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Background: Patients with schizophrenia are known to be impaired in masking tasks, but the mechanisms underlying their deficits are still
elusive. Our study was intended to examine attentional effects, which have a known impact on masking in healthy volunteers but have only
rarely been explored in relation to masking in patients.

Methods: We compared focused versus divided attention in 18 control subjects and 18 patients using forward and backward masking
tasks. In the conventional masking task, subjects had to locate one target among four possible locations. Presentation of one target allows
attention to be focused, in contrast with the divided attention task in which two targets were presented either in the same hemifield or
different hemifields.

Results: Our results reproduce patients’ deficits in forward and backward masking tasks but only when one target is presented. We show
that control subjects benefit from focused attention, much more so than patients. Furthermore, patients’ performance is identical to that of
control subjects in backward masking when targets are presented across hemifields. This performance equalization was checked to ensure
it was not due solely to the redundancy of signals (two vs. one). We achieved this by comparing performance when two targets were
presented in the same vs. across hemifields, the latter yielding a greater redundancy gain.

Conclusions: From the results, it is unlikely that redundancy can account for the whole pattern of results, which suggest instead that
attention deficits play a role in backward masking impairments in patients.
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P atients with schizophrenia consistently display deficits in vi-
sual masking tasks (1– 4). This particular deficit is related nei-
ther to intellectual deterioration (5) nor to neuroleptics (6,7).

Several authors have proposed that it reflects vulnerability to
schizophrenia (8,9) and has an impact on social outcome (10). These
results suggest it reveals a key impairment in patients, hence the
need to gain a better understanding of its underlying mechanisms
and significance. The role of attention has been shown repeatedly
in respect of backward masking (11), and attention impairments
have been widely described in patients with schizophrenia (12,13).
However, the impact of attention on masking paradigms has rarely
been explored in patients. In our study, we wished to determine the
extent to which patients with schizophrenia were still impaired
when their attention could not be focused on a single target, and
we controlled for a possible confounding factor, the redundancy
gain.

In visual masking paradigms, a target (usually a letter or symbol)
is presented briefly in quick succession with a mask. The subject is
instructed to identify or localize the target, the visibility of which is
lessened by the mask. The mask is displayed either before or after
the target (forward or backward masking tasks). Mask and target are
separated by a stimulus onset asynchrony (SOA), the duration of
which is manipulated. Patients with schizophrenia need larger
asynchronies between target and mask to reach a performance
level equivalent to control subjects (1– 4). Mechanisms that are

proposed as an explanation for the impairment in patients are
derived from theories that account for masking in healthy volun-
teers. Masking is a phenomenon traditionally attributed to interac-
tions between neural visual channels known as “transient” and
“sustained” channels (14 –18). The transient channel responds to
stimulation quickly and briefly and conveys information of low
spatial and high temporal frequency, that is, transient and global
information. In contrast, the sustained channel responds more
slowly and to high spatial frequencies and underlies stimulus iden-
tification and fine-scale analysis. These systems correspond, respec-
tively, to the magnocellular and parvocellular visual pathways and
interact in complex ways, depending on the type of masking pro-
cedure. Backward masking in healthy volunteers is usually believed
to involve both integration and interruption mechanisms. Integra-
tion is defined as a fusion between the target and the mask relying
on the integration of the sustained activities elicited by both stim-
uli, and it occurs primarily at short SOAs (maximal between 0 and 30
msec). Interruption, on the other hand, is believed to occur at lon-
ger SOAs (maximal between 50 to 100 msec), when the transient
information conveyed by the mask “interrupts” the sustained pro-
cessing of the target, thus reducing its visibility (11,14).

On this basis, several hypotheses, not mutually exclusive, have
been proposed to explain schizophrenia patients’ impairments in
backward masking. One influential hypothesis, based on studies
that evaluated the detection of low versus high spatial frequency
information, suggests a deficit at the level of the transient channel
(6,19), which, if impaired, would mean target processing would not
be interrupted as efficiently. Consequently, the first stimulus would
persist longer and would be merged with the mask via integration
mechanisms (20). However, this hypothesis alone may not be
enough to explain the entire pattern of deficits observed in patients
during masking tasks. Rassovsky et al. (21) used meta- and paracon-
trast to show that masking deficits are still observed in patients
even when the mask location does not overlap with the target
location, such that mask and target cannot be fused in space. Effects
observed in metacontrast and paracontrast are explained by “ob-
ject substitution,” which might also account for the deficits ob-
served in patients. It is a theory based on common views of visual
perception, in which object identification requires not only feedfor-
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ward processing but also feedback connections to overcome any
ambiguity between the different interpretations that may be de-
rived from the initial feedforward processing (22). With masking,
both the target and the mask would elicit feedforward and feed-
back processing in turn. However, the target and the mask are
presented in close spatiotemporal proximity. This means a possible
mismatch between feedforward and feedback processing. For ex-
ample, in backward masking, when the target has disappeared and
the mask is displayed, the feedforward processing would corre-
spond to the mask, whereas the feedback would correspond to the
target. It would lead to the target being substituted by the mask,
before all ambiguities about the target have been overcome. It
might account for patients’ deficits if the target processing is too
weak or the mask too strong. However, like the hypothesis with
respect to excessive integration, this theory must also account for
results in implicit tasks that show patients are very sensitive to short
duration information, even when efficiently masked. Herzog et al.
(23) explored the incidental influence of short-duration stimuli on
performance in a masking task. They used a 20-msec prime and
found that patients were as sensitive to such short-duration stimuli
as control subjects. Del Cul et al. (24) also showed that the implicit
processing of the target was preserved. On the whole, the results of
the latter studies show the typical increase in backward masking in
patients, which, however, does not seem to be systematically asso-
ciated with the target and the mask fusing at an early level of
processing and still allows the target to be processed efficiently.

As proposed in several models (25), attention is important for
enabling information to reach consciousness. Furthermore, the lat-
est “object-substitution” theory stresses the importance of feed-
back connections that may be reinforced through attention. In fact,
studies on object substitution have been particularly helpful in
highlighting how attention influences metacontrast (26,27) and
even backward masking (28). In addition, attention effects have
frequently been described in patients with schizophrenia (29 –31),
especially with respect to visual perception (13,32), although few
studies have confirmed its role in masking deficits in patients with
schizophrenia. Granholm et al. (33) assessed how attentional re-
sources are allocated during backward masking tasks by measuring
pupil dilation. They suggested that patients either failed to allocate
sufficient resources or that they mistakenly allocated them toward
the mask instead of the target. This would be consistent with the
literature suggesting selection control deficits (34). Rassovsky et al.
(35) manipulated attention by warning subjects before a subset of
trials that they would receive a monetary reward for a good re-
sponse. Although this manipulation improved patient perfor-
mance, the effect was fairly modest. In all experiments, patients
remained impaired in relation to control subjects in all conditions.
The hypothesis that attention influences backward masking in pa-
tients warrants further examination. We made no attempt in our
study to improve masking performance by manipulating attention
or to measure attention alongside the masking task. Rather, we
tried to minimize the impact of attention in the masking procedure
to see whether the performance of patients and control subjects
would then be equated. We reasoned that attention allocation
should be efficient, at least in healthy control subjects, when fo-
cused on a single target but not when divided between two loca-
tions. If attention has a role to play in the masking deficit found in
patients, their performance should be more similar to that of con-
trol subjects when attention is divided. We therefore checked the
impact of attention by comparing performance when attention is
focused on a single target versus when it is divided between two
targets. In the divided-attention condition, two targets were pre-
sented, which means a possible redundancy gain in which detec-

tion is facilitated by comparison of two identical stimuli with a
single one (36,37). Despite this, attention focalization predicted
better performance when there was only one target. We predicted
less attention focalization efficiency in patients, with similar perfor-
mance for one versus two targets. However, another explanation
for this could be an effect on the redundancy gain, and we wanted
to determine whether this gain was affected in patients. Our ap-
proach was based on recent studies suggesting that the redun-
dancy gain might be affected in a paradoxical way in presentation
across hemifields. Indeed, several studies have demonstrated that
the redundancy gain is greater in detection tasks when signals are
displayed across hemispheres than when the same number of sig-
nals is displayed within hemifields (38,39). Underlying this at least in
part is the fact that bilateral stimuli activate both hemispheres in
parallel: bilateral activation would help detection and motor re-
sponse more than unilateral activation (38). This means that in
addition to the redundancy gain due to the presentation of two
targets instead of only one, the presentation of the two targets in
different hemifields should result in even further detection facilita-
tion (38, 39). This effect might be paradoxically enlarged in patients
with schizophrenia because of interhemispheric transfer distur-
bances. When interhemispheric transfer is disturbed, as in cases of
commissurotomy or callosal agenesis (40,41), redundancy gain is
increased. This is also the case in schizophrenia (42).

This might have a number of implications for the masking para-
digm because in the typical paradigm, the mask includes informa-
tion displayed in both hemifields, implying the activation of both
hemispheres. If the redundancy gain was increased in patients, it
would mean a higher impact for the mask in patients than in control
subjects. However, the presentation of two rather than one target
should help patients more than control subjects. This should be
especially when the two targets are presented in different hemi-
fields. To confirm this, we contrasted a condition in which both
targets are presented in the same hemifield with one in which they
are displayed in different hemifields. If the redundancy gain is
higher in patients than control subjects and accounts for perfor-
mance variations across tasks, patients’ performance should im-
prove more than that of control subjects when targets are pre-
sented across hemifields rather than within the same hemifield.

Our predictions were as follows. First, in healthy control sub-
jects, the possibility of focusing attention in the single target pre-
sentation should lead to better performance than when there are
two targets. Focused attention may help to amplify the signal con-
veyed by the target, thus helping to avoid substitution or interrup-
tion of target processing by the mask. Inasmuch as these effects
have been observed mainly in metacontrast and backward mask-
ing, we expected them to be less pronounced in forward masking
(11,28). If patients have difficulty related to focused attention, the
advantage of having a single target should be lessened, especially
with backward masking. Furthermore, by comparing performance
as a function of within-hemifield and between-hemifield presenta-
tion, we were also able to check the advantage provided by the
redundancy of signals across hemifields and to establish whether
there was a differential effect of mask and target redundancy be-
tween groups. If patients benefit from an increased redundancy
effect, their performance should improve more than that of con-
trols when targets are presented in different hemifields as opposed
to the same hemifield. This should be true in both backward and
forward masking.

Methods and Materials

Demographic characteristics of the 18 patients and 18 control
subjects are displayed Table 1. It should be noted that the patients’
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