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Objective: Auditory selective attention
involves top-down modulation of sensory
processing to selectively filter relevant
from irrelevant information. Patients with
schizophrenia have deficits in auditory se-
lective attention, but whether these atten-
tion deficits are evident at the earliest
stages of auditory processing or emerge
later in the processing stream is unknown.

Method: Event-related potentials were
used to assess the integrity and time
course of auditory attention in schizo-
phrenia during a cross-modal selective
attention task. A random sequence of
equiprobable loud and soft speech
sounds and bright and dim checkerboard
patterns occurred every 800 to 1200
msec. A button press was required in re-
sponse to soft speech sounds in the audi-
tory attention task and to dim checker-
boards in the visual attention task. Event-

related potentials were recorded from 15
patients with DSM-1V schizophrenia and
16 age- and gender-matched healthy
comparison subjects.

Results: As early as 50 msec, both pa-
tients and comparison subjects showed ev-
idence of cross-modal selective attention.
These attention effects were sustained
until 300 msec in comparison subjects but
were no longer evident in patients by 100
msec.

Conclusions: Schizophrenia patients im-
plemented an early attentional filter but
failed to sustain selective attention later
in the processing stream. This suggests
that initially intact executive control of
auditory attention cannot be sustained in
schizophrenia, perhaps implicating dys-
function in frontotemporal pathways.

(Am J Psychiatry 2004; 161:872-881)

C ognitive and attentional deficits played a prominent
role in the original descriptions of schizophrenia (1, 2),
and recent reviews have proposed that they comprise a
“core of schizophrenia” giving rise to other aspects of the
disease process (3, 4). Their frequency and severity signif-
icantly contribute to impaired social and vocational func-
tioning (5). Theories about the nature of attentional im-
pairments in schizophrenia are numerous, ranging from
early precognitive gating failures to deficits of executive
control in selectively sorting between relevant and irrele-
vant information (6).

Attentional control systems are needed to filter the
rapid, multisensory stimulus bombardment we constantly
encounter. Exactly when in the processing stream this
happens has been the subject of some debate. Broadbent
(7) first suggested that a very early filter acted to suppress
processing of information in the unattended channel or
modality, while Deutsch and Deutsch (8) suggested that
information in the unattended channel may continue to
be processed to a high level before being rejected from fur-
ther action. These two views of selective attention have
been variously referred to as early (7) versus late (8) selec-
tion, stimulus-set versus response-set attention (9), and
filtering versus pigeon-holing (9, 10).

Event-related potentials allow millisecond temporal res-
olution of stimulus-related neural activity and pinpoint
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when attention affects stimulus processing. In a seminal
study (11), subjects heard rapidly presented high tones in
one ear and low tones in the other ear. Occasionally a
slightly higher pitched “target” tone was presented. On one
run, subjects were instructed to pay attention to targets in
one ear, and on the other run, they were instructed to pay
attention to targets in the other ear. There was evidence of
cross-ear selective attention in N1 amplitude, which was
quantified as the difference in N1 amplitude to the same
tone when attended and not attended. This difference,
later referred to as “Nd” (12), was evident as early as 60-70
msec post-stimulus and was interpreted as evidence for
early filtering. Nd enhanced the negativity of both the early
N1 amplitude (at approximately 100 msec) and later N2
amplitude (at approximately 250 msec), both elicited in the
auditory cortex (13). These components are also enhanced
in cross-modal tasks where the effects of auditory atten-
tion are compared with visual attention (14, 15). That an
even earlier positive component, the auditory P1, can show
augmented positivity in cross-modal attention tasks has
received some modest support (14) (but see reference 15),
although it must have a different mechanism than that
underlying the negativity augmentation seen with Nd.
Regardless of the mechanisms, attention effects at P1, N1,
and N2 are consistent with top-down executive control
affecting processing of incoming signals before 300 msec.
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TABLE 1. Demographic and Clinical Characteristics of Schizophrenia Patients and Healthy Comparison Subjects Recruited

for a Study of Selective Attention

Healthy Comparison Subjects (N=16)

Schizophrenia Patients (N=15)

Variable
Mean SD
Age (years)? 42.2 9.4
Education (years)? 15.3 1.7
Parental socioeconomic status® 339 13.2
Brief Psychiatric Rating Scale total score 41.5 10.2
N %

Sex

Female 1 6.3

Male 15 93.8
Handedness

Right-handed 14 87.50

Left-handed 1 6.25

Ambidextrous 1 6.25

Diagnostic subtype
Undifferentiated
Paranoid
Residual

Antipsychotic medications
Typicald
Atypical®

Range Mean SD Range
20-58 40.0 8.8 20-53
13-20 12.5 0.8 11-14
15-59 47.0 15.4 20-73
21-54
N %
1 6.7
14 93.3
12 80.0
3 20.0
0 0.0
8 53.3
6 40.0
1 6.7
3 20.0
12 80.0

2 No difference between healthy subjects and schizophrenia patients (t=0.77, df=29, p=0.44).
b Significant difference between healthy subjects and schizophrenia patients (t=2.21, df=29, p<0.0002).

¢ Smaller numbers reflect higher socioeconomic status, per the Hollings
tients (t=2.46, df=26, p<0.02). Data were unavailable for two patients a

dTrifluoperazine, N=1; haloperidol, N=1; fluphenazine, N=1.

€ Clozapine, N=3; olanzapine, N=8; risperidone, N=1.

Functional magnetic resonance imaging (fMRI) studies
support the involvement of frontal lobes, as well as the pri-
mary and secondary auditory cortices, in selective atten-
tion. Auditory selective attention studies have shown in-
creased activity in the primary auditory cortex (16-18) and
secondary auditory cortex (16, 17) (but see reference 19),
with additional activation of frontal lobe areas, possibly
reflecting the attempt to maintain an attentional set and
strategy (17, 19-21).

Auditory attentional deficits in schizophrenia could be
due to impairments in frontally mediated top-down exec-
utive control or to downstream dysfunction in one or
more of the neural circuits used by the frontal lobes to
modulate responsivity of distributed sets of auditory corti-
cal neurons. Event-related potential paradigms have been
used to study the neural basis of attentional deficits in
schizophrenia. One study (22) used a binaural paradigm
to compare attention effects when stimuli occurred fast
(every 250-750 msec) and slow (every 500-1500 msec).
Patients had normal N1 enhancement with attention at
the fast but not at the slow rate. In another study (23), sub-
jects needed to focus not only on one ear at a time, but
also on one specific pitch within that ear, and to respond
to slightly longer duration tones of that pitch. Healthy sub-
jects and schizophrenia patients both showed Nd evi-
dence of cross-ear selective attention, although Nd onset
was delayed in the patients. Patients effectively focused at-
tention on the relevant ear, but could not sustain this
strategy to additionally focus attention on the relevant
pitch within the relevant ear, suggesting a failure to use the
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head scale. Significant difference between healthy subjects and pa-
nd one comparison subject.

hierarchical selective attention strategy used by the
healthy subjects. Both studies found preserved selective
attention function in patients for some dimension of audi-
tory input but not for others.

A recent fMRI study (18) showed that schizophrenia
patients had less frontal lobe activation during a cross-
modal selective attention task than did healthy subjects
but nevertheless demonstrated normal modulation of au-
ditory processing in the primary auditory cortex. Because
of the relatively poor temporal resolution of fMR], it cannot
elucidate whether attention affected the earliest afferent
volley reaching the auditory cortex or later auditory pro-
cesses. Moreover, it is unclear whether the reduction in
frontal activity was relevant to the processes that modulate
auditory cortical responsivity during selective attention or
reflected deficits in other aspects of task performance such
as maintenance of stimulus-response mapping rules.

In the current study, we used event-related potentials to
assess auditory selective attention in schizophrenia in a
simple cross-modality paradigm in which the exclusion of
irrelevant stimuli is facilitated by an easy to apply modality
filter. In one condition, subjects attended to one of two au-
ditory signals while ignoring visual signals, and in the other
condition, they attended to one of two visual signals while
ignoring auditory signals. We assessed auditory processing
during these two conditions. For healthy comparison sub-
jects, we predicted that early event-related potential activ-
ity would reflect early filtering, showing enhancement of
processing of auditory stimuli when attention was directed
toward the auditory modality and away from the visual
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TABLE 2. Differences in Performance on Auditory and Visual Attention Tasks Between Schizophrenia Patients (N=15) and

Healthy Comparison Subjects (N=16)

Healthy Subjects Schizophrenia Patients Analysis
Task and Performance Variable Mean SD Mean SD t (df=29) p
Auditory attention task
Percent correctly detected targets? 96.75 4.7 82.5 235 2.37 0.02
Percent misses® 3.25 4.7 17.5 235 -2.37 0.02
Percent false alarms¢ 35 3.1 8.9 11.3 -1.86 0.07
Percent errorsd 0.5 1.2 1.7 2.6 -1.72 0.10
Mean reaction time to target (msec) 506 64.4 572 162.4 -1.51 0.14
Median reaction time target (msec) 489 54.9 550 161.9 -1.42 0.17
Visual attention task
Percent correctly detected targets? 92.0 18.3 95.3 9.6 -0.60 0.55
Percent misses® 8.0 18.3 4.7 9.6 0.61 0.55
Percent false alarms¢ 9.8 13.0 7.4 9.8 0.59 0.56
Percent errorsd 0.1 03 1.6 5.9 -1.00 0.33
Mean reaction time target (msec) 460 88.9 479 102.7 -0.56 0.58
Median reaction time target (msec) 453 86.3 463 100.0 -0.30 0.76

2 Qut of 50 targets.

b Failing to press the button in response to the target (total targets=50).
¢ Responding to wrong stimulus within attended modality (total within-modality nontargets=50).
d Responding to either stimulus in unattended modality (e.g., response to loud or soft speech sound during visual attention task; total unat-

tended modality stimuli=100).

modality. For schizophrenia patients, two alternative hy-
potheses were considered. According to the first hypothe-
sis, deficits in top-down executive control should globally
compromise the implementation of an early filtering strat-
egy while performing this cross-modal selective attention
task, resulting in a uniform failure to modulate the set of
auditory event-related potential components (P1, N1, N2)
with attention. According to the second hypothesis, intact
frontally mediated executive control but compromised
selected frontotemporal circuits or intratemporal lobe
circuits downstream could produce a pattern of sparing
and loss of attentional modulation among these auditory
event-related potential components.

Method

Subjects

Demographic and clinical characteristics of patients (N=15)
and healthy comparison subjects (N=16) are summarized in Table
1. All gave written informed consent after procedures had been
fully described. The healthy comparison group was recruited by
newspaper advertisements and word of mouth, screened by tele-
phone using the psychiatric screening questions from the Struc-
tured Clinical Interview for DSM-IV (SCID) (24), and were ex-
cluded for any significant history of axis I psychiatric illness.
Patients were recruited from community mental health centers as
well as from inpatient and outpatient services of the Veterans Af-
fairs Palo Alto Health Care System.

All patients met DSM-IV criteria for schizophrenia, determined
either by 1) diagnosis from a psychiatrist or psychologist using
the SCID or 2) consensus of a trained research assistant using the
SCID and a clinical interview conducted by a psychiatrist or psy-
chologist. In two cases, a psychiatrist made the diagnosis by pa-
tient chart review. Prospective participants were excluded if they
met DSM-1V criteria for alcohol or drug abuse within 30 days be-
fore the study (several patients had a remote history of alcohol
dependence). In addition, patient and comparison participants
were excluded for significant head injury resulting in neurological
sequelae, or neurological or other medical illnesses compromis-
ing the central nervous system.
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Patient symptoms were assessed by two trained raters (includ-
ing a psychiatrist or clinical psychologist) administering the 18-
item Brief Psychiatric Rating Scale (BPRS) (25, 26) using a semi-
structured interview conducted on the same day (N=8), within 2
days (N=5), or within 1 week (N=2) of event-related potential test-
ing. The average of the two ratings was used.

Experimental Procedure

Four types of stimuli (two auditory and two visual), each 250
msec long, were presented in random order at randomly occur-
ring intervals of 800, 900, 1000, 1100, or 1200 msec. Auditory stim-
uli, presented through headphones, were loud and soft single-syl-
lable speech sounds (“ba”) spoken by a woman. The loud sound
was set to 25 dB above an individual subject’s sensation level (SL),
and the soft sound was set to 15 db SL. The maximum level heard
by a subject was 86 dB SPL (C-scale). Visual stimuli were 5x5 check-
erboards of white and gray squares subtending 5° of visual angle,
presented on a cathode ray tube placed 1.25 m in front of the sub-
ject. Checkerboards were bright (2.4 candelas/square foot) and
dim (1.1 candelas/square foot). Differences between the loud and
soft speech sounds and the bright and dim checkerboard patterns
were adjusted until they were deemed 100% discriminable and
equivalent across modalities, based on subjective judgments of
laboratory personnel, matched in age to the subjects studied. The
stimulus sequence was repeated twice, once as an auditory at-
tention task (pressing the button in response to the soft speech
sound) and once as a visual attention task (pressing the button in
response to the dim checkerboard). The order of conditions was
counterbalanced across subjects.

Event-Related Potential Procedure

Recording. Electroencephalograph (EEG) recordings were ob-
tained from 35 scalp sites, but only event-related potentials from
the Fz, Cz, and Pz leads are reported here. Vertical electro-oculo-
graph (EOG) recordings were obtained from electrodes placed
above and below the right eye, and horizontal EOG recordings
were obtained from electrodes placed at the outer canthus of
each eye. EEG and EOG samples were obtained every 2 msec. EEG
was band-pass filtered between 0.05 and 40 Hz. Each trial’s 1100-
msec epoch was subjected to linear detrending and was corrected
for effects of eye blinks and eye movements based on correlations
of vertical EOG and horizontal EOG with EEG recorded at each
electrode (27). The average of the 100-msec prestimulus baseline

Am | Psychiatry 161:5, May 2004



MATHALON, HEINKS, AND FORD

FIGURE 1. Grand Average Event-Related Potential Responses at Cz to Loud and Soft Speech Sounds During Auditory and
Visual Attention Tasks in Healthy Comparison Subjects and Schizophrenia Patients
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a Cross-modal attention.

was subtracted from each time point in the epoch. Only trials
with correct responses were included in the averages, and sub-
jects with fewer than 14 trials remaining were excluded. Thus,
although data were collected from 17 healthy subjects and 19
patients, data from 16 healthy subjects and 15 patients are re-
ported here.

Components. Only auditory event-related potentials are pre-
sented here. Inspection of the waveforms indicated that speech
sounds elicited P1, N1, and N2 event-related potential compo-
nents (the latter two representing the early and late aspects of Nd),
with a P2 amplitude that was closely linked to that of N2. Because
of its redundancy with N2, analysis of P2 will not be presented. We
measured P1, N1, and N2 amplitudes at Fz, Cz, and Pz. P1 was the
maximum positivity between 25 and 75 msec, N1 was the maxi-
mum negativity between 76 and 180 msec, and N2 was the maxi-
mum negativity between 190 and 340 msec. Large P300s were not
elicited because of the equiprobable nature of the stimuli (28).

Behavioral data. We tallied the number of correct responses,
false alarms (pressing a button in response to the wrong stimulus
within the attended modality), misses (failing to press the button
in response to the target), and errors (pressing the button in re-
sponse to either stimulus in the unattended modality) and col-
lected reaction times.

Statistical Analyses

Group differences in the behavioral data from the auditory and
visual attention tasks were assessed separately using t tests for
each variable. Separate repeated-measures analyses of variance
(ANOVAs) for each component (amplitude and latency) were per-
formed to assess the effects of group (healthy subjects versus
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schizophrenia patients), attention modality (auditory versus vi-
sual), stimulus (soft versus loud speech sound), and lead (Fz, Cz,
Pz). It is important to note that the stimulus factor has two differ-
ent meanings: in the auditory attention task, the stimulus factor
contrasts targets (soft speech sounds) to nontargets (loud speech
sounds); in the visual attention task, the stimulus factor contrasts
the low-intensity soft speech sounds to the higher-intensity loud
speech sounds even though both were nontargets. Thus, the stim-
ulus effect during attention to the auditory modality reflected the
effects of target detection. The stimulus effect during attention to
the visual modality reflected the effects of speech sound intensity.
Interactions were parsed using sub-analyses of variance. Green-
house-Geisser corrections were used when appropriate. Relation-
ships were assessed between event-related potential indices of
cross-modal attention (event-related potential response at Cz to
soft speech sounds during auditory attention versus visual atten-
tion) and clinical severity (total BPRS) using Pearson product-
moment correlation analyses. In addition, to determine whether
group differences in parental socioeconomic status or target de-
tection accuracy could explain group differences in event-related
potential indices of cross-modal selective attention, analyses of
covariance (ANCOVAs) were performed.

Results

Behavior

Behavioral data appear in Table 2. Healthy subjects re-
sponded correctly to the soft speech targets more often
than did patients, which was reflected in the lower percent
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TABLE 3. Analysis of Variance Results for P1 Amplitude

Effect? F df p
Comparison of auditory and visual attention®
Group 0.02 1,29 0.90
Attention modality 7.45 1,29 0.01
Group by attention modality 1.07 1,29 0.31
Stimulus 0.01 1,29 0.95
Stimulus by group 0.00 1,29 0.96
Lead 15.60 2,58 0.00
Group by lead 0.80 2,58 0.44
Attention modality by stimulus 7.29 1,31 0.01
Group by attention modality by stimulus 0.20 1,29 0.66
Attention modality by lead 142 2,58 0.25
Group by attention modality by lead 0.62 2,58 0.52
Stimulus by lead 0.76 2,58 0.44
Group by stimulus by lead 0.19 2,58 0.77
Attention modality by stimulus by lead 1.79 2,58 0.19
Group by attention modality by stimulus
by lead 0.21 2,58 0.72
Sub-analysis: auditory attention
Group 0.12 1,29 0.73
Stimulus 298 1,29 0.09
Stimulus by group 011 1,29 0.74
Lead 15.76 2,58 0.0001
Group by lead 1.51 2,58 0.23
Stimulus by lead 152 2,58 0.23
Group by stimulus by lead 0.08 2,58 0.87
Sub-analysis: visual attention
Group 0.32 1,29 0.58
Stimulus 3.24 1,29 0.08
Stimulus by group 0.06 1,29 0.80
Lead 7.27 2,58 0.003
Group by lead 0.08 2,58 0.88
Stimulus by lead 0.30 2,58 0.69
Group by stimulus by lead 0.51 2,58 0.56

a Group: patients versus healthy subjects; attention modality: audi-
tory versus visual; stimulus: target or soft speech sound versus non-
target or loud speech sound; lead: Fz, Cz, or Pz.

b Subjects were presented with a random sequence of equiprobable
loud versus soft speech sounds and bright versus dim checker-
board patterns and asked to press a button in response to soft
speech sounds during auditory attention and dim checkerboard
patterns during visual attention.

correct responses in the patients. While reaction times
tended to be somewhat slower in patients than in compar-
ison subjects, this was not significant. There were no
group differences in performance of the visual attention
task. Healthy subjects responded slightly faster (t=4.44,
df=29, p<0.05) but equally accurately (t=0.91, df=29, p=
0.37) to visual and auditory targets, suggesting that the ef-
forts to match discriminability of low- and high-intensity
stimuli in each modality were successful.

Event-Related Potentials

Grand average event-related potentials in response to
speech sounds during the auditory and visual attention
modalities are plotted in Figure 1.

P1. Results of the repeated-measures ANOVA for the ef-
fects of the four factors (group, attention modality, stimu-
lus, lead) on P1 amplitude appear in Table 3. As can be
seen in Figure 2, there was a significant effect of cross-
modal attention on P1 amplitude. Overall, P1 amplitude in
response to the speech sounds was larger when subjects
were attending to the auditory signals relative to visual sig-
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FIGURE 2. P1 Amplitude Response at Cz to Soft Speech
Sounds During Selective Attention Tasks for Healthy
Comparison Subjects and Schizophrenia Patients
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nals. This effect was slightly stronger in the patients (F=
4.59, df=1, 14, p=0.05) than in the healthy subjects (F=2.76,
df=1, 15, p=0.12), although the interaction with group was
not significant. This suggests that at a very early stage of
processing (approximately 25-75 msec), auditory process-
ing was similarly enhanced in patients and healthy sub-
jects during the auditory attention modality relative to the
visual attention modality.

There was also a significant attention modality-by-
stimulus interaction, which again did not differ by group,
suggesting differential effects of stimulus during atten-
tion to auditory and visual modalities. When attention
was directed to the visual modality, P1 tended be affected
by stimulus (Table 3), being somewhat larger to the loud
speech sounds (2.0 uV) than to the soft speech sounds
(1.4 uV), perhaps because of the simple effects of inten-
sity on P1 in the absence of any auditory attention effects.
When attention was directed to the auditory modality, P1
tended to be affected by stimulus (Table 3) but in the op-
posite direction, being smaller to the loud speech sounds
(2.1 uV) than to the soft speech sounds (2.7 uV). While
cross-modality effects could be distinguished as early as
around 55 msec, attention effects within the auditory mo-
dality could not be, perhaps because of countervailing ef-
fects of attention and intensity on P1 amplitude. This in-
teraction also indicates that the effect of cross-modal
attention on P1 was mainly driven by the response to the
soft speech sounds, suggesting that the combination of
auditory attention and target detection was enough to
overcome the intensity-driven reduction of the P1 to the
soft speech sounds evident during attention to the visual
modality.
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TABLE 4. Analysis of Variance Results for N1 Amplitude

Effect? F df p
Comparison of auditory and visual attention?
Group 089 1,29 0.35
Attention modality 035 1,29 0.56
Group by attention modality 531 1,29 0.03
Healthy subjects: attention modality 4.52 1,15 0.05
Patients with schizophrenia: attention
modality 137 1,14 0.26
Stimulus 0.01 1,29 0.93
Stimulus by group 0.28 1,29 0.60
Lead 28.31 2,58 0.00
Group by lead 0.82 2,58 0.44
Attention modality by stimulus 0.08 1,31 0.78
Group by attention modality by stimulus 135 1,29 0.26
Attention modality by lead 9.65 2,58 0.0002
Group by attention modality by lead 0.85 2,58 0.43
Stimulus by lead 1.67 2,58 0.20
Group by stimulus by lead 1.20 2,58 0.31
Attention modality by stimulus by lead 0.08 2,58 0.92
Group by attention modality by stimulus
by lead 0.48 2,58 0.62
Sub-analysis: auditory attention
Group 2.28 1,29 0.14
Stimulus 0.04 1,29 0.88
Stimulus by group 0.33 1,29 0.57
Lead 17.44 2,58 0.0001
Group by lead 1.19 2,58 0.31
Stimulus by lead 114 2,58 0.33
Group by stimulus by lead 152 2,58 0.23
Sub-analysis: visual attention
Group 0.06 1,29 0.81
Stimulus 0.08 1,29 0.78
Stimulus by group 1.59 1,29 0.22
Lead 34.58 2,58 0.0001
Group by lead 0.44 2,58 0.59
Stimulus by lead 0.74 2,58 0.42
Group by stimulus by lead 0.13 2,58 0.77

2 Group: patients versus normal comparison subjects; attention mo-
dality: auditory versus visual; stimulus: target or soft speech sound
versus nontarget or loud speech sound; lead: Fz, Cz, or Pz.

b Subjects were presented with a random sequence of equiprobable
loud versus soft speech sounds and bright versus dim checker-
board patterns and asked to press a button in response to soft
speech sounds during auditory attention and dim checkerboard
patterns during visual attention.

The cross-modality P1 attention effects were not related
to clinical severity (r=-0.30, df=13, p=0.28). The four-way
(group-by-attention modality-by-stimulus-by-lead)
ANOVA of P1 latency showed no significant effects.

N1. Results of the repeated-measures ANOVA for the ef-
fects of the four factors on N1 amplitude appear in Table
4. There was a significant group-by-attention modality in-
teraction, indicating that in comparison subjects, but not
patients, N1 amplitude response to speech sounds was
larger when attending to the auditory relative to the visual
modality (Figure 3). A significant attention modality-by-
lead interaction indicated a stronger effect at Pz than at
Fz or Cz.

Although patients and healthy subjects differed in pa-
rental socioeconomic status (Table 1), the group-by-atten-
tion modality interaction was not driven by this differ-
ence; results of the ANCOVA revealed that the slope of the
relationship between parental socioeconomic status and

Am | Psychiatry 161:5, May 2004

MATHALON, HEINKS, AND FORD

FIGURE 3. N1 Amplitude Response at Cz to Soft Speech
Sounds During Selective Attention Tasks for Healthy Com-
parison Subjects and Schizophrenia Patients?®
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positive components.

the N1 attention effect did not differ for the two groups (F=
0.11, df=1, 24, p=0.75), and the group difference in the N1
attention effect remained significant after controlling for
parental socioeconomic status (F=6.14, df=1, 25, p=0.02).
Similarly, although patients did not detect targets as accu-
rately as the healthy subjects (Table 2), the slope of the re-
lationship between performance and the N1 attention ef-
fect did not differ for the two groups (F=1.33, df=1, 27, p=
0.26), and the group difference in the N1 attention effect
remained significant after controlling for accuracy (F=
5.78, df=1, 28, p=0.02). The N1 attention effect was not re-
lated to clinical severity (r=-0.30, df=13 , p=0.27). Because
of previous reports of reduced auditory N1 amplitude in
patients, we specifically assessed the group effect for N1 at
Cz. Relative to healthy comparison subjects, patients had
a significantly smaller N1 amplitude for both the soft
speech sounds (F=3.19, df=1, 29, p<0.04, one-tailed) and
loud speech sounds (F=2.78, df=1, 29, p=0.05, one-tailed)
during auditory attention.

While sensitive to cross-modal attention effects, N1 am-
plitude was not sensitive to within-modality attention ef-
fects. That is, the target (soft speech sounds) did not elicit
a larger N1 than the nontarget (loud speech sounds) dur-
ing auditory attention (Table 4). To rule out the possibility
that this could be due to the countervailing effects of in-
tensity and attention on N1, we assessed the effects of
stimulus on N1 during attention directed away from the
auditory modality (visual attention) and found no stimu-
lus intensity effect (Table 4).

N1 peaked at about 125 msec, and its latency was not af-
fected by any of the experimental conditions.

http.//ajp.psychiatryonline.org 877



CROSS-MODAL SELECTIVE ATTENTION IN SCHIZOPHRENIA

TABLE 5. Analysis of Variance Results for N2 Amplitude

Effect? F df p
Comparison of auditory and visual atten-
tionP
Group 096 1,29 0.33
Attention modality 566 1,29 0.02
Group by attention modality 4.04 1,29 0.05
Healthy subjects: attention modality 728 1,15 0.02
Patients with schizophrenia: attention
modality 011 1,14 0.75
Stimulus 233 1,29 0.14
Stimulus by group 025 1,29 0.62
Lead 1.74 2,58 0.18
Group by lead 3,52 2,58 0.04
Fz: group 014 1,29 0.72
Cz: group 357 1,29 0.07
Pz: group 0.00 1,29 1.00
Healthy subjects: lead 247 2,30 0.2
Patients with schizophrenia: lead 279 2,28 0.08
Attention modality by stimulus 0.06 1,31 0.81
Group by attention modality by stimulus 035 1,29 0.56
Attention modality by lead 3.73 2,58 0.03
Group by attention modality by lead 391 2,58 0.03
Fz: group by attention modality 148 1,29 0.23
Cz: group by attention modality 580 1,29 0.02

Healthy subjects: attention modality 10.01 1,15 0.01
Patients with schizophrenia: attention

modality 081 1,14 0.06
Pz: group by attention modality 315 1,29 0.09
Stimulus by lead 139 2,58 0.26
Group by stimulus by lead 013 2,58 0.88
Attention modality by stimulus by lead 0.60 2,58 0.55
Group by attention modality by stimulus
by lead 0.03 2,58 097
Sub-analysis: auditory attention
Group 327 1,29 0.08
Stimulus 113 1,29 0.30
Stimulus by group 0.58 1,29 0.45
Lead 245 2,58 0.10
Group by lead 517 2,58 0.01
Stimulus by lead 220 2,58 0.14
Group by stimulus by lead 016 2,58 0.79
Sub-analysis: visual attention
Group 0.77 1,29 0.39
Stimulus 045 1,29 0.51
Stimulus by group 0.04 1,29 0.84
Lead 227 2,58 012
Group by lead 098 2,58 0.37
Stimulus by lead 030 2,58 0.70
Group by stimulus by lead 0.05 2,58 0.92

a Group: patients versus normal comparison subjects; attention mo-
dality: auditory versus visual; stimulus: target or soft speech sound
versus nontarget or loud speech sound; lead: Fz, Cz, or Pz.

b Subjects were presented with a random sequence of equiprobable
loud versus soft speech sounds and bright versus dim checker-
board patterns and asked to press a button in response to soft
speech sounds during auditory attention and dim checkerboard
patterns during visual attention.

N2. Results of the repeated-measures ANOVA for the
effects of the four factors on N2 amplitude and latency
appear in Table 5. N2 amplitude in response to speech
sounds was affected by significant group-by-attention
modality-by-lead and group-by-attention modality inter-
actions. Simply stated, in healthy subjects, N2 amplitude
response to speech sounds was larger when subjects at-
tended to the auditory modality than to the visual modal-
ity, despite the fact that the strength of this effect varied
with lead, being strongest at Cz. Most important, the
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FIGURE 4. N2 Amplitude Response at Cz to Soft Speech
Sounds During Selective Attention Tasks for Healthy Com-
parison Subjects and Schizophrenia Patients?
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2 Note that y axis is inverted for ease of comparison of negative and
positive components.

cross-modality effect on N2 was not significant in pa-
tients. This is plotted in Figure 4 for N2 amplitudes at Cz.

ANCOVA results revealed that the relationship between
parental socioeconomic status and the N2 attention effect
was not significantly different for the two groups (F=0.32,
df=1, 24, p=0.58). While the group effect was somewhat di-
minished in significance when parental socioeconomic
status was considered (F=3.08, df=1, 25, p=0.09), socioeco-
nomic status was not significantly correlated with the N2
effect for either healthy subjects (r=0.16, df=14, p=0.56) or
patients (r=0.06, df=13, p=0.84). The effects of target de-
tection accuracy on the N2 attention effect did not differ
for the two groups (F=0.05, df=1, 27, p=0.82), and the
group difference remained significant after controlling for
accuracy (F=4.59, df=1, 28, p=0.04). N2 attention effects
were not significantly related to total BPRS scores (r=-0.45,
df=13, p=0.10).

Aswith N1, N2 was insensitive to within-modality atten-
tion. To rule out the possibility that this could be due to
the countervailing effects of intensity and attention on N2,
we assessed the effects of stimulus on N2 when attention
was directed away from the auditory modality (visual at-
tention) and found no stimulus intensity effects (Table 5).

N2 was also affected by a group-by-lead interaction, al-
though neither the effects of group at each lead nor the ef-
fects of lead for each group were significant (Table 5).

As can be seen in Figure 1, N2 was not elicited during at-
tention to the visual modality, and although its amplitude
could be estimated as a minimum voltage within a win-
dow, its latency could not be measured with confidence.
Hence, N2 latency was only analyzed during auditory
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attention in a three-way (group-by-stimulus-by-lead)
ANOVA. There was a significant main effect of stimulus (F=
6.2, df=1, 29, p<0.02) such that N2 to the soft speech sound
(target) was delayed relative to the loud speech sound
(nontarget). The lack of a group-by-stimulus interaction
suggests that target detection is associated with delayed
processing in both patients and comparison subjects.

Discussion

The principal finding from the present study was that
normal cross-modal selective attention effects were evi-
dent in the auditory event-related potentials of schizo-
phrenia patients at the earliest attention-modulated com-
ponent, the P1, but were not sustained in the later N1 and
N2 components. These results argue against a global im-
pairment in frontally mediated executive function as the
basis for auditory selective attention deficits in schizo-
phrenia, since top-down modulation of auditory versus vi-
sual attention was clearly evident in the enhanced P1 to
the speech sounds during auditory attention. Thus, the
pattern of sparing and loss of attentional modulation of
these early event-related potential components suggests
that the disruption of cross-modal selective attention re-
sulted from deficits downstream from the frontal lobes
where selective attention is presumably initiated.

This task could be accomplished with at least two strat-
egies, filtering and pigeon-holing. With filtering, a class of
items is initially included or excluded from further pro-
cessing based on a common stimulus feature (e.g., sensory
modality). Stimuli within the attended modality would
then be allocated processing resources, while those in the
unattended modality would be excluded from further
processing. Depending on task demands, an initial bi-
furcation can happen at a relatively early point in the
processing stream and result in an elaborate hierarchical
processing strategy, as successive classes of stimuli are re-
jected from further processing (29). With pigeon-holing,
all items, including nontargets, are fully processed in
order to categorize and act upon the designated target.
While neither strategy is realistic if taken to extremes (30),
there is evidence from event-related potential studies that
hierarchical selective attention, or filtering, does occur in
the auditory system in healthy comparison subjects (29)
but is abnormal in patients with schizophrenia (22, 23).

The pattern of event-related potential results suggests
that comparison subjects used the optimal strategy of fil-
tering at all stages of the processing stream, while patients
used this strategy early in processing but did not sustain it.
That is, healthy subjects and schizophrenia patients
showed evidence of cross-modal attention effects as early
as 55 msec (P1). In comparison subjects, this effect was
sustained until about 300 msec, as reflected by larger N1
(125 msec) and N2 (280 msec) responses to auditory stim-
uli during auditory relative to visual attention. By about
300 msec, there was also evidence of within-modality at-

Am | Psychiatry 161:5, May 2004

MATHALON, HEINKS, AND FORD

tention, with a prolongation of auditory target relative to
nontarget processing. This evidence of within-modality
attention was seen in both groups, culminating in correct
button press responses to the targets. Although patients
were less accurate in detecting the soft speech sounds, the
event-related potentials are based on only correct trials.

The tendency for P1 to be augmented by cross-modal
attention in patients is consistent with fMRI data collected
during a cross-modal attention task from schizophrenia
patients who demonstrated normal modulation of audi-
tory processing in the auditory cortex (18), where P1 is
probably generated (31). In that study, both patients and
comparison subjects showed dorsolateral prefrontal corti-
cal activation during the selective attention task, but pa-
tients showed less extensive activation in this region. The
fact that reduced prefrontal activity was not associated
with reduced modulation of auditory cortex in patients
suggests that this reduced activity may have been related
to other aspects of task performance such as maintenance
of stimulus-response mapping rules or response selec-
tion. If N1 and N2 are generated in the secondary auditory
cortex, it is surprising that Ramsey et al. (18) did not ob-
serve secondary auditory cortex activation during audi-
tory attention in comparison subjects. However, neuro-
modulatory effects reflected in N1 and N2 may be too fast
or too small to be picked up by hemodynamic imaging
techniques. Event-related potentials and fMRI offer com-
plementary, but not necessarily overlapping, information
about brain processes.

The observation that P1, but not N1 and N2, is modu-
lated by attention in schizophrenia patients suggests that
executive control is successfully exerted over early but not
later auditory cortical signals. There are a number of pos-
sible neuroanatomical explanations for this finding, bear-
ing in mind the caveat that anatomical attributions from
our data involve some speculation. One possible explana-
tion is that the frontal lobe successfully initiates the pro-
cessing biases inherent to selective attention, but a subset
of the frontotemporal neural pathways targeting the audi-
tory cortical generators of N1 and N2 are compromised.
This could represent an instance of functional disconnec-
tivity that has been proposed as a major pathophysio-
logical mechanism in schizophrenia (32, 33). A related
possibility is that frontotemporal circuits are intact, but
corticocortical connections linking auditory regions in-
volved in early and later auditory processing may be faulty,
leading to a breakdown in selective attention subsequent
to early processing reflected by the P1. Another possibility
is that the frontotemporal circuits are intact, but the integ-
rity of some neuronal groups in the auditory cortex may
be compromised, failing to respond to the modulatory in-
put from the frontal cortex. Indirect evidence for this view
comes from research suggesting abnormalities of gluta-
matergic neurotransmission at N-methyl-p-aspartic acid
receptors in layer V neurons of the auditory cortex (34).
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While all of the possibilities discussed so far implicate
abnormalities downstream from the frontal cortex where
selective attention is presumably initiated, frontal lobe
impairment cannot be ruled out as a contributor to the
neurophysiological deficits in cross-modal selective atten-
tion observed in the patients. For example, it is possible
that a single frontal lobe attentional mechanism normally
enhances auditory processing in the P1-generating and
N1/N2-generating auditory cortical structures, but its ef-
fectiveness decays faster in patients than in comparison
subjects. That is, this mechanism can enhance auditory
processing until about 50 msec in patients, but by 100
msec, its effects have waned. It is also possible that two
distinct frontal lobe areas exert independent control over
the auditory cortical regions generating P1 and those gen-
erating N1 and N2, with the first being spared in the pa-
tients and the second being dysfunctional.

Intact selective attention effects on P1 in patients indi-
cate that some aspects of executive control are operating
normally. This finding is consistent with N1 data reported
previously (22, 23). Despite the similarity of findings
among those studies and ours, the earlier reports high-
lighted the attentional dimensions that showed impair-
ments in schizophrenia patients, giving less emphasis to
the selective attention effects that were intact in patients
and their implications for executive function integrity.
While we emphasize the evidence showing normal early
neurophysiological cross-modal selective attention effects
in schizophrenia, ours is not the first study to report ele-
ments of normal and abnormal executive control in pa-
tients. Curtis et al. (35) noted that attenuated frontal acti-
vation in schizophrenia is task dependent. Sullivan et al.
(36) provided evidence from a factor analytic study of Wis-
consin Card Sorting Test scores in schizophrenia patients
that executive dysfunction is not a unitary construct. More
recently, Turken et al. (37) reported normal effects of task-
set shifting, stimulus-response compatibility, and prepa-
ratory attention together with abnormal error monitoring
in patients with schizophrenia, all of which are presum-
ably mediated by frontal cortex.

It is important to consider the role of auditory halluci-
nations in our findings. Most of the patients (N=12 of 15)
were hallucinators, perhaps contributing to the auditory
selective attention deficits. However, no association was
found between severity of hallucinations experienced by
patients in the month preceding the study as rated by the
BPRS and P1, N1, or N2 attention effects.

Limitations

Patients had more difficulty on the auditory discrimina-
tion task than did the comparison subjects. However, it is
unlikely that this would account for the small cross-modal
attention effects we observed in the patients. First, only
trials associated with correct discrimination performance
were included, and second, more difficult discriminations
are associated with greater attentional engagement, and
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therefore, with larger, not smaller, cross-modal selective
attention effects (29). The generalizability of these find-
ings to women with schizophrenia is limited by the fact
that the study includes only one woman. Furthermore,
while 12 of the 15 patients were receiving a variety of atyp-
ical antipsychotic medications at the time of testing, the
design of the study precludes analysis of whether atypical
antipsychotics as a class contributed to improved selective
attention (38) or if type of atypical antipsychotic medica-
tion influenced selective attention (39).

The present study suggests that cross-modal selective at-
tention deficits in schizophrenia are complex, resulting
from compromise of frontotemporal neural circuits or sub-
sets of distributed neuronal groups subserving the filtering
functions at different temporal stages of the auditory pro-
cessing stream. The neurophysiological data presented
here do not support the view that selective attention defi-
cits in schizophrenia result from a singular impairment in
top-down executive control. The data also underscore the
utility of high temporal resolution event-related potentials
in elucidating patterns of neurophysiological sparing and
loss in a manner not possible with high spatial resolution
hemodynamic imaging methods such as positron emis-
sion tomography (PET) or fMRI.
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