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Objective: Data from a full assessment
of auditory perception in patients with
schizophrenia were used to investigate
whether auditory hallucinations are as-
sociated with abnormality of central au-
ditory processing.

Method: Three groups of subjects par-
ticipated in auditory assessments: 22
patients with psychosis and a recent
history of auditory hallucinations, 16 pa-
tients with psychosis but no history of
auditory hallucinations, and 22 normal
subjects. Nine auditory assessments, in-
cluding auditory brainstem response,
monotic and dichotic speech perception
tests, and nonspeech perceptual tests,
were performed. Statistical analyses for
group differences were performed using
analysis of variance and Kruskal-Wallis
tests. The results of individual patients
with test scores in the severely abnormal
range (more than three standard devia-
tions from the mean for the normal sub-
jects) were examined for patterns that
suggested sites of dysfunction in the cen-
tral auditory system.

Results: The results showed significant
individual variability among the subjects
in both patient groups. There were no
group differences on tests that are sen-
sitive to low brainstem function. Both
patient groups performed poorly in tests
that are sensitive to cortical or high
brainstem function, and hallucinating
patients differed from nonhallucinating
patients in scores on tests of filtered
speech perception and response bias
patterns on dichotic speech tests. Six pa-
tients in the hallucinating group had
scores in the severely abnormal range
on more than one test.

Conclusions: Hallucinations may be as-
sociated with auditory dysfunction in
the right hemisphere or in the inter-
hemispheric pathways. However, com-
parison of results for the patient groups
suggests that the deficits seen in halluci-
nating patients may represent a greater
degree of the same types of deficits seen
in nonhallucinating patients.

(Am J Psychiatry 2000; 157:759-766)

Auditory hallucinations represent a common, often
disabling symptom in schizophrenia. Their auditory na-
ture raises the possibility of associated auditory process-
ing deficits. Previous auditory studies involving patients
with schizophrenia have investigated hypotheses relating
to hemisphere asymmetry by using dichotic listening
tasks. The results of these studies have been variable. Sev-
eral studies (1-4) that have used identical dichotic speech
tests (nonsense syllables and words) have found reduced
right ear advantage in patients with schizophrenia com-
pared to normal subjects. On the other hand, two studies
involving a task that required subjects to respond to three
or four dichotic digit pairs presented in quick succession
showed an enhanced right ear advantage in patients with
schizophrenia compared to normal subjects (5, 6). A re-
duced right ear advantage for patients with schizophrenia
has been shown by using a dichotic consonant-vowel test
(7), whereas no abnormal ear asymmetry was found by us-
ing the staggered spondaic word test (8). A study that used
a dichotic monitoring task, in which patients pushed a
button when they heard a target word, showed a signifi-
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cantly increased right ear advantage for subjects experi-
encing acute psychotic episodes, compared to normal
subjects (9).

Variability in the findings of auditory dichotic tests is
likely to arise from heterogeneity in the pathological pro-
cesses and in the types and intensity of symptoms in the
patient populations and from differences in the percep-
tual tasks required by the various tests. The idea that right
ear advantage is a simple measure of laterality of function
is questionable when the subjects who are tested may
have pathological processes affecting the central auditory
processing of information.

Few studies have examined the relationship between
hallucinations and the results of auditory tests. Two stud-
ies that used the same test have found that hallucina-
tions were negatively correlated with right ear advantage
in patients with schizophrenia who had hallucinations
(4, 10). Hoffman et al. (11) found that hallucinating pa-
tients performed more poorly than nonhallucinating
patients on masked speech tracking and sentence repeti-
tion tasks, suggesting that hallucinations are associated
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TABLE 1. Characteristics of Subjects in a Study of Auditory Hallucinations and Central Auditory Processing

Normal Comparison Subjects

Patients With Psychosis
Hallucinating

Nonhallucinating

Characteristic (N=22) (N=22)2 (N=16)P
% N % N %

Sex

Male 32 11 50 12 75

Female 68 11 50 4 25
Handedness

Right 73 18 82 11 69

Left 14 3 14 3 19

Mixed 14 1 5 2 13

Mean Range Mean Range Mean Range

Age (years) 33.6 21-47 334 20-50 321 20-49
Education (years) 141 11-18 12.2 9-19 11.6 8-15
Dose of antipsychotic (mg/day in chlorpromazine equivalents) 0.0 562 60-1350 484 0-1200

2 Hallucinating patients reported hearing voices during the previous week.
b Nonhallucinating patients had a diagnosis of a psychiatric illness but reported never having experienced auditory hallucinations.

with disrupted speech perception and verbal working
memory.

The purpose of the study reported here was to investi-
gate the hypothesis that individuals who experience audi-
tory hallucinations have an associated abnormality of
central auditory processing. Many studies have investi-
gated a particular aspect of auditory perception in pa-
tients with psychosis. However, we are not aware of any
studies that have been based on a comprehensive evalua-
tion of such patients that has included tests with previ-
ously documented results linked to known lesions of the
central auditory system. We designed the study reported
here to investigate a broad range of auditory perception
abilities, and we included audiological tests that are
widely used clinically for the diagnosis of central auditory
pathology. The results of the study will be used to formu-
late more specific hypotheses about sites of dysfunction
and functional abnormalities that will be tested in future
studies, as well as to formulate hypotheses relevant to im-
provement of the clinical management of the symptom of
hallucination.

Method

Subjects

Three subject groups were included in the study (Table 1). The
normal comparison group (N=22) were volunteers with no per-
sonal or family history of psychiatric illness or hallucinations.
The currently hallucinating (N=22) and nonhallucinating (N=16)
patient groups were recruited from outpatient clinics. Their psy-
chiatric diagnosis was established on the basis of patient inter-
views by using the Structured Clinical Interview for DSM-III-R
(SCID) (12). The frequency and phenomenology of auditory hal-
lucinations in the hallucinating patients were established by us-
ing the Mental Health Research Institute Unusual Perception
Scale (13). The SCID and Mental Health Research Institute Un-
usual Perception Scale procedures have both been shown to
have high reliability (13, 14).

Subjects were designated as hallucinating patients if they had re-
ported hearing voices during the week before testing. The fre-
quency of hallucinations during that week was 1-5 times for two pa-
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tients and 6-20 times for 17 patients; three patients reported
constant hallucinations. Subjects were included in the psychotic
comparison group if they had a diagnosis of a psychiatric illness but
reported that they had never experienced auditory hallucinations.

Seventeen of the 22 patients in the hallucinating group had a
diagnosis of chronic schizophrenia (13 with the paranoid sub-
type, two with the undifferentiated subtype, one with the disorga-
nized subtype, and one for whom the subtype was not reported).
The remaining five patients in the group had schizoaffective dis-
order. Eleven of the 16 patients in the nonhallucinating group had
a diagnosis of chronic schizophrenia (five with the paranoid sub-
type, four with the undifferentiated subtype, and two for whom
the subtype was not reported). One patient in that group had
schizoaffective disorder, one had schizophreniform disorder, and
three had bipolar disorder.

All subjects were experienced English speakers. Subjects were
excluded if they had a history of neurological insult or illness, ep-
ilepsy, recent drug abuse, or drug-induced hallucinations. Before
subjects participated in the study, measurements of their hearing
threshold and acoustic immittance were obtained. Subjects with
hearing abnormalities (having an average hearing threshold at
500, 1000, and 2000 Hz greater than 20 dB HL) or a significant
middle ear disorder were excluded. After subjects were informed
of the aims and procedures of the research and given a statement
describing the aims and procedures in plain English, they gave
signed consent to participate.

Procedures

All perceptual tests were carried out in a sound-treated room
within one session. Auditory brainstem responses were measured
in a subsequent session at a time up to 2 months after the percep-
tual tests. Patients were requested to signal any periods of halluci-
nations during the testing. The parts of the tests administered
during those periods were repeated, and the data from the non-
hallucinatory periods were used in the analysis. In all perceptual
tests, the signal was delivered by using a Madsen OB822 clinical
audiometer through TDH-39 headphones at a 50 dB sensation
level. Some subjects did not complete all the tests for practical
reasons (the N values for each test are listed in Table 2).

The test battery consisted of nine standard audiological diag-
nostic procedures.

Auditory brainstem response. This response is the auditory
evoked potential occurring in the first 10 msec after presentation
of the stimulus; it is sensitive to VIII nerve and low brainstem le-
sions (15). Ipsilateral responses were recorded with stimulus rates
of both 12 clicks/sec and 50 clicks/sec, and contralateral re-
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sponses were recorded with a stimulus rate of 12 clicks/sec. Re-
sponses to 2,000 stimuli (100-psec clicks) were averaged in two
trials for each condition. The latencies and interpeak intervals of
waves I, II, III, and V were measured, interaural differences in
these measures were calculated, and the wave morphology was
examined. Because established normal values for auditory brain-
stem response were available, this test was administered to only
the two patient groups.

Monaural filtered speech. This test uses monaurally pre-
sented AB words (16), filtered into two bands (360-890 Hz and
1750-2220 Hz) and presented simultaneously to one ear. It is sen-
sitive to cortical and high brainstem lesions (17).

Binaural fusion. This test uses filtered speech material, but the
speech is presented dichotically (one bandpass segment in each
ear). The results are compared with those of the monaural filtered
speech test above. A significant monaural enhancement (where
the dichotic score is significantly less than either monaural score)
is indicative of lower brainstem disorders (18).

Rapidly alternating speech perception. This test consists
of 20 sentences during which the signal is alternated between
ears in a 600-msec cycle. The test is sensitive to low brainstem
disorders (19).

Monaural speech discrimination in ipsilateral competi-
tion. These two tests consist of monaural speech discrimination
of words in ipsilateral white noise (signal-to-noise ratio of +15 dB)
and competing verbal messages (signal-to-noise ratio of +5 dB).
The tests are sensitive to temporal lobe and brainstem lesions (20).

Monaural frequency tone patterns. This test consists of three
tones with patterns of low (880 Hz) and high (1122 Hz) frequencies.
The subject must identify the pattern of pitch change with a verbal
or hummed response. The test is sensitive to cortical lesions (21)
and deficits in interhemispheric transfer (22). As verbal responses
necessitate transfer of information between hemispheres, abnor-
mal differences between verbal and hummed responses have diag-
nostic significance.

Staggered spondaic word test. This dichotic test consists of
spondees presented to each ear such that the last half of the first
spondee and the first half of the second spondee are simulta-
neous. The word errors are scored in four conditions; left and
right ear in competing and noncompeting modes (where com-
peting modes refer to the simultaneous word parts). The scores
are further analyzed for “order” and “ear” effects (significantly
more errors on the first or second spondee, or when the left or
right ear leads, respectively) and the number of reversals (incor-
rect order of word segments). The test is sensitive to temporal
lobe lesions and deficits in the interhemispheric pathways (23).

Competing environmental sounds. This test consists of 20
pairs of environmental sounds presented dichotically. The sub-
ject must respond by pointing to two pictures from a closed set
that they feel best represent the sounds heard. The test is sensitive
to cortical lesions and is interpreted in relation to the staggered
spondaic word test (23).

Dichotic consonant-vowels. This test consists of nonidentical
pairs of consonants-vowels (e.g., “pa,” “ba”) presented dichoti-
cally. The subject chooses (from a closed set of six) which two
consonant-vowels were presented. Practice items are followed by
one list (50 pairs) presented simultaneously to each ear and then
by two lists presented with the stimulus to one ear (left then right)
leading the stimulus to the other ear by 90 msec. The test is also
analyzed for “lag effect,” in which the lagging ear in the lag condi-
tion should perform better than the same ear in the simultaneous
condition. This test is sensitive to cortical and hemispheric trans-
fer lesions (24).
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Statistical Analysis

Where scores were normally distributed, differences between
subject groups were analyzed using analysis of variance (ANOVA),
followed by Tukey’s pairwise comparisons. Otherwise, Kruskal-
Wallis tests followed by Mann-Whitney tests (with Bonferroni
correction) were used. Paired t tests or Wilcoxon signed ranks
tests were used to examine right ear/left ear differences or re-
sponse biases in each group as appropriate. A significance level of
p<0.05 was used for the ANOVA and Kruskal-Wallis tests, and a
family error rate of p<0.05 was used for the post hoc tests for any
one assessment. Because a number of tests were performed, the
risk of type I error (chance significance) was increased. The possi-
ble influence of the increased risk on the interpretation of find-
ings is addressed in the discussion.

Results

The subjects’ mean scores on the test battery and results
of the statistical analyses of the scores are summarized in
Table 2. Instances in which the mean test score was differ-
ent from an expected 0 (response biases on the staggered
spondaic word test) or not greater than 0, as expected (lag
effect on the dichotic consonant-vowel test), are also
noted.

Both patient groups and the normal comparison group
performed similarly on many tests, including all of the
tests that reflected lower brainstem function (rapidly al-
ternating speech perception, binaural fusion, and audi-
tory brainstem response). On most tests that were sensi-
tive to dysfunction more central than the lower brainstem,
either or both patient groups performed significantly
poorer than the normal group, but not significantly differ-
ent from each other. These included monaural speech in
ipsilateral competition (left ear for speech in white noise
and both ears for speech in competing message), monau-
ral frequency tone patterns in the left ear with verbal re-
sponse, performance levels on the two dichotic speech
tests (staggered spondaic words and dichotic consonant-
vowels), and leading-ear and reversal response biases on
the staggered spondaic word test.

Only one test (monaural filtered speech in the left ear)
yielded a significant difference in absolute performance
level between the hallucinating and nonhallucinating
groups (t=2.84, df=35, p<0.007). These data were further
analyzed to test for possible confounding variables. To as-
sess whether medication level (chlorpromazine equiva-
lent dosage of antipsychotic medication), age, years of ed-
ucation, handedness, or sex influenced the overall
performance, we constructed two general linear models,
one that included the three subject groups with age and
education as covariates and sex and handedness as factors
and one that included the two patient groups with medi-
cation as a covariate. No significant effects of these factors
(or interaction terms) were found.

Three response patterns in the dichotic tests were sig-
nificantly different from the expected pattern only for the
hallucinating group: the staggered spondaic word test
showed a significant right ear advantage (Wilcoxon signed

761



CENTRAL AUDITORY PROCESSING

TABLE 2. Scores on Standard Tests of Central Auditory Processing for Normal Comparison Subjects, Hallucinating Patients,

and Nonhallucinating Patients

Normal Comparison
Subjects (Group 1)

Patients With Psychosis

Hallucinating (Group 2)

Nonhallucinating (Group 3)

Test and Condition N Mean SD N Mean SD N Mean SD
Auditory brainstem response (msec)© 20 13
Wave |-V right ear 4.0 0.2 4.1 0.2
Wave |-V left ear 4.1 0.2 4.1 0.2
Monaural filtered speech score 22 22 16
Right ear 80.1 8.5 75.8 1.3 75.8 8.7
Left ear 83.6 5.8 74.9 10.2 82.5 6.3
Binaural fusion score 22 1.0 8.5 22 3.1 4.8 16 35 7.6
Rapidly alternating speech perception score 22 99.8 1.1 22 97.3 6.3 16 99.4 1.7
Monaural speech discrimination score 20 22 16
Words in white noise
Right ear 72.4 8.5 69.8 8.0 67.5 12.4
Left ear 74.6 6.8 72.2 10.6 66.1 11.2
Words in competing verbal message
Right ear 70.4 6.5 63.5 10.5 64.0 10.4
Left ear 69.6 6.3 62.4 14.5 60.8 7.6
Frequency tone patterns score
Verbal response 20 22 15
Right ear 79.6 15.2 66.2 26.3 61.3 25.4
Left ear 80.6 18.1 64.2 25.4 60.9 25.8
Hummed response 20 21 15
Right ear 90.3 14.4 81.5 22.5 83.9 19.7
Left ear 90.0 13.9 84.1 20.5 85.3 16.3
Difference between hummed and verbal responses 10.0 13.7 16.7 20.9 23.5 23.8
Staggered spondaic word test (% error) 22 22 16
Competing mode
Right ear 21 3.1 8.9 10.3 7.5 10.0
Left ear 2.0 2.6 191 17.9 12.4 12.5
Difference between right and left ears 0.1 2.8 10.1 10.8 5.0 13.3
Noncompeting mode
Right ear 0.3 0.7 2.1 4.4 1.9 29
Left ear 0.1 0.4 3.7 5.9 23 35
Response bias
Ear effectsd -0.5 13 -2.0 4.4 -23 3.7
Order effects® 0.1 11 3.2 5.9 1.3 3.6
Reversal of word segments 0.05 0.2 1.6 2.0 32 4.7
Competing environmental sounds (% error) 18 20 16
Right ear 0.6 1.6 2.5 5.0 3.1 5.4
Left ear 0.3 1.2 23 3.8 1.9 3.6
Dichotic consonant-vowel score 22 22 16
Simultaneous presentation
Right ear 64.4 11.9 52.8 11.0 54.2 13.9
Left ear 57.2 12.7 489 9.7 49.5 8.7
Difference between right and left ears 7.2 18.7 3.9 13.3 4.7 18.1
Lagging presentation
Right ear lag effect' 8.9 16.5 6.6 17.4 13.3 14.1
Left ear lag effect 121 16.0 34 13.6 8.6 12.0

a Kruskal-Wallis test.

b Post hoc comparisons used Tukey’s pairwise comparisons for F tests and Mann-Whitney tests (with Bonferroni correction) for Kruskal-wallis

tests. A family error rate of p<0.05 was used.

¢ For normal comparison group, normal values for equipment and settings were used (mean=4.0 msec, SD=0.2).
dThe score when the right ear is leading minus the score when the left ear is leading.

€ The score for lagging spondees minus the score for leading spondees.

f The score for the right ear when the right ear is lagging minus the score for the right ear in the simultaneous condition.

ranks test, T=3.0, p=0.001, N=16) and a significant word
order response favoring the second spondee (Wilcoxon
signed ranks test, T=156.5, p=0.01, N=19); the dichotic
consonant-vowel test showed an absence of the expected
lag effect in both ears (t=1.78, df=21, p=0.09 for the right
ear; t=1.16, df=21, p=0.26 for the left ear).
Results for individual subjects were studied to deter-

mine their pattern of abnormal scores on the tests. Abnor-
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mal scores and severely abnormal scores were those that
were different from the mean score for the normal com-
parison subjects by two or more or by three or more stan-
dard deviations, respectively. None of the normal compar-
ison subjects, 16 hallucinating subjects (73%), and 10
nonhallucinating subjects (63%) had abnormal scores on
more than one test. The overall patterns of abnormal
scores in the two patient groups were similar and were
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Analysis

H2 F df p Significant Post Hoc Findings?

129 1,31 0.27
117 1,31 0.29

139 2,57 0.26

7.95 2,57 0.001

0.71 2,57 0.49
343 0.18

Group 2 < groups 1and 3

118 2,55 0.31
3.58 2,55 0.03 Group 3 < group 1
343 2,55 0.04
3.86 2,55 0.03

Group 2 < group 1
Group 3 < group 1

3.18 2,54 0.05
3.86 2,54 0.03 Group 3 < group 1
1.88 0.39
133 0.51

206 2,53 0.14

8.64 0.01 Group 2> group 1
20.20 <0.001 Groups 2 and 3 > group 1
12.49 0.002 Group 2 > group 1; group 2 score
different from 0
7.43 0.03 Group 3 > group 1
10.18 0.006 Groups 2 and 3 > group 1

1.71 2,57  0.19
3.18 2,57 0.05

Groups 2 and 3 scores different from 0
Group 2 > group 1; group 2 score
different from 0

19.41 0.001 Groups 2 and 3 > group 1
3.35 0.19
3.95 0.14
5.83 2,57 0.005 Groups 2 and 3 < group 1

4.01 2,57 0.02
023 2,57 0.79

Group 2 < group 1

0.80 2,57 045
209 2,57 0.3

Group 2 score not greater than 0
Group 2 score not greater than 0

consistent with the poorer overall performance of both
patient groups in contrast to the normal comparison
group on many tests (Table 2). Abnormal scores on the test
of monaural speech discrimination in ipsilateral competi-
tion (using competing message) were the most common
in both groups, followed by abnormal scores on the di-
chotic speech tests (staggered spondaic words and di-
chotic consonant-vowels) and left ear verbal response on

Am | Psychiatry 157:5, May 2000

McKAY, HEADLAM, AND COPOLOV

the frequency tone patterns test. The proportions of sub-
jects in the two groups with two or more abnormal scores
were not significantly different.

None of the normal subjects had severely abnormal
scores on any tests, and none of the nonhallucinating
group had scores in the severely abnormal range on more
than one test. Six hallucinating patients, however, had se-
verely abnormal scores on at least two tests (four of the six
subjects had severely abnormal scores on three tests). All
of these six subjects were right-handed, and three were fe-
male. The six subjects did not differ significantly from the
rest of the hallucinating group (or from the nonhallucinat-
ing group) in duration of illness (mean=9.8 years, SD=7.6,
range=1-23 years) or medication level (mean dose=717
mg/day chlorpromazine equivalants, SD=396, range=200—
1350 mg/day chlorpromazine equivalants). The pattern of
severely abnormal test scores for these subjects is detailed
in Table 3.

Discussion

The analysis of group differences in central auditory
processing supported previous studies in which abnor-
malities in auditory processing were associated with
schizophrenia. Of the 30 group comparisons shown in
Table 2, 15 showed significant group differences at the
p<0.05 level. However, it is important to consider that fac-
tors such as poorer attention or motivation can contribute
to a lower overall performance in both the patient groups.
Thus, when using response deficits to deduce possible
sites of dysfunction, more importance should be placed
on the pattern of deficiency across different conditions
and tests within the same subject group. For example, al-
though both patient groups had deficits in all four condi-
tions of the staggered spondaic word test, the deficits were
more significant in the left ear, a pattern that is associated
with dysfunction either in the right auditory cortex or in
pathways connecting the two hemispheres (19, 22). Simi-
larly, both patient groups showed a tendency for the larg-
est decrement to occur in the verbal response modes of
the frequency tone patterns test. This pattern may also in-
dicate dysfunction of the pathways between the right
hemisphere and language production areas of the cortex
(22). This interpretation is supported by studies that have
found abnormalities of the corpus callosum in patients
with schizophrenia (25-29). In general, the tests showed
no indication of lower brainstem dysfunction in either pa-
tient group, in contrast to the findings of Lindstrom et al.
(30), who found abnormalities in the auditory brainstem
response of hallucinating subjects, but not of nonhalluci-
nating subjects.

Only the monaural filtered speech test for the left ear
yielded a significant difference in absolute performance
levels between the hallucinating and nonhallucinating
groups (t=2.84, df=35, p<0.007). In view of the number of
comparisons between the two groups, however, there is a
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TABLE 3. Patterns of Abnormal Scores on Tests of Central Auditory Processing for Six Hallucinating Patients?

Number of SDs From the Normal Mean of Abnormal ScoreP

Test and Condition Patient 2

Patient 5

Patient 14 Patient 15 Patient 16 Patient 22

Monaural speech discrimination test
Words in white noise
Right ear
Left ear
Words in competing verbal message
Right ear 2
Left ear 3
Monaural filtered speech test
Right ear 3
Left ear 4
Monaural frequency tone patterns test
Verbal response
Right ear
Left ear
Hummed response
Right ear
Left ear
Staggered spondaic word test
Competing mode
Right ear 3
Left ear 3
Response bias
Ear effects
Order effects 2

4

4 The six patients were the only patients from both patient groups who had severely abnormal scores on more than one test.
b Abnormal=two or more SDs from the normal mean; severely abnormal=three or more SDs from the normal mean.

significant chance (p=0.2) of a type I error for this signifi-
cance level. A left ear deficit on this test has been associated
with dysfunction in the right hemisphere (19) or in the cor-
pus callosum (22, 31). Abnormality of filtered speech per-
ception has also been noted in some patients with pathol-
ogy in the high brainstem region (19). Although Early et al.
(32) suggested that the right hemisphere may be inhibited
by antipsychotic drugs, no significant correlation was
found between the dose of medication and scores for mon-
aural filtered speech in the left ear in the patient groups.
The significant response pattern abnormalities shown
only by the hallucinating group on the dichotic speech
tests (the staggered spondaic word test and the dichotic
consonant-vowel test) should also be interpreted with
caution in view of the nonsignificant group differences be-
tween the hallucinating subjects and the nonhallucinating
subjects. These patterns may be characteristic of schizo-
phrenia, but they may show a greater degree of dysfunc-
tion among hallucinating subjects. In the staggered spon-
daic word test, a significant error rate in either ear is
considered to reflect a dysfunction in the auditory path-
ways, and asymmetry of error rate between the ears is in-
terpreted in light of results for research subjects with
known pathologies. The significant right ear advantage for
the hallucinating group may reflect either right hemi-
sphere dysfunction or a deficit in interhemispheric trans-
fer (19, 22). A word order effect favoring the second
spondee has been associated with lesions in the frontal
and anterior temporal lobes, resulting in problems with
expressive language, memory, or behavior (33). This effect
is consistent with the findings of Hoffman et al. (11). Simi-
larly, a lack of the expected lag effect on the dichotic con-
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sonant-vowel test has been associated with cortical or in-
terhemispheric pathway dysfunction (24).

Both patient groups were heterogeneous in their ability
to perform central auditory tests; some patients per-
formed normally on all tests, and others performed abnor-
mally on a number of tests. This variability, as well as the
subtle nature of the group differences, implies that the
dysfunction responsible for poor auditory processing
skills in patients with schizophrenia, or in patients with
hallucinations, is unlikely to be in the primary auditory
areas of the cortex.

The results for the six hallucinating patients with se-
verely abnormal scores on more than one test suggest in-
terpretations that are broadly consistent with the tentative
interpretations of the group differences. Five of the six had
severely abnormal scores for the left ear in one or more
monaural or dichotic speech tests. In these cases, it is un-
likely that the site of dysfunction would be in the right pri-
mary auditory cortex, as none of these subjects had ab-
normal scores for the left ear on the dichotic consonant-
vowel test. It is more likely that the site of dysfunction is
distant from the primary auditory cortex, or that it is asso-
ciated with deeper structures, affecting the high brain-
stem or interhemispheric pathways. A high brainstem
dysfunction may explain the bilateral deficits of halluci-
nating subject 2. The possibility of deficits in interhemi-
spheric transfer is further supported by the concurrent ab-
normalities on the frequency tone patterns test in these
subjects. Four of the subjects had severely abnormal
scores on one or more conditions of this test. In all cases a
deficit was present in a verbal response mode. Because the
specialized cortical areas for tone pattern and language-
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based responses are in opposite hemispheres, a good ver-
bal response performance requires transfer of information
between hemispheres. Hallucinating subject 5 also had a
clear left ear advantage for both verbal and hummed re-
sponses (both right ear responses were severely abnor-
mal), indicating a possible deficit in tone perception when
this information must be transferred from the left to the
right hemisphere.

It should be noted, however, that these patterns of defi-
cit for the frequency tone patterns test were also present in
the nonhallucinating patient group. In both patient
groups, the mean scores were closest to the normal com-
parison mean score for the left ear hummed response con-
dition (Table 2), in which there is theoretically no need for
interhemispheric transfer of information. In addition, the
left ear hummed response condition was the only condi-
tion for which no patient from either group had a severely
abnormal score. The worst mean scores for both patient
groups were for the two verbal response conditions, a re-
sult that is consistent with dysfunction in the interhemi-
spheric pathways connecting the right and left hemi-
spheres. Thus the deficits seen on this test may reflect the
effects of the underlying mental illness, rather than an as-
sociation with hallucinations per se.

Conclusions

This study has compared the central auditory process-
ing of mentally ill patients with and without hallucina-
tions. The results were characterized by wide variability
among individuals in both patient groups. Some patients
showed severe abnormalities of central auditory process-
ing, and others performing normally on all tasks. On the
majority of auditory tests, the performance of the halluci-
nating patients was not significantly different from that of
the nonhallucinating patients. The overall pattern of
abnormality in both patient groups was consistent with
dysfunction of the right hemisphere (distant from the
primary auditory cortex) and/or dysfunction of inter-
hemispheric transfer pathways. The tests that showed dif-
ferences between the hallucinating and nonhallucinating
patients, and the patterns of abnormality for the six pa-
tients with the most severely abnormal scores (who were
all hallucinating patients), were also consistent with dys-
function in the same areas. Involvement of deeper struc-
tures of the medial temporal lobe of either hemisphere, af-
fecting intrahemispheric or interhemispheric transfer of
information, cannot be ruled out. It is possible, therefore,
that hallucinations are associated with a greater degree of
the same type of auditory dysfunction that results from
schizophrenia itself.

Further research is needed to investigate whether par-
ticular features or patterns of hallucinatory experience or
the effectiveness of different strategies for coping with hal-
lucinations are related to the presence of specific auditory
processing abnormalities.
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