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Recent studies suggest that people with schizophrenia
(PSZ) have difficulty distributing their attention broadly.
Other research suggests that PSZ have reduced working
memory (WM) capacity. This study tested whether these
findings reflect a common underlying deficit. We measured
the ability to distribute attention by means of the Useful
Field of View (UFOV) task, in which participants must
distribute attention so that they can discriminate a foveal
target and simultaneously localize a peripheral target.
Participants included 50 PSZ and 52 healthy control sub-
jects. We found that PSZ exhibited severe impairments in
UFOV performance, that UFOV performance was highly
correlated with WM capacity in PSZ (r = —.61), and
that UFOV impairments could not be explained by either
impaired low-level processing or a generalized deficit.
These results suggest that a common mechanism explains
deficits in the ability to distribute attention broadly,
reduced WM capacity, and other aspects of impaired cog-
nition in schizophrenia. We hypothesize that this mecha-
nism may involve abnormal local circuit dynamics that
cause a hyperfocusing of resources onto a small number of
internal representations.
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Introduction

Recent studies from our group suggest that people with
schizophrenia (PSZ) distribute their attention in an overly
narrow fashion, impacting both visual attention and work-
ing memory (WM) capacity. The first evidence for this
came from a spatial cuing experiment wherein participants
were cued to 1, 2, or 4 peripheral locations, with the 4-cue
condition being uninformative.! Fewer cued locations

allowed a more precise prediction of the target location and
a narrower attentional focus, and both PSZ and healthy
control subjects (HCS) were able to speed their response
time, indicating both groups used the cue information to
selectively orient spatial attention. However, PSZ exhib-
ited a more pronounced step-wise slowing and decrement
in target detection with spatial unpredictability than HCS.
Moreover, PSZ performed worse in the 4-cue condition
than on invalid trials. These results suggested that PSZ
were able to narrow attention appropriately in response to
predictive cues but were unable to maintain a broad focus
when cues were nonpredictive. Consistent with these results,
visual search experiments by Elahipanah and colleagues®*
indicated that PSZ have a narrowed visual span.

We found converging evidence for impaired broad
monitoring using a sustained attention paradigm in
which targets could appear at any of 48 locations.* PSZ
showed a robust vigilance decrement with time on task,
something that has rarely been observed with sequential
target presentations at fixation (eg, most versions of the
Continuous Performance Test). Thus, the requirement to
monitor broadly may have made it more challenging for
PSZ to maintain performance over time.

Further evidence for a tendency of PSZ to focus pro-
cessing more narrowly than HCS was derived from a
study of sequential WM encoding.” When a tone cued
the item most likely to be probed, both PSZ and HCS
displayed significantly better memory for the cued item
relative to uncued items. Surprisingly, when a second
tone indicated that the second cued item rather than the
first item was now the most likely to be probed, PSZ
were more efficient than HCS at discarding the first cued
item from memory, an effect not fueled by capacity limi-
tations. This suggested a propensity of PSZ to narrowly
focus their WM storage onto a single representation.
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Perhaps the most convincing evidence for impairment
resulting from excessive selection emerged from an event-
related potential study examining contralateral delay
activity (CDA).¢ The CDA is a sustained negative poten-
tial observed during WM delay periods, with a larger
amplitude contralateral to the relevant hemifield. In the
task employed by Leonard and colleagues,® participants
were presented with 1, 3, or 5 items to remember, with the
relevant items all appearing in 1 hemifield and an equal
number of distractors in the other. In HCS, the ampli-
tude of the CDA increases with the number of items held
in WM until participants reach their capacity, at which
point it asymptotes. Leonard and colleagues® found that
the CDA was significantly larger in PSZ than in HCS
when 1 item was being remembered. That is, they devoted
more selective processing resources to the attended object
than controls. In contrast, PSZ had reduced CDAs at
higher set sizes relative to HCS. Most critically, a larger
CDA at set size 1 was correlated with worse performance
at higher memory loads in PSZ. This suggested that the
tendency to “hyperfocus” when faced with a single rele-
vant item was associated with decreased memory storage
at higher set sizes.

Thus, across experiments with different task demands,
there is suggestive evidence that (1) PSZ have difficulty in
broad monitoring but no problem narrowing the scope of
attention, (2) PSZ tend to hyperfocus attention on single
items in WM, and (3) attentional hyperfocusing may be
related to WM capacity reduction. To further examine
these relationships, we turned to the Useful Field of View
(UFOV) test as a measure of the ability to distribute spa-
tial attention.”®

On the basis of the studies discussed previously, we
hypothesized that PSZ would show impairments in dis-
tributing attention broadly on the UFOV, and that per-
formance on the UFOV would be predictive of WM
capacity. Further, given the strong association of WM
with measures of general intellectual ability, we predicted
that the UFOV would show similar correlations.

Table 1. Participant Characteristics and Cognitive Performance

Impaired Attention and Memory in Schizophrenia

Methods

Participants

Participants included 48 outpatients and 2 inpatients with
a diagnosis of schizophrenia or schizoaffective disorder
as confirmed by the Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-1V; SCID).? PSZ recruitment took
place at the Maryland Psychiatric Research Center and
associated clinics in the greater Baltimore area. All PSZ
were stably medicated with no changes to medication type
or dosage for at least 4 weeks before testing (supplemen-
tary table 1). A total of 52 HCS participated as a compar-
ison group (table 1). HCS recruitment was accomplished
by random digit dialing and newspaper and web adver-
tising. HCS were confirmed to have no psychiatric diag-
noses by a SCID and Structured Interview for DSM-1V
Personality,'® and reported that they were not taking
psychiatric medications and had no personal or family
history of psychosis. All participants were 18-55 years
of age, clinically stable, and free of any medical condi-
tions that could impact study results, including substance
abuse in the last 6 months. Participants provided writ-
ten informed consent for a protocol approved by the
University of Maryland insti IRB.

Measures

UFOV Test. Participants were seated approximately
70cm from a 17-in. cathode ray tube monitor in a dimly
illuminated room. The UFOV has 3 subtests, presented
in a fixed order. The first subtest, which we call “Masked
Discrimination” (This task is typically called the “pro-
cessing speed” task. However, it is simply a Masked
Discrimination task, and exaggerated masking would
lead to impaired performance in the absence of slowed
processing speed.), began with a 2.46° X 2.46° white-
outlined fixation box, displayed for 2000 ms at the cen-
ter of the screen. A 1.64° X 1.23° silhouette of a car or

People With Healthy Control

Schizophrenia Subjects Group Differences
N 50 52
Age 41.76 (10.13) 37.73 (11.10) t=-191,P=.06
Education 13.06 (2.27) 14.87 (1.97) t=4.29, P=.000
Maternal education 13.46 (2.52) 14.12 (2.20) t=140,P=.17
Paternal education 14.35 (3.75) 13.96 (2.90) t=-0.57, P=.57
Gender (% male) 70 63 x> =0.49, P=.53
Race (% Caucasian) 58 54 x* =053, P=.77
Cognitive performance Cohen’s d
Wechsler Abbreviated Scale of Intelligence 97.82 (11.98) 116.85(9.03) t=28.76, P =.000 1.81
Wide Range Achievement Test 95.69 (12.11) 108.72 (12.44) t=5.17, P=.000 1.06
Wechsler Test of Adult Reading 98.57 (14.45) 112.11 (9.78) t=5.38, P =.000 1.12
MATRICS Consensus Cognitive Battery 29.90 (13.25) 52.46 (8.59) t=9.98, P =.000 2.07
K 2.37 (0.59) 2.87(0.45) t=4.64, P =.000 0.95
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truck then appeared inside the fixation box (figure 1).
After a display time that was individually adjusted as
described on pages 3—4, a white-noise visual mask cov-
ered the entire screen for 1000 ms. Next, participants
were presented with a response screen asking them to
indicate whether a car or a truck had appeared in the
fixation box. Participants were not instructed to fixate
throughout the task.

The second subtest, “Divided Attention,” included the
fixation box and the central car or truck as in the first
subtest, plus the simultaneous presentation of an addi-
tional 1.64° x 1.23° silhouette of a car presented at 1 of
8 possible radial locations (0°, 45°, 90°, 135°, 180°, 225°,
270°, and 315°) centered around the fixation point at a
distance of 9° visual angle. Both stimuli were then masked
by the same white-noise display. To respond, participants
first identified the central target by clicking on the image
of the car or truck and then clicked on the location of
the peripheral target. This task emphasized the ability to
divide attention across a broad spatial range and multiple
simultaneous targets.

Masked Discrimination

2000 ms 16.7-500 ms

Divided Attention

The third subtest, “Divided + Selective Attention”
(This task is typically called the ‘“selective attention”
task. However, it combines the demands of the Divided
Attention task with additional demands on selective
attention, so we have used the name “Divided + Selective
Attention.”), was identical to Divided Attention except
that 47 distractor triangles (1.64° X 1.23°) were added
to each display, uniformly filling the space between the
possible target locations. This task required participants
to both divide attention between the central and periph-
eral targets and to suppress the peripheral distractors.
Although the distractors were uniform, top-down atten-
tional control was necessary to localize the target'' and to
orient attention away from the central target.'?

In each subtest, the dependent variable was the expo-
sure time prior to the mask that was needed for the
participant to achieve 75% performance accuracy. This
exposure duration was called the “threshold” (lower
thresholds indicate better performance). To determine the
thresholds, the exposure time was adjusted by means of
an adaptive staircase,'*"* which ranged from a maximum

Which object was mside
the white box?

Until response

2000 ms 16.7-500 ms

Divided + Selective Attention

1000 ms

Until response Until response

2000 ms

16.7-500 ms

1000 ms

Until response Until response

Fig. 1. Stimulus sequences from the Useful Field of View subtests. Images from the Masked Discrimination subtest have been enlarged
to better demonstrate the details in the stimuli. Images for the other subtests are proportional to the actual display size.
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exposure of 500 ms to a minimum of 16.7 ms (the refresh
cycle of a 60-Hz cathode ray tube monitor). On the sec-
ond and third subtests, participants had to accurately
identify both the central and peripheral target for the trial
to be considered accurate.

Change Localization. We used a change localization
task to assess visual WM capacity. Our version of this
task'® presents participants with an array of 4 colored
squares, each with a visual angle of 0.7° X 0.7°. The stim-
uli are arranged around an invisible circle with a radius
of 3° for 100 ms, with 1 square in each quadrant of the
screen and at least 2.33° of visual angle separation from
the next square. The 4 squares disappear from the screen,
then reappear 900 ms later, with 1 square having changed
color. Participants identify which square changed by
clicking on it. This task provides an estimate of the par-
ticipant’s visual WM capacity, or K score, using the for-
mula K = accuracy (ranging from 0.00 to 1.0) X set size
(for this task, 4). We have previously shown that perfor-
mance of PSZ is not limited by the brief stimulus dura-
tions in this task.!”

Neuropsychological and Symptom Measures. Participants
were administered the Wide Range Achievement Test
reading subtest,'® Wechsler Test of Adult Reading,"
Wechsler Abbreviated Scale of Intelligence (WASI),* and
the MATRICS Consensus Cognitive Battery (MCCB).>!*
Symptom severity was assessed with the Brief Psychiatric
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Divided
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Rating Scale * and the Scale for the Assessment of
Negative Symptoms.>

Data Analysis. Nonparametric tests were used in the
basic between-group comparisons on the UFOV. We used
Pearson correlations as well as a series of partial corre-
lations to examine the relationships among UFOV, WM
capacity, IQ, and MCCB performance.

Results
Demographic Variables

Participant demographic information is presented in
table 1. HCS and PSZ were matched on all variables
except personal education, which was lower for PSZ,
1(100) = 4.29, P < .01, consistent with disease onset in
early adulthood.

UFOV Performance

Figure 2 shows the mean display time thresholds for
each group for the 3 UFOV subtests, and figure 3 pres-
ents histograms showing the threshold distributions.
Many HCS achieved the lowest possible threshold in the
Masked Discrimination and Divided Attention subtests,
leading to highly skewed distributions, which Shapiro-
Wilk tests confirmed were non-normal (P <.0001 for
each). Therefore, we used Mann-Whitney U tests to com-
pare HCS and PSZ. These differed significantly in all

* K

Divided +
Selective Attention

Fig. 2. Mean threshold (*standard error of the mean) on each Useful Field of View subtask in people with schizophrenia (PSZ) and

healthy control subjects (HCS).

1465



B. E. Gray et al

100% -
90%
80% -
70%
60%
S50%
40% -
30%
20% -
10% -

0%

Percentage of participants

16.7 50

100% -
90%
80% -
70% -
60%
50% -
40% -
30% -
20%
10% -

Divided Attention

Percentage of participants

16.7 S0

100% -+
90% -
80% -
70%
60% -
50% -
40%
30% -
20% -
10% -

0% -

Percentage of participants

16.7 50

Masked Discrimination

HCS
m PSZ

100 150 200 250 300 350 400 450 500

100 150 200 250 300 350 400 450 500

Divided + Selective Attention

100 150 200 250 300 350 400 450 500

Exposure Duration

Fig. 3. Distributions of thresholds in the 3 Useful Field of View subtests.

3 subtests: Masked Discrimination U = 3.78, P < .001;
Divided Attention U = 5.71, P < .001; and Divided +
Selective Attention U = 5.52, P < .001. The effect sizes
(Cohen’s d) associated with these differences were 0.70 for
Masked Discrimination, 1.33 for Divided Attention, and
1.31 for Divided + Selective Attention.
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To examine the pattern of performance across subtests,
we first computed the difference between performance
of the Divided Attention and Masked Discrimination
subtests for each subject and compared these difference
scores between groups. We found a significant difference,
U =5.38, P<.001, indicating that PSZ were significantly



more impaired than HCS by the addition of a periph-
eral task. We then computed the difference between the
Divided Attention and Divided + Selective Attention
subtests. This difference score was not significantly differ-
ent between groups, U = —1.09, P = .28. Thus, although
the Divided + Selective Attention task was more difficult
than the Divided Attention task, the resulting perfor-
mance impairment by the added selective attention com-
ponent was no larger in PSZ than in HCS. These results
are consistent with prior research showing that PSZ are
not disproportionately impaired in many selective atten-
tion experiments.?>2

WM Capacity and Correlations

As in prior studies,>'!” WM capacity (quantified as K)
was reduced in PSZ (mean K = 2.37) compared with
HCS (mean K = 2.87). This effect was large (d = 0.95)
and significant, #(100) = 4.64, P < .001.

Performance on the Divided Attention UFOV subtest
was strongly correlated with K in PSZ (Pearson’s r = —.61,
P < .001), but not in HCS (r =.05, P > .7), and this dif-
ference in correlation was significant (z = 3.72, P < .001).
Eliminating the 5 PSZ who performed at the 500-ms thresh-
old limit did not impact this correlation (r = —.62, P <.001).
In the Divided + Selective Attention subtest, where there
was greater variance among HCS, performance was again
robustly correlated with K in PSZ (r = —.49, P < .001), but
not in HCS (r =.09, P > .5; difference between correlations
z = =3.07, P < .01). The same pattern and magnitude of
correlations were observed when Spearman correlations
were computed (supplementary table 2). Pearson rather
than Spearman correlations are reported here for compari-
son with the partial correlations presented later. To isolate
the role of Divided Attention in PSZ, we also examined
correlations with K using the difference score between the
Masked Discrimination and the Divided Attention sub-
test: this correlation remained significant in PSZ, r = —.61,
P < .001, suggesting that lower level sensory factors do not
explain the relationship with WM (supplementary figure 1).
We also examined correlations with K using the difference
score between the Divided Attention and the Divided +
Selective Attention subtest (supplementary figure 2). This
correlation was not significant in PSZ, r = .24, P = .11, sug-
gesting that it is the requirement to divide attention that
was critical for the correlation of the Divided + Selective
Attention subtest with WM (difference between correla-
tions z = —4.62, P < .01).

In PSZ, Divided Attention performance robustly cor-
related with WASI 1IQ (r = —.49, P < .001) and with the
MCCB composite score (r = —.40, P = .004). This raises
the possibility that all impairments in our PSZ sample
reflect a single source of variance (a generalized cognitive
impairment). However, the correlations between Divided
Attention and K were still strong in PSZ in partial cor-
relations controlling for the MCCB composite score or

Impaired Attention and Memory in Schizophrenia

WASI IQ score (r = —.49 and —.46, respectively, P < .001
for both). This correlation also remained strong in PSZ
after covarying performance in Masked Discrimination
(r = —=.56, P < .001). Thus, the correlation between
Divided Attention and WM capacity cannot be explained
by either impaired general neuropsychological perfor-
mance (as indexed by MCCB or by IQ) or impaired low-
level processing (as indexed by Masked Discrimination).

Next, we sought to determine to what degree Divided
Attention and K each explain individual differences in
broader measures of cognitive ability. We conducted a
series of partial correlations in PSZ to determine the vari-
ance in WASI 1Q that is uniquely explained by Divided
Attention and K individually. A parallel set of analyses
was performed with the MCCB total score. These analy-
ses were conducted only for PSZ. The results for WASI
1Q are illustrated in figure 4. These analyses indicated
that K explained unique variance in both WASI (r =.44,
P =.002) and MCCB (r =.54, P < .001) after controlling
for Divided Attention performance. In contrast, Divided
Attention explained no significant unique variance in
either WASI (r = =22, P=.14) or MCCB (r = —.04, P =
.80) after controlling for K. The same pattern of results
was seen with the MCCB total score as with 1Q. Given
the high correlation between Divided Attention and K,
it appears that a significant portion of the variance in
broad cognitive ability in PSZ (as measured with WASI
or MCCB) can be explained by the overlapping variance
between K and Divided Attention, and a separate por-
tion of this variance is uniquely explained by aspects of
K unrelated to Divided Attention performance.

As seen in table 1, WASI 1Q scores in the HCS group
were above the nominal population mean of 100, rais-
ing the possibility that between-group differences might
be attributed to differences in general intellectual ability.
However, the 1Q difference between groups was fully con-
sistent with the differences seen in a previous meta-analy-
sis.?” To examine 1Q effects, we pair matched PSZ and HCS
who differed by <1 point in IQ. This resulted in groups of
19 PSZ and 19 HCS with mean 1Qs of 109.37 and 109.21,
respectively. These matched groups differed on the Divided
Attention and Divided + Selective Attention subtests (P’s
= .04 and .01, respectively), demonstrating that impair-
ment in PSZ on these subtests cannot be explained by dif-
ferences in 1Q. Notably, the matched groups did not differ
on K, consistent with our correlational evidence indicat-
ing that much of the variance in IQ can be explained by
variance in K. It is also consistent with the correlations
shown in figure 4 indicating that only a portion of the
variance in K is related to Divided Attention.

Clinical Symptoms and Medication

We examined correlations between performance on the
UFOV Divided Attention subtest and clinical symptom
ratings from the Brief Psychiatric Rating Scale and Scale
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KxDA:r=-605, p=.000

Kx WASIIQ: r=.621,p=.000

KxMCCB:r=.657,p=.000
DAxK:r=-605, p=.000

DA xWASIIQ: r=-492, p=.000
DAxMCCB:r=-403,p=.004

L
DA |
;|

(Controlling for MCCB)
DAxK:r=-49 p=.000
DA x WASIIQ:r=-34p=.019
WASIIQxK:r= 288, p=.052

e

(Controlling for DA)
Kx WASIIQ: r = 437, p=.002
KxMCCB:r=.538,p=.000

(Controlling for K)
DAxWASIIQ:r=-222, p=.138
DA xMCCB:r =-.038,p=.800

Fig. 4. Unique and overlapping variance between 1Q, Divided Attention (DA), and K in people with schizophrenia. The figure illustrates
the approximate portions of variance that are unique and which are shared between the 3 measures. The overlap between the measures is

shown in the upper middle box of the K rectangle. IQ and DA do not overlap significantly beyond the variance that is shared between K

and DA. Correlation values involving MATRICS Consensus Cognitive Battery are shown numerically for comparison.

for the Assessment of Negative Symptoms, but no signifi-
cant relationships were observed. Each patient’s medica-
tion dosage (supplementary table 1) was converted to a
chlorpromazine-equivalent dose,? and no significant cor-
relation was observed between Divided Attention perfor-
mance and antipsychotic dose (r = —.25, P > .05).

Discussion

The results of this study demonstrate that the Divided
Attention measure of the UFOV test is dramatically
impaired in PSZ and is strongly correlated with other
measures of cognition, suggesting that it taxes a mecha-
nism that is critical in explaining a portion of the broad
cognitive deficits observed in PSZ. The magnitude of the
Divided Attention impairment is noteworthy (d = 1.33)
because it is larger than most impairments documented
for PSZ in the clinical neuropsychological literature.’
Thus, the relatively simple UFOV Divided Attention
task is at least as sensitive as much more complex clinical
neuropsychological tests.

PSZ exhibited marked impairments in all UFOV sub-
tests. The impairment in the Masked Discrimination sub-
test likely reflects impairments in backward masking, as
expected in PSZ.?3° The impairment in PSZ was substan-
tially larger for the Divided Attention subtest than for the
Masked Discrimination subtest. Remarkably, the mean
PSZ threshold was approximately 5 times greater than the
HCS threshold in the Divided Attention subtest, despite
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floor effects in HCS. Moreover, the PSZ thresholds in
the Divided Attention task were beyond the time range
in which conventional masking influences performance.
Thus, PSZ exhibited a profound impairment in the abil-
ity to divide attention between the central and periph-
eral targets. This is consistent with previous evidence
for impairment in the ability of PSZ to divide attention
among multiple objects or a broad region in space.'”
Additional research is necessary to determine the pre-
cise factors that lead to impaired performance in PSZ on
the Divided Attention subtest. There are at least 3 possi-
bilities. First, PSZ may be impaired in processing 2 differ-
ent sources of information at the same time, irrespective
of their spatial locations. By this account, the fact that
the UFOV task involves a central and a peripheral tar-
get would be irrelevant to the impairment, and we would
expect a similar impairment for any task that involved
simultaneously processing 2 targets, regardless of loca-
tion. This would be consistent with the finding that
PSZ exhibit an exaggerated attentional blink,*-** which
involves discriminating 2 successive targets at a single
location. Second, PSZ may be impaired in spreading
attention over a broad region of space. By this account,
the fact that the Divided Attention task involved 2 simul-
taneous targets is irrelevant to the impairment in PSZ,
and we would expect a similar impairment for a task
that involved a single target that could appear anywhere
within a large region of space. This account is consistent
with the finding that PSZ are disproportionately impaired
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in some visuospatial cuing experiments'?® when required
to spread attention broadly. Third, PSZ may tend to favor
the region around fixation, giving this region greater
weight than peripheral locations. Consistent with this
explanation are experiments suggesting a narrowed visual
span in PSZ,>3 and experiments showing that PSZ make
an unusually large number of hypometric saccades when
attempting to fixate a peripheral target during a prosac-
cade task.*3¢ The latter can be explained by a greater
weighting of the fixation point relative to the peripheral
target. Inconsistent with this last explanation is the find-
ing that PSZ are unimpaired or even more efficient than
HCS in covertly (ie, while continuing to fixate the center)
shifting attention to a predicted peripheral target loca-
tion.!?¢ These 3 possibilities are not mutually exclusive.

Previous studies have suggested that PSZ have a deficit
in distributing attention broadly but do not have a defi-
cit in filtering irrelevant information.!3” This study brings
these 2 lines of evidence together, showing both a dra-
matic deficit in distributing attention broadly and a lack
of an additional filtering deficit.

Performance in the Divided Attention task correlated
robustly with K and broader measures of cognition that
do not ostensibly involve visuospatial attention. These
correlations were observed only in PSZ. Note, our fail-
ure to observe correlations between UFOV and K in con-
trols does not contradict evidence that the operation of
selective attention during WM encoding is an important
source of normal individual differences®®*: the UFOV
assesses a different aspect of attention. Thus, the UFOV
deficit appears to index impairment in a specific process
that impacts multiple cognitive operations, solely in PSZ.
This is consistent with our previous event-related potential
results® indicating that the factors that produce reduced
WM capacity in PSZ are not the same as the factors that
explain individual differences in capacity among healthy
individuals.’®* The WM and UFOV impairments in PSZ
do not reflect a sensory impairment or a generalized defi-
cit because the correlation between Divided Attention and
K remained strong when Masked Discrimination perfor-
mance, 1Q, or the MCCB composite score were partialled
out. The impairment on the UFOV cannot be explained
by the unusually high IQ of the HCS because the differ-
ence in 1Q between PSZ and HCS was quite typical®’ and
because the deficit remained in IQ-matched subsamples.

It is not intuitively obvious why the ability to divide
or spread spatial attention should display such a close
relationship to broader neuropsychological measures.
We speculate that impairments in the Divided Attention
subtest, and in part also reduced WM capacity, reflect an
underlying abnormality in the dynamics of local corti-
cal circuits in PSZ. Briefly, we propose that an imbal-
ance between excitatory and inhibitory function tends
to cause exaggerated local inhibition and an increase in
winner-take-all processing.®#*#* This winner-take-all pro-
cessing mode is suggested to cause a “hyperfocusing” of
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resources onto a small number of locations or objects,
whether they are currently visible (as in the Divided
Attention subtest) or being held in memory (as in our
WM task). When applied to external representations, the
tendency to hyperfocus may lead to deficits in dividing
attention among multiple targets or spreading attention
among multiple locations or a broad area in space. When
hyperfocusing is applied to internal representations,
this would lead to a reduction in the number of items,
rules, or response alternatives that can be simultaneously
active, which could compromise more complex cognitive
operations.

The above-mentioned hypothesis could explain the
present finding of impaired performance and shared vari-
ance among the Divided Attention subtest, WM capacity
estimates, and the WASI and MCCB measures of broad
cognitive function. It is also consistent with the results
of other tasks in which hyperfocusing on 1 source of
information may be deleterious to performance for other
sources of information, such as the attentional blink para-
digm?-*and some spatial cuing paradigms."?* Additional
tasks have found PSZ to be actually more efficient than
HCS at limiting their memory content to task-relevant
material and eliminating no-longer relevant information
from storage,’ as well as having stronger delay-period
activity than HCS when maintaining a single object and
filtering out another, even in subsets of PSZ and HCS
with equivalent overall WM capacity.® Thus, multiple
sources of evidence are converging on the theory that
many aspects of impaired cognitive performance in PSZ
may reflect an underlying hyperfocusing mechanism.

In the partial correlations, we saw that controlling
for K strongly attenuated the relationship between the
Divided Attention subtest and the WASI or MCCB.
Thus, the variance in Divided Attention performance
that overlaps with K is critical in explaining WASI and
MCCB scores. However, there was also shared variance
between K and the broader measures of cognition that
was independent of Divided Attention. In other words,
the Divided Attention subtest can explain some portions
of the shared variance between K and broad function-
ing while sharing little to no relation with other aspects
of K also related to broad functioning in PSZ. However,
a large portion of variance in K that is associated with
broader functioning can be explained by processes shared
with Divided Attention.

Limitations

Our conclusions need to be balanced by acknowledging
some limitations. The present results cannot tell us whether
the deficits observed in the Divided Attention subtest
reflect a problem in dividing attention between multiple
objects/locations or in distributing attention broadly in
space. New experimental paradigms will be needed to
distinguish between these possibilities. Further, some of
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our suggestions are based on correlational evidence and
comparisons with past experiments. Such evidence cannot
prove causality, and we are currently pursuing experimen-
tal approaches to directly test the hypothesis that hyperfo-
cusing impacts both attention and WM in schizophrenia.

Supplementary Material

Supplementary material is available at http://schizophre
niabulletin.oxfordjournals.org.
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