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SUMMARY. Aim. The aim of the present study was to examine the anterior (Experiment 1) and posterior (Experiment 2) at-
tention systems in schizophrenic patients with predominantly negative or positive symptoms, in order to evidence possible
differences in symptomatology. Materials and methods. The schizophrenic sample was divided into two subgroups: nega-
tive (n=13) versus positive symptoms (n=10). The anterior and posterior attention systems in schizophrenic patients were as-
sessed through two experiments: a dual-task paradigm evaluating executive functions, in particular planning and coordina-
tion, and a Simon task evaluating automatic shifting of visual attention. Results. Our study showed specific attention deficits
in the presence of negative symptoms. These findings suggest that negative schizophrenics have a deficit that affects function-
ing of both anterior and posterior attention systems, whereas positive schizophrenics showed a selective deficit only for the
posterior attention system, with a pattern that is in the opposite direction compared to that of negative schizophrenics. Dis-
cussion. Our results demonstrate that specific symptom dimensions or patterns are associated with specific cognitive impair-
ments. Notably, negative schizophrenics exhibited clear abnormalities, whereas positive schizophrenics performed very simi-
larly to healthy controls.

KEY WORDS: schizophrenia, negative symptom, positive symptom, dual-task, Simon effect.

RIASSUNTO. Scopo. L’obiettivo del presente studio ¢ di esaminare i sistemi attentivi anteriore (Esperimento 1) e posterio-
re (esperimento 2) nei pazienti schizofrenici con sintomatologia prevalentemente negativa o positiva, al fine di evidenziare
differenze. Materiali e metodi. Il campione di schizofrenici ¢ stato suddiviso in due gruppi: sintomatologia negativa (n=13)
e positiva (n=10). I sistemi di attenzione anteriore e posteriore nei pazienti schizofrenici sono stati esaminati attraverso due
esperimenti: il paradigma del doppio-compito valuta le funzioni esecutive, con particolare riguardo alla pianificazione e co-
ordinamento e il Simon-task valuta il cambio automatico dell’attenzione visiva. Risultati. Il nostro studio dimostra I’esisten-
za di specifici deficit di attenzione in presenza di sintomi negativi. Questi risultati suggeriscono che gli schizofrenici negativi
hanno un deficit che influenza il funzionamento del sistema attentivo anteriore e posteriore, mentre gli schizofrenici positivi
mostrano un deficit selettivo solo per il sistema attentivo posteriore, con un pattern che ¢ in direzione opposta rispetto a quel-
lo degli schizofrenici negativi. Discussione. I nostri risultati supportano I'idea che i patterns di determinati sintomi sono as-
sociati a specifici deficit cognitivi. Cio che sorprende ¢ che gli schizofrenici negativi manifestano anomalie evidenti, mentre
quelli positivi eseguono in modo molto simile ai controlli sani.

PAROLE CHIAVE: schizofrenia, sintomi negativi, sintomi positivi, doppio-compito, effetto Simon.
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INTRODUCTION

The positive/negative dichotomy of clinical symp-
toms of schizophrenia has a long history in phenome-
nological psychiatry (1). Positive and negative sym-
ptom dimensions have figured prominently in recent
discussions of the pathogenesis and course of schizo-
phrenia (2-4). The negative-positive distinction, first
introduced into the psychiatric literature by Strauss et
al. (5), has been further developed by Crow (2,6), who
has proposed that there are two clinical syndromes in-
volved in schizophrenia, one characterized by florid
positive symptomatology (e.g., hallucinations and
delusions) and by disturbances in dopaminergic trans-
mission, and the other characterized by enduring neg-
ative symptomatology (e.g., apathy and flattened af-
fect) and structural abnormalities of the brain. Crow
further maintains that while the two syndromes reflect
separate pathological processes, they do not constitute
separate diseases, since they commonly occur together,
either simultaneously or at different time points, with
early positive episodes typically progressing to the
more incapacitating negative defect state.

In spite of the central role of attention deficits in
schizophrenia (6,7), relations between attention
deficits and different symptom dimensions are still
scarcely known (8,9). Previous studies have evidenced
the existence of attentional deficits in the presence of
negative symptoms (10-12), whereas several recent
studies suggest that positive symptomatology may be
related to the inhibitory components of selective at-
tention (13,14).

Posner and Dehaene (15) divide the attention sys-
tem into subsystems that perform different functions.
The anterior attention system (prefrontal cortex, cyn-
gulate gyrus, and basal ganglia) serves executive func-
tions and is involved in the attentional recruitment and
control of brain areas to perform complex cognitive
tasks. The posterior attention system (superior parietal
cortex, pulvinar and superior colliculus) is responsible
for selecting one stimulus location among many and
for shifting attention to it.

There seem to be stable associations between spe-
cific aspects of schizophrenia and certain brain areas.
In particular, it has been suggested that negative symp-
tomatology is associated with dorso-lateral prefrontal
cortex malfunctioning, whereas positive symptomatol-
ogy is associated with basal orbito-frontal malfunc-
tioning (16-18).

If each variety of schizophrenia were related to spe-
cific neuronal structures, then one would predict diffi-
culties in replicating findings as the symptom/syn-
drome patterns displayed by patients vary across sam-

ples. This may account for some literature inconsisten-
cies concerning neuropsychological anomalies associ-
ated with schizophrenia.

The aim of the present study was to assess the ante-
rior (Experiment 1) and posterior (Experiment 2) at-
tention systems in schizophrenic patients with pre-
dominantly negative or positive symptoms, in order to
identify possible differences in symptomatology. Ex-
periment 1 tested executive functions, with specific re-
gard to planning and coordination, and Experiment 2
tested automatic shifting of visual attention.

All participants provided informed consent before
participation in the study. Normal controls and pa-
tients meeting DSM-IV criteria for schizophrenia (19)
participated in Experiments 1 and 2.

MATERIALS AND METHODS
Experiment 1: A dual-task paradigm

A paradigm that has proved very useful to study how
executive functions operate is the one developed by
Umilta et al. (20). In it, two tasks must be executed and the
execution sequence has to be coordinated, in order to ex-
ecute one response after the other. The primary speeded
task requires discriminating whether two stimuli are to the
left or to the right of the fixation point. The secondary un-
speeded task requires discriminating whether the two
stimuli are same or different. Reaction time (RT) to the
primary task is slower with than without the secondary
task (i.e., a dual-task cost).

To explain the dual-task cost in normals, Umilta et al.
(20) adopted Pashler bottleneck notion (21,22) and pro-
posed that the bottleneck occurs at the decision stage. In
particular, they suggested that the decision to perform the
two tasks one after the other competes for access to the
same processing stage with the decision to execute the first
response. This common stage acts as a bottleneck, causing
postponement of the response to the primary task and
lengthening of RT for this task. Therefore, the extra time
needed to perform the primary task in the presence of the
secondary task would be due to the coordination of the
two tasks, that is to the instructions to perform the two
tasks in a pre-specified order. Also, Umilta et al. (20) ar-
gued that the structure in which the two responses are co-
ordinated is the Supervisory Attentional System (SAS)
(23,24) which is called upon when planning and decision-
making strategies are required.

Subjects

Twenty-three patients and 17 normal controls partici-
pated in Experiment 1 (Table 1). All subjects with a gross
brain disease, a significant history of drug and alcohol
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Table 1. Experiment 1: Demographic, clinical details and results in the dual task for the three groups (Negative and Positive

Schizophrenics and Controls)

Schizophrenic subjects Controls
Negatives Positives n=17
n=13 ll=10
Age (years) 32.38 (4.51) 34.10 (6.19) 30.82 (6.35)
Sex (female) 2 females 3 females 4 females
Education (years) 10.46 (3.59) 12.00 (2.10) 11.94 (2.30)
IQ 91.84 (19.15) 88.00 (21.12) 94.58 (11.46)
Duration of illness (years) 12.30 (4.13) 13.30 (4.32) -
mg equivalents Chlorpromazine/day 253.07 (165.59) 321.80 (248.49) -
SANS (%) 59.33 (22.54) 27.45 (7.89) -
SAPS (%) 16.77 (9.25) 51.87 (10.39) -
Dual Task RT

ST 585 (106) 478 (112) 378 (71)
DT 950 (167) 676 (124) 502 (145)
Dual-task cost 365 (172) 198 (94) 124 (100)

Means and standard deviations (in parenthesis) are reported.

SANS = Scale for the Assessment of Negative Symptoms; SAPS = Scale for the Assessment of Positive Symptoms; RT = Reaction Time;

ST = Single Task Condition; DT = Dual Task Condition.

abuse, of major affective or schizoaffective disorder, or a
history of head injury or neurological damage or a child-
hood developmental disorder were excluded from the
study. None of the controls showed either personal or fam-
ily history of psychopathology. All subjects with schizo-
phrenia were outpatients of the Psychiatry Department of
Teramo at the time of testing and had a duration of illness
between 5 and 23 years.

On the day of testing, the current symptomatology of
the schizophrenic subjects was assessed by two psychia-
trists using the Scale for the Assessment of Negative
Symptoms (SANS) (25) and the Scale for the Assessment
of Positive Symptoms (SAPS) (26).

The schizophrenic sample was divided into two sub-
groups: negative versus positive symptoms.

All the schizophrenic subjects, with the exception of
two positive schizophrenics, were also administered three
neuropsychological tests for assessment of executive func-
tions: the WCST (27), the Tower of London Test (TLT)
(28), and a Phonemic Verbal Fluency Test (PVFT) (29).
The WCST (128 cards) was administered with standard in-
structions, as described by Spreen and Strauss (30), where-
as scoring followed Heaton’s (27) rules. The dependent
variables were number of categories correctly achieved
and number of perseverative errors (Table 2). Scoring and
administration instructions for the TLT were those de-
scribed by Krikorian et al. (31). Scoring and administration
instructions of the PVFT were those described by Novelli
et al. (29).

Stimuli and procedure

Subjects sat in front of a CRT screen driven by an Ep-
son computer. The room where the experiments took place
was in half-light. The middle of the computer screen was
aligned with the subject’s midline. The approximate dis-
tance of the eyes from the screen was 57 cm. The stimuli
(1.5° x 5.5°) were placed 10° to the left or right of a central
fixation point (1° x 1°). Each stimulus comprised two let-
ters vertically placed one above the other, which were ei-
ther the same or different.

The stimuli appeared according to a quasi-random se-
quence, with the constraints that there were an equal num-
ber of left and right side presentations and an equal num-
ber of same and different stimuli. Every trial began with
the central fixation point, which stayed on the screen for
300 msec, followed by a 500 msec blank and by the onset
of the stimuli, presented for 2 sec, and by an inter stimulus
interval of 2 sec.

Every subject performed in two conditions (Single and
Dual-task) of 72 trials each. The Single-Task condition
(ST) required responding to the position (right or left) of
the stimuli, pressing as rapidly as possible one of two keys
of the computer keyboard. The stimulus-response map-
ping was compatible: the left stimuli required a response
with the left key and right stimuli required a response with
the right key. RT was recorded. The Dual-Task (DT) con-
dition required to make a response to the position of the
stimuli (as in the ST condition), then to say aloud whether
the two letters were the same or different (no RT was
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Table 2. Neuropsycological results for the Negative and Positive Schizophrenics in Experiment 1

Schizophrenic subjects

Measure Negatives (n = 13) Positives (n = 8) t P
WCST 3.84 (2.07) 3.37 (1.84) t (19)=.526 .605
No. of categories

WCST 16.38 (14.86) 21.50 (12.78) t (19)=-.805 431
No. of perseverative errors

Tower of London Test 23.84 (7.09) 19.87 (6.35) t (19)=1.294 211
Phonemic Verbal Fluency Test 5.38 (3.48) 4.08 (2.63) t (19)=.903 378

Control subjects: WCST number of categories: 4.8+1.6; WCST number of perseverative errors: 11.3+8.7; Tower of London Test: 33.2+2.1;

Phonemic Verbal Fluency Test: 37.26+8.08.

Means, standard deviations (in parenthesis), t and p values are reported.

WCST = Wisconsin Card Sorting Test.

recorder for the verbal secondary task). The two tasks had
not to be executed at the same time, but rather in sequence
(first the manual left-right discrimination task and then
the verbal same-different discrimination task).

The instructions stressed the importance of speed in
pressing the correct key in the left-right discrimination, but
also placed some emphasis on the accuracy for both the
left-right and the same-different discriminations. It is im-
portant to note that in the DT condition there was no time
pressure for verbal response, because an interval of 2 sec
elapsed between the manual response and the beginning
of the following trial. When an error occurred, in the left-
right discrimination task, then the stimulus was represent-
ed at the end of the block of trials.

All the subjects started with the ST condition and then
performed the DT condition. Both conditions were pre-
ceded by some practice trials. The experimental trials were
divided into two blocks of 36 trials each, between which
the subjects were allowed to take a brief rest.

Experiment 2: The Simon task

In the Simon task, the relevant stimulus dimension, to
which the subject has to respond pressing a key on the key-
board, is a non-spatial physical feature, like shape. In con-
trast, the location (left or right) in which the stimulus oc-
curs is irrelevant. The Simon effect refers to the fact that
responses are faster when the stimulus location corre-
sponds to the location of the assigned response (corre-
sponding trials) than when it does not (non-corresponding
trials).

Because there is evidence that the Simon effect origi-
nates as a consequence of attention orienting toward the
stimulus that appears to the left or right of fixation (32,33)
the aim of this experiment was to assess orienting of atten-
tion (i.e., the posterior attention system) in negative and
positive schizophrenics and in controls. To our knowledge
only, a study of Gastaldo et al. (11) used the Simon task

with schizophrenic patients, but that study examined only
patients with negative symptomatology.

Subjects

Twenty-five patients and the same 17 normal controls
of Experiment 1 participated in Experiment 2. Fifteen
schizophrenics (ten negative and five positive) participat-
ed also in Experiment 1. Ten new patients (four with neg-
ative and six with positive symptomatology) were also
examined (Table 3).

Stimuli and procedure

The stimuli were white filled squares (with a side of
0.5°) or white filled circles (with a diameter of 0.5°), pre-
sented about 7.5° to the left or the right of the central fix-
ation cross (1° x 1°).

The instructions were to press the response button cor-
responding to the particular stimulus figure as soon as it
appeared on the screen. Response buttons were placed
one on the left side and one on the right side of the com-
puter keyboard. Half of the participants were asked to re-
spond with the right hand to the square and with the left
hand to the circle, regardless of the side in which the stim-
ulus appeared. The other half of the participants were
asked to respond with the right hand to the circle and with
the left hand to the square, regardless of the side in which
the stimulus appeared. Also, the participant was instruct-
ed to keep fixation at the centre and to respond as fast as
possible. The stimulus stayed on the screen for 2 sec or un-
til response execution. After the response, the screen re-
mained empty for 500 msec, and then the subsequent tri-
al was presented.

Subjects received a practice session of 60 stimuli and an
experimental session of 240 stimuli.

The experimental trials were divided into four blocks of
60 trials each, between which the subjects were given a
feedback on the mean correct RTs. Incorrect trials were
not presented again and RTs slower than 2 sec were con-
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tive Schizophrenics and Controls)

Table 3. Experiment 2: Demographic, clinical details and results in the Simon task for the three groups (Negative and Posi-

Schizophrenic subjects Controls
Negatives Positives n=17
n=14 n=11
Age (years) 31.78 (4.59) 33.27 (5.58) 30.82 (6.35)
Sex (Female) 3 females 3 females 4 females
Education (years) 11.35 (3.41) 12.54 (1.50) 11.94 (2.30)
IQ 91.35 (18.73) 90.36 (12.33) 94.58 (11.46)
Duration of illness (years) 11.50 (4.39) 13.36 (3.72) -
Mg equivalents Chlorpromazine/day 206.42 (161.98) 149.81 (126.44) -
SANS (%) 65.85 (19.53) 19.40 (13.84)
SAPS (%) 15.34 (9.82) 45.38 (23.68) -
Simon task RT

Correspondig trials 644 (114) 589 (74) 524 (75)
Non-corresponding trials 644 (108) 642 (75) 550 (76)
Simon effect -29 (29) 53 (31) 26 (26)

Means and standard deviations (in parenthesis) are reported.

SANS = Scale for the Assessment of Negative Symptoms; SAPS = Scale for the Assessment of Positive Symptoms; RT = Reaction Time.

sidered to be omissions. In each session, half of the stimuli
were squares and half were circles. Half the time the stim-
ulus was shown in the right visual hemifield and half in the
left. The sequence was randomized, producing the follow-
ing conditions:

50% of corresponding trials, in which the correct re-
sponse and the stimulus were on the same side (right-right
and left-left);

50% of non-corresponding trials, in which the side of
the correct response did not coincide with the side of stim-
ulus presentation (i.e., right-left and left-right).

RESULTS

Experiment 1

Clinical and neuropsychological scale

The current intellectual functioning of each subject
was assessed using the Raven test. Thirteen schizo-
phrenics resulted to have prevalent negative sympto-
matology and 10 schizophrenics resulted to have
prevalent positive symptomatology. The mean global
rating on the SANS for the negative symptom group
was significantly higher in comparison to the positive
symptom group (t (21)=4.25, p<.0001). The mean glob-
al rating on the SAPS scale in the positive-symptom
group was significantly higher in comparison with the

negative symptom group (t (21)=-8.55, p<.0001). Posi-
tive and negative schizophrenics did not show any dif-
ference in age (t (21)=-.769, p=.450), years of educa-
tion (t (21)=-1.20, p=.244),10Q (t (21)=.457,p=.653), du-
ration of illness (t (21)=-.560, p=.581) and mean daily
chlorpromazine equivalent dose (t (21)=-.796, p=.435).
Moreover, schizophrenics and controls did not show
any difference in age [t (28)=.751, p=.459 for negative,
and t (25)=1.30, p=.204 for positive schizophrenics],
years of education [t (28)=-1.37, p=.181 for negative,
and t (25)=.066, p=.984 for positive schizophrenics]
and I1Q [t (28)=-.488, p=.629 for negative, and t (25)=-
1.05, p=.301 for positive schizophrenics].

In the neuropsychological assessment, the Z score
of each test was calculated to measure how much the
schizophrenic groups diverged from the mean of a nor-
mative sample. Deficits were evident for both groups
(negative and positive schizophrenics) in the TLT (-
4.45 and -6.34, respectively) and in the PVFT (-3.94
and -4.10, respectively), whereas performance in the
WCST was close to the normative sample.

The raw scores of the neuropsychological tests were
entered into multiple two-tailed t-tests. No differences
between negative and positive schizophrenics were
significant (Table 2).

Data analyses

Analyses of variance (ANOVAs) were carried out
on absolute and proportional correct RTs. The ab-
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solute RT analyses refer to absolute differences in RT
induced by the experimental manipulations. The pro-
portional RT analyses were carried out to control for
the different baseline of patients and controls. It often
happens that slower subjects benefit more from factors
that speed up RT and suffer more from factors that
slow down RT, than subjects with faster baseline RTs.
Given that patient groups in general, and, as will be
shown, also in this study, are markedly slower than
controls in baseline conditions, it seemed safer to run
also the proportional analyses. Therefore, we estimat-
ed for each subject the proportional dual-task cost as
(dual-task RT/single-task RT). A covariate analysis
taking into account QI, age and years of education was
also carried out.

For all the analyses reported in the paper, the signif-
icance level chosen was .05 and the post-hoc compar-
isons were performed with the Student-t-test method.
Moreover, the results on proportional data and on co-
variate analyses were reported in details only when
they did not replicate the results of the analyses on ab-
solute RTs.

Mean correct RTs for the left-right discrimination
were entered into an ANOVA. The between-subjects
factor was group (normal controls, negative and posi-
tive schizophrenics); the within-subjects factors were
task (ST or DT) and side of presentation (left or right).
The proportional RT dual-task costs were submitted to
an ANOVA with Group as the between-subjects factor.

The factor group was significant, (F=34.58; df=2.37;
p<.0001) as was the factor Task (F=125.46; df=1.37,
p<.0001). Schizophrenics with negative and positive
symptoms showed longer RTs than controls (767, 577,
and 440 msec, respectively). Moreover, schizophrenics
with negative symptoms showed significantly longer
RTs than schizophrenics with positive symptoms. The
DT condition was 229 msec slower than the ST condi-
tion (709 vs. 480 msec).

The most interesting interaction for the purpose of
this study (group x task) was highly significant
(F=13.56; df=2.37; p<.0001). Post-hoc tests showed that
the dual-task cost (DT condition minus ST condition)
was significantly greater for the negative schizophren-
ics than for positive schizophrenics (p<.01) and con-
trols (p<.0001) (Table 1). The difference between pos-
itive schizophrenics and controls did not reach signifi-
cance (p=.468).

The proportional dual task analysis replicated the
main results, being of 1.65, 1.44, and 1.31, for negative,
positive schizophrenics and controls (F=5.52; df=2.37,
p=.008). Again, the dual-task cost was significantly
greater for the negative schizophrenics than for con-
trols (p=.006).

A covariate analysis taking into account QI, age and
years of education replicated these results.

Experiment 2

Clinical scale

The mean global rating on the SANS for the nega-
tive symptom group was significantly higher in com-
parison to the positive symptom group (t (23)=6.66,
p<.0001). The mean global rating on the SAPS scale in
the positive-symptom group was significantly higher in
comparison with the negative symptom group (t (23)=-
4.31, p<.0001). Positive and negative schizophrenics
did not show any difference in age [t (23)=-.731,
p=-472], years of education [t (23)=-1.072, p=.295], IQ
[t (23)=.152, p=.881], duration of illness [t (23)=-1.123,
p=.273] or mean daily chlorpromazine equivalent dose
[t (23)=.952, p=.351]. Schizophrenics and controls did
not show any difference in age [t (29)=.473, p=.640 for
negative, and t (26)=1.04, p=.307 for positive schizo-
phrenics], years of education [t (29)=-.567, p=.575 for
negative, and t (26)=.767, p=.450 for positive schizo-
phrenics] and 1Q [t (29)=-.590, p=.560 for negative, and
t (26)=-.925, p=.364 for positive schizophrenics].

Data analyses

ANOVAs were carried out on absolute and propor-
tional correct RTs. Therefore, we estimated for each
subject the proportional Simon effect as (non-corre-
sponding trials/corresponding trials). A covariate
analysis taking into account QI, age and years of edu-
cation was also carried out. The results on proportion-
al data and on covariate analyses were reported in de-
tails only when they did not replicate the results of the
analyses on absolute RTs.

Mean correct RTs were entered into an ANOVA.
The between-subjects factor was group (normal con-
trols, negative and positive schizophrenics); the within-
subjects factor was spatial correspondence (corre-
sponding vs. non-corresponding trials). Group (F=6.21;
df=2.39; p<.005) and spatial correspondence (F=33.44;
df=1.39; p<.0001) were significant. RTs of schizophren-
ics with negative and positive symptoms and controls
were 644, 615, and 537 msec, respectively. Schizophren-
ics with negative symptoms showed significantly
longer RTs than controls. Non-corresponding trials
were 26 msec slower than corresponding trials (612 vs.
586 msec).

The most interesting interaction for the purpose of
this study (group x spatial correspondence interaction)
was highly significant (F=10.64; df=2.39; p<.0001) too.
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Post-hoc tests showed that the Simon effect (non-cor-
responding trials minus corresponding trials) was sig-
nificant for controls (p<.001) and positive schizo-
phrenics (p<.0001), whereas it was absent for negative
schizophrenics (p=.969) (Table 3).

Negative and positive schizophrenics were signifi-
cantly slower than controls in both corresponding and
non-corresponding trials (p<.001 and p=.008 respec-
tively for negative schizophrenics; p=.033 and p=.004,
respectively for positive schizophrenics). Negative
schizophrenics were not significantly slower than posi-
tive schizophrenics in either corresponding or non-cor-
responding trials (p=.180, p=.959, respectively).

Interestingly, negative schizophrenics showed a sig-
nificantly smaller Simon effect than controls (p=.016),
whereas positive schizophrenics showed a significantly
greater Simon effect than controls (p=.018).

The proportional analysis replicated the main re-
sults, the Simon effect being of 1.00, 1.09, and 1.05, for
negative, positive schizophrenics and controls (F=8.75;
df=2.39; p<.001).

A covariate analysis taking into account QI, age and
years of education replicated these results.

DISCUSSIONS

The anterior and posterior attention systems in schiz-
ophrenic patients were examined through two experi-
ments: a dual-task paradigm evaluates executive func-
tions, with specific regard to planning and coordination
and a Simon task evaluates automatic shifting of visual
attention. The dual-task paradigm replicated what previ-
ously found with normal subjects (20). The speeded left-
right discrimination took longer when subjects were also
instructed to perform the unspeeded same-different dis-
crimination. Umilta et al. (20) demonstrated that the lo-
cational discrimination was not delayed because of the
presence of the secondary task, but rather because loca-
tion and shape information are available at the same
time. The extra time needed to perform the primary task
in the presence of the secondary task is due to the coor-
dination of the two tasks. The coordination of the two
tasks was required because subjects had to decide which
response to emit first, that is the one concerning location
or the one concerning shape. Schizophrenics were signif-
icantly slower than controls. Moreover, schizophrenics
with negative symptoms were significantly slower than
schizophrenics with positive symptoms. Even more in-
terestingly, the dual-task cost was significantly greater
for negative schizophrenics than for positive schizo-
phrenics and controls. Apparently, when negative schizo-
phrenics had to perform two tasks they took longer in

planning the sequence of the two responses. That sug-
gests that negative schizophrenics have a deficit that af-
fects the functioning of the SAS, which is called upon in
planning and decision-making. The ability to co-ordinate
two actions is significantly better in positive schizo-
phrenics. This result is particularly interesting also con-
sidering that negative and positive schizophrenics did
not show any difference in age, education, 1Q, duration
of illness or mg equivalent Chlorpromazine dose for day.
The dual-task performance of negative schizophrenics
resembled what previously found in CHI patients and
anterior communicating artery aneurysm patients (34-
36). The neuropsychological examination showed
deficits for executive functions, especially when exam-
ined with the TLT and the PVFT. Surprisingly, no differ-
ences between negative and positive schizophrenics
were significant. It seems that the dual-task paradigm
has a greater sensitivity to detect differences in executive
functions between negative and positive schizophrenics.
The Simon effect is likely to originate because attention
is oriented to the target stimulus and this produces the
spatial code of the stimulus, even through this code is
task irrelevant (32,33). The spatial code of the stimulus in
turn activates the corresponding response, that is the re-
sponse that shares the same spatial code as the stimulus.
When the automatically activated corresponding re-
sponse is not the one required by the task, it must be in-
hibited, causing a delay in responding. When it is the one
required by the task, facilitation is observed.

Here we found that only negative schizophrenics
lacked the Simon effect and the reason for that was
that the congruent condition was much slow. Thus, it
seems that negative schizophrenics are able to inhibit
an automatically activated but incorrect response,
whereas they are not able to benefit from an automat-
ically activated correct response. An alternative possi-
bility is that they have a deficit in the posterior atten-
tional system and cannot orient attention to the target
stimulus. Because of that the stimulus spatial code is
not formed, the corresponding response is not activat-
ed, and, therefore, the congruent and incongruent con-
ditions are equivalent. In addition, the failure to orient
attention to the stimulus renders responses overall
slower. In a previous paper (11), in which different
negative schizophrenics were tested with the Simon
task, a similar lack of the Simon effect was found, but
it was confined to the left visual field.

Interestingly, the Simon effect was significantly
greater for positive schizophrenics (52+30) than for
controls (26+26). Thus, it seems that positive schizo-
phrenics are slower than controls in inhibiting an auto-
matically activated but incorrect response.
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CONCLUSIONS

Experiment 1 has shown that negative schizophrenics
are impaired in performing a dual-task which depends
on the anterior attention system. That is consistent with
the notion that schizophrenics are impaired in executive
functions, and negatives are more severely impaired
than positives. This result can be generally described as
confirming the syndrome presented by schizophrenic
patients (9). In effect, executive deficits are viewed as a
clear impairment in the ability of engaging in motivated
and purposeful behaviour, even when positive symp-
toms are absent or have been already treated.

Since the description in schizophrenia of key deficits
in attention, perception and cognition by early psy-
chopathologists (18,33,37), experimental psychopathol-
ogists have tried to identify the core abnormalities of in-
formation processing. A controversy about cognition in
schizophrenia was whether schizophrenics performed
equally poorly in every test, producing a global intellec-
tual deficit or had greater deficits in one or more aspects
(38,39). This controversy is still ongoing, with some re-
searchers believing that the main cognitive deficit in
schizophrenia is a massive impairment in all skill areas,
whereas others believe that specific deficits exist in def-
inite areas, such as memory and attention, besides an
overall poor performance (40).

Our results support the idea that specific symptom
dimensions or patterns are associated to specific cogni-
tive impairments. What is particularly striking is that
negative schizophrenics manifested clear abnormali-
ties, whereas positive schizophrenics performed very
similarly to healthy controls. In effect, in the first ex-
periment only negative schizophrenics showed a pro-
nounced deficit in coordinating two tasks. That is con-
sistent with well-documented observations stating that
patients with schizophrenia are impaired in perform-
ing divided attention tasks (4,41,42).

The results of the second experiment are consistent
with observations of association between distractibili-
ty and disorganization symptoms and poor selective
attention (40). Disorganization symptoms have even
been made into an independent dimension of the ill-
ness, the so-called “disorganization” syndrome (39,
43). However, also in this experiment, the abnormality
that can be attributed to a deficit in attention orient-
ing, that is the absence of the Simon effect, is limited to
the negative schizophrenics. A possible link between
attention deficits and negative symptoms derives from
the suggestion that the pattern of deficits in attention-
al functioning in schizophrenic patients and groups at
risk for schizophrenia is consistent with a reduction in
available processing capacity (44,45).

It is of interest that recent studies claim that differ-
ent neuropsychological deficits underlie different
symptoms, with different neurophysiological sub-
strates (16,17). Brain imaging evidence of activation of
different brain areas in response to complex neuropsy-
chological testing is reported (46). In a previous contri-
bution, we have highlighted the strong relation be-
tween neurocognitive deficits, social cognition deficits
and negative symptoms (47).

Schizophrenia has been related to a prefrontal dys-
function (18,48,49). Sereno and Holtzman (50) showed
that in schizophrenic subjects there is a deficit in volun-
tary attentional control, with disinhibition and therefore
enhancement of automatic processes of spatial selective
attention. From these considerations, cognitive impair-
ment in schizophrenia and more specifically attentional
impairment would be linked to hypofrontality and the
predominance of negative symptoms.

In any case, cognitive impairment tends to be rela-
tively independent of the symptoms of the illness. In
general terms, negative symptoms tend to be more
strongly correlated with cognitive performance than
positive symptoms. The former may covary with meas-
ures of executive function and visual-motor perform-
ance; the latter tend to correlate with measure of audi-
tory distractibility and other forms of auditory process-
ing (10,18). There is agreement among researchers that
the symptoms of schizophrenia do not “cause” cognitive
impairment; instead these two domains appear to re-
flect different aspects of the underlying neurobiology of
the disease. In particular, attentional impairments ap-
pear to persist after remission of acute psychotic
episodes and occur over the entire course of the illness.
Moreover, multiple attention deficits have been ob-
served in individuals with schizotypal disorder and chil-
dren of schizophrenics (40), thus supporting the view of
attention deficits as an early marker of the illness.
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