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ABSTRACT

Analysis of the pattern of altered cognition observed
in schizophrenia provides better insight into neuro-
cognitive deficits. It reveals a potential novel target
for schizophrenia research. To under stand this target
we reviewed the findings of neuroimaging studies on
implicit (nonconscious) memory. These studies have
consistently reported attenuated activity in the area
V3A of the extrastriate cortex during retrieval of
studied items. It was suggested that the attenuation
limits the pool of information available for further
cognitive processing. Therefore, if V3A isfunctionally
damaged, individuals will have accessto a larger pool
of information for cognitive processing. Since cogni-
tive tasks that are not dependent on attention (atten-
tion independent) process a larger pool of informa-
tion more efficiently, performance in these tasks is
likely to improve after V3A is damaged. Conversely,
tasks that are dependent on attentional resources are
more efficient in processing smaller pool of informa-
tion. Performance in these tasks therefore is expected
to deteriorate if a large pool of information is made
available following V3A damage. A review of cogni-
tive performance in schizophrenia suggests that pa-
tients perform at above normal level in attention in-
dependent priming tasks and perform at subnormal
level in attention dependent episodic and working
memory tasks. These findings indicate possible im-
pairment of V3A activity. It could therefore be a po-
tentially important unstudied target for schizophre-
nia research, particularly because a number of inves-
tigators have reported that the activity in thisarea is
altered in schizophrenia.
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1. INTRODUCTION

It is unclear whether a single cognitive, functional, or
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structural deficit accounts for symptoms of schizophrenia
but cognitive and neuroimaging studies have suggested a
number of possible targets. Cognitive studies have con-
sistently reported that schizophrenic patients perform
poorly in explicit memory tasks that require conscious
processing. They are impaired in a variety of episodic
and working memory tasks [1,2]. Additiona deficits in
language functions, visuospatial tasks, executive function,
social cognition and motor skills have also been reported
[2]. All of these tasks require non-automatic conscious
cognitive processing which requires attentional resources.
Interestingly, schizophrenic patients show little or no
deficit in automatic nonconscious cognitive tasks that do
not require attention for processing. In some of these
tasks they actually perform better than healthy individu-
as. Thus, above normal performance is reported in a
variety of nonconscious tasks that have used word stem
completion [3], masked repetition [4] or some forms of
semantic priming [5-11] paradigms. In a number of other
nonconscious cognitive tasks schizophrenic patients do
not show impaired performance. These tasks include
subliminal priming [12], word fragment completion,
word production [13], and finite state grammar [14]
tasks.

2. DISCUSSION

The reason for better than normal or impaired perform-
ance in different cognitive tasks is not known but It was
suggested that schizophrenic patients show higher level
of priming due to exaggerated automatic processing [10].
Impaired performance in conscious cognitive tasks is
thought to be due to deficient attentional control [15].
These suggestions are incorporated in the attentiona
sensitization model [16], which suggests that the top-
down control over nonconscious cognition is attenuated
in schizophrenia because of dysfunctiona frontal circuits.
The loss of frontal control makes automatic processes
(nonconscious cognition) unfocussed and exaggerated.
Further, the model suggests that the impairment of ex-
plicit cognitive processes is due to damage to the neural
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circuits that control attention. The model explains the
neurocognitive deficits but lacks specificity, Further it is
inconsistent with the data obtained in recent experiments.
These data suggest that the attentional system is not sig-
nificantly impaired in schizophrenia and that in some
tasks of attention these patients show performance at the
above normal level [17].

There is therefore a need for an aternate explanation
for the atered levels of performance observed in differ-
ent cognitive tasks in schizophrenic patients. This expla-
nation may come from neuroimaging studies on priming.
These studies have consistently found attenuated activity
in the extrastriate cortex during nonconscious retrieval of
incidentally encoded stimuli [18-25]. In a series of
neuroimaging experiments we found that the attenuation
is located in a small extrastriate area caled V3A [21,
23,26-28]. Thisis a unique area because even though it is
located in the visual cortex (close to the parieto-oc-
cipito-temporal junction), it receives input from all sen-
sory modalities and its morphological and neurochemical
characteristics are different from those of the other visual
processing areas [29]. Moreover, attenuated activity in
this area is observed in priming experiments that have
used either visua or auditory stimuli [23]. It was ob-
served also in cross modal priming experiments [20,22]
in which the prime and target stimuli are presented in
different sensory modalities (auditory to visual, or visual
to auditory).

Under certain conditions attenuated activity in the area
V3A is observed aso in the memory tasks that involve
conscious (explicit) retrieval of studied stimuli [21,26].
But this attenuation has a different temporal attribute.
During conscious retrieval V3A activity is attenuated for
600 msec (after stimulus presentation) but it lasts only
200 msec during nonconscious retrieval [24,27]. Thus,
there is an additional attenuation of 400 msec (late at-
tenuation; between 200 and 600 msec) in the conscious
condition. Interestingly, this late attenuation has temporal
coincidence with increased activation in the frontal cor-
tex. Since the difference between the conscious and
nonconscious conditions is awareness of retrieval, it was
suggested that the late attenuation of the V3A activity
and increased frontal activity are associated with con-
scious awareness. Further, coincidence of the timeline
indicates that a feedback loop between the V3A and
frontal cortex is activated during the processing that
leads to conscious awareness of retrieved information
[26-28,30].

Based on these observations it was suggested that in
experiments of explicit or conscious memory, a stimulus
is initially retrieved nonconsciously [27]. It then under-
goes a second level of processing which brings the non-
consciously retrieved stimulus to conscious awareness.
This processing involves activation of the V3A-fronta
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feedback loop. Further, because attenuation of the V3A
activity is the only significant neural event during non-
conscious retrieval, it was suggested that the attenuation
facilitates retrieval of only a small number of relevant
information by inhibiting irrelevant information [27].
The V3A therefore effectively functions as a gatekeeper,
which allows release of only selected information during
memory processing. As mentioned above, the released
information remains outside the conscious awareness
until a second level of processing is initiated. This proc-
essing leads to awareness of the retrieved information,
and is associated with additional attenuation of the V3A
activity [for 400 msec] and activation of the V3A-frontal
loop which in turn activates the frontal cortex (for dis-
cussion see [27]).

Since V3A plays an important role in release of infor-
mation for memory processing, a functional damage to
this area should affect the processing. Depending on the
nature of damage it could either lead to release of too
little or too much information for processing. However, it
is more likely to release too much of information because
adysfunctional V3A should be ineffective in limiting the
pool of information released for memory processing. It
should therefore release a larger pool. A large pool could
enhance task performance in memory experiments by
providing more options to choose from, or it could im-
pair the performance by increasing response conflicts
and processing time. Thus, depending on how the infor-
mation is processed, it could either improve or impair the
performance in a cognitive task.

In this context it is important to consider two forms of
cognitive processing: attention dependent and attention
independent [31]. Conscious or explicit cognitive proc-
essing is generally attention dependent and nonconscious
or implicit processing is mostly attention independent.
However, depending on the design some nonconscious
tasks (particularly those involving semantic priming) are
processed using the attention dependent system [31,32].
Attention dependent and independent tasks are processed
by separate neural networks that use different strategies,
which are effective under different conditions [33]. It
was recently demonstrated that the attention independent
(nonconscious) system is more efficient when a large
number of variables are involved in the processing. On
the other hand the attention dependent (conscious) sys-
tem is more efficient in processing a smaller number of
variables [34]. It appears that the attention dependent
system cannot process a large pool of information be-
cause of capacity limitation [35]. The attention inde-
pendent system has no capacity limitation and it can
process any number of information. Thus, a larger pool
of information should improve attention independent
tasks and impair performance in tasks that are attention
dependent.
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In schizophrenia patients perform better in attention
independent tasks. Thus, better than norma levels of
performance is reported in word stem completion [3] and
masked repetition priming tasks [4]. Conversely, they
perform at subnormal level in attention dependent epi-
sodic and working memory tasks [1,2]. Superiority of the
attention independent system in schizophrenia is best
demonstrated in their performance in semantic priming
experiments [36]. In these experiments depending on the
design they perform at supra-normal [5-11], normal [37,
38], or subnormal [39] levels. The reason for the vari-
ability in the level of performance is unclear but a
change in stimulus onset asynchrony (SOA) makes a
significant difference in their performance. In short-SOA
experiments they perform better than healthy volunteers.
The performance deteriorates as SOA increases and at
>950 msec they perform at subnormal level [7,37]. Con-
sistent with this observation, experiments that have re-
ported better than normal priming in schizophrenia have
used short SOAs of <300 msec [10,11,40] and studies
with SOAs 950 msec or more have reported subnormal
performance [37,40,41]. These observations are impor-
tant because attentional resources are not activated unless
SOA exceeds 500 msec [42,43]. It is therefore assumed
that attention plays a greater role in long-SOA experi-
ments and the processing in short-SOA experiments
predominantly uses the attention independent system.

Thus, better than norma level of performance in
short-SOA experiments suggests that patients with schi-
zophrenia have access to a larger pool of information
than healthy volunteers because the attention independ-
ent system (used in short-SOA experiments) is more effi-
cient in processing large number of variables. In these
experiments both patients and normal individuals use the
attention independent system but healthy volunteers can
access only a limited pool of information. Subnormal
performance of schizophrenic patients in long-SOA ex-
periments also indicates access to a larger pool of infor-
mation. Since these experiments use the attention de-
pendent system (which is sensitive to information over-
load), the performance deteriorates as the pool of infor-
mation available for processing increases [34]. Impaired
attention reported by a number of investigators in
schizophrenia [17,44,45] could also be partly responsible
for impairment of attention dependent tasks but recent
observations suggest that aspects of the attentional sys-
tem are enhanced in schizophrenia [46]. Therefore, defi-
cient attention may not be the only reason for impaired
performance in these tasks.

Thus, better performance in short-SOA and impaired
performance in long-SOA experiments of semantic prim-
ing suggest that schizophrenic patients may have access
to a larger pool of information for memory processing.
Since area V3A controls the amount of information re-
leased for cognitive processing, it is possible that this
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area is functionally damaged in schizophrenia. As dis-
cussed above, a damaged V3A would allow access to a
larger pool of information for processing.

Thus, cognitive data are consistent with a dysfunc-
tional V3A in schizophrenia. The damaged V3A and
subsequent information overflow explains not only al-
tered cognitive processing but also some of the clinica
symptoms. For example, disorganized thought and be-
havior of schizophrenic patients could be due to unre-
solved cognitive conflicts caused by information over-
load. Because the attention dependent system cannot
process excessive information [34], it is possible that in
schizophrenia most of the excess information remains
either unprocessed or incompletely processed. Misattri-
bution and source confusion due to incomplete process-
ing could lead to cognitive conflicts, delusions, and even
hallucinations [47].

3. CONCLUSIONS

It therefore appears that a functionally damaged area
V3A could dicit cognitive and behavioral symptoms of
schizophrenia. Since structural changes in this area have
not been reported in schizophrenia, the damage could be
functional. It is possible that the V3A becomes function-
ally damaged because of structural changes in neighbor-
ing brain regions such as medial and superior temporal
gyri [48-50]. Irrespective of the cause, functional damage
to the

V3A has been reported in schizophrenia by a number
of investigators who have studied visual and attentional
processing [51-53]. This evidence aong with the finding
that the V3A is particularly vulnerable to genetic and
environmental factors that affect maturation and devel-
opment [54], suggests that dysfunctional V3A is respon-
sible for at least some of the symptoms of schizophrenia.

Because of dysfunctional V3A, schizophrenic patients
have access to excessive amount of information during
cognitive processing. It results in better than normal lev-
els of performance in attention independent cognitive
tasks and impairment of limited capacity attention de-
pendent tasks. This area could therefore be an important
unstudied target of schizophreniaresearch.
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