


suggested P300 amplitude reduction might reflect not only the
disease trait, but also negative symptoms.

The symptoms of schizophrenia are commonly categorized as
positive or negative. The positive symptoms are the psychological
features thatare present but should not be, such as hallucinations
and delusions. The negative symptoms are those that arenotpresent,
but should be, resulting in blunted affect, emotional withdrawal,
and motor retardation. A factor analysis of the symptoms~Liddle,
1987! revealed three factors: reality distortion~e.g., delusions and
hallucinations!, psychomotor poverty~e.g., blunted affect!, and dis-
organization~e.g., conceptual disorganization!. Patients with schizo-
phrenia are also sometimes categorized by subtypes~e.g., the deficit
vs. nondeficit subtype, or the more traditional subtypes of paranoid,
disorganized, catatonic, undifferentiated, and residual!.

The relationship between auditory P300 and clinical symptoms
has been established repeatedly in cross-sectional studies, espe-
cially for negative symptoms~Eikmeier, Lodemann, Zerbin, &
Gastpar, 1992; Ford et al., 1999a; Mathalon, Ford, & Pfefferbaum,
1999a; McCarley et al., 1991; McConaghy et al., 1993; Pfeffer-
baum, Ford, Roth, & Kopell, 1980; Pfefferbaum et al., 1989;
Turetsky et al., 1998; Ward, Catts, Fox, Michie, & McConaghy,
1991!. We reported that patients with more negative symptoms had
smaller amplitude auditory and visual P300s~Figure 6!, even though
the visual P300 was not significantly smaller in patients with schizo-
phrenia~Pfefferbaum et al., 1989!. Fewer studies~e.g., Egan et al.,
1994; McCarley et al., 1993; O’Donnell et al., 1993! have reported
a relationship between P300 and positive symptoms, perhaps be-
cause positive symptoms tend to be less enduring and trait-like
than negative symptoms and also because of a limited range of
variance within the specific clinical samples studied. To overcome
the latter shortcoming, we combined ERP data from patients with

schizophrenia recruited from two different hospital settings, one a
VA hospital treating patients during short stays, and the other a
state hospital treating patients during extended stays~Ford et al.,
1999a!. This analysis uncovered a significant relationship between
the effortful auditory P300 and some of the positive symptoms of
schizophrenia. In Figure 7, P300 amplitude in the effortful para-
digm is plotted against thinking disturbance, which is the numer-
ical sum of three items derived by factor analysis~Overall, Hollister,
& Pichot, 1967! from the Brief Psychiatric Rating Scale~BPRS!:
conceptual disorganization, hallucinatory behavior, and unusual
thought content. Patients with greater thinking disturbance had
smaller P300s. Of this composite score, one individual item, con-
ceptual disorganization, a component of the disorganization factor
of Liddle ~Liddle, 1987!, also correlated with P300 amplitude,
such that patients with greater conceptual disorganization had smaller
P300 amplitudes~r 5 2.34, p 5 .01!.

Cross-sectional studies cannot establish whether the relation-
ship between symptoms and P300 is due to enduring “trait-like”
symptom differences between patients or to fluctuating “state-like”
symptom differences between patients, and indeed, can lead to
misleading results. This problem is illustrated in Figure 8, in which
ERPs recorded on two different occasions from two different pa-
tients are shown. Fluctuations in P300 amplitude within a patient
may vary around a mean value reflecting an enduring trait-like
severity perhaps determined by such variables as cortical gray
matter volumes~Ford et al., 1996!, age at illness onset, and dura-
tion of illness ~Mathalon, Ford, Rosenbloom, & Pfefferbaum,
1999b!. If we had only recorded P300 from Mr. B on his worst day
when his BPRS was 52 and Mr. A on his best day when his BPRS
was 30, we might well have concluded that larger P300s are as-
sociated with greater clinical severity! The longitudinal data on

Figure 5. Results of path analysis showing the independent influences of the diagnosis of schizophrenia~SCZ! and gray matter
volumes~GVM ! on P300 amplitude. The numbers refer to beta coefficients from multiple linear regression analyses, and the asterisks
refer to probability levels from one-tailed tests of statistical significance. Reprinted with permission from Ford et al., 1996.
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these subjects, however, support the conclusion that fluctuations of
P300 amplitude are associated with fluctuations in clinical severity
~Mathalon et al., 1999a!. In this study~Mathalon et al., 1999a!, we
recorded auditory and visual oddball ERPs and clinical data from
36 schizophrenic men over multiple~two to seven! sessions at
intervals ranging from 2 weeks to more than 3 years, in various
states of medication. Using regression analysis, we demonstrated
that both visual and auditory P300 amplitudes tracked changes in
positive symptoms: the worse the clinical state, the smaller the
P300.

Longitudinal studies of the effects of medication status are not
consistent. Some investigators have found that auditory P300 am-

plitude increases are associated with clinical improvement follow-
ing treatment~Asato et al., 1996; Blackwood et al., 1987; Mathalon
et al., 1999a!, but others have not~Duncan, Morihisa, Fawcett, &
Kirch, 1987; Ford et al., 1994c!. Change in visual P300 has been
associated with clinical improvement~Duncan et al., 1987!. Others
have reported, however, that with treatment, there is an increase in
P300 amplitude and an improvement in clinical state, but that
improvement in the two are not correlated with each other~Coburn
et al., 1998; Hirayasu & Ogura, 1996; Levit et al., 1973; Umbricht
et al., 1998!. Our longitudinal study~Mathalon et al., 1999a! in-
cluded 28 patients, tested at least twice while unmedicated. This
study allowed an assessment of whether change in clinical state
correlated with change in P300 amplitude, independent of medi-
cation status, and revealed that the relationship between increased
auditory P300 and improved thinking disturbance persisted, but
that the relationship between increased visual P300 and clinical
improvement did not.

In this analysis, we also averaged P300 and clinical data over
all the testing occasions to generate more stable values to answer
a cross-sectional question about enduring traits: Do patients who
tend to have smaller P300s also tend to have worse symptoms? We
found that auditory P300 amplitude and negative symptoms scores
were inversely correlated butpositivesymptoms were not, con-
firming several earlier cross-sectional studies and validating this
finding with more stable data. This result is consistent with the
finding that negative symptoms are more trait-like than positive
symptoms~Mathalon & Pfefferbaum, 1997! and therefore should
correlate with a “trait” P300, derived by averaging over many
sessions.

Does this evidence that auditory P300 tracks symptoms reliably
mean that patients who are experiencing no symptoms have a
normal amplitude P300? A study of schizophrenic patients in “rig-
orously defined remission”~Rao, Ananthnarayanan, Gangadhar, &
Janakiramaiah, 1995! found P300 amplitude reduction even during
remission. In our sample~Mathalon et al., 1999a!, we found some
P300 reduction in patients compared with controls even when the
patients were in their best clinical state. If the P300 amplitude
reduction persists when the patients are completely free of symp-

Figure 6. P300 amplitude at Pz is plotted against Brief Psychiatric Rating
Scale negative symptoms~motor retardation, blunted affect, mannerisms
and posturing, and emotional withdrawal! for both the auditory and visual
oddball paradigms. These data were from unmedicated patients only. Re-
printed with permission from Pfefferbaum et al., 1989.

Figure 7. Relationships between P300 amplitude and scores on thinking
disturbance~hallucinatory behavior, unusual thought content, conceptual
disorganization! derived from the Brief Psychiatric Rating Scale for 28
severely ill and 29 moderately ill schizophrenic patients. The pooled group
regression line is shown. Reprinted with permission from Ford et al.,
1999a.
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toms, P300 might be a candidate trait marker of the disease. More
studies of symptom-free patients are needed, however. Yet, sorting
out the effects of state and trait in patients is problematic due to the
difficulty in finding symptom-free patients who are willing to par-
ticipate in research studies.

Another approach to establishing reduced P300 as a trait or a
vulnerability marker of the disease, independent of clinical state, is

to study P300 in people currently without schizophrenia but who
are at risk for developing the disease by virtue of being biologi-
cally related to people with schizophrenia. As with smooth pursuit
eye-tracking abnormalities~Iacono, Moreau, Beiser, Fleming, &
Lin, 1992!, electrodermal nonresponsivity~Iacono, Ficken, & Beiser,
1999!, and neuroanatomical abnormalities~Sharma et al., 1997,
1998!, P300 reduction is seen in unaffected biological relatives of

Figure 8. Event-related potentials~ERPs! at Fz, Cz and Pz to auditory target stimuli are shown for two patients with schizophrenia,
studied at two times in their illness characterized by relatively good~lower Brief Psychiatric Rating Scale@BPRS# scores! and relatively
bad~higher BPRS scores! clinical state. Even when his symptoms were relatively good, Mr. A had smaller P300s than did Mr. B when
his symptoms were relatively severe. Nevertheless, P300 reflected clinical state in both patients, becoming larger when symptoms
improved.
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schizophrenics~Friedman, Cornblatt, Vaughan, & Erlenmeyer-
Kimling, 1986; Saitoh et al., 1984; Schreiber, Stolzborn, Korn-
huber, & Born, 1992; Schreiber et al., 1991!. Although these studies
should be free of contamination by concomitant state features of
schizophrenia, biological relatives of schizophrenics may have some
schizotypy or schizoid features. Indeed, subclinical symptomatol-
ogy in biological relatives may contribute to P300 reduction. For
example, conceptual loosening and other abnormal personality traits
have been associated with reductions in P300 in college students
~Ward, Catts, Armstrong, & McConaghy, 1984!. This type of find-
ing suggests that P300 may be sensitive to the spectrum of schizo-
phrenia and not to the diagnostic boundaries set by theDiagnostic
and Statistical Manual~DSM! criteria.

Importantly, neither trait nor state aspects of P300 amplitude
reduction in schizophrenia necessarily precludes its potential to
track neuropathological decline over the long-term illness course.
In our laboratory, we have shown recently that decline in auditory
P300 amplitude and increase in latency with illness duration~Math-
alon et al., 1999b! reflect a neurodegenerative course in schizo-
phrenia consistent with brain volume decrements seen longitudinally
~Mathalon, Sullivan, Lim, & Pfefferbaum, 1999c!. In particular, like
other researchers, we have found that P300 amplitude is smaller~Fig-
ure 9! ~Laurent et al., 1993! and P300 latency is later~Frangou
et al., 1997; Olichney et al., 1998! in schizophrenic patients who have
had a longer duration of illness, and that P300 latency, but not am-
plitude, shows exaggerated age-related effects~Frangou et al., 1997;
O’Donnell et al., 1995!. In patients with an earlier age at onset of
illness, P300 amplitude is smaller~Figure 9!, but P300 latency is
not delayed~Mathalon et al., 1999b!. P300 amplitude reduction in
these patients may reflect more severe cortical deficits.Although the
illness duration results support the potential roles of both P300 am-
plitude and latency as markers of progression in schizophrenia, they
probably index different pathophysiological processes.

Although there is good evidence that auditory P300 amplitude
reduction reflects the trait of schizophrenia, its potential utility in
diagnosing schizophrenia has been questioned on the basis of its
lack of specificity~Roth, Tecce, Pfefferbaum, Rosenbloom, & Cal-
laway, 1984!. For example, visual P300s, and less often auditory

P300s, are reduced in alcoholism~Porjesz & Begleiter, 1993!.
Although less robust than the reduction observed in schizophrenia,
auditory P300 reductions have also been associated with major
depression~Blackwood et al., 1987; Pfefferbaum, Wenegrat, Ford,
Roth, & Kopell, 1984; Roth, Pfefferbaum, Kelly, Berger, & Ko-
pell, 1981!, which has been attributed to smaller single trial P300s
rather than fewer trials with a P300~Roschke et al., 1996!. Im-
portantly, when treated with antidepressants, P300 amplitudes nor-
malize in patients with major depression~Yanai, Fujikawa, Osada,
Yamawaki, & Touhouda, 1997!, unlike patients with schizophrenia
treated with antipsychotic medication, whose P300 amplitudes re-
ductions reflect both the state and the trait of the disease~Mathalon
et al., 1999a!. This finding is not surprising because depression can
remit completely whereas schizophrenia does not. Others~Salis-
bury, Shenton, & McCarley, 1999! have noted recently that the
P300 reductions have also been observed in manic psychosis, but
with a scalp distribution that differs subtly from that seen in schizo-
phrenia. Whether midline-recorded auditory P300 reduction is spe-
cific to the diagnosis of schizophrenia seems unlikely. However,
depending on the clinical question being asked, P300 may provide
useful clinical data~Roth et al., 1998!.

Summary
When this work started almost 30 years ago, the hope was that
P300 would reveal a biological sign of schizophrenia or at least
provide a biological sign of some of the symptoms. Since then, we
have learned that P300 is both; P300 is a trait, or vulnerability,
marker of the disease, and it is a marker of fluctuating clinical
state, similar to other physiological variables~Dawson, Nuechter-
lein, Schell, Gitlin, & Ventura, 1994; Nuechterlein & Dawson,
1984!. Furthermore, it may also be sensitive to its neurodegener-
ative course~Mathalon et al., 1999b!. In our longitudinal state
analyses, P300 tracks changes in positive symptoms; when a pa-
tient is more psychotic, his or her P300 is small; when he or she
improves, the P300 is larger~Mathalon et al., 1999a!. By averag-
ing across many sessions, we have learned that P300 reflects the
enduring negative symptoms of schizophrenia. We know that in-
dividuals with schizophrenia have deficits in cortical gray matter

Figure 9. Relationships between P300 amplitude at Pz and illness duration~years! and age at onset of illness~years! for patients with
schizophrenia.~From Mathalon et al., 1999b.!
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volume and that these deficits may be reflected somewhat in P300
amplitude reductions~Ford et al., 1996!. We know that P300s can
rise and fall with clinical symptoms~Mathalon et al., 1999a! and
with waxing and waning of attention~Ford et al., 1994b! within
the limits set by both vulnerability and neuroanatomy.

The Future of P300 in Studies of Schizophrenia

Given its sensitivity to the state, the trait, and the degenerative
course of schizophrenia, P300 may be helpful in understanding the
pathophysiological processes associated with the illness. On a prac-
tical level, P300 may help in evaluating changes in clinical state
and predicting long-term disease course or short-term clinical re-
sponse to antipsychotic medication. We have data~Ford et al.,
1994c! indicating that patients with smaller P300s over the right
temporal scalp at admission to a drug protocol tended to have a
poorer clinical response to antipsychotic treatment 6 weeks later
than did patients with larger P300s. Interestingly, smaller right
parietal P300s have been reported in deficit subtype patients who
often have a poor clinical response to medication~Turetsky et al.,
1998!. If P300 amplitude or its scalp distribution is sensitive to
subtypes of schizophrenia~e.g., deficit0nondeficit or DSM sub-
types!, it may be helpful in predicting clinical course with different
types of medication and predicting response to atypical antipsy-
chotics that purport to improve negative symptoms.

P300 may also be useful in understanding the genetic basis of
the illness. Finding a gene or genes for an illness like schizophre-
nia is hampered by many problems, such as difficulty in defining
the phenotype~the diagnosis! and in identifying gene carriers in
the absence of symptoms. In another Presidential Address, Iacono
~1999! suggested that phenotype identification would be improved
if an “endophenotype” could be found. Extensive ERP studies of
families affected by both schizophrenia and bipolar illness, as well
as studies of a broad range of people with schizophrenia spectrum
diagnoses, may identify P300 as a endophenotype associated with
susceptibility to schizophrenia, to schizophrenia spectrum, or to
psychosis more broadly defined.

Beyond P300

Although the symptoms of schizophrenia are diverse, attempts
have been made to unify them with overarching explanatory con-
cepts. Some approaches have emphasized deficits at the sensory or
input side, suggesting a defective filter, or gating failure, which
may be responsible for producing sensory overload, cognitive frag-
mentation, thought disorder~Braff, 1993; Freedman et al., 1987!,
and other symptoms of the disease. In addition to P300, Nd~Mich-
ie, Fox, Ward, Catts, & McConaghy, 1990!, mismatch negativity
~MMN ! ~Javitt, Doneshka, Grochowski, & Ritter, 1995; Javitt,
Doneshka, Zylberman, Ritter, & Vaughan, 1993!, and P50~Freed-
man et al., 1987! all assess schizophrenia in terms of deficits at the
input side. Other investigators attempting to understand schizo-
phrenia have emphasized the output side, suggesting that deficits
in behaviors associated with thoughts and actions and their mon-
itoring may be responsible for symptoms of schizophrenia, includ-
ing misperception of thoughts as hallucinations~Feinberg, 1978;
Frith, 1987! and one’s own actions as being under alien control
~Frith & Done, 1989! as well as the negative symptoms of poverty
of thought and action.

Because of our interest in how patients perceive and interpret
their own actions, we synchronized the ERPs not to the stimulus,
but to the button-press response and used response-synchronized

averages~Fedor et al., 1999!. Further, we sorted trials according to
whether or not an error had been made. When negativity follows
an error response, it is referred to as the error-related negativity
~ERN! ~Gehring, Goss, Coles, Meyer, & Donchin, 1993!. ERN has
been studied for several years and shows promise as an objective
indicator of self-monitoring~Coles, Smid, Scheffers, & Otten, 1995!.
ERN starts about 60 ms after an error is committed and peaks
about 100 ms after the response is made; it is independent of
immediate error-correction processes~Scheffers, Coles, Bernstein,
Gehring, & Donchin, 1996!, stimulus modality~Falkenstein, Ko-
shlykova, Kiroj, Hoormann, & Hohnsbein, 1995!, and whether the
hand or foot is used for responding~Holroyd, Dien, & Coles, 1998!;
and it is affected by stimulus–response compatibility~Kopp, Rist,
& Mattler, 1996!. The ERN is followed by a positive peak~a pos-
itivity associated with errors, Pe! ~Falkenstein, Hohnsbein, Hoor-
mann, & Blanke, 1991! that may reflect conscious processing of the
error itself and subsequent context updating~Donchin & Coles,
1988!.

Patients and controls were tested in a picture-word matching
task, in which the correctness of each response was immediately
apparent to the subject. Subjects were presented with a line draw-
ing of a common object~e.g., a duck! for 1 s, followed 350 ms later
by a word. They pressed one button with the preferred hand if the
word matched the picture~“duck”! and pressed another button
with the nonpreferred hand if it did not~“swan”!. By synchroniz-
ing the EEG to incorrect button presses, we recorded ERNs from
the control subjects in this study that were consistent with those
from other studies. That is, the ERN appeared on error but not
correct trials, was frontocentrally distributed, and peaked before
100 ms. The ERN data obtained from the schizophrenic subjects
were somewhat smaller than in controls, consistent with the data of
Kopp and Rist~1999! in patients with the paranoid subtype of
schizophrenia. We also synchronized the EEG to correct button
presses, revealing an ERN on correct trials, or a correct-~response!-
related negativity~CRN!, in the patients. As can be seen in Fig-
ure 10, persons with schizophrenia generated ERNs and CRNs of
equivalent amplitude, suggesting a failure to distinguish between
correct and incorrect responses. As might be predicted from the
theories of Frith~1987!, the amplitude of the ERN was related to the
severity of hallucinations in these patients, reflecting a failure to mon-
itor self-generated actions, and by analogy, self-generated thoughts.

Whereas ERPs are most often used to understand input abnor-
malities in schizophrenia, they are exquisitely capable of assessing
abnormalities at the output side also. Our attempts to understand
abnormalities at the output side represent a different way of think-
ing about some of the symptoms of schizophrenia. For example,
thought disorder, which is one of the cardinal symptoms of schizo-
phrenia, may be more of an output problem than an input problem;
producing coherent, organized speech is more difficult for indi-
viduals with schizophrenia than understanding speech.

Conclusions

Through all this work, our hope has been to use psychophysiology
to bridge the gap between psychology and biology by making
symptoms more concrete to those who would deny the reality of
mental suffering. The unique contribution of psychophysiology is
to link the body and the mind, to prove that schizophrenia is a real
disease and not just willful misbehavior. Psychophysiology is a
lie-detector, giving lie to those who would consider mental illness
a myth. It allows us to see what is in the minds of persons with
schizophrenia when we cannot believe their words.
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