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Abstract
Objective—Although aVective prosody
seems to be a dominant and lateralised
communication function of the right
hemisphere, focal lesions of either hemi-
sphere may cause problems with its
modulation. When impairment occurs
after brain damage, the profiles of
aVective-prosodic disturbances diVer de-
pending on the hemisphere injured. Pa-
tients with left brain damage (LBD)
improve their performance whereas pa-
tients with right brain damage (RBD) do
not when the verbal-articulatory demands
of the test stimuli are reduced systemati-
cally. One of the major arguments for a
right hemispheric contribution to schizo-
phrenia has been the documentation of
aVective prosodic deficits under the as-
sumption that these abnormalities reflect
right hemispheric dysfunction. Thus, an
essential question to resolve is whether the
profile of aVective prosodic disturbances
in schizophrenia is similar to LBD or
RBD, or represents a unique variation.
Methods—Data were collected from four
subject groups: 45 chronic, medication-
stabilised, schizophrenic patients, 10 pa-
tients with focal LBD, nine patients with
focal RBD, and 19 controls. All groups
were tested on the aprosodia battery,
which uses stimuli having incrementally
reduced verbal-articulatory demands.
Schizophrenic and aphasic symptoms
were evaluated using standard assessment
tools.
Results—For patients with impaired per-
formance on the aprosodia battery,
schizophrenic patients were statistically
identical to patients with RBD and ro-
bustly diVerent from those with LBD.
Thirty eight schizophrenic patients
(84.4%) were found to have some type of
aVective prosodic deficit with the pre-
dominant pattern indicating, at mini-
mum, right posterior sylvian dysfunction
(57.8%). When schizophrenic symptoms
and aprosodic deficits were examined
using a principal component analysis,
aVective comprehension and repetition
loaded uniquely as separate factors.
Conclusions—The profile of aVective-
prosodic deficits found in impaired
schizophrenic patients is characteristic of

RBD, supporting the concept that schizo-
phrenia is a bihemispheric disease proc-
ess. These deficits may also represent
cardinal symptoms of schizophrenia as
they are highly prevalent and, except for
spontaneous aVective prosody, are not
associated statistically with traditional
clusters of schizophrenic symptoms.
(J Neurol Neurosurg Psychiatry 2001;70:597–604)
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One of the cardinal negative symptoms of
schizophrenia is flattening of aVective de-
meanor,1 2 a phenomenon that is also seen after
focal injury to the right hemisphere.3–6 The
behavioural flattening after right brain damage
(RBD) is characterised by loss of the ability to
insert gestural and aVective-prosodic features
into speech and communication while leaving
linguistic-propositional features intact. De-
pending on lesion location, focal damage to the
right hemisphere may impair comprehension,
repetition, and spontaneous production of
aVective prosody and gestures in various com-
binations that are analogous to aphasic deficits
after focal lesions of the left hemisphere.4 6

These syndromes are called “aprosodias” and
suggest that the right hemisphere has a
dominant role in modulating aVective
prosody.4 6 7 Loss of the experiential aspects of
emotion (emotional blunting) does not accom-
pany the loss of spontaneous aVective behav-
iours in patients with aprosodias.4 6 8 9 Emo-
tional blunting, however, has been considered a
hallmark of schizophrenia although recent
studies have shown that this may not be
correct.10–12

Some studies to date have documented
disturbances of aVective prosody in schizo-
phrenic patients.13–21 Disturbances in the pro-
duction of aVective prosody have been corre-
lated with the presence of negative behaviour al
symptoms and likened to deficits found after
RBD.15 16 18 19 21 By contrast, basic verbal-
linguistic features of language associated with
the left hemisphere are usually preserved in
schizophrenic patients.19 21 Overt aphasic syn-
dromes are rarely encountered but minor
abnormalities of propositional language may
occur that are usually attributable to either the
patients’ underlying thought disorder, loss of
executive control, or a right hemispheric
disturbance.22–25 Because of the above findings
and related neuropsychological deficits that
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point to significant right hemispheric impair-
ment in schizophrenia, some investigators have
called into question the widely accepted
hypothesis that schizophrenia is predominantly
a disorder of the left hemisphere.16–19 26 27

CALLOSAL FUNCTION IN SCHIZOPHRENIA

Over the past decade, research has suggested
that loss or possible enhancement of interhemi-
spheric integration may contribute to schizo-
phrenic symptoms.28 Although findings have
been variable, including negative results,29 30

taken as a whole there seems to be suYcient
data to support the idea that some groups of
schizophrenic patients show abnormalities of
callosal integration of behavioural functions.28

When present, thinning of the callosum has
been associated with late onset, positive symp-
tom schizophrenia that is accompanied by loss
of the interhemispheric transfer of information
whereas thickening of the callosum has been
associated with early onset, negative symptom
schizophrenia that is accompanied by possible
increases in interhemispheric transfer of infor-
mation.28

LATERALISATION OF AFFECTIVE PROSODY AND

CALLOSAL INTEGRATION OF LANGUAGE

FUNCTIONS

Although aVective prosody has been posited to
be a dominant and lateralised function of the
right hemisphere, some publications have
reported considerable disturbances in the
modulation of aVective prosody after left brain
damage (LBD) suggesting that aVective
prosody may not be as strongly lateralised as
propositional language.7 31–34 Seron et al32 re-
ported a significant positive correlation be-
tween comprehension of aVective prosody and
comprehension of propositional language in
moderate to severely aphasic patients and pro-
posed that left hemispheric lesions which
impair comprehension may also impair decod-
ing of aVective prosody. However, alternative
explanations are possible.7 35

If it is assumed that aVective prosody is a
dominant function of the right hemisphere,
then the production of speech is likely to entail
considerable interhemispheric interaction to
ensure that the articulatory-verbal and
aVective-prosodic elements achieve behav-
ioural unification and temporal coherence.7 36 37

For example, if a speaker wishes to express sur-
prise when uttering a simple sentence, such as
“he is clever”, then the right hemisphere must
be appraised by the left hemisphere of the
words that will be articulated and their cadence
so that they can be matched with the intended
aVective-prosodic intonation. On the other
hand, it could also be envisioned that the
required intonation for aVective signalling by
the right hemisphere could alter the left hemi-
sphere’s plan for articulatory timing. When
producing a sarcastic or emphatic statement,38

it is often necessary to prolong certain phonetic
units to give the correct attitudinal cues. In
either case, a left hemispheric lesion could dis-
rupt the higher order linkage of aVective
prosody and the propositional aspects of

speech causing an indirect disruption of
aVective-prosodic functions.

This possibility was recently explored by
Ross et al7 in a series of patients with RBD and
LBD. They used an aprosodia battery in which
the verbal-articulatory demands are reduced
systematically when assessing aVective
prosody. In patients with LBD, reducing the
verbal-articulatory demands caused a highly
significant improvement in the ability to
comprehend and repeat aVective prosody
whereas the similar manoeuvre in patients with
RBD led to either no improvement or worsen-
ing of performance (see figures 1 and 2). More
importantly, the aVective-prosodic deficits in
patients with LBD were not correlated to the
presence, severity, or type of aphasic deficits.
Based on functional-anatomical assessment,
lesions involving the deep white matter adja-
cent to the corpus callosum, located below the
supplementary motor area and cingulate gyrus,
best predicted aVective-prosodic disturbances
compared with the cortical distribution of
lesions. By contrast, aVective-prosodic deficits
in patients with RBD are well correlated with
the cortical distribution of the lesion.6 39 These
findings suggest that the predominant mech-
anism underlying aVective-prosodic deficits
after LBD is loss of callosal integration of the
dominant language functions represented in
each hemisphere (LBD/callosal profile),7

whereas the predominant mechanism underly-
ing aVective-prosodic deficits after RBD is loss
of aVective-communicative representations,40 41

and loss of the ability to dominantly modulate
aVective prosody (RBD/aprosodic profile).7

RESEARCH GOAL

Given the concepts presented above on the
contribution of callosal and right and left
hemispheric dysfunction to schizophrenia and
the complex neurology of aVective prosody, an
important question to resolve is whether the
profile of aVective-prosodic disturbances in
schizophrenic patients is primarily LBD/
callosal, RBD/aprosodic, some mixture of the
two, or an unexpected variation. By better
characterising the profile of aVective-prosodic
deficits and its relation to behavioural and
aphasic symptoms, more valid assumptions
concerning the neurological basis of schizo-
phrenia can be formulated.

Methods
Data were obtained on four subject groups:
normal controls, patients with schizophrenia,
patients with LBD, and patients with RBD.
Subjects were excluded from the study if they
had a history of stroke, dementia, closed head
injury with residual neurological deficits,
severe metabolic conditions caused by renal,
liver, cardiac or lung failure, or chronic
alcoholism with neurological complications.
Subjects were included if they were younger
than 65 years to avoid factoring into the statis-
tical analyses recently discovered age related
changes in the modulation of aVective prosody
in elderly subjects.6 42 Patients with RBD and
those with LBD were included only if they were
strongly right handed, as determined by a score
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of +70 on the Edinburgh inventory,43 and had
documented, unilateral ischaemic infarctions
on MRI. Patients with stroke histories or MRI
evidence of deep or multiple strokes were
excluded. Some severely global aphasic pa-
tients were excluded because they were either
mute or unable to participate in even low level
types of neuropsychological testing. The pa-
tients with stroke were tested between 4 and 8
weeks postictus to avoid acute and reversible
cognitive deficits due to diaschisis and before
the onset of long term recovery.7 After
complete description of the study was con-
veyed to the subjects, written informed consent
was obtained. For patients with stroke who
were aphasic, informed consent was obtained
from their next of kin or guardian.

Forty five chronic, medication stabilised
schizophrenic patients were accessed into the
study. Their clinical diagnoses were based on
the patient version of the structured clinical
interview for DSM-III-R (SCID).44 Thirty
eight patients had chronic schizophrenia of the
paranoid (n=24) or undiVerentiated (n=14)
type and seven patients had schizoaVective dis-
order. Twenty two patients were recruited from
the Southeast Human Service Center in Fargo,
ND, USA and 23 patients from the VA Hospi-
tal in Hartford, CT, USA. Nineteen controls,
10 patients with LBD, and nine with RBD were
recruited from the Fargo area. They were
selected based on age (<65 years) from our
research studies designed to elucidate the neu-
rology of aVective prosody.7 39 Subject demo-
graphics are presented in table 1. Although
there were group diVerences for age, sex, and
education, none of these factors were found to
have an eVect on control performance on the
aprosodia battery.

DEPENDENT GROUP VARIABLES

Schizophrenic patients were given the brief
psychiatric rating scale (BPRS),45 the scale for
the assessment of positive symptoms (SAPS),46

and the scale for the assessment of negative
symptoms (SANS).47 All subjects were tested
with the aprosodia battery, described below.7

Patients with stroke and schizophrenia were
tested for propositional language deficits using
the western aphasia battery (WAB),48 and
schizophrenic patients were tested for cognitive
decline using the mini mental state examina-
tion (MMSE).49

The aprosodia battery assesses three levels of
aVective-prosodic repetition using a prere-
corded tape containing the following sets of
randomised stimuli: (1) word repetition —12
tokens of the sentence “I am going to the other
movies”, (2) monosyllabic repetition —12
tokens of the “sentence” “ba ba ba ba ba ba”,
and (3) asyllabic repetition—12 tokens of the
“sentence” “aaaaahhhhh”. All sets had two
renditions each of neutral, happy, sad, sur-
prised, angry, and disinterested intonations,
one with stress early in the sentence and one
with stress late in the sentence. The stimulus
tape was played in a free auditory field using a
Marantz PMD 340 audiocassette recorder.
Assessment of spontaneous aVective prosody
was made by interviewing subjects for 5 to 10
minutes during which time they were encour-
aged to talk about aVectively laden personal life
events.

Subjects’ verbal responses were taped on a
second Marantz PMD 340 recorder using a
Shure SM12A microphone mounted on an
adjustable boom attached to a headset that was
positioned just to the side of the subjects’ air
stream. Although detailed acoustic measures
have been developed to quantify aVective
prosody,50 51 these methods are not necessary
when analyzing aVective prosody in English.
English speakers impart aVect in their speech
predominantly through changes of pitch over
time (intonation).13 51 52 The most salient
acoustic correlate of pitch is fundamental
frequency (F0), which is equal to the number of
vocal fold vibrations per unit of time.52 By
measuring the change of F0 across a series of
aVective utterances, aVective prosody can be
quantified suYciently so as to easily distinguish
between normal and abnormal perform-
ances.7 13

The subjects’ voice recordings were analyzed
using a PM Pitch Analyzer (Voice Identifica-
tion Inc) which extracts F0 in Hz from the
speech signal and displays the data on a
cathode ray tube. Simultaneously, via a pro-
gram written using Quick Basic and Macro
Assembler languages (Micosoft, Inc), the F0

data generated by the pitch analyzer was trans-
ferred to a personal computer (Gateway, Inc)
at a sampling rate of 10 ms. By using program-
mable cursors on the pitch analyzer, stray data
points caused by microphone artifacts, voice
break-ups, and other sampling errors were
removed. The computer program then calcu-
lated a coeYcient of variation (CV) for each
utterance. After all the data were completely
entered, a mean CV% was calculated for the 12
sentences (F0-CV%) comprising each aVective
set and for 10 seconds of spontaneous
speech.7 53

To test aVective-prosodic comprehension,
four sets of aVective-prosodic stimuli were pre-
sented. The first three sets used the 12 stimuli
described above for the word, monosyllabic,
and asyllabic repetition tasks but were pre-
sented twice for a total of 24 tokens/set.
Subjects identified the aVective meanings
intoned in the utterances by pointing to one of
six choices presented in a vertical array. Each
choice was a line drawing of a standardised face

Table 1 Subject demographics

Group Age Education Sex (M/F)

*Controls (n=19) 45.5 (10.8) 14.2 (2.1) 7/12
Schizophrenics (n=45) 42.5 (7.2) 13.8 (2.3) 39/6
LBDs (n=10) 47.4 (12.5) 12.5 (1.1) 5/5
RBDs (n=9) 56.2 (6.5) 11.6 (1.4) 6/3
†Statistical analysis ANOVA ANOVA K-W

F=6.3; p=0.001 F=5.0; p=0.003 ÷2=18.4; p<0.001
SNK SNK m÷2

(S,C,L <R) (R<S, C) (S≠C, R)

Values in parentheses are SD.

*No age, education, or sex eVects found for controls on the aprosodia battery.
†ANOVA=one way analysis of variance, significance level 0.01; SNK=Student-Newman-Kuels
(post hoc) test, significance level 0.05; K-W=Kruskal-Wallis one way ANOVA, significance level
0.05; m÷2=multiple ÷2(post hoc) tests, significance level 0.05.
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expressing a neutral, happy, sad, indiVerent,
surprised, or angry emotion accompanied by a
written label.54

Lastly, a discrimination task was given. Each
of the 12 stimuli comprising the word compre-
hension set was rerecorded after being played
through a 70–300 Hz bandpass filter so as to
preserve prosodic information while markedly
reducing phonetic information.55 A stimulus
tape was then made by recording 24 ran-
domised “sentence” pairs from the filtered
tape. Twelve sentence pairs had the same
aVective intonation but diVerent stress patterns
and 12 sentence pairs had diVerent intonations
but the same stress pattern. The subjects were
asked to indicate for each sentence pair if the
aVect was the same or diVerent. Thus, if
subjects made their discriminations based on
stress or local prosodic information, a feature
modulated to some degree by the left
hemisphere,56–58 they would do very poorly on
this task.

Results
Statistical analyses were accomplished using
SPSS 8.0 for Windows (SPSS Inc). Before the
analyses were done all raw data obtained on the
aprosodia battery were converted into Z scores
based on the performance of controls (subjects’
score−controls’ mean score)/controls’ SD).53

This data transformation removes any variabil-
ity in performance across the repetition and
comprehension tasks of the aprosodia battery
attributable to controls but leaves intact the
variability attributable to patients so that if sta-
tistical interactions are found they may be more
easily understood.7

APROSODIA BATTERY

Subgroup diVerences
A preliminary analysis of schizophrenic-type
was undertaken to assess for possible diVer-
ences between patient subgroups (schizoaVec-
tive, paranoid, undiVerentiated) on the various
tasks comprising the aprosodia battery. Using a
multivariate analysis of variance (ANOVA)
with significance set at 0.01, no diVerences
were found for subgroup mean performances,
which supports the observation by Haskins
et al20 that schizoaVective and “schizophrenic”
patients are impaired equally on tests of aVec-
tive prosody. Thus, for the remaining statistical
analyses, the schizophrenic patients were
treated as a single subject group.

AVective repetition
The F0-CV results were analyzed using a
repeated measures ANOVA. A significant task
by group interaction was found (F
(6,158)=2.93, p=0.01) with a significant main

eVect for group (F (3,79)=6.87, p<0.001) and
a marginal main eVect for task (F (2,158=3.63,
p=0.028). Because our primary research inter-
est was to compare deficit profiles in patients
with impaired performance, the data were fur-
ther reduced by selecting out those patients
who had at least one Z score of less than−1.64
(normal curve proportion of <0.05) across the
tasks.7 53 Using this liberal criterion for impair-
ment, the patient groups had the following
number of subjects: schizophrenic 29 of 45
(64.4%), LBD five of 10 (50%), and RBD
seven of nine (77.8%). A repeated measures
ANOVA again showed a significant task by
group interaction (F (6,112)=4.28, p=0.001)
with significant main eVects for group (F
(3,56)=18.54, p=0.000), and task (F
(2,112)=5.56, p=0.005). As it was essential to
preserve the pattern of relations across tasks
when performing post hoc statistical analyses
to explore the causes for the interaction and
main eVects, multiple repeated measures
ANOVAs for subject group pairs were done (fig
1, table 2). The task by group interaction was
explained by the overall improvement of
performance of patients with LBD across tasks
compared with controls, patients with RBD
and schizophrenia. Most important in answer-
ing the research goals of this paper, the only
subject group pair that showed neither a
significant task by group interaction nor a main
eVect for group was schizophrenic/RBD, indi-
cating that their patterns of impairment did not
diVer statistically.

AVective comprehension
The scores for the four subject groups across
aVective comprehension tasks and aVective
discrimination were analyzed using a repeated
measures ANOVA. A significant task by group
interaction was found (F (9,237)=4.13,
p=0.000) with significant main eVects for
group (F (3,79)=11.11, p=0.000) and task (F
(3,237)=7.78, p=0.000). As our primary re-
search interest was to compare deficit profiles
in patients with impaired performance, the
data were further reduced by selecting out

Table 2 Repeated measures ANOVAs for subject-group pairs on aVective repetition

Subject-group
pairs

Interactions for group by
task Main eVect for group Main eVect for task

Con-LBD F (2,44)=18.5, p=0.000 F (1,22)=28.8, p=0.000 F (2,44)=18.48, p=0.000
Con-RBD F (2,48)=0.12, p=0.89 F (1,24)=41.0, p=0.000 F (2,48)=0.12, p=0.89
Con-Schiz F (2,92)=0.01, p=0.98 F (1,46)=45.9, p=0.000 F (2,92)=0.01, p=0.98
RBD-LBD F (2,20)=7.53, p=0.004 F (1,10)=0.89, p=0.37 F (2,20)=5.62, p=0.012
Schiz-LBD F (2,64)=9.14, p=0.000 F (1,32)=0.00, p=0.97 F (2,64)=9.36, p=0.000
Schiz-RBD F (2,68)=0.08, p=0.93 F (1,34)=1.97, p=0.17 F (2,68)=0.07, p=0.93

Figure 1 AVective repetition in patients with impaired
performance on the aprosodia battery compared with
controls. Interaction p<0.001; group main eVect p<0.001;
task main eVect p<0.005. LBD=left brain damage;
RBD=right brain damage; Schiz=schizophrenic.
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those patients who had at least one Z score of
less than −1.64 (normal curve proportion of
<0.05) across the tasks.7 53 Using this liberal
criterion for impairment resulted in the patient
groups having the following number of sub-
jects: schizophrenic 37 of 45 (82.2%), LBD
seven of 10 (70%), and RBD nine of nine
(100%). A repeated measures ANOVA again
showed a significant task by group interaction
(F (9,204)=8.91, p=0.000) with significant
main eVects for group (F (3,68)=16.18,
p=0.000) and task (F (3,204)=7.17, p=0.000).
As above, multiple (post hoc) repeated meas-
ure ANOVAs for subject group pairs were done
to explore the causes for the interaction and
main eVects (fig 2, table 3). The interaction
was accounted for by overall improvement of
patients with LBD and worsening of patients
with RBD and schizophrenia across tasks com-
pared with controls and each other. Most
important in answering the research goals of
this paper, the only subject group pair that
showed neither a significant task by group
interaction nor a main eVect for group was
schizophrenic/RBD, indicating that their pat-
terns of impairment did not diVer statistically.

Spontaneous aVective prosody
The F0-CV results for spontaneous aVective
prosody were analyzed using a univariate
ANOVA. A significant main eVect for group (F
(3,82)=11.49, p=0.000) was found. Again, as
the primary research interest was in impaired
patient performance, the data were further
reduced by selecting out those patients who
had Z scores of less than −1.64 (normal curve
proportion of <0.05).7 53 This resulted in the

patient groups having the following number of
subjects: schizophrenic 26 of 45 (57.7%), LBD
four of 10 (40%), and RBD six of nine
(66.7%). A significant main eVect for group (F
(3,54)=55.38, p=0.000) was found. In examin-
ing the results statistically, using the Student-
Newman-Kuels (post hoc) test with signifi-
cance set at 0.05, the main eVect was
accounted for by all three patient groups
performing diVerently from controls but not
from each other. The group Z score means
were controls=0.0 (1.0), schizophrenic=−2.89
(0.78), LBD=−2.61 (0.27), and RBD=−2.82
(0.62).

DISTRIBUTION OF APROSODIC DEFICITS IN

SCHIZOPHRENIC PATIENTS

Schizophrenic patients were classified as hav-
ing an aprosodic deficit if their Z score
performance was <−2.0 on spontaneous aVec-
tive prosody (normal curve proportion of
<0.0228),53 or if their average Z score on aVec-
tive repetition (three levels) or aVective com-
prehension (four levels) was <−2.0. Using this
statistically conservative method for classifying
patients, 38 of the 45 schizophrenic patients
(84.4%) had some type of aprosodic deficit.
Loss of comprehension was the most common
abnormality found in 26 patients (57.8%) sug-
gesting, at minimum, posterior sylvian cortical
dysfunction.4 39 59–61 Twenty three (51.1%) had
deficits involving spontaneous aVective
prosody suggesting, at minimum, anterior-
superior sylvian dysfunction,3 4 6 39 whereas 15
(39.5%) had deficits involving repetition sug-
gesting, at minimum, perisylvian dysfunc-
tion.4 6 39

WESTERN APHASIA BATTERY

The results on the WAB varied for the three
patient groups. None of nine patients with
RBD had an abnormal aphasia quotient (AQ),
as defined by a score less than 93.8.48 Seven of
45 schizophrenic patients (15.5%) had mildly
abnormal AQs (mean=86.3 (6.2)) and five of
10 patients with LBD (50%) had abnormal
AQs (mean=63.6 (27.8)). As the AQ showed
marked inhomogeneity of variance (p<0.001)
due to the excessive SD found in the LBD
compared with the RBD and schizophrenic
groups, the data were reduced by classifying
patients as having either normal or abnormal
AQs. Using a 2×3 contingency table, a ÷2 of
8.79 (df=2, p=0.012) was found. Based on
multiple (2×2) Fisher’s exact tests, the LBD
distribution was diVerent from both the RBD
and schizophrenic distributions (two tailed
p=0.03) but the RBD distribution was not dif-
ferent from the schizophrenic distribution (two
tailed p=0.58).

RELATION OF PERFORMANCE ON THE APROSODIA

BATTERY TO SCHIZOPHRENIC SYMPTOMS

In the schizophrenic group, clinical symptoms
were evaluated using the 18 item BPRS, 24
item SANS, and 35 item SAPS. To assess the
reliability and validity of the scores, a factor
analysis was done to see if the resulting symp-
tom clusters in our patient population were

Table 3 Repeated measures ANOVAs for subject-group pairs on aVective comprehension

Subject-group
pairs

Interactions for group by
task Main eVect for group Main eVect for task

Con-LBD F (3,72)=4.34, p=0.007 F (1,24)=39.3, p=0.000 F (3,72)=4.36, p=0.007
Con-RBD F (3,78)=10.3, p=0.000 F (1,26)=62.3, p=0.000 F (3,78)=10.3, p=0.000
Con-Schiz F (3,162)=5.47, p=0.001 F (1,54)=40.7, p=0.000 F (3,162)=5.5, p=0.001
RBD-LBD F (3,42)=5.29, p=0.003 F (1,14)=1.65, p=0.22 F (3,42)=3.5, p=0.023
Schiz-LBD F (3,126)=4.24, p=0.007 F (1,42)=0.74, p=0.40 F (3,126)=3.5, p=0.017
Schiz-RBD F (3,132)=0.77, p=0.51 F (1,44)=0.08, p=0.78 F (3,132)=13.1, p=0.000

Figure 2 AVective comprehension in patients with
impaired performance on the aprosodia battery compared
with controls. Interaction p<0.001; group main eVect
p<0.001; task main eVect p<0.001. LBD=left brain
damage; RBD=right brain damage; Schiz=schizophrenic.
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consistent with previously reported re-
search.62 63 The 77 items were subjected to a
principal components factor analysis followed
by a varimax rotation with Kaiser normalisa-
tion. Five factors, accounting for 54% of the
variance, seemed to adequately describe the
data based on visual inspection of the scree plot
and the rotational sums of squared loadings.
The five derived symptom categories, using the
distribution of principal components having an
absolute value >0.5, are displayed in table 4
next to the label “PCA.” All the factors had
positive loading scores. Our results compare
favourably with the symptom clusters derived
by Kawasaki et al62 in 70 acute and chronic
schizophrenic patients and by Peralta et al63 in
115 hospitalised schizophrenic patients. A
principal component analysis with varimax
rotation was used in both patients.

In addition to the above five factor scores,
total scores for each patient were calculated for
the five subtests on the SANS and SAPS by
adding together the results for each question
making up a subtest. A mean score was calcu-
lated for the BPRS. Finally, specific items from
the SANS, SAPS, and BPRS were weighted
and averaged based on the technique of Gur et
al64 who used a “rational-statistical” approach
to develop their four schizophrenic symptom
categories. Using the above 19 derived symp-
tom categories plus the eight measures from
the aprosodia battery and the scores on the
MMSE and WAB AQ, a principal components
factor analysis was done followed by a varimax
rotation with Kaiser normalisation. Seven
factors, accounting for 82% of the variance,
seemed to adequately describe the data based
on visual inspection of the scree plot and the
rotational sums of squared loadings. Table 4
displays the loading of various items with abso-
lute values of >0.5 onto the seven factors. The

19 symptom categories seem to cluster appro-
priately onto factors 1, 2, 4, 5, and 7. An unex-
pected finding was that the tasks measuring
aVective comprehension (factor 3) and aVec-
tive repetition (factor 6) did not cluster with
any of the symptom categories. As might be
predicted, spontaneous aVective prosody had a
negative loading score on factor 5. Interest-
ingly, neither the MMSE nor the WAB AQ
loaded onto any of the seven factors.

Discussion
The results indicate that aVective-prosodic
impairments in schizophrenia are consistent
with a right hemispheric type of deficit (RBD/
aprosodic profile) rather than loss of callosal
integration (LBD/callosal profile) or an unex-
pected profile. This finding reinforces the idea
that schizophrenia is not simply a left hemi-
spheric disease process but rather aVects
cognitive systems in both hemispheres.16–19 26 27

Overall, 84.4% of the schizophrenic patients
had an aprosodia, whereas only 15.5% of the
patients had abnormal AQ scores on the west-
ern aphasia battery suggesting mild types of
aphasic deficits. This indicates that, at least for
language and communication, the schizo-
phrenic process is asymmetric as it aVects sys-
tems represented predominantly in the right
rather than the left hemisphere. If schizo-
phrenic patients cannot appropriately modu-
late aVective prosody, and also have diYculty
processing facial aVect,65–67 it is likely that their
ability to interact in social situations will be
disrupted leading to impoverished interper-
sonal relationships and social isolation.68 Stud-
ies relating these phenomena to aVect recogni-
tion and traditional clusters of schizophrenic
symptoms have linked impoverished social
skills to overall severity of clinical symptoms
rather than specific symptom categories. Of
interest in our study, aVective comprehension
and repetition did not load with any of the
derived schizophrenic symptom clusters on
factor analysis, which suggests that these
deficits may well represent cardinal features of
schizophrenia,62 63 which might be part of, or at
least a major contributor to, a separate core
defect regulating social interactions.68 If this is
so, metabolic correlates indicating hypome-
tabolism of the right posterior sylvian cortices
in schizophrenic patients might be expected as
this area has been shown in patients with brain
damage to be important for comprehension of
aVective prosody.4 39 59–61

Some investigators have incidentally noted
hypometabolism involving the right posterior
sylvian region in schizophrenic patients when
studying the phenomenon of hypofrontality by
PET or SPECT.69 70 More recent studies have
also found relative hypometabolism of the left
posteriorsylvian region that seems related to
the presence of positive symptoms, in particu-
lar hallucinations.62 71 72 Thus, as with hypof-
rontality, the results are mixed for temporal
lobe involvement across groups of schizo-
phrenic patients which some authors have sug-
gested probably reflects symptom heterogeni-
ety.62 63 69 A recent PET study by O’Leary et
al,73 however, is of interest. They assessed 10

Table 4 Rotated factor analysis of schizophrenic symptoms and aprosodia battery results

Factor Variance Ó variance Principal components
Loading
scores

1 17.9% 17.9% PCA*: hallucinations/paranoid delusions 0.971
BPRS: mean 0.888
Gur: suspicion/hostility 0.853
Gur*: schneiderian hallucinations/delusions 0.825
SAPS: delusions 0.814
SAPS: hallucinations 0.729

2 14.5% 32.4% PCA: aVective blunting/flattening-alogia 0.964
SANS: alogia 0.849
SANS: aVective blunting/flattening 0.802
Gur: negative 0.757
SANS: attention 0.578

3 11.8% 44.2% ApB*: word comprehension 0.844
ApB: monosyllabic comprehension 0.853
ApB: asyllabic comprehension 0.830
ApB: aVective discrimination 0.779

4 10.6% 54.8% PCA: formal thought disorder 0.973
SAPS: formal thought disorder 0.947
Gur: disorganisation 0.727

5 10.2% 65.0% PCA: avolition/apathy-anhedonia/asociality 0.933
SANS: avolition/apathy 0.741
SANS: anhedonia/asociality 0.663
ApB: spontaneous aVective prosody −0.564

6 9.8% 74.8% ApB: monosyllabic repetition 0.866
ApB: asyllabic repetition 0.860
ApB: word repetition 0.825

7 7.2% 82.0% PCA: bizarre behaviours-mannerisms 0.931
SAPS: bizarre behaviours 0.722

*PCA=factors found on initial principal component analysis using the items on the BPRS, SANS,
and SAPS; Gur=Gur et al64 categories; ApB=aprosodia battery.
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unmedicated schizophrenic patients using vari-
ous binaural and dichotic activation paradigms
designed to probe hemispheric auditory atten-
tion and the ability to inhibit competing
auditory stimuli.74 The investigators found that
the schizophrenic patients did not appropri-
ately activate their right superotemporal gyrus
compared with controls and that patient
performance was statistically related to the
metabolic findings. In keeping with our finding
that about 58% of our schizophrenic patients
had problems with aVective comprehension, a
putative function involving the right posterior
sylvian area,4 39 59–61 50% of the schizophrenic
patients studied by O’Leary et al73 were catego-
rised as “poor performers” on the auditory
tasks used to probe the right superotemporal
gyrus.

In reviewing previous research documenting
aprosodic deficits in schizophrenia, various
publications have reported problems with
production,13–15 17 or production and compre-
hension,18 19 and, in some cases, repeti-
tion.16 21 22 All used tasks in which aVective-
prosodic stimuli were presented using
articulated sentences or phrases as carriers of
aVect with the assumption that the observed
deficits reflected right hemispheric dysfunc-
tion. The current study, which utilised an
aprosodia battery designed to distinguish
aVective-prosodic deficits due to RBD versus
LBD,7 robustly supports the assumption made
by previous researchers that schizophrenic
impairments in aVective prosody are the result
of right hemispheric dysfunction.

The primary weakness of our study is that all
the schizophrenic patients were on neuroleptic
drugs at the time of testing. Some investigators,
however, have reported that aVective flattening
and aVective comprehension deficits are
not correlated with neuroleptic treat-
ment.13 15 18 20 75 In a previous quantitative study
of aVective prosody, Ross et al76 assessed 20
schizophrenic outpatients who were in hospital
on a research ward at the Dallas VA Medical
Center. Testing was undertaken when the
patients were oV all psychotropic medications
for at least 2 weeks. Fifty five per cent of the
patients demonstrated deficits in aVective-
prosodic comprehension, 40% had problems
with aVective repetition, and 35% showed flat-
tening of spontaneous aVective prosody. This
distribution is similar to the findings presented
here and supports previous publications sug-
gesting that neuroleptic use is not an important
contributor to aVective-prosodic deficits in
schizophrenia.13 15 20 75
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