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ABSTRACT

Background. Theory of Mind (ToM) refers to the ability to infer another person’s mental state
based upon interactional information. ToM deficits have been suggested to underlie crucial aspects
of social interaction failure in disorders such as autism and schizophrenia, although the develop-
ment of paradigms for demonstrating such deficits remains an ongoing area of research. Recent
studies have explored the use of sarcasm perception, in which subjects must infer an individual’s
sincerity or lack thereof, as a ‘real-life ’ index of ToM ability, and as an index of functioning of
specific right hemispheric structures. Sarcastic detection ability has not previously been studied in
schizophrenia, although patients have been shown to have deficits in ability to decode emotional
information from speech (‘affective prosody’).

Method. Twenty-two schizophrenia patients and 17 control subjects were tested on their ability
to detect sarcasm from spoken speech as well as measures of affective prosody and basic pitch
perception.

Results. Despite normal overall intelligence, patients performed substantially worse than controls
in ability to detect sarcasm (d=2.2), showing both decreased sensitivity (Ak) in detection of sincerity
versus sarcasm and an increased bias (Ba) toward sincerity. Correlations across groups revealed
significant relationships between impairments in sarcasm recognition, affective prosody and basic
pitch perception.

Conclusions. These findings demonstrate substantial deficits in ability to infer an internal subjective
state based upon vocal modulation among subjects with schizophrenia. Deficits were related to, but
were significantly more severe than, more general forms of prosodic and sensorial misperception,
and are consistent with both right hemispheric and ‘bottom-up’ theories of the disorder.

INTRODUCTION

Cardinal in schizophrenia psychopathology is
communicatory disturbance (Mitchell & Crow,
2005). This disturbance is multifaceted and can
take the form of language disorganization as
well as difficulty in decoding affect based upon
either visual (i.e. facial) or auditory input. Frith

(1992) and others have sought to tie these defi-
cits to impairment in Theory of Mind (ToM),
or the ability to infer one’s own or another’s
internal mental state based upon behavioral
interaction. In Frith’s conceptualization, ToM-
based impairments stem from a confabulation
between one’s subjective cognitive represen-
tations of reality and objective reality, leading to
false beliefs, delusions and, within social inter-
action, the negation of communicatory cues
vital for attitudinal and/or affective signals
(Frith, 1992). Others see ToM deficits as
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reflecting more general impairment of core
executive functioning ability and negative
symptoms (Hardy-Bayle et al. 1994), although
such deficits typically remain significant even
when controlling for such factors (e.g. Langdon
et al. 2002). ToM has become an important
focus of current research as it provides a con-
ceptual framework for unification of otherwise
diverse elements of the schizophrenia symp-
tomatology.

Classical methods for testing ToM involve
the use of scenarios, either in the form of short
stories or graphically, through sequential pic-
ture sets in which social situations, jokes or
ironic intent are conveyed. In these tasks, a
patient’s comprehension of the scenario and
also their insight into the character’s beliefs and/
or intentions are assessed. Such studies have
shown significant deficits in patients compared
to controls in both childhood-onset (Pilowsky
et al. 2000) and adult-onset schizophrenia
(Mazza et al. 2001; also see review by Brune,
2005b), although the statistical magnitude of
such deficits is frequently limited by the com-
plexity of the tasks involved.

Current research in social cognitive pro-
cessing and schizophrenia has begun to link
ToM ability to social dysfunction and global
outcome in the illness. Roncone et al. (2002)
found that ToM ability using tasks that
consisted of false belief scenarios presented
through cartoons correlated with global social
functioning, while Brune (2005a) found that
ToM defects were a predictor of social behav-
ioral abnormalities using the social behavioral
scale (Wykes & Sturt, 1986). Similarly, a retro-
spective study found that ToM dysfunction in
patients has been associated with poor child-
hood socialization (Schenkel et al. 2005). These
studies suggest that ToM processes may signifi-
cant mediate social cognition and ability within
schizophrenia, and that the failure to develop
ToM during childhood may significantly impair
outcome in later life.

There has been a recent increased interest in
attitudinal communication in speech as a more
‘real-life ’ measure of ToM ability (McDonald,
1999; Channon et al. 2005; Shamay-Tsoory
et al. 2005), especially communication of sar-
castic versus literal intent. Within everyday
social interaction, attitudinal communications
are frequently made in which the literal content

of a series of words is negated by the modulation
of stress and intonation. Thus, sentences such
as ‘Now that was a good idea’, when stated with
primary stress and typical downward going,
sentence-ending intonation on the last word
typically convey their literal meaning, whereas
the same sentence stated with stress on the
second word and absence of usual intonation on
the final word convey counterfactual intent.
Communicating counterfactual intent in this
manner is commonly referred to as ‘sarcasm’.

Sarcasm can be distinguished from ‘irony’
and general pragmatics, in that it communicates
criticism often of a particular target, and its
prosody also conveys attitudes such as scorn or
contempt (Jorgensen, 1996). The compre-
hension of sarcasm has been directly related to
mentalizing ability (Winner & Leekam, 1991), in
that comprehension of counterfactual intent
is predicated on one’s ability to cognitively
represent the mental state of others as well as
oneself (McDonald, 1999). More explicitly,
Channon et al. (2005) have shown that sarcasm
comprehension ability correlates strongly with
non-linguistic ToM tasks when presented as
written dialogue within a social scenario.

While sarcasm perception deficits have not
previously been studied in schizophrenia,
patients have been shown to have significant
difficulty in decoding other introceptive infor-
mation, such as affect, from vocal intonation
(prosody) (Kerr & Neale, 1993; Ross et al. 2001;
Kee et al. 2003). Given these findings, the
present study investigates the degree to which
patients with schizophrenia can infer counter-
factuality of communication as well. Both
affective prosody and sarcasm perception are
thought to depend upon right hemisphere (RH)
functioning (Kaplan et al. 1990; Ozonoff &
Miller, 1996; Mitchell & Crow, 2005; Shamay-
Tsoory et al. 2005), with lesions studies sug-
gesting that right prefrontal cortex (rPFC)
integrates affective sensory information crucial
for sarcasm perception (Shamay-Tsoory et al.
2005). Similarly, ToM function has been linked
to medial PFC, the superior temporal sulcus and
the temporo-parietal junction (Frith & Frith,
1999; Apperly et al. 2004). These findings pro-
vide a potential neuroanatomical underpinning
for the present results.

In prior studies, we have also demonstrated
that affective dysprosodia in patients correlates
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with deficits in basic pitch perception such as the
ability to match tones following a brief delay,
suggesting significant ‘bottom-up’ contributions
to higher order dysfunction as well (Leitman
et al. 2005). Given that sarcastic intent utilizes
tonal modulation, we tested the ability of
subjects to perceive sarcasm in short vocal
utterances, in concert with pitch and musical
perception. We predicted that patients would
show a significant impairment in the ability
to detect sarcasm, with the impairment being
worst in subjects with the poorest sensory per-
formance, suggesting that misperception may
contribute significantly to ToM deficits in
schizophrenia.

METHOD

Participants

Twenty-two patients meeting DSM-IV criteria
for either schizophrenia or schizo-affective dis-
order took part in this study (Table 1). Our pa-
tient sample comprised both in-patients (n=15)
and out-patients (n=7). All patients were
receiving either typical or atypical antipsychot-
ic medication (mean CPZ dose=1461¡657).
Clinical assessment using the Brief Psychiatric
Rating Scale (BPRS; Overall & Gorham, 1961)
and the Scale for the Assessment of Negative
Symptoms (SANS; Andreasen, 1984) indicated
that our patients are severely ill (see Table 1).
Both diagnoses and symptom ratings were con-
ducted by trained clinicians, with diagnosis

based on the structured clinical interview
(SCID) for the DSM-IV (First et al. 1997) and
chart review.

The control group consisted of 17 healthy
volunteers. These subjects were either volunteers
who responded to a local advertisement or
hospital staff and were all screened using the
SCID. The procedures conducted were under
the supervision of the local Institutional Review
Board and all subjects had the procedure
explained to them verbally before giving their
written informed consent. All subjects spoke
English as a first language.

Stimuli

Sarcasm perception was assessed using the atti-
tudinal subtest (APT) of the Aprosodia Battery
(Orbelo et al. 2005). This battery consists of 10
semantically neutral sentences, such as ‘This
looks like a safe boat’, that were recorded by a
female speaker in both a sincere or sarcastic
manner for a total of 20 distinct utterances.
These utterances were repeated twice to total 40
stimuli. The stimuli were then randomly played
on a CD player in a sound-attenuated room at
a conversational hearing level. Subjects were
instructed to answer after each sentence whether
the speaker was being sincere or sarcastic.
If subjects were confused by the instructions,
further elaboration of the task instructions,
using more commonplace synonyms, was
provided. Subjects’ scores reflected percent
correct (Orbelo et al. 2005). Additionally, scores
were divided into percent correct of sincere and
sarcastic items.

Thus far the APT has been used to assess
attitudinal prosody in geriatric populations
and is also currently used (Orbelo et al. 2005)
in neurological investigations of individuals
with brain damage. In these studies patient
groups tend to perform worse than comparison
subjects on both affective prosody and the APT.
This finding, coupled with the fact that our
subjects performed above chance and had good
within- and between-group variance with no
floor or ceiling effects (see results, Fig. 1),
suggests that this test is appropriate for
examining individual and group differences in
schizophrenia.

Affective prosodic ability was assessed using
the Voice Emotion Identification Task
(VOICEID; Kerr & Neale, 1993). This test

Table 1. Demographic and clinical character-
istics of healthy control and patient populations
(values are mean¡S.D.)

Demographic/clinical
criteria

Control
(n=17)

Schizophrenia
(n=22)

Age (years) 34.8¡8.9 37.5¡11.2
Gender (M/F) 9/8 20/2
Verbal IQ 111.5¡10.4 96.0¡10.7
Illness duration N.A. 11.4¡2.3
BPRS total scores N.A. 43.6¡10.9
SANS total scores N.A. 31.2¡9.1
SANS SS: affective flattening N.A. 2.0¡0.9
SANS SS: ALOGIA N.A. 1.6¡0.9
SANS SS: avolition-apathy N.A. 2.1¡0.7
SANS SS: anhedonia-asociality N.A. 2.4¡0.7

BPRS, Brief Psychiatric Rating Scale (Overall & Gorham, 1961) ;
SANS, Scale for the Assessment of Negative Symptoms (Andreasen,
1984) ; SS, subscales ; N.A., not applicable.

Sarcasm perception in schizophrenia 1077

https://doi.org/10.1017/S0033291706007653 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291706007653


consists of 21 sentences of neutral content on
audiotape. The sentences are spoken by male
and female speakers to convey one of six differ-
ent emotions (happiness, anger, fear, sadness,
surprise, or shame). Participants, in a forced
choice manner, chose one of the six emotions for
identification. Performance is calculated based
upon the percentage of correctly identified
sentences.

Sensory processing was assessed using two
tasks : pure tone matching threshold was ob-
tained using the Tone Matching Task (TMT;
Rabinowicz et al. 2000; Leitman et al. 2005),
which uses an adaptive ‘up–down’ transfer
staircase method. Three rotating base fre-
quencies of 5000, 1000 and 2000 Hz were used,
with tone duration set at 100 ms and an inter-
stimulus interval between tones of 300 ms.
Threshold was assessed as the minimum reliable
distinguishable difference between tones. Ad-
ditionally, the Distorted Tunes Task (DTT;
Drayna et al. 2001), a task that has previously
shown genetic contributions to pitch perception,
was used. This task consists of 26 popular tunes
ranging in length from 12 to 26 notes. Seventeen
of the tunes are rendered melodically incorrect
by changing the pitch of two to nine notes
within the tune. Subjects respond ‘yes’ or ‘no’
as to whether the melody is correct and are
asked to report whether the melody is familiar
or not. Patient score reflects the percentage of
correctly categorized melodies.

Verbal (pre-morbid) IQ was collected using
the quick IQ test (Ammons & Ammons, 1962).
Because of constraints on patient availability,
not all measures were collected on all patients.
VOICEID and TMT scores have been published
previously (Leitman et al. 2005).

Analysis

Between-group comparisons of sarcasm per-
ception were assessed using an independent
sample t test, and effect size calculation and
conventions followed Cohen (1988), with a d
value of 0.2, 0.5 and 0.8 reflecting the cut-off for
small, medium and large effect sizes, respect-
ively. In addition, non-parametric signal detec-
tion measures of sensitivity used Ak after
Snodgrass & Corwin (1988) :

Ak=0�5+ (yxx)(1+yxx)

4y(1xx)

� �
when yox,

or 0�5+ (xxy)(1+xxy)

4x(1xy)

� �
when yfx

and bias Ba after Grier (1971) :

Ba=
y(1xy)xx(1xx)

y(1xy)+(1xx)

� �
whenyox,

or
x(1xx)xy(1xy)

x(1xx)+(1xy)

� �
whenyfx,

where x is the probability of falsely identifying a
sincere item as sarcastic (False Alarm, FA), and
y is the probability of correctly identifying a
sarcastic utterance (Hits).

Analysis of covariance (ANCOVA) was used
to assess the independence of attitudinal per-
formance for factors of group membership IQ
and gender. Logistic regression analysis was
used to assess the significance and degree of
between-group separation using our combined
behavioral measures. In this way we hoped to
illustrate the degree of group differentiation
possible based on task performance. Corre-
lation analysis of attitudinal perception, pros-
ody and pitch measures was conducted across
groups using Pearson’s correlation coefficient
(r). Correlation analyses of behavioral measures
were collected within the patient group using
r and Bonferroni corrected for multiple com-
parisons.

Post hoc analysis examined correlations be-
tween symptom ratings and attitudinal prosody.
For the BPRS and SANS ratings, correlation
analysis used global scores for subscales as well
as total scores. All tests were two-tailed with
Type I error f0.05, and statistics were com-
puted in JMP software (SAS Institute Inc.,
Cary, NC, USA).

100

50

0

Chance

APT total score Sarcastic
statements

Sincere
statements

%
 C

or
re

ct

FIG. 1. Per cent correct of sincere (20) and sarcastic (20) statements
(p<0.0001). Error bars represent S.D. for the mean scores re-
presented in the graph. &, Schizophrenia patients ; , healthy con-
trols.
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RESULTS

Between-groups analysis

As predicted, patients showed extremely robust
deficits in their ability to perceive sarcasm,
as reflected in the total score [t(37)=x6.72,
p<0.0001] as well as per cent correct of sarcastic
items [t(37)=x5.22, p<0.0001] recognized and
per cent correct of sincere items [t(37)=x3.61,
p<0.0001] (Table 2). Nevertheless, perform-
ance was significantly above chance, indicating
ability to understand general task demands
(Fig. 1). Significant, but smaller, effect size
differences between patients and controls for
VOICEID [t(30)=x4.12, p<0.0003], TMT
[t(30)=3.32, p<0.002] and DTT [t(29)=x2.97,
p<0.006] were also found. Using logistic re-
gression, a metric combining attitudinal pros-
odic performance and TMT threshold correctly
identified 21/22 individuals with schizophrenia
(95.4%), as well as 11/12 controls for whom full
data were available (91.7%).

To further analyze the basis for the deficit,
signal detection measures were computed for
both sensitivity (Ak) and bias (Ba). Patients were
significantly less sensitive than controls in de-
tecting sarcasm [t(37)=5.14, p<0.001]. Fur-
thermore, patients showed significantly greater
bias than controls toward identifying statements
as being sincere even when they were not
[t(37)=x2.45, p<0.02]. An ANCOVA of atti-
tudinal perception ability controlling for factors
of group and IQ and gender revealed that pa-
tients’ sarcasm deficits were significant overall

[F(1, 28)=16.49, p<0.0001], but that there was
a significant IQ effect after controlling for gen-
der differences between groups [F(1, 28)=4.36,
p=0.046] ; however, there was no effect of gen-
der [F(1, 28)=0. 35, p<0.56] (Fig. 2).

Correlational analysis

Poor performance on the APT (sarcasm) was
significantly correlated with elevated tone-
matching thresholds (r=x0.39, df=27, p<
0.04), DTT performance (r=0.40, df=26,
p<0.05) and poor affective prosodic perform-
ance (r=0.55, df=27, p<0.003) across groups
(Fig. 3). Similar patterns of correlation were
observed for Ak [TMT (r=x0.38, df=27
p<0.04), DTT (r=0.43, df=26, p<0.02) and
VOICEID (r=0.56, df=27, p<0.002)], but not
Ba. No correlations were found within either
group individually (all p’s>0.2). Of the across-
groups correlations, only the correlations
between attitudinal perception and sensitivity

Table 2. Summary of control and patient
performance

Measure Group n Mean S.D. Effect size (d)

Sarcasm Schizophrenia 22 65.6 12.2 2.2
Control 17 88.9 8.5

Sarcasm-Ak Schizophrenia 22 0.73 0.05 1.9
Control 17 0.94 0.48

Sarcasm-Ba Schizophrenia 22 0.35 0.39 0.8
Control 17 0.68 0.45

VOICEID Schizophrenia 21 48.3 16.8 1.6
Control 9 71.4 10.4

TMT Schizophrenia 21 1.01 0.57 1.3
Control 9 0.41 0.28

DTT Schizophrenia 20 74.7 17.2 1.2
Control 8 92.7 8.0

VOICEID, Voice Emotion Identification Test (Kerr & Neale,
1993) ; TMT, Tone Matching Threshold (Leitman et al. 2005) ; DTT,
Distorted Tunes Test (Drayna et al. 2001).

100

90

80

70

60

50

(a)

Schizophrenia

A
PT

 s
co

re

Healthy controls

130 (b)

120

110

100

IQ

90

80
Schizophrenia Healthy controls

Male
Female

Male
Female

FIG. 2. Gender effects on (a) sarcasm perception and (b) IQ score.
Error bars represent S.D. for the mean scores represented in the
graph.
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(Ak) and affective prosody remained significant
following Bonferroni correction.

Finally, sarcasm perception scores did not
correlate with medication (CPZ) dosage or with
positive or negative symptoms as measured by
the total scores on the BPRS and SANS,
respectively (all p’s>0.1). However, there was a
significant correlation between sarcasm percep-
tion and the SANS avolition factor (r=x0.44,
df=21, p<0.03).

DISCUSSION

The primary finding of the present study is that
patients show profound deficits in the ability to
decode sarcasm based upon tone of voice. The
effect size of this deficit (d=2.2 S.D. units) was

larger than that of affective prosodic deficits
observed by ourselves (Leitman et al. 2005)
and others (Kerr & Neale, 1993; Ross et al.
2001), and larger than the ‘general ’ deficit of
approximately 1.5 S.D. observed across cognitive
domains in schizophrenia (e.g. Bilder et al.
1991; Saykin et al. 1991). Based upon signal
detection analyses, this deficit consists of two
components – a marked insensitivity to whether
statements are sarcastic or sincere (d=1.9,
p<0.001), and a less pronounced bias toward
accepting statements as sincere even when they
were not (d=0.8, p<0.02). Additionally, the
results of our ANCOVA indicated that patients
have significant sarcasm perception deficits that
could not be accounted for solely by IQ or
gender differences, although higher IQ did
significantly predict better sarcasm perception
scores. Thus, our results are somewhat consist-
ent with prior ToM findings (Mazza et al. 2001;
Pickup & Frith, 2001), patients’ ability to
perceive sarcasm was independent of general
intelligence, as reflected by verbal IQ, and may
thus represent a specific feature of the disorder.
Furthermore, within patients, there were no
significant correlations between sarcasm per-
formance and medication dose, suggesting that
sarcasm perception is unrelated to antipsy-
chotic treatment.

A significant correlation was observed be-
tween sarcasm, affective prosody and musical
pitch measures. While no significant correlation
was found within the patient group itself,
the scatter plot of the across-groups correlation
(Fig. 2) reveals that patient and control per-
formance tended to lie along a continuum with
control performance and was markedly better
than patients on both measures. This finding
is consistent with neuropsychological obser-
vations that suggest that emotion perception
may mediate one’s ability to infer counter-
factual intent upon which sarcasm comprehen-
sion is predicated (Shamay-Tsoory et al. 2005).

The present findings of sarcasm deficits
are limited by the fact that they represent a
relatively small sample of patients who were
primarily male and chronically ill. Furthermore,
correlations between our measures of pitch and
affective prosody were only significant across
groups. Future research must assess whether
sarcasm perception impairment is detectable
in recent-onset and prodromal schizophrenia
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FIG. 3. Scatterplots of (a) Distorted Tunes Test (DTT) and (b) af-
fective prosody Voice Emotion Identification Task (VOICEID) by
attitudinal perception score (APT) across groups (p<0.05). These
figures illustrate in general good separation in performance for both
DTT versus APT and VOICEID versus APT. &, Healthy controls ;
., schizophrenia patients.
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and whether sarcasm deficits represent a trait of
schizophrenia.

Within the framework of ToM, these results
can be interpreted in one of several ways. First,
deficits in ToM have been linked to dysfunction
of rPFC based upon both evaluation of brain
lesion (Shamay-Tsoory et al. 2005) and func-
tional imaging (Vollm et al. 2006) approaches.
Alternatively, more general RH dysfunction has
also been postulated to play a key role in
schizophrenia in general (Kaplan et al. 1990;
Mitchell & Crow, 2005). Finally, the ability to
decode ToM information in the present task
depends heavily on the ability to perceive the
relevant intonational cues that communicate
counterfactuality. Support for all three possi-
bilities can be found within the body of prior
schizophrenia literature, suggesting that the
severity of dysfunction in ToM observed using
the present paradigm may reflect interactions
among multiple overlapping and distributed
systems (Vollm et al. 2006).

To the extent that the present deficits may
reflect RH dysfunction, they are supportive of
several recent theories proposing RH dysfunc-
tion as playing a central role in schizophrenia
(e.g. Mitchell & Crow, 2005). In one study of
RH-damaged individuals (Kaplan et al. 1990),
subjects were significantly impaired in detecting
sarcastic, but not sincere, utterances, similar to
that observed in the present study, although
signal-detection measures such as sensitivity (Ak)
and bias (Ba) were not reported. Disturbances in
RH function would also be expected to give rise
to the disturbances in both verbal (Ross et al.
2001; Leitman et al. 2005) and facial affect
recognition (Borod et al. 1989; David &
Cutting, 1990; Heimberg et al. 1992) that have
been reported in schizophrenia. Indeed, behav-
ioral studies in schizophrenia (Brune, 2005a),
as well as functional magnetic resonance im-
aging (fMRI) results (Vollm et al. 2006), suggest
substantial overlap between general affective
cortical networks and specific ToM processing
brain regions (Vollm et al. 2006).

In recent years, deficits in basic auditory
and visual processing have been extensively
documented using both behavioral and neuro-
physiological paradigms. Patients with schizo-
phrenia show significant deficits in the ability
to detect even substantial changes in pitch
as measured using both tone matching

(Rabinowicz et al. 2000) and mismatch
negativity (MMN) paradigms (Javitt et al.
1995). Within the visual system, patients show
significant impairments in functioning of the
magnocellular visual pathways, which is crucial
for decoding low contrast, low spatial frequency
(Butler et al. 2001) and motion information
(Kim et al. 2005). Deficits in auditory processing
have been shown to contribute significantly in a
‘bottom-up’ fashion to impairments in affective
identification (Leitman et al. 2005).

In the present study, a similar relationship
between pitch perception, affective prosody and
sarcasm performance was observed, suggesting
a substantial bottom-up contribution. A similar
relationship has also been observed within the
visual system, such that impairment in motion
detection ability predicts impaired ability to de-
code ToM information from visually presented
(‘eyes test ’) stimuli (Kelemen et al. 2005). More
generally, in mentalizing experiments testing
empathy, individuals with greater sensitivity to
perceiving affective prosodic cues are also those
with greater empathic self-report (Pickett et al.
2004). Thus, while there may be significant
dysfunction in the evaluative systems of the
brain such as the frontal cortex, a substantial
source of ToM and sarcasm performance
deficits may be related to the misperception of
the cues themselves.

The correlations between patient clinical
ratings of negative symptom subscales such as
‘avolition’ and our ToM measure replicate
prior ToM schizophrenia findings and further
underscore the theoretical implications for the
role of affect in ToM processing mentioned
above. Prior research has shown strong corre-
lations between basic sensory deficits and
negative symptoms as well as global outcome
measures, yet interpretation of these results
remained enigmatic.

Like affective prosody (Leitman et al. 2005),
impairments in perception of sarcasm may
result from significant bottom-up antecedents.
Such social communicatory impairment as the
inability to recognize affect and attitudinal
changes may have profound effects on global
outcome in a society in which social communi-
cation is a pre-condition for working and living
well with others. In this case, inability to recog-
nize sarcasm may lead individuals to feel that
they have been misled, rather than just belittled,
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following a counterfactual communication. The
connotation of different inflections, such as
those used to communicate emotional or atti-
tudinal prosody, is not innate and must be
learned during childhood and adolescence. To
the extent that sensory dysfunction interferes
with such learned associations, it may also
undermine the ability to develop ToM concepts,
such as counterfactual communication.

In addition to theoretical implications for
schizophrenia, the present study also under-
scores practical issues in clinical communi-
cation. Although use of sarcasm is never
recommended in clinical communication, it is
nevertheless a common feature of societal
interaction. The present findings, more even
than other ToM studies in schizophrenia,
underscore the great difficulty that patients have
in decoding counterfactual intent, and in
addition demonstrate a bias toward trust that
may, in itself, contribute significantly to poor
social functioning in schizophrenia. Caregivers
in general, however, may be unaware of the
profundity of such deficits, given the ease with
which sarcasm is detected by most unaffected
individuals. The present findings thus not
only weigh against use of intonation to convey
counterfactuality of information during thera-
peutic communications in patients with schizo-
phrenia but also suggest that deficits in this
real-world ability should be appreciated by
family members and other caregivers in order to
minimize potential miscommunications that
may lead to adverse outcomes in schizophrenia.
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