6). To our knowledge, only one study
has examined this pathology in unmedicated patients,
and that study found lower levels of activity in the inferior
prefrontal cortex in depressed, bipolar disorder, and
schizophrenia patients, relative to healthy comparison
subjects (7). Thus, the question of diagnostic specificity
remains important and controversial.
In addition to demonstrating diagnostic specificity, another way to strengthen the association between schizophrenia and prefrontal cortical dysfunctions is to demonstrate a relationship between the extent of dysfunction
and psychotic symptoms. Various symptom factors of
schizophrenia, such as reality distortion, disorganization,
and negative (poverty) symptoms, have each been associated with prefrontal dysfunctions (1, 8–10). Such varying
findings might be explained by a moderate association of
all of these symptom types with prefrontal dysfunction,
such that some correlations occasionally reach significance. To date, differences between correlations have not
http://ajp.psychiatryonline.org
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TABLE 1. Demographic and Clinical Characteristics of Patients With Schizophrenia, Patients With Nonschizophrenia Psychosis, and Healthy Comparison Subjects in a Study of Prefrontal Dysfunction and Context Processing Deficits in Schizophrenia
Patients With
Schizophrenia
(N=18)a
N
%

Characteristic
Demographic characteristics
Male gender
White race
Right-handed

Age (years)
Education (years)
Parental education (years)
Clinical characteristics (symptom dimensions)
Global Assessment Scale score
Brief Psychiatric Rating Scale (BPRS) score (nonpsychosis items)c
Psychosis symptom dimension score
Reality distortiond,e
Disorganizatione,f
Negative symptomse,g

13
13
17

72
72
94

Patients With
Nonschizophrenia Psychosis
(N=12)b
N
%

Comparison
Subjects
(N=28)
N
%

8
7
10

67
58
83

18
21
27

64
75
96

SD

Mean

SD

Mean

SD

Mean

27.5
13.5
14.4

10.2
2.1
3.4

26.5
14.5
14.0

9.4
5.1
3.3

31.7
30.7

6.0
6.2

37.2
29.9

11.5
6.2

15.7
7.3
7.3

3.6
2.3
3.0

12.1
5.0
5.1

4.0
1.3
2.0

25.4
15.3
15.5

7.5
2.4
2.5

a Diagnoses included schizophrenia (N=16) and schizoaffective disorder (N=2).
b Diagnoses included affective disorders (N=6), delusional disorder (N=3), and psychosis not otherwise specified (N=3).
c Items included somatic concern, anxiety, emotional withdrawal, guilt feelings, tension, depressive mood, hostility, motor

retardation, uncooperativeness, blunted affect, excitement, and elated mood.
d Dimension included grandiosity, suspiciousness, hallucinations, and unusual thought content items from the BPRS and hallucinations and
delusions items from the Scale for the Assessment of Positive Symptoms (SAPS).
e Significant difference between patient groups (p<0.05, t test).
f Dimension included conceptual disorganization, mannerisms and posturing, and disorientation items from the BPRS and attention, positive
formal thought disorder, and bizarre behavior items from the SAPS and Scale for the Assessment of Negative Symptoms (SANS).
g Dimension included emotional withdrawal, motor retardation, and blunted affect items from the BPRS and anhedonia/asociality, avolition/
apathy, alogia, and affective flattening from the SANS.

generally been considered. Thus, we also sought to test
whether changes in regional activity are more correlated
with some symptom factors, relative to others.
Despite the frequency of reports of prefrontal dysfunctioning and various associations with symptom manifestations, the evidence to date does not yet make a compelling case that prefrontal dysfunction is more than an
artifact of other illness-related factors. Among the confounding factors that may spuriously lead to observations
of prefrontal dysfunction are poor task performance,
medication effects, and chronicity. Task performance can
be a confound if the experimental procedures do not address whether a lower level of prefrontal activity is the
cause of cognitive impairment or whether there are fewer
demands on the prefrontal cortex because psychiatric patients’ cognitive processes are impaired for some other
reason (11). Furthermore, poor task performance and
lower levels of prefrontal activity may both correlate with
or be caused by lower levels of motivation. The current
study adopted statistical procedures to allow examination
of data from trials with accurate performance only, to help
control for on-task performance. Medication and chronicity effects also frustrate our ability to infer a causal relationship between prefrontal dysfunction and the illness,
because one cannot rule out the possibility that an observed dysfunction is associated with pharmacological
differences between psychiatric patients and comparison
subjects or rule out the diverse secondary effects of adapt-
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ing to a mental illness. To avoid these concerns, the current study included a rare group of never-medicated, firstepisode patients directly after their initial contact with
psychiatric services.
Finally, to maximize the sensitivity for detecting disturbances of prefrontal function specific to schizophrenia,
we used a context processing task. Although the term
“context processing” has several connotations (for review,
see reference 12), in this case context processing is the
ability to represent and actively maintain information required to select and execute task-appropriate behavior
(13). This function is a delimited executive process within
the working memory model (14) and has been associated
with activity in the middle frontal gyrus (15). Context processing deficits are prominent and persistent in chronic
and first-episode schizophrenia patients (16, 17) and have
been observed in their healthy siblings (18). These processes may also be involved in schizophrenic deficits in
selective attention, such as those revealed on the Stroop
task (19) and distractor span tasks (20). Context processing deficits are not prominent in nonpsychotic mood disorders (21) and are transient in patients with nonschizophrenia psychosis (17). Studies of context processing have
typically involved medicated patients or previously medicated patients in later stages of illness. In the current
study, we used an expectancy variant of the AX continuous
performance task that included conditions selectively
sensitive to context processing to test the following three
Am J Psychiatry 162:3, March 2005
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hypotheses in never-medicated, first-episode patients
who reported psychotic symptoms:
1. Context processing, or the ability to represent and
maintain task-relevant information, is related to
middle frontal gyrus function, and context processing deficits in schizophrenia are associated with an
inability to activate this region.
2. Both context processing deficits and middle frontal
gyrus dysfunction are specific to schizophrenia and
do not occur in patients with nonschizophrenia psychosis.
3. Middle frontal gyrus dysfunction is associated with
both context processing deficits and disorganization
symptoms.

Method
Participants
Participants were 30 never-medicated patients with schizophrenia and nonschizophrenia psychosis who underwent functional magnetic resonance imaging (fMRI) during an acute psychotic episode and 28 comparison participants. The patient
participants were part of a larger study and were recruited because they reported experiencing some type of psychotic symptom and had not previously contacted psychiatric services. Ruleout criteria included 1) age >40 years or <14 years, 2) WAIS-R fullscale IQ <70, 3) non-English native language, 4) diagnosis of substance dependence or substance use disorder within 6 months of
testing, 5) neurological disorders or family history of hereditary
neurological disorder, or 6) pregnancy. This larger study group
and performance measures outside the scanner on the expectancy AX task (see the next section) are described in detail elsewhere (17). After a complete description of the study to the subjects, written informed consent was obtained.
All patients were followed longitudinally, and their diagnoses
were confirmed 6 months after their index hospitalization in diagnostic case conferences that included a review of information
from the patients’ chart and from the Structured Clinical Interview for DSM-III-R (22) administered by trained research personnel. Forty-five patient participants were considered appropriate
for the study and consented to be scanned in the current protocol
(51% of consecutive participants in the larger study). There were
no significant differences between scanned and unscanned participants in terms of demographic characteristics (gender, age,
race, education, or parental education), out-of-scanner behavioral performance on the task of interest (expectancy AX task, described in the next section), or degree of psychotic psychopathology (including reality distortion, disorganization, and negative
symptoms). Fifteen patient participants were eliminated from the
final fMRI analysis for a number of reasons, including technical or
equipment problems (N=9), a pattern of behavior that suggested
they did not perform the task appropriately (N=4), movement of
more than 3.75 mm (approximate 1 voxel) in any direction while
being scanned (N=1), or premature withdrawal from the scanning
session (N=1). Table 1 summarizes the characteristics of the 18
patient participants who completed the study and had a diagnosis of schizophrenia (N=16) or schizoaffective disorder (N=2) at
follow-up, hereafter referred to as the schizophrenia patients.
There were also 12 participants who received a diagnosis of another psychotic disorder (six with psychotic affective disorder,
three with delusional disorder, and three with psychosis not otherwise specified), hereafter referred to as the nonschizophrenia
psychosis patients. A more homogeneous subgroup of nonAm J Psychiatry 162:3, March 2005

FIGURE 1. Schematic Representation of Expectancy AX
Context Processing Task Showing Relationship Between
Task Variables and Image Acquisitiona
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In this variant of the traditional AX context processing task, participants responded with either the target button for X probes following A cues and the nontarget button for every other stimulus (including all cues, Y probes following A cues, and X probes following
B cues, where B could be any non-A cue, and Y any non-X probe).
Twelve blocks were completed, each consisting of seven AX, one AY,
one BX, and one BY pair. Thus, the A cue was associated with a
more automatic response, whereas the B cue indicated a greater
need to represent and maintain the context. Half the blocks had a
short delay (1000 msec) between the cue and probe, and half had
a long (8000 msec) delay.

schizophrenia psychosis patients was not used because 1) selection of a subgroup would have limited the power to detect group
differences and 2) all patients shared psychotic symptoms and
changes in functioning that led to psychiatric hospitalization.
Ratings from the Global Assessment Scale, Brief Psychiatric Rating Scale (23), Scale for the Assessment of Positive Symptoms
(24), and Scale for the Assessment of Negative Symptoms (25)
were used to measure symptom severity in terms of overall functioning and along three major dimensions of schizophrenia-related psychosis: reality distortion, disorganization, and negative
symptoms (17). As shown in Table 1, the patient groups showed
similar levels of dysfunction and nonpsychotic symptoms. However, the schizophrenia patients showed significantly more reality
distortion (t=2.40, df=26, p=0.02) and disorganization (t=2.84, df=
26, p=0.009) at index assessment, compared to the nonschizophrenia psychosis patients, and also showed more negative
symptoms, although this difference did not reach significance (t=
2.02, df=26, p=0.053).
Comparison participants were recruited from the community
through advertisements in local newspapers and notices. In addition to the exclusion criteria described for the patients, exclusion
criteria for the comparison participants included 1) having a history of axis I disorder (26), 2) having a first-degree relative with a
psychotic disorder, and 3) having been treated with any psychotropic medication within past 6 months. The three groups did not
differ significantly in gender, age, race, education, parental
education (a proxy measure of socioeconomic status), or handedness (Table 1).
Data from an fMRI study that included a partially overlapping
group of 10 of the schizophrenia patients and seven of the comparison participants have been previously reported (27).

Context Processing and In-Scanner Performance
Participants performed a version of the expectancy AX task (21)
in which a series of single letters in a large font appeared one at a
time on a screen inside the MR scanner. The task is represented
schematically in Figure 1. Participants were instructed to respond
quickly and accurately with their dominant hand by pushing the
target button whenever they observed an X (probe) after an A
http://ajp.psychiatryonline.org
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FIGURE 2. Accuracy on Expectancy AX Context Processing Task Trial Types and Interference Reaction Time for Correct
Trials of Patients With Schizophrenia, Patients With Nonschizophrenia Psychosis, and Healthy Comparison Subjectsa
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See Figure 1 and Method section for explanation of context processing task parameters. Interference reaction time reflects context processing
for the AY and BX conditions with the dominant (AX) reaction time subtracted.

(cue) and by pushing the nontarget button for every other stimulus. Thus, participants had to represent and maintain the cue as
the context for evaluating the subsequent probe to respond selectively to targets. In this modification of the AX continuous performance task, 70% of the randomly presented trials were AX cueprobe sequences, 10% were AY, 10% were BX, and 10% were BY
(where B could be any non-A cue, and Y any non-X probe). The
task was presented in 12 blocks of 20 stimuli (10 trials) each. The
stimulus durations were 500 msec. To probe the ability to actively
maintain context information, half the blocks had a long delay of
8000 msec between cue and probe and a 1000-msec delay until
the next trial. The other blocks had a short delay of 1000 msec between cue and probe and an 8000-msec delay until the next trial.
All subjects practiced the task extensively before scanning.
The expectancy AX task allows for the evaluation of a specific
deficit in context processing. When a high proportion of AX trials is used, the BX condition is difficult if the context provided by
the B cue is degraded. The degradation of this context is reflected in both a relatively higher number of false alarms (inappropriate target responses) and relatively slower reaction times
on correct responses to the subsequent X. The AY condition is
difficult if the context provided by the A cue leads to the expectation of a valid probe. The representation and maintenance of
the context provided by the A cue is reflected in a relatively
higher number of false alarms and relatively slower reaction
times on correct responses to the subsequent Y. Generalized
deficits can lead to a greater number of errors across all conditions. Thus, this task can produce a double-dissociation in performance between conditions of intact context processing
(poorer AY performance or slower AY reaction times, relative to
AX reaction times), disturbances of context processing (poorer
BX performance or slower BX reaction times, relative to AX reaction times), or a pattern of generalized deficits (e.g., poorer performance across conditions).
In terms of in-scanner performance, there was no significant
effect of group or delay on percentage of errors. However, as illustrated in Figure 2, there was a significant interaction of group
and trial type (F=2.71, df=4.5, 120, p< 0.03, with GreenhouseGeisser correction). A priori contrasts between AY and BX trials
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(collapsed across delay) showed a disordinal interaction between the schizophrenia patients and the comparison subjects
(F=8.70, df=1, 53, p=0.005) and between the schizophrenia patients and the nonschizophrenia psychosis patients (F=4.04, df=
1, 53, p<0.05). Context representations are not all or nothing. Because the imaging analysis included only correct trials, it is useful to demonstrate that schizophrenia patients still suffer from
degraded context representations even when they respond accurately. Figure 2 illustrates reaction time interference (18), that is,
context processing on correct trials for the AY and BX conditions
with the dominant (AX) reaction time subtracted (again collapsed across delay conditions, for which there was no differential effect). A priori contrasts showed a disordinal interaction between the schizophrenia patients and the comparison subjects
(F=4.95, df=2, 53, p<0.04) but not between the schizophrenia patients and the nonschizophrenia psychosis patients (F=0.75, df=
1, 27, p=0.39). Thus, these behavioral results were consistent
with results for performance outside the scanner in a superset of
this study group (17) and in other studies (18), although power
and the number of critical trials inside the scanner were lower in
the current study.

Neuroimaging Method
Acquisition. Functional scans were acquired by using a 1.5-T GE
Signa (General Electric Medical Systems, Milwaukee) whole-body
scanner with a standard head coil. Sixteen 3.8-mm-thick axial
slices with 3.75 mm2 in-plane resolution were obtained beginning at the anterior commissure-posterior commissure line.
Scans used a two-shot T2-weighted spiral scanning pulse sequence (TR=1250, TE=35 msec, flip angle=60°, field of view=24
cm), allowing full image acquisition every 2.5 seconds. As illustrated in Figure 1, four fMRI scans were acquired during each 10second trial. Structural images were obtained before and in the
same plane as the functional images by using a standard T1 weighted pulse sequence.
Preprocessing. Functional images were reconstructed, and
movement was estimated and corrected by using Automated Image Registration (28). After applying a maximum movement criteAm J Psychiatry 162:3, March 2005

MACDONALD, CARTER, KERNS, ET AL.
TABLE 2. Frontal Regions With Significant Activation Associated With Context Processing Task Variables in Patients With
Schizophrenia, Patients With Nonschizophrenia Psychosis, and Healthy Comparison Subjectsa
Group, Task Variable, and Region of Interest
Schizophrenia patients
B cue (versus A cue)
Left inferior frontal cortex
Right inferior frontal cortex
Long delay (versus short delay)
No regions
Interaction of cue and delay
Right mid/superior frontal cortex
Left inferior frontal cortex
Right inferior frontal cortex
Left inferior frontal cortex
Nonschizophrenia psychosis patients
B cue (versus A cue)
Left middle frontal cortex
Right inferior frontal cortex
Long delay (versus short delay)
No regions
Interaction of cue and delay
Right inferior frontal cortex
Comparison subjects
B cue (versus A cue)
Left superior frontal cortex
Right middle frontal cortex
Left middle/inferior frontal cortex
Right middle frontal cortex
Long delay (versus short delay)
Left middle frontal cortex
Interaction of cue and delay
No regions

Brodmann’s
Area

Talairach Coordinates
x

y

z

Volume
(mm3)b

Fc

44
44

–42
41

13
8

24
30

2886
908

3.27
3.18

9/10
46
45
44/45

32
–36
47
–44

53
42
31
19

27
8
8
9

1069
2244
3848
855

3.23
3.34
3.58
3.23

10/46
44/45

–25
30

37
23

13
20

2832
588

3.46
3.88

52

12

8
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3.35

–27
42
–40
43
–40

51
22
14
6
10

35
27
28
49
33

4863
9565
7962
1229
534

3.46
3.61
3.60
3.01
2.93

44
9
9
9/44
6
8

a See Method section for explanation of context processing task variables.
b Number of contiguous active voxels × 53.4 mm3 (3.75×3.75×3.8).
c Average F value of voxels.

rion for study inclusion (3.75 mm or degrees), multivariate analysis of variance results indicated no significant differences between
groups in absolute movement from the reference scan or in scanto-scan incremental movement (Wilks’s lambda=0.51, p=0.12). A
12-parameter automated algorithm (29) was used to align each
participant’s structural and functional images to a reference brain
image. Registered functional data were smoothed (8 mm full width
at half maximum) to increase the signal.

Statistical Analysis
Analyses were performed in two stages: first, statistical maps
were calculated for each individual, and then the values of these
maps were grouped for hypothesis testing. Specifically, five independent variables were used to account for variance in the MR
signal from trial to trial on an event-related basis. Two variables,
cue and probe, were associated with perceiving and responding
to stimuli. Three other variables associated with context processing included the occurrence of B cues (versus A cues), long delays
(versus short delays for both A and B cues), and the interaction of
B cues with long delays (versus B cues at the short delay and A
cues at either delay). To calculate regressors, each variable was
convolved with a canonical, double gamma hemodynamic response function (30, 31). These predictors were then entered simultaneously into a general linear model implemented by using
AFNI software (32) to generate each participant’s partial correlation map (that is, a map of regions in which each variable correlated either positively or negatively with the hemodynamic
response function and accounted for unique variance). For example, on a B cue in the long delay condition, there would be a hemodynamic response function associated with four regressors:
cue, B cue, delay, and the interaction of B cue and delay. Because
Am J Psychiatry 162:3, March 2005

variables were dummy-coded, activity associated with each regressor was interpretable as a positive or a negative deflection
from zero (which included the noncoded conditions). To avoid
confounds associated with collinearity, we adopted the conservative approach of evaluating only partial correlations (unique variance) associated with each regressor. To control for the influence
of task performance, hemodynamic response functions and MR
data from error trials and no-response trials were removed from
the analyses. To examine activity within groups, we compared
participants’ partial r values, which are normally distributed, to
zero for each regressor by using analysis of variance (ANOVA)
with subject as a random variable. Images were thresholded at an
alpha of p<0.01, with a contiguity criterion of eight voxels to correct for multiple comparisons (33). By using the same significance
threshold, between-group differences were derived from ANOVAs
for each regressor, with subject as a random variable, group as an
independent variable, and partial r values as the dependent variable. Context processing likely involves a distributed network that
includes motor areas, inferior parietal cortex, and visual processing areas, but because of the nature of our hypotheses, for simplicity we present data for frontal regions (y > 0 mm) with activation associated with the B cue, delay, and the interaction of B cue
and delay. (Data for other regressors and more posterior activations [y < 0 mm] are available upon request.) In addition, post hoc
analyses were conducted by using the Games-Howell formula,
which does not assume equal sample sizes or variances. For
schizophrenia patients, we tested correlations between individual differences in brain activity, task performance, and symptoms. Differences between correlations of symptoms with brain
activity were tested by using Meng’s z test (34).
http://ajp.psychiatryonline.org
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FIGURE 3. Regions of Increased Activation Associated With the B Cue Type in the Expectancy AX Context Processing Task
in Patients With Schizophrenia, Patients With Nonschizophrenia Psychosis, and Healthy Comparison Subjectsa
Schizophrenia Patients (N=18)

a

Nonschizophrenia
Psychosis Patients (N=12)

Comparison Subjects (N=28)

See Figure 1 and Method section for explanation of context processing task parameters. Posterior activations represented in the figure are not
reported in the tables.

Results
Within-Group Analyses
Table 2 summarizes data for frontal regions with significant activation as defined by the correlation with task-related regressors in each group. Results for the first of these
regressors, cue type (B versus A cue), indicated the regions
associated with the representation of information required to select and execute task-appropriate behaviors in
either delay condition. B cue activation was observed in
the left inferior frontal cortex in the schizophrenia patients and the comparison subjects and in the right inferior frontal cortex in both patient groups. The nonschizophrenia psychosis patients and the comparison subjects
also showed frontal activation in the left middle frontal gyrus, among other regions. Although the centroids of these
activations were in different regions, the regions were
largely overlapping (Figure 3). Next, activation related to
the long delay condition (for both B and A cues) was observed only in the comparison subjects in the left middle
frontal gyrus (Brodmann’s area 8). The last regressor,
representing the interaction of cue type with delay (long
delay with B cue versus other trial types), indicated regions associated with maintaining the context representation needed to overcome a prepotent response. Both patient groups showed inferior frontal activation, and the
schizophrenia patients also showed activation in the right
Brodmann’s area 9/10.
Thus, across analyses, the three groups showed overlapping areas of activation in the prefrontal cortices. Posterior regions, such as the bilateral inferior parietal cortex,
also showed consistent activation across groups.

Between-Group Analyses
Table 3 summarizes the data for frontal regions with significantly different activation between groups across the
three regressors of interest and reports results of post hoc
analyses describing the direction of the difference.
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First, the comparison of cue type revealed group differences in activation in the right middle frontal gyrus centered in Brodmann’s area 9, bordering Brodmann’s area 10
(Figure 4). This region showed lower levels of activation in
the schizophrenia patients after the B cue, relative to the A
cue, and no differences between the comparison subjects
and the nonschizophrenia psychosis patients. Among the
schizophrenia patients, lower levels of activation correlated with higher BX error rates (r=–0.49, N=18, p=0.04) and
higher levels of disorganization (r=–0.47, N=18, p=0.05).
The correlation between activation and disorganization
was greater than the correlation between activation and
either reality distortion or negative symptoms (Meng’s z
values ≥1.62, p≤0.05). Activation in the two other regions of
the prefrontal cortex that showed group differences was
not associated with symptoms or performance.
Delay-related activation differences were observed in
the superior frontal cortex, where both patient groups
showed more activation than the comparison subjects.
Activation in this region was not significantly associated
with symptoms or performance.
In comparing the interaction of cue type with delay
across groups, the schizophrenia patients showed greater
activation in the right middle frontal gyrus centered in
Brodmann’s area 10 and bordering Brodmann’s area 9.
This region was inversely related to the overlapping region
centered in the right Brodmann’s area 9 identified in the
comparison of cue types. For the schizophrenia patients,
greater activation in this region correlated with more BX
errors (r=0.57, N=18, p=0.01) and more disorganization (r=
0.58, N=18, p=0.01), a correlation that was significantly
greater than that with reality distortion or negative symptoms (Meng’s z values ≥2.20, p≤0.01). The schizophrenia
patients also showed more activation in the bilateral inferior frontal cortices, but this activation was not significantly related to symptoms or performance.
Differential power, scanner drift, uncorrected movement, or large anatomical differences (compared to the
reference brain) could result in greater variation in MR
Am J Psychiatry 162:3, March 2005
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TABLE 3. Frontal Regions With Significant Group Differences in Activation Associated With Context Processing Task
Variables in Patients With Schizophrenia, Patients With Nonschizophrenia Psychosis, and Healthy Comparison Subjects
Talairach
Coordinates
Task Variable and
Region of Interest
B cue
(versus A cue)
Right middle
frontal cortexd

Brodmann’s
Area

Post Hoc
Group
Comparisonc

x

y

z

Volumea

Fb

9

22

51

32

1388

6.03

10

–33

49

12

748

5.73

44/45

51

20

12

641

5.71

10

–9

55

16

748

5.52

10

30

54

26

748

6.16

Right inferior
frontal cortex

45/46

50

20

10

2510

7.15

Left inferior
frontal cortex

45/46

–36

39

6

2136

6.79

Left middle
frontal cortex
Right inferior
frontal cortex
Long delay (versus
short delay)
Left superior
frontal cortex
Interaction of B
cue and delay
Right middle
frontal cortex

a Number of contiguous active voxels × 53.4 mm3 (3.75×3.75×3.8).
b Average F value of voxels.
c Games-Howell test.
d See Figure 4 for location.
e Meng’s z test, r for disorganization < r for negative symptoms and reality
f Meng’s z test, r for disorganization > r for reality distortion (p<0.05).

scan values that might produce systematic differences in
signal-to-noise ratio across individuals. However, we
found no significant difference in the number of analyzed
trials across groups (F=1.85, df=2, 54, p=0.17) nor in the interaction of cue type (A versus B) and group (F=0.80, df=2,
54, p=0.46). These results suggested that our strategy of
evaluating only correct trials did not unduly affect the
power to detect effects across groups. Second, the signalto-noise ratio for the regions listed in Table 3 was calculated by dividing each individual’s mean MR signal intensity value for each pixel by its variance over time. No regions showed a significant group difference (ANOVA,
p>0.11 for all regions of interest). Internal activation standards could also be derived from activation associated
with perceiving and responding to any cue or probe.
Across all groups, cue- and probe-related activity was associated with activation in the left inferior parietal cortex.
The consistency of these observations weighs against the
possibility that observed group differences were due to
measurement artifact. We also tested whether the group
Am J Psychiatry 162:3, March 2005

Correlation of Activation
With Symptom Measures (r)
Reality
Negative
Distortion Symptoms Disorganization

0.00

–0.20

–0.53e

–0.14

–0.28

–0.28

–0.06

–0.01

0.09

Nonschizophrenia
psychosis and
schizophrenia >
comparison

0.15

0.09

0.03

Schizophrenia >
nonschizophrenia
psychosis
and comparison
Schizophrenia >
nonschizophrenia
psychosis and
comparison
Schizophrenia >
nonschizophrenia
psychosis and
comparison

0.11

0.37

0.60f

0.03

0.18

0.36

0.17

0.24

0.32

Comparison and
nonschizophrenia
psychosis >
schizophrenia
Comparison >
schizophrenia
Comparison >
nonschizophrenia
psychosis and
schizophrenia

distortion (p<0.05).

differences were similar in only right-handed subjects. All
group differences remained significant when data for lefthanded subjects were removed, except for the activation
difference in the left middle frontal cortex (Brodmann’s
area 10) associated with B-cue representation (F=3.10, df=
2, 51, p=0.054).

Discussion
The finding of both lower and higher levels of hemodynamic activity in the prefrontal cortex in schizophrenia patients comes at a time of renewed debate about the nature
of frontal abnormalities in this illness. Hypofrontality, or
lower levels of activity, in the prefrontal cortex was observed
in two positron emission tomography (PET) and five fMRI
studies with various versions of the continuous performance task (18, 27, 35–39). However, two PET studies and
one xenon study that included such tasks did not show hypofrontality in schizophrenia patients (40–42). Hypofrontality has also been observed in several fMRI studies that included working memory paradigms, such as the N-back
http://ajp.psychiatryonline.org
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FIGURE 4. Region of Increased Activation Associated With
Group Differences Related to the B Cue Type in the Expectancy AX Context Processing Taska

a

See Figure 1 and Method section for explanation of context processing task parameters. Group differences between patients with
schizophrenia, patients with nonschizophrenia psychosis, and
healthy comparison subjects were found in the right middle frontal
gyrus (dorsolateral prefrontal cortex, Brodmann’s area 9).

task (8, 10, 43, 44), which requires both storage and executive functions. This pattern of findings is contested by researchers who have reported hyperfrontality, or higher levels of activity in the prefrontal cortex, in studies based on
simple working memory storage paradigms (45–47) and
low working memory loads on the N-back task (48). In the
following discussion we focus on the two regions of the
right middle frontal gyrus that showed both hypo- and hyperfrontality and on correlations of activation with external
variables, such as performance and symptoms.
One of the primary task demands of the expectancy AX
task is the representation of the context of the B cues so as
to control, or overcome, the prepotent target response to
the X probe. Consistent with previous studies (17, 21), we
found that higher proportions of errors in the BX condition relative to the AY condition, suggesting that the
schizophrenia patients, but not the nonschizophrenia
psychosis patients, were specifically impaired in this task
demand. In contrast, a broader impairment in response
inhibition would have led to more errors in both the BX
and the AY trials, whereas an impairment in storage would
have led to more errors in the BX trials with delay, neither
of which was observed. The finding that the right middle
frontal gyrus (Brodmann’s area 9) was less active in schizophrenia patients than in the comparison subjects or the
nonschizophrenia psychosis patients is consistent with
the context processing model (13), which predicts that this
region is an important component of a top-down control
network that facilitates the representation and maintenance of context. The current study found that right hypo-
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frontality was correlated with impaired performance,
which has been reported (39), but left hypofrontality has
also been correlated with impaired performance on this
task (49), raising the possibility that hypofrontality during
context representation is bilateral in schizophrenia. Previous studies have also reported that the degree of hypofrontality is correlated with the level of schizophrenia patients’ disorganization symptoms (8). The current data
extend this finding by showing that it is not an artifact of
significance thresholding, but instead that disorganization symptoms are significantly more correlated with dysfunction in this region than are other symptom types. Although this region is impaired, it is clear that patients
perform the task far better than they would by chance;
thus it may be that the region that showed group differences is not necessary for control. There are a number of
explanations that may account for this finding. Not all of
the regions that comparison subjects activated in the cue
condition (Table 2) showed group differences (Table 3).
Thus, some schizophrenia patients may have activated
parts of these same regions, albeit at levels that did not
show group-level significance. Another possibility is that
schizophrenia patients use a different strategy when representing the context of the B cues.
One possible alternative strategy is suggested by the
other region that showed significant group differences and
correlations with external variables. The Brodmann’s area
10 region of interest was located near a region that was
previously found to be more active in schizophrenia patients during performance of a working memory paradigm (48), a finding that was interpreted in terms of cortical “inefficiency.” One might speculate that activity here
and in the bilateral inferior frontal cortices reflects the use
of episodic memory to encode information that is ordinarily actively maintained by the prefrontal cortex. This
strategy is less efficient, as it requires subsequent retrieval
of this information at the time of response (see reference
50 for a discussion of the relative advantages and efficiencies of memory mechanisms that use active maintenance
versus synaptic modification). This hypothesis is consistent with findings suggesting that Brodmann’s area 10 is
involved in episodic memory encoding and retrieval (51).
The use of alternate, less efficient strategies (such as episodic memory and/or rehearsal) for representing and
maintaining information about the cue may account for
the degraded performance (slower reaction times and
more errors on BX trials) and for the opposite relationship
between performance and brain activity observed in areas
of hyperactivity (e.g., Brodmann’s area 10) versus the areas
of hypoactivity (e.g., Brodmann’s area 9) observed in patients with schizophrenia. This interpretation suggests
that schizophrenia may be associated with a selective deficit in specific regions of the prefrontal cortex and is also
consistent with the result of previous studies (27).
Am J Psychiatry 162:3, March 2005
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Conclusions
The study provides additional support for the context
processing theory (13) regarding the relationship between
middle frontal gyrus dysfunction, cognitive deficits, and
the symptoms of disorganization in schizophrenia. This
study was based on data from first-episode, never-medicated patients, which eliminated the possibility that these
associations were due to effects of medication or chronicity of illness. The comparison of schizophrenia patients to
nearly equally dysfunctional psychosis patients deemed
not to have schizophrenia speaks strongly to the diagnostic specificity of these disturbances. Of course, many
important questions remain regarding the relationship
between regional activity, pathophysiology, cognitive disturbances, and the symptoms of schizophrenia. Of great
interest is whether the methods we used and our findings
can be used to predict response to medication, functional
outcomes, or both. Furthermore, our study focused specifically on frontal cortex function and the cognitive processes it is thought to support. There is little doubt that
schizophrenia is associated with disturbances of other
brain areas and the cognitive functions that they support.
However, we hope that our findings provide a useful impetus for the application of a theoretically driven approach
to the study of other aspects of schizophrenia and to the
study of other neuropsychiatric disorders.
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