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Abstract It has been hypothesized that impaired task-
switching underlies some of the behavioural deficits in
schizophrenia. However, task-switching involves many
cognitive operations. In this study our goal was to isolate
the effects on latency and accuracy that can be attributed to
specific task-switch processes, by studying the inter-trial
effects in blocks of randomly mixed prosaccades and anti-
saccades. By varying the preparatory interval between an
instructional cue and the target, we assessed the costs of
both (1) an active reconfiguration process that was
triggered by the cue, and (2) passive carry-over effects
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persisting from the prior trial. We tested 15 schizophrenic
subjects and 14 matched controls. A very short preparatory
interval increased error rates and saccadic latencies in both
groups, but more so in schizophrenia, suggesting difficulty
in rapidly activating saccadic goals. However, the contrast
between repeated and switched trials showed that the costs
of task switching in schizophrenia were not significantly
different from the controls, at either short or long prepara-
tory intervals, for both antisaccades and prosaccades. These
results confirm prior observations that passive carry-over
effects are normal in schizophrenia, and show that active
reconfiguration is also normal in this disorder. Thus prob-
lems with executive control in schizophrenia may not affect
specific task-switching operations.

Keywords Task switch - Schizophrenia - Antisaccades -
Reconfiguration - Executive function

Introduction

Executive functions are cognitive control operations that
allow flexible rather than reflexive responses to events.
They are thought to rely on prefrontal cortex (Stuss et al.
1995). In schizophrenia, deficient executive function pre-
dicts poor functional outcome (Green et al. 2000) and is
reflected in behavior that is perseverative and stereotyped,
stimulus-bound rather than guided by context.

Task switching, the process of shifting from one task or
one aspect of a task to another in the face of changing envi-
ronmental contingencies, is considered to be an executive
function. Task switching, however, has many dimensions.
For one, the nature of the switch can involve different cog-
nitive processes in the linkage between stimuli and
responses. This is evident in the range of tasks used to
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assess task switching. In some studies, one must switch
between attending to one stimulus and another—i.e. when
presented with a letter and a number, such as G7, respond-
ing to the letter versus the number (Sohn and Anderson
2001). In others the switch is between one aspect of the
stimulus and another—i.e. with Stroop stimuli, responding
to the ink colour versus the letter form (Wylie and Allport
2000). One can also switch the modality of the response—
i.e. manual versus eye movement. Yet other studies use the
same stimuli and the same response modality but change
stimulus-response mappings—that is, the task-set rules that
state which response to make to a stimulus (i.e., given the
same stimulus, press button one versus button two [Shaffer
1965; Meiran 2000)]. Whether the effects of switching are
equivalent at all levels of processing between the stimulus
and the response remains to be determined.

Yet another aspect of the multi-dimensional nature of
task-switching is revealed when studies manipulate task
parameters, particularly those involving timing. These sug-
gest that there are probably multiple cognitive processes
involved in task switching. One hypothesized process is an
active reconfiguration that switches the system from one
task to another. At least part of this reconfiguration can be
done in advance of a target, if prompted by an instructional
cue that precedes the target by a sufficient interval. This
active preparatory switching has been labeled “advance
reconfiguration” (Rogers and Monsell 1995; Monsell et al.
2000). Another hypothesized group of processes is “pas-
sive” inhibitory influences left over and decaying relatively
slowly from the previous trial. An example is “task-set
inertia”, which proposes that activation of one task-set also
generates an inhibition of the competing task-set that per-
sists into following trials (Allport et al. 1994).

Recent studies have manipulated timing parameters in
task switch experiments to isolate the effects of active
reconfiguration and passive inhibition on performance.
First, if active reconfiguration can be triggered by an
instructional cue in advance of the target, then its effects on
performance will vary as a function of the interval between
the cue and the target. If there is no advance warning,
because the cue occurs simultaneous with the target, the
time costs of reconfiguration will be included in the latency
of the response to the target. With sufficiently long time, of
more than 600 ms (Allport et al. 1994; Rogers and Monsell
1995; Weber 1995), reconfiguration may be completed in
advance of the target, so that its effects are no longer refl-
ected in latency measures. Second, varying the interval
between the prior response and the current trial’s target can
reveal inhibitory effects from the prior task. Because these
decay with time, inhibitory effects are strongest when the
next response occurs shortly after the prior response. By
varying either the cue-to-target or prior-response-to-target
interval while holding the other interval constant, a study
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produced evidence for both active reconfiguration and pas-
sive inhibitory effects (Meiran 2000).

These newly revealed complexities in task-switching
prompt re-consideration of the status of this function in
conditions such as schizophrenia. Based on observations of
perseverative behavior (Sandson and Albert 1984; Crider
1997) and performance on standard neuropsychological
instruments such as the Wisconsin Card Sort Test (Braff
etal. 1991; Perry and Braff 1998), subjects with schizo-
phrenia are often presumed to have task-switching deficits.
However, tasks such as the Wisconsin Card Sort Test
require multiple cognitive processes, and failure is as likely
to reflect defects in sustained attention, concept formation,
or working memory, as impaired to task switching (Cohen
and Servan-Schreiber 1992; Sullivan et al. 1993; Gold et al.
1997; Smith et al. 1998). Moreover, the presence of a task-
switching deficit has not been well established empirically,
with reports of both defective (Elliott et al. 1995; Smith
et al. 1998) and normal (Cools et al. 2000) task-switching.

Two studies have used more recently developed proto-
cols in attempts to more specifically isolate task-switching
functions in schizophrenia. One examined the switching of
stimulus-response mappings between visual stimuli and
manual keypresses (Meiran et al. 2000b) and found that the
proportional increase of latency induced by switching was
similar in schizophrenic and control subjects. The conclu-
sion was that the slower and less accurate performance of
schizophrenic subjects reflected “poor memory for task
context information”, not dysfunctional task-switching.
The second report (Manoach et al. 2002) studied ocular
motor stimulus-response re-mappings, as subjects switched
between prosaccades (gaze shifts towards a suddenly
appearing target) and antisaccades (gaze shifts away from
the target that require inhibition of prosaccades and genera-
tion of the novel behavior of looking away). While the data
reproduced the well-known difficulty of schizophrenic sub-
jects with antisaccade execution (Reuter and Kathmann
2004; Hutton and Ettinger 2006), the effects of task-switch-
ing on latency and accuracy did not differ between schizo-
phrenic and control subjects, again suggesting that
schizophrenic subjects did not have a task-switch deficit.

Because this last study (Manoach et al. 2002) used long
cue-to-target intervals of 1,850-2,150 ms, it is likely that
any cue-triggered active reconfiguration of the saccadic
system had been completed before the stimulus appeared.
Therefore the latency and accuracy costs incurred by task-
switching in this study likely reflected passive carry-over
effects from the prior trial. While the study established that
these passive carry-over effects are of similar magnitude in
schizophrenic and control subjects, it left open the possibil-
ity that schizophrenic subjects may have abnormal active
(advance) reconfiguration processes. To address this possi-
bility, the present study contrasted performance with a short
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cue-to-target interval against that with a long cue-to-target
interval. Our hypothesis was that, if schizophrenic subjects
have a defect in active reconfiguration, the latency and error
rates of switched trials will be elevated when these are per-
formed with short cue-to-target intervals that provide little
time for advance preparation.

Methods
Subjects

We recruited 17 schizophrenic outpatients. Diagnoses were
confirmed with the Structured Clinical Interviews for
DSM-1V, and all subjects had been maintained on stable
dose of antipsychotic medication for a minimum of
6 weeks. We recruited 16 healthy subjects from the com-
munity using poster advertisements. Potential control sub-
jects were interviewed using the screening portion of the
Structured Clinical Interview for DSM-IV Axis I Disorders,
Research Version, Patient Edition (First et al. 1997) to rule
out any history of psychiatric illness and substance abuse or
dependence within the preceding 6 months. A brief medical
history was taken to exclude subjects with any independent
condition that might affect brain function. Two schizo-
phrenic subjects and two control subjects did not complete
the entire protocol, leaving us with final sample sizes of 15
schizophrenic and 14 control subjects. These two groups
were matched for age, gender, handedness as assessed with
the modified Edinburgh handedness inventory (White and
Ashton 1976), and parental socioeconomic status as deter-
mined by the Hollingshead index (Hollingshead 1965)
(Table 1). Control subjects had significantly more years of
education and higher verbal intelligence quotient estimates,
based on a test of single word reading, the American
National Adult Reading Test (Blair and Spreen 1989). The
committees on clinical investigations at the Beth Israel
Deaconess Medical Center and the Massachusetts Depart-
ment of Mental Health approved the study and all subjects

Table 1 Demographic data

Schizophrenia Control
Age 459 4.2 414 8.9
Gender 3F/12M 4F/10M
Education (years) 11.7 2.4 16.9 4.8
Parental SES 34.8 13.7 41.8 13.5
Social class 3.08 1.19 2.57 1.16
Verbal IQ 92.9 9.8 109.0 8.0
Edinburgh handedness® 84.6 234 86.2 15.6
Age at onset 22.9 6.1 - -

# Excluding one left handed schizophrenic subject

gave written informed consent after the study was thor-
oughly explained.

Apparatus and eye movement protocol

We recorded eye movements with a magnetic search coil
technique. A scleral coil was placed in the subject’s left
eye, though the subject was permitted to view the stimulus
binocularly. Images were programmed on a Power Macin-
tosh 9600/233 in C++ using the Vision Shell platform
(http://www .kagi.com/visionshell). These were projected
onto a screen 81 cm from the subject. Participants’ heads
were secured in a chin rest. Eye position was digitized at
500 samples/s. Before the test session the system was cali-
brated for each subject by having the subject successively
fixate on nine targets in a grid spanning 50°, averaging 12
data points for each of the nine locations, and submitting
the data to a regression analysis to obtain the best linear fit.
Eye velocity was derived from eye position by a five-point
central difference algorithm (Bahill and McDonald 1983).

We presented blocks of 48 trials, with prosaccade trials
and antisaccade trials in a randomized order. The duration
of the cue-to-target interval varied between blocks. Half of
the blocks contained a 200 ms delay between the cue and
the target presentation, while the other half contained a
2,000 ms cue-to-target interval. Eight blocks were pre-
sented in a counterbalanced order, half of the subjects
starting with four 200 ms cue-to-target interval blocks and
half with four 2,000 ms cue-to-target interval blocks. The
short and long delay blocks were administered on separate
days to avoid fatigue. Practice blocks of 20 trials were pro-
vided before the experiment began on each day. In addi-
tion to a base payment for participation, monetary rewards
of $0.025 per correct saccade were given to mitigate
against potential motivational deficits, which are often
found in schizophrenia.

Each trial began with a white fixation ring of 1° diameter
and luminance of 20 cd/M2, at the center of a dark back-
ground (Fig. 1). The fixation ring was flanked by two dots
of 0.7° diameter placed 20° right and left of center. In the
blocks with 200 ms cue-to-target interval, the fixation ring
was replaced after 3,500 ms by an instructional cue. This
was a yellow “O” to prompt prosaccades and blue “X” to
prompt antisaccades. The cue lasted 200 ms and was imme-
diately followed by the appearance of a target. Targets were
a ring similar to the fixation ring, placed around one of the
peripheral dots at 20° eccentricity, with the side of appear-
ance (left vs. right) randomly determined. In the blocks
with 2,000 ms cue-to-target interval, the initial fixation ring
lasted 1,700 ms, followed by the 200 ms instructional cue,
followed by a return of the central fixation ring, which then
remained for another 1,800 ms until the target appeared. In
this manner, while cue-to-target interval varied between
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200 and 2,000 ms, the duration of the interval between the
end of the prior trial and the onset of the target was kept
constant at 3,700 ms in the two blocks. On prosaccade trials
subjects were instructed to look at the target as rapidly and
accurately as possible; on antisaccade trials they were to
look at the location in the direction opposite to the target,
again as rapidly and accurately as possible. The white ring
moved back to the central fixation point after the subject’s
eye reached within 3° of the desired end position, or after
3 s had elapsed.

Data analysis

The first saccade of each block was eliminated from analy-
sis, since it would not have the inter-trial effects of interest
to us. Saccades were detected as eye movements with
velocities exceeding 47°/s, and the beginning of the sac-
cade marked as the point at which velocity exceeded 31°/s.
The variables measured were directional accuracy and
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latency. A directional error was an initial eye movement
vector with a horizontal component in the direction oppo-
site to the intended saccadic goal. Latency was the time
interval between target onset and the beginning of the sac-
cade. We eliminated saccades with latencies less than
130 ms (about 1.9% of all trials), as these have a high like-
lihood of being contaminated by anticipatory (non-visually
guided) responses (Kalesnykas and Hallett 1987), and those
with latencies greater than 800 ms (about 0.1% of all trials)
as being excessively delayed. The analysis of accuracy only
included trials that had been preceded by correct responses.
The latency analysis was conducted only on correct
responses that were also preceded by correct responses, as
these trials were felt to most accurately reflect the inter-trial
effects we wished to assess.

We labeled trials according to their inter-trial context.
That is, those trials preceded by the opposite task (i.e. an
antisaccade after a prosaccade) were labeled “switched”,
while those preceded by the same task were labeled
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“repeated”. We used ANOVA with repeated measures and
subjects nested within group as a random effect, to analyze
results for both directional accuracy and latency. The fac-
tors were subject group (schizophrenia vs. control), cue-to-
target interval (200 vs. 2,000 ms), saccade type (prosaccade
vs. antisaccade), and inter-trial context (repeated vs.
switched). Pair-wise comparisons were made using linear
contrasts.

As a more specific analysis of switch costs, we also cal-
culated for each subject the difference between mean error
rates and mean latencies for switched versus repeated trials.
These differences were the error and latency switch costs.
These too were subject to ANOVA with repeated measures,
with factors of subject group, cue-to-target interval and
saccade type.

Results
Error rate

The main effects in ANOVA showed that error rates were
greater for the short than for the long cue-to-target interval
(Fq.27)=46.4, P <0.0001), for antisaccades than for pro-
saccades (F; »;)=104.9, P<0.0001), and for switched
than for repeated saccadic trials (F(; ,7)=9.34, P < 0.0026)

Fig. 2 a Error rate data. Left
shows data from 200 ms cue-to-

(Fig. 2). There was a trend for an interaction between sac-
cade type and cue-to-target interval (F = 3.40,
P =0.067), due to the error rates of antisaccades increasing
more than that of prosaccades when the cue-to-target inter-
val was shortened. The interaction between cue-to-target
interval and inter-trial context did not reach significance
(F127=2.46,P=0.113).

Did schizophrenic subjects differ from controls? There
was a main effect of subject group, with schizophrenic sub-
jects making more errors than control subjects
(F1.27=19.35, P <0.0002). There was also an interaction
between subject group and saccade type (F(j 7= 17.13,
P <0.0001): while schizophrenic subjects made more
errors than control subjects on both prosaccades and anti-
saccades, this increase in error was greater for antisaccades.
There was also a trend to an interaction between subject
group and cue-to-target interval (F 57 =3.04, P <0.08):
shortening the cue-target interval lead to a greater increase
in overall error rate in schizophrenic subjects than it did in
control subjects. However, the key finding was that there
was no significant interaction involving both subject group
and inter-trial context. This indicates that schizophrenic
subjects did not differ from controls in the pattern of errors
for switched versus repeated task trials.

The ANOVA on error switch costs did show a signifi-
cant main effect of cue-to-target interval (F,,; = 10.44,
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P <0.0018), with more errors induced by switching at the
shorter cue-to-target interval. There was no significant main
effect of subject group or any significant interactions,
including those involving subject group. Hence the effect of
switching on error rate is similar in schizophrenic and con-
trol subjects. Figure 3 shows the error switch costs. This
difference between switch costs at 2,000 and 200 ms may
index the effects of active reconfiguration (Meiran 2000),
and is no different between schizophrenic and control sub-
jects (Table 2).

Latency

The main effects of the ANOVA showed that latencies were
longer for short than for long cue-to-target interval
(F27)=254.8, P<0.001), for antisaccades than for
prosaccades (F »7y=516.99, P <0.001), and for switched
than for repeated trials (F( ,7=20.14, P <0.001)
(Fig. 2). There was an interaction between saccade type and
cue-to-target interval (F 7 =5.12, P<0.024), with
greater reduction in latency for prosaccades than antisac-
cades when cue-to-target interval was lengthened. There
was a significant interaction between cue-to-target interval
and inter-trial context (F;,7 =27.12, P <0.001), due to
increased switch effects at the shorter cue-to-target interval,
and between saccade type and inter-trial context
(F(127)=22.62, P <0.001), due to smaller switch effects for
antisaccades. This interaction reflected in part the fact that
antisaccades at long cue-to-target interval had a paradoxical
switch benefit (i.e., switched antisaccades had faster
response latencies than repeated ones), reproducing an
observation made in prior studies by our group (Cherkas-
ova et al. 2002; Manoach et al. 2002) and since then by

Table 2 Indices of active reconfiguration

Active reconfiguration costs®

n Prosaccades Antisaccades
Mean SD Mean SD

Error rate

Control 14 2.37 6.91 7.37 7.44
Schizophrenia 15 4.35 9.25 2.38 8.98
t-test P=0.52 P=0.12
Latency

Control 14 22.05 27.76 31.59 34.06
Schizophrenia 15 9.23 31.75 214 51.37
t-test P=0.26 P=0.54

# Active reconfiguration cost = (switch cost at 200 ms) — (switch cost
at 2,000 ms)

others (Hunt and Klein 2002; Fecteau et al. 2004; Reuter
2006b).

Analysis for differences between the subject groups
showed an interaction between subject group and saccade
type (Fj 7= 81.05, P <0.001): as with error rate, while
schizophrenic subjects had longer latencies than control
subjects on both prosaccades and antisaccades, this increase
in latency was greater for antisaccades. There was an inter-
action between subject group and cue-to-target interval
(F1.27,=9.94, P <0.002), with schizophrenic subjects tak-
ing longer to make saccades at the shorter cue-to-target
interval. There was no significant interaction between inter-
trial context and subject group, and no significant interac-
tion between cue-to-target interval, inter-trial context and

group.
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data). a Error rate switch costs. Error bars show one standard error.
b Latency switch costs. Note that switch costs are higher at 200 ms
cue-to-target interval than 2,000 ns cue-to-target interval. The slope of
the lines connecting 200 ms and 2,000 ms cue-to-target interval data
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index the costs of active reconfiguration that can be performed in
advance of the target when triggered by an explicit cue. Switch costs in
schizophrenic subjects are comparable to control subjects, and the
costs of active reconfiguration are not greater in schizophrenia
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The ANOVA on latency switch costs showed, as
expected, a significant main effect of cue-to-target interval
(F07=20.12, P<0.001), with greater latency switch
costs for the shorter cue-to-target interval. There was also
a significant main effect for saccade type (F(; 57, = 14.78,
P <0.001), which was due to lower switch costs for anti-
saccades than prosaccades. This was particularly evident
at long cue-to-target interval, where the data reproduced
our finding of a paradoxical negative switch cost for anti-
saccades, in both schizophrenic and control subjects.
There was no significant main effect of subject group or
any significant interactions, including those involving sub-
ject group. Hence the latency switch effects in schizo-
phrenic subjects are no different than those in the control
subjects. Figure 3 shows the latency switch costs. Again as
with error rate, the difference between switch costs at
2,000 and 200 ms, an index of active reconfiguration, is no
different between schizophrenic and control subjects
(Table 2).

Discussion

The main finding of this study is that schizophrenic subjects
did not differ from controls in any task-switch cost (the
difference between switched and repeated trials), for either
prosaccades or antisaccades. First, using a long cue-to-
target interval of 2,000 ms that allows ample time for com-
pletion of advance configuration processes (Rogers and
Monsell 1995; Meiran et al. 2000a) we reproduced previ-
ous findings of intact “residual task-switch costs” (Meiran
et al. 2000b; Manoach et al. 2002)—that is, the differences
in latency and accuracy that remain even after enough time
has been allowed for active switching processes to be com-
pleted. Residual costs are thought to reflect primarily the
effects of passive carry-over of inhibition from a previous
trial that slowly dissipate with time (Meiran 1996). Our
results suggest that, after an interval of 3,700 ms following
the prior response, the effects of inhibitory sets in prior tri-
als are similar in magnitude in schizophrenic and control
subjects. Second, with a short cue-to-target interval of
200 ms we also demonstrate comparable switch costs in
schizophrenic and control subjects. Moreover, the differ-
ence between trials with short versus long cue-to-target
intervals, which serves as an index of advance reconfigura-
tion, did not differ between the two subject groups. These
results do not support either of the two hypotheses sug-
gested by concepts of abnormal task-switching in schizo-
phrenia: first, that schizophrenia subjects would have
abnormal residual task switch costs, costs which index the
passive carry-over effects from the prior trial, and second,
that they would have abnormal costs related to cue-trig-
gered advance reconfiguration, an active switching process.

The chief effects of reduced preparatory time between
the instructional cue and the target was a general increase in
error rate, more so for antisaccades than prosaccades, and
an increase in saccadic latencies. These findings can be
taken to reflect less effective task preparation at shorter cue-
to-target intervals, regardless of whether trials were
repeated or switched. Examination of specific switch costs
showed that both latency and error costs were increased at
the short cue-to-target interval (although, since the interac-
tion between cue-to-target interval and inter-trial context
was not significant for error rate in the primary analysis,
this cannot be taken as definitive proof that shortening cue-
target interval increases error rate). When passive inhibi-
tory carry-over influences from prior trial are kept constant
by controlling the prior-response-to-target interval, as done
in our study, the increase in switch costs with reduced prep-
aration time is considered an index of the active reconfigu-
ration of task-sets that can be done in advance of the
stimulus (Meiran 1996). In our saccadic paradigm, these
reconfiguration costs were similar for both antisaccades and
prosaccades, being around 2-7% for error rate and 20—
30 ms for latency in our control subjects (Table 2). These
values are similar in magnitude to those in several other
manual task-switch paradigms (Meiran 1996; Meiran et al.
20004a).

The present findings are also consistent with a number of
prior observations in schizophrenia. First, schizophrenic
subjects made more errors and had longer response laten-
cies in general when compared to controls, as others have
also found in manual task-switching paradigms (Meiran
et al. 2000b). Second, they had marked difficulty with anti-
saccades, with greater errors and longer latencies (Fuku-
shima et al. 1990a; Sereno and Holzman 1995; Hutton and
Kennard 1998). We found an interaction between cue-to-
target interval and subject group, with schizophrenic sub-
jects showing an exaggeration of the normal tendency to
more difficulty at shorter cue-to-target intervals, with either
prosaccades or antisaccades. This interaction between sub-
ject group and cue-to-target interval was not found in
another study using many cue-to-target intervals (Meiran
etal. 2000b), although it could be consistent with their
hypothesis that schizophrenic subjects are less efficient at
retrieving the task-context information needed for each
trial.

These data add to other results showing that, with newer
paradigms that isolate specific aspects of task-switching,
schizophrenic subjects appear to have normal switching
behaviour. Our prior study (Manoach et al. 2002) reported
on both residual task-switch costs and also mixed-list costs,
which are the costs of keeping two tasks in readiness as
opposed to one (Los 1996). Mixed-list costs can be indexed
by comparing the performance on repeated trials in a block
that has two potential tasks versus performance on a block
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where subjects only have one task. We found that both
residual task-switch and mixed-list costs were normal in
schizophrenia. Residual task-switch costs were also
reported to be normal in schizophrenia on a manual task
that required switching between stimulus-response maps,
using cue-to-target intervals of 1,250-1,750 ms (Turken
et al. 2003). These data clarify and confirm the impression
from the pioneering study of Meiran et al. (2000b). That
study used a variety of cue-to-target intervals in a similar
manual stimulus-response re-mapping task-switch para-
digm and concluded that the increased switch effects in
schizophrenia were likely related to general elevations in
reaction time rather than specific task-switch deficits. This
study and the two prior reports (Manoach etal. 2002;
Turken et al. 2003) extend those results by showing that
switch costs are not just relatively but absolutely normal in
schizophrenia.

There are also a few schizophrenia studies of switching
with other paradigms. One study examined switching
between the dimension of the stimulus to be attended (col-
our vs. form) and had predictable sequencing without a
cue-to-target interval (Cools etal. 2000). Since prior
reports have shown that advance reconfiguration is trig-
gered by an explicit cue and that predictable set sequences
are not a substitute for such a cue (Sohn and Anderson
2001; Tornay and Milan 2001; Barton et al. 2006), the costs
in this study likely included effects of active reconfigura-
tion. This study also concluded that switching effects in
schizophrenia were normal. Another study using cue-to-
target intervals of 1,200 ms had subjects switch between
comparing the size and comparing the shape of two stimuli:
while it found failures on set maintenance, it did not find
deficits in set switching (Kieffaber et al. 2006). These two
studies thus extend the data showing normal task switching
in schizophrenia from switches involving stimulus-
response maps (or task sets) to switches involving stimulus
dimensions.

These studies showing normal task-switching in schizo-
phrenia all compare the latency and error rates on switched
trials to baseline characteristics of repeated trials. As such
they isolate switch costs by studying inter-trial effects, the
effect of the preceding trial on the next. In contrast, studies
asserting switching deficits in schizophrenia have used
more complicated paradigms in which cognitive factors
other than task-switching may have contributed to defective
performance. We have already discussed the complexity of
the Wisconsin Card Sort Test, and indeed, a recent meta-
analysis of this body of data has concluded that schizo-
phrenic errors on this test likely reflect deficits in processes
other than task-switching (Li 2004). [In support, our prior
study found no relationship between perseverative errors on
the Wisconsin Card Sort Test and indices of residual task-
switch costs in schizophrenia (Manoach et al. 2002)]. One
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study suggested switching deficits in moving between
semantic clusters or phonetic clusters in a verbal fluency
test, by showing a decrease in the number of switches made
(Robert et al. 1998), but this may reflect failure to generate
clusters rather than a switching defect. Another study had
subjects match a target stimulus for colour while viewing a
string of following stimuli, then switch to matching its form
once a successful match was made (Smith etal. 1998).
Deficits on such a task could reflect failures in working
memory for the initial target, in maintaining task-context
information over time (Meiran et al. 2000b), or in perfor-
mance monitoring (Turken etal. 2003), among other
factors.

As the bulk of the data on inter-trial effects in schizo-
phrenia comes from studies of task switches that involve
stimulus-response re-mappings, it is possible that studies of
other types of task-switching may yet reveal switching
impairments in this disorder. However, these studies of
stimulus-response remapping would at least argue against
impairment of a general “supramodal” switching ability.
Furthermore, there are at least two reports of normal
schizophrenic performance in switching stimulus dimen-
sions (Cools et al. 2000; Kieffaber et al. 2006).

The normal inter-trial effects of switching in schizophre-
nia must cast doubt upon assertions that perseverative
behavior in this disorder reflects inflexibility in specific
task-switching operations. Others have suggested that
“a failure to mobilize cognitive resources in situations
requiring controlled information processing” (Li 2004) or
“poor memory for task context information” (Meiran et al.
2000b) may underlie some apparent difficulties in switch-
ing, and hence generate perseverative behavior. We have
also provided some evidence of abnormal inter-trial effects
related not to switching, but to recent execution of an anti-
saccade trial (Barton et al. 2005). The antisaccade is a rela-
tively unpracticed task that requires inhibition of the
alternative prosaccade task set. If this inhibition carries
over into the following trial, it would explain not only the
prolonged latencies of switched prosaccades, but also the
paradoxical reduction in switch costs for antisaccades,
which we and others reported before in healthy controls and
schizophrenic subjects (Cherkasova et al. 2002; Manoach
et al. 2002; Fecteau et al. 2004; Manoach et al. 2004) and
which we reproduced in the current study. This is because
antisaccade latencies would also be prolonged by an anti-
saccade in the prior trial, compared to having a prosaccade
in the prior trial. We found that schizophrenic subjects
showed this antisaccadic effect on both prosaccade and
antisaccade latencies in not only the upcoming trial but also
the trial after that, while controls did not (Barton et al.
2005). Furthermore, directional errors were more likely to
be in the direction of a prior antisaccade in schizophrenic
but not control subjects. We argued that these showed
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abnormally persistent effects on the saccadic response sys-
tem from prior antisaccades, rather than abnormal task-
switching, and that this could account for some types of
perseverative behavior (Barton et al. 2006).

These excessively persistent inhibitory effects from anti-
saccades correctly performed in preceding trials are also at
odds with the suggestion that weak inhibition is the cause of
abnormal antisaccade performance in schizophrenia. Rather,
this excessive inhibition may be a compensatory adaptation
to overcome their difficulty in initiating antisaccades as
manifest by their high error rate. Therefore poor antisaccade
execution may reflect not so much weak inhibition (Cle-
mentz 1998; Levy et al. 1998) but deficient and inconsistent
goal activation (Nieuwenhuis et al. 2004; Reuter and Kath-
mann 2004), a concept that has received support from both
behavioural (Reuter et al. 2006b) and event-related potential
studies of antisaccades (Klein etal. 2000; Reuter et al.
2006a), and which is consistent with findings of deficient
set-maintenance in other paradigms (Kieffaber et al. 2006).
Dynamic abnormalities in goal activation may also account
for our finding that schizophrenic subjects show greater
deterioration in error rates and latencies when cue-to-target
intervals are shortened. This suggests a failure to rapidly
establish the saccadic goal, a failure which is partly amelio-
rated by allowing a longer preparatory interval.

In summary, our study adds to a growing body of litera-
ture on inter-trial effects that show that the cognitive opera-
tions in task-switching are normal in schizophrenia. These
data suggest that the origins of perseverative behavior in
clinical observations and traditional neuropsychological
tests may stem from difficulties in cognitive processes other
than task-switching. However, given the complexities of
task-switching, further studies of other types and other
aspects of task-switching are warranted.
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