NEUROSTRUCTURAL CORRELATES OF PROSODY IN

SCHIZOPHRENIA

by

DAVID I. LEITMAN

A dissertation submitted to the Graduate Faculty in Psychology in partial fulfillment of
the requirements for the degree of Doctor of Philosophy,
The City University of New York
2006



UMI Number: 3231952

Copyright 2006 by
Leitman, David I.

All rights reserved.

®

UMI

UMI Microform 3231952

Copyright 2006 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



©2006
David I. Leitman

All Rights Reserved

1



This manuscript has been read and accepted for the Graduate Faculty in Psychology in

satisfaction of the dissertation requirements for the degree of Doctor of Philosophy.

July 20" 2006

Date

August 82 2006

Date

Daniel C. Javitt, M.D., PhD.

Chair of Examining Committee

Joseph Glick, PhD.

Executive Officer

Charles Schroeder, PhD

John Smiley. PhD.

Dolores Malaspina, MD., MSPH

Elliot Ross MD

Supervisory Committee

THE CITY UNIVERSITY OF NEW YORK

iii



v

ABSTRACT

NEUROSTRUCTURAL CORRELATES OF PROSODY IN

SCHIZOPHRENIA

By

David 1. Leitman

Advisor: Daniel C Javitt, MD, PhD

Social cognitive impairment is an enduring and debilitating aspect of schizophre-
nia, an illness that affects roughly one percent of the population worldwide. This dys-
function hinders those it afflicts in their ability to integrate into society, form interper-
sonal relationships, and remain gainfully employed. Over the past fifty years, researchers
have attempted to study these deficits by assessing emotion perception of facial and vocal
gestures.

Recent attention to sensory deficits within the visual and aural modalities has
raised the possibility that social cognitive impairment in schizophrenia may result from
both misperception and misinterpretation. This may reflect low-level and feed-forward,
as well as higher-order and “top down” dysfunction. We conducted a series of studies
with the aim of relating elemental audio-sensory processing deficits to the perception of
vocal affect (prosody) in patients with schizophrenia. These studies revealed the follow-
ing results. First, we observed large effect size (1.6 sd’s) deficits in affective prosodic
perception that were associated with poor global functioning. Second, we found that

within-modality sensory disturbance (specifically-pitch perception) performance, as well



as executive processing, predicted affective prosodic dysfunction. Third, we observed
that both pitch perception deficits and dysprosodia in patients were associated with white
matter integrity estimates within fiber pathways of auditory processing regions in the
brain. Fourth, we observed that prosodic deficits extended to the perception of sarcasm
and counterfactual intent in interpersonal communicatory discourse. In addition to these
affect-related prosodic deficits, we also found large effect size deficits in the perception
of non-affective prosody distinctions, such as decoding interrogative versus declarative
intent, and recognition of differential stress patterns within speech (“stress prosody™).
Like their affective counterparts, audio-sensory processing and executive processing dis-
turbance also significantly predicted non-affective prosodic deficits.

Taken together, these findings suggest that schizophrenia dysprosodia reflects a
social communicatory dysfunction that is caused by neural deficits across multiple levels
of cognition. This dysfunction begins with a deficiency in perception of core elemental
acoustic cues and compounds with higher cognitive dysfunction. This results in percep-

tual deficits of affective, as well as non—affective vocal intent in the illness.
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“...if man realized that the universe, like him, can love and suffer,
he would be reconciled.”

The Myth of Sisyphus, Albert Camus (1955)

“As emotions are described in novels, they interest us, for we are made to share them”

The Principles of Psychology, William James (1890)

“...whereas the beauty of all truly scientific work is to get to ever deeper levels. Is there
no way from this level of individual description in the case of emotions? I believe there is a
way out, but fear that few will take it.”

The Principles of Psychology, William James [on emotion] (1890)

“Physically, we transmit signals or signs-audible, visual, tactual. They may be spoken or
written words, or numbers, or pictures, or many other forms of physical expression that
are said to be meaningful or significant. Again, we do not send signs we share them, for
if I tell you something, I have still got that something in my head. We now both have it-
shared. Whereas goods are sent or exchanges messages are always shared.”

On Human Communication, E Colin Cherry (1978)

"In the fundamental notion of symbolization — mystical, practical, or mathematical, it
makes no difference — we have the keynote of all humanistic problems. In it lies a new
conception of 'mentality,' that may illumine questions of life and consciousness, instead of
obscuring them as traditional ‘scientific methods’ has done."

Philosophy in a New Key, Susan Langer (1953)
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1.0 INTRODUCTION



1.0 INTRODUCTION

Schizophrenia is a debilitating disease, which includes pathological characteristics
of cognitive dysfunction and impaired social functioning. The former is a primary predic-
tor of poor global outcome and chronic disability in schizophrenia (Harvey et al., 1990;
Kay & Murrill, 1990). The latter, social dysfunction, has been linked with emotion rec-
ognition abnormalities (Hooker & Park, 2002). The nature of these abnormalities has re-
ceived considerable attention of late, but their exact etiology remains highly enigmatic. A
common way these deficits are studied is by observing schizophrenia patients’ ability to
produce and perceive affect using facial gestures and vocal intonation.

During the last fifteen years, emotional and cognitive deficits in schizophrenia,
have been linked to “higher order” information processing and fronto-cortical and tem-
poro-cortical abnormalities in affected individuals (Phillips, 2003; Phillips et al., 2003).
Researchers have also found pervasive sensory dysfunction in both the visual (P. D. But-
ler et al., 2001; M. F. Green & Nuechterlein, 1999) and aural modalities (Javitt et al.,
1992; E. F. Rabinowicz et al., 2000). These findings suggest that patient perception of
emotional intent, for example, could result from misperception or distortions at the sen-
sory level, as well as higher order misinterpretation, stemming from the compounded ef-
fect of sensory, as well as cognitive neurocircuitry dysfunction.

To test this hypothesis in audition, we hypothesized that pitch perception deficits
would have an increasingly cumulative effect downstream on more complex cognitive

tasks, such as affective appraisal in speech-based vocal intonation changes (prosody).



Four empirical studies and a preliminary study (contained in Appendix I) comprise the

body of this thesis. These studies are as follows:

Study I: Sensory Contributions to Impaired Prosodic Processing in Schizophre-

nia. In which we tested affective prosody decoding in patients and healthy con-
trols and the relationship between prosody, pitch, facial affect measures, as well
as clinical symptoms and global functioning.

Study II: Neural Substrates of Impaired Prosodic Detection in Schizophrenia. In

which we tested whether associations between pitch perception and vocal affect
perception reflected common neurostructural abnormalities in white matter fiber
pathways.

Study III: Non-Affective Prosodic Deficits in Schizophrenia and Their Relation-

ship to Sensorial Disturbance. In which we tested whether patients have non-

affective prosodic deficits in addition to affective prosodic deficits.

Study IV: Theory of Mind (ToM) and Counterfactuality Deficits in Schizophre-

nia: Misperception or Misinterpretation. In which we tested whether prosodic

deficits extend to the perception of sarcasm and whether such deficits are pre-

dicted by sensorial disturbance.

In order to provide the proper theoretical and empirical context, it is necessary to
preface these studies with a summary of current and prior research on emotion and pros-
ody, as well as prior research on both audio-sensory processing and emotion deficits in

schizophrenia.



1.1 EMOTION AND PROSODY

Human beings are social creatures. As such, they have developed complex, paral-
lel, and redundant mechanisms for the communication of information. This information
can be quite varied; from factual information like football scores to subjective experi-
ences or feelings, like satisfaction, joy, or loss. The richest form of this communication
takes place through language. The variation of information that is conveyed through lan-
guage is not limited to the number of nouns and verbs or the organization of these seg-
ments into phrases or sentences, but is further enriched in the way in which we say it.
Changes in speech rate, word emphasis or stress, and the raising or lowering of pitch en-
able us to color our intent with enumerable shades of meaning. Such aspects of speech
are called prosody, and, given their variation and complexities, have proven difficult to
study systematically (Scherer, 1986).

Recent prosody research has progressed on two fronts: theoretical and applied
cognitive neuroscience. On the theoretical front, Klaus Scherer (1984) has proposed a
cognitive model for affective appraisal in speech. This model is based largely on psycho-
physical studies conducted during the sixties and seventies by researchers such as Davitz
(1964) and Scherer himself, and includes early studies by researchers such as Knowner
(1941) and Skinner (1935). On the cognitive neuroscience front, the advent of neuroi-
maging techniques, in concert with lesion studies, has advanced our knowledge of how

the brain itself processes vocal emotion.



1.1.1 Definition of Emotion

Emotion is commonly characterized as a set of specific physiological and psycho-
logical response patterns to highly prototypical stimuli or situations. These response pat-
terns have the additional features of being quick, and not cognitively demanding. Emo-
tions are also presumed to be heavily hard-wired, and part of our core sensory motor and
cognitive genetic and evolutionary inheritance (Darwin, 1865; Ekman 1972, also see
Scherer 1993, 1986).

Scherer’s (1993) theory for emotion builds on Darwin’s emotion theory, and fur-
ther breaks emotion down into “a sequence of state changes” that comprises five-
functionally defined “organismic subsystems.” These systems are: 1) cognitive system
(appraisal), 2) the autonomic nervous system (arousal), 3) the motor (expression) system,
4) the motivational system (action tendencies), and 5) the monitor system (feeling). This
thesis examines vocal affect perception, thus it is the “appraisal® component of emotion
that is of most immediate interest to us.

Within the Scherer theoretical framework, “appraisal” refers to a recursive scan-
ning evaluation and reevaluation of one’s external environment. This cyclical process is
affected by synergistic changes in the external environment and internal changes within
the organism. Therefore, the appraisal of a given speech utterance depends upon online
scanning and evaluation of the utterance, as well as its environmental context in conjunc-
tion with internal emoto-cogntive mental dynamics. Scherer outlines (1986, 1993) the
nature of this appraisal in his component process model as involving a sequence of stimu-

lus evaluation checks.



1.1.2 Scherer’s (1984-2005) Component Process Model (CPM) and
Stimulus Evaluation Checks (SEC)

Scherer’s (1986) CPM model assumes that emotional decoding is based on the
sequential appraisal of an external stimulus’ 1) novelty, 2) intrinsic pleasantness, 3) con-
ductivity to goal realization, 4) coping potential or control of or adjustment potential in
the particular situation and 5) congruency with internal or external (social) norms.

The great utility of Scherer’s SEC model is that it makes detailed predictions
about the vocal patterns associated with differing emotional states (Scherer, 1986). These
predictions are based on the neurophysiological changes initiated during affective ap-
praisal. Specifically, these changes involve the coordination of the autonomic (ANS) and
sympathetic nervous system (SNS). For example, as Darwin (1865) first observed, the
appraisal of a threatening stimulus such as a snake will lead to a SNS increase, causing
vocal musculature constriction. This constriction results in a higher pitch (fundamental
frequency) utterance.

From an information processing and cognitive neuroscience perspective, correct
decoding of this raised pitch utterance as being one of fear, requires that sensory and
cognitive brain regions function properly, as well as act in concert. Thus, faulty vocal af-
fect decoding can result from the misperception of acoustic cues within sensory systems
as well as cognitive misinterpretation of these cues, i.e. the inability to link the presence

of these cues with the underlying emotional state.



1.1.3 Acoustic Cues Salient to Prosodic Comprehension

Much like music, speech prosody relies on the recognition and production of
structured patterns of pitch, duration and intensity (Juslin & Laukka, 2003; A. D. Patel &
Daniele, 2003; A.D. Patel et al., 1998). These prosodic elements of speech reflect latent
content in human communication, often conveying meaning as well as emotional valence
not explicitly reflected in words themselves. However, due to its inherent complexity, the
physiological origin of prosodic recognition remains obscure.

One of the better-studied aspects of prosody that has a clear musical analogy is
the influence of the pitch contour. Somewhat akin to a melodic contour, the pitch contour
is the trajectory of fundamental frequency (Fy) over time, otherwise called “intonation”
(Majewski & Blasdell, 1969; Pell, 1999). For example, Majewsky and Blasdell (1969)
found that the determination of a sentence as declarative or interrogative could be made
solely on the basis of whether or not there was a rise in pitch at the end of the sentence.
Other studies have shown that intonation modulation (F variability) can be used to con-
vey affect (Banse & Scherer, 1996; B. L. Davis et al., 2000; Davitz, 1964; Juslin &
Laukka, 2001; Ladd et al., 1985; Pell, 1999).

Other key acoustical cues include voice intensity, high frequency energy (com-
monly measured as the proportion of energy above 500 Hz), stress patterns, speech rate,
and attack (Juslin & Laukka, 2001; Ladd et al., 1985; Scherer, 1986). As Scherer (1986)
has summarized, differing constellations of these cues enable one to express a wide

spectrum of emotion.



1.1.4 Neural Processing of Prosody

The history of the neurophysiological investigation of prosody is inextricably
linked to observations of a right hemisphere (RH) dominance for emotion processing
(J.C. Borod et al., 1998; J. C. Borod et al., 1990; Heilman et al., 1984; Heilman &
Gilmore, 1998; A. Schirmer & Kotz, 2006). However, recent research has offered more
nuance to this contention. This research has drawn on similarities between prosody and
music to illustrate a bi-hemispheric pattern of processing.

Evidence from neuroimaging (George et al., 1996; Koelsch et al., 2001; Maess et
al., 2001; Zatorre et al., 1994; Zatorre et al., 1992), lesion studies (T. W. Buchanan et al.,
2000; Peretz, 1993; Wildgruber et al., 2005; Zatorre, 1985; Zatorre et al., 1992; Zatorre
& Halpern, 1979, 1993), and studies of neurological conditions such as Parkinson’s dis-
case (Adolphs et al., 1998; L.X. Blonder et al., 1989; Breitenstein et al., 2001; Caeke-
beke et al., 1991; Critchley, 1981; Darkins et al., 1988; Pell et al., 2006; Pell & Leonard,
2003) reveal that the same regions in the cortex involved in music comprehension are
also involved in processing certain auditory components of prosody, such as intonation.
These areas include the right temporal lobe, Broca’s area, RH, and, in particular, Broca’s
right homologue (Ethofer et al., 2006; Friederici & Alter, 2004; Grandjean et al., 2005;
A.D. Patel et al., 1998; A. Schirmer & Kotz, 2006; Steinhauer, 2003; Wildgruber et al.,
2005; Zatorre et al., 1992).

Further research has shown that the cognitive processing of prosody is distributed
between both hemispheres. Studies by Pell (1998; Pell & Baum, 1997) and others
(Friederici & Alter, 2004; E. D. Ross et al., 1997) demonstrate this quite convincingly.

Lexical tasks and timing aspects are handled in the left frontal lobe, particularly in



Broca’s area (Liegeois-Chauvel et al., 1999), while pitch and intonation are handled by
its right homologue (Zatorre et al., 1992). This increased lateralization is seen most
starkly in emotional prosody. Pell (1999) and others (Juslin & Laukka, 2001) have shown
that prosodic cues that convey emotion rely heavily on change in Fy.

Consequently, deficits in affective prosody in schizophrenia, rather than reflecting
impairment in some generalized or multi-modal emotional circuit, may represent aberrant
processing of tonal or “music-like” aspects of speech resulting from RH impairment. Fur-
ther, this RH specialization for music and prosody may have early cortical antecedents;
studies by Liegeois-Chauvel, et al. (2001) have shown neurotopical differences between
hemispheres at the level of auditory cortex. While the RH displays clear spectrally
tonotopic maps, these maps are less present in its left hemisphere counterpart (Liegeois-
Chauvel et al., 2001). Such early differentiation in hemispheric structure underscores the

importance of understanding the timing of vocal emotion processing.

1.1.4.1 Temporal Dynamics of Prosody

William James (1890), in his seminal theory of emotion, sees emotion as an ex-
tension of instinct and links it closely with his description of movement. He argues that
emotional expression and our subsequent physiological response, “...follow directly the
perception of the exciting fact, and that our feeling of the same changes as they occur is
emotion...” (James, 1890). Furthermore, when describing emotion and perception he
states:

“...no reader of the last two chapters (Instinct and Movement) will
be inclined to doubt the fact that objects do excite bodily changes by a

preorganized mechanism, or the farther fact that changes are so indefi-
nitely numerous and subtle that the entire organism may be called a
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sounding-board, which every change of consciousness, however slight,

may make reverberate. The various permutations combinations of which

these organic activities are susceptible make it abstractly possible for that

no shade of emotion however slight should be without bodily reverbera-

tion as unique when taken in its totality, as is mental mood itself.” (James,

1890), (pg. 450)

By linking emotion to instinct, James emphasizes that emotional information is
processed quickly and by a processing system that has high response fidelity. This sys-
tem, like a “sounding board” is capable of unique responses to shades of affective stimuli.
Influenced by Darwin’s theories (1865), James suggests that this ability is an innate func-
tion, or a “preorganized mechanism.”

This description is remarkably prescient of subsequent findings in affective com-
munication research. Extensive investigations in non-human primates have revealed that
affective stimuli initiate “fixed action patterns,” or instinctual-like responses. For exam-
ple, macaque monkeys, when sighting a snake on the ground, will elicit a unique vocali-
zation that, when heard by other members of the troop, will lead to heightened arousal
and a fixed orientation on the ground before them (Darwin, 1865). Quick responses like
these may reflect emotion-dedicated cortical pathways that serve such affective process-
ing (Ledoux, 2000). In humans, neurophysiologists have shown that affective recognition
of facial affect is processed as early as 80 milliseconds post-stimulus onset (Kawasaki et
al., 2001), suggesting that before one can recognize the identity of a stimulus, the subject
already has qualified its affective nature.

Affective cues also play an important and early role in language acquisition. De-

velopmental researchers, such as Fernald (1990, 1993) and colleagues, have argued that
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prosodic affect comprehension precedes formal language acquisition and remains a part
of speech perception throughout life .

The trajectory of these findings suggests that a substantial amount of affective
processing may be automatic and pre-attentive. Additional support of this contention
comes from psychophysical studies that indicate a categorical perception of both visual
(facial) and vocal affect. The presence of categorical perception adds nuance to evolu-
tionary descriptions of the temporal dynamics of emotion and prosody decoding, in that,
categorical perception is evidence that affective communication, like phonemic bounda-
ries, is learned shorthand and not strictly a hard-wired subroutine.

Scherer’s (CPM) model of vocal emotion explicitly appreciates pre-attentive
processing of affective stimuli. Recently, he has proposed that the first stimulus evalua-
tion check (SEC)--the “novelty check,” likely occurs pre-attentively (Sander et al., 2003).

An ideal tool to test this hypothesis electrophysiologically, is by using the event-
related potentials (ERP), which give real-time estimates of cortical temporal dynamics. In
particular, the mismatch negativity (MMN) has proven useful for indexing auditory scene

novelty detection that is not dependent upon attention.

1.1.4.2 MMN as a Mechanism for Examining Pre-Attentive Prosodic Perception
MMN is a pre-attentive auditory ERP elicited most commonly in the context of an
auditory “oddball” paradigm, in which a series of standard stimuli is interrupted by an
infrequent deviant stimulus. In such a paradigm, the brain automatically organizes a tem-
plate reflecting invariant features of the repetitive standards. MMN then reflects the out-

come of a local process that compares each stimulus to the locally maintained template.
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MMN usually occurs with a latency of approximately 100 ms, which may vary based
upon degree of stimulus deviance. One of the characteristic features of MMN is that la-
tency is locked to the timing of feature deviance, rather than to stimulus onset. Thus,
MMN to duration deviance is delayed relative to pitch deviance, because pitch deviance
can be directed at stimulus onset, whereas duration deviance (for longer deviant stimuli)
cannot be detected until the normal offset of the standard stimulus. A primary role of
MMN is to direct attention toward potentially significant alterations to the surrounding
acoustic environment (Naatanen & Michie, 1979).

Complex changes and violations of abstract patterns can also elicit mismatch
negativity. When series of tones, both of differing pitch and intensity, are uniquely paired
so that no two tones are identical in acoustical features, mismatches are elicited. Viola-
tions of abstract patterns in which the deviance detection occurs, not because of any
physical change in stimulus, but rather, because of the perceived relationship between
stimuli, also elicit MMN. For example, MMNs are generated when consistently ascend-
ing tone pairs (such that the second tone in a pair is higher than the first) are infrequently
punctuated by a descending deviant pair. Further, within language, phonemic changes
also elicit MMNSs pre-attentively. These findings suggest that a great deal of feature
analysis within the auditory domain may in fact be pre-attentive in nature”.

In an attempt to gauge the sensitivity of MMN generators to suprasegmental in-
formation, we constructed artificial stimuli that approximated the F, modulations that dis-

tinguish interrogative and declarative intent (see Appendix I). This was done by string-

* MMN mechanisms are further elaborated upon below in our discussion (Section 1.2) of audio-sensory
memory disturbance in schizophrenia.
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ing together pure tones with the frequency and duration properties of the annunciated syl-
lables of a semantically neutral sentence, as used by Pell (1998).

Our analysis revealed that MMNs were elicited whether repetitive interrogative
stimuli were presented against a background of declarative stimuli, or whether declarative
stimuli were presented against a background of interrogative stimuli. In both cases, com-
parisons were made between the same stimulus (i.e., interrogative/declarative) presented
as a standard and the same stimulus presented as a deviant in a separate run. Thus, the
spectral content of standards and deviants within each condition was identical. Further,
because of the symmetrical experimental design, the onset of deviance within each run
(i.e. interrogative std/declarative deviant vs. declarative std/interrogative deviant) was
identical, with the contours being identical up to 328 ms and diverging thereafter.

Despite the exact symmetry in the experimental design, significant differences
were observed in both the timing and amplitude of contour-elicited MMN:Ss, such that in-
terrogative contours presented against a background of declarative contours elicited a lar-
ger MMN than declarative contours presented against a background of interrogative stan-
dards. This finding suggests that the MMN generators are responding not just to contour
per se, but also to the ecological significance of the suprasegmental information con-
tained within the contour. This is consistent with observations in social situations, in
which individuals are able to detect when they are being asked a question, even after they
have stopped paying close attention to the verbal material directed at them.

In the sole MMN study examining affective prosody, Kujala et al. (2005), using

actual affective tokens, recently demonstrated MMNSs to deviant presentations of “com-
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manding”, “sad”, and “scornful” prosodic presentations of single words when contrasted
with neutral standard presentations.

This research, while admittedly preliminary, suggests that MMN generators may
be responsive to alterations in prosody, suggesting that prosodic information may be de-
coded, at least in part, in an attention-independent fashion, perhaps as a mechanism to
trigger higher-level attention.

In summary, the neural dynamics of affective prosodic comprehension can be
conceptualized as involving a “three-stage processing chain” (A Schirmer & Kotz, in
press) that begins with sensation (stage 1) in primary auditory cortex . It then continues
with integration (stage 2) within ventral aspects of temporal cortex and superior temporal
sulcus (STS). There, aspects of the acoustical information are tagged as affective. Proc-
essing finally proceeds to the cognitive stage (stage 3) in inferior frontal regions, where
this information is evaluated both semantically and contextually (reviewed in (A

Schirmer & Kotz, in press)).

1.2 AUDIO-SENSORY DISTURBANCE IN SCHIZOPHRENIA

Since the advent of Carlsson’s (1977) dopamine hypothesis for schizophrenia,
clinical researchers have tended focus on cognitive disturbances, as reflected in frontal
lobe dysfunction and executive control processes (Weinberger & Gallhofer, 1997). How-
ever, in the early sixties, observations of perceptual distortions within the visual and audi-
tory modality by researchers like Chapman (1966), Lang (1965), and Ornitz (1969), led
some to posit that patients have modulatory deficits in their ability to consistently amplify

sensory signals (Ornitz, 1969). This hypothesis has been recently reasserted and given
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greater credence by research on NMDA-related glutamate dysfunction (Javitt, 1987,
Javitt & Coyle, 2004). Further support for this hypothesis can be garnered from recent
behavioral, as well as electrophysiological research in the aural domain, which supports

this view (see below).

1.2.1 Behavioral Studies

The best-studied auditory sensory deficits are those of pitch and duration. Deficits
in basic pitch perception in schizophrenia manifest themselves behaviorally in simple
tasks of tone matching, in which subjects discern whether pairs of pure tones separated
by a short inter-stimulus interval differ in pitch. ASM stores representations of the simple
physical properties of presented stimuli for periods of seconds to tens of seconds (Cowan,
1984). Using such paradigms, schizophrenic subjects have been shown to perform ex-
tremely poorly on tests of auditory discrimination (Javitt et al., 1997; R.D. Strous et al.,
1995a). However, when task difficulty was decreased by increasing pitch separation be-
tween stimuli (Af), retention of information appeared to be unimpaired in schizophrenia
(Javitt et al., 1997). This strongly suggests that ASM in schizophrenia functions similarly
to that of controls, except that a reduced precision of the pitch information is retained or
utilized. Further, this deficit does not seem to reflect working memory dysfunction, as
Rabinowicz et al. have shown that patients and controls show a similar rate of perform-
ance (accuracy) fall off when tone pair sequences are interrupted by distractor noise (E.

F. Rabinowicz et al., 2000).
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1.2.2 Electrophysiology Studies

Alternative electrophysiological methods utilizing cognitive event-related poten-
tials (ERP) have used the “oddball” paradigm, in which a sequence of repetitive standard
stimuli is interrupted infrequently by physically deviant “oddballs” of either pitch or du-
ration. Results have shown that mismatch negativity (MMN), an ERP occurring at about
100 milliseconds after deviance onset, reflects pre-attentive cognitive processing of
stimulus deviation. When the difficulty of task discrimination is increased by decreasing
Af, latencies of the MMN and behavioral responses increase in parallel, indicating that
pre-attentive processes indexed by MMN govern attentive novelty detection (Novak et
al., 1992a, 1992b). Numerous studies have demonstrated that generation of MMN is de-
creased in schizophrenia (Javitt et al., 1993; Javitt et al., 1995b; Oades et al., 1997,
Umbricht & Krljes, 2005), although contrary results have also been reported (O'Donnell
etal., 1994). MMN in the “oddball” paradigm appears to give an electrophysiological
index of ASM functioning (Cowan et al., 1993; Ritter et al., 1995), as both MMN and
ASM appear to function in a fashion that is relatively independent of attention (Cowan et
al., 1993). The critical structures for ASM and MMN generation reside in the superior
temporal lobe, specifically auditory cortex (Winkler et al., 1995).

The aforementioned studies suggest the following. Impaired representational pre-
cision of tones in schizophrenic subjects, as measured by performance in auditory dis-
crimination tasks, indicates primitive cortical processing abnormalities. Similar deficits in
representational precision have been observed in studies of visual perceptual organization
(E.F. Rabinowicz et al., 1996) and visio-spatial processing (Fleming et al., 1997), which

may reflect a general principle underlying cognitive dysfunction in schizophrenia. If this
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is the case, primitive disturbances within the primary auditory cortex, such as the genera-
tion of ASM, may be the seeds for higher-order cognitive dysfunction. Thus, inability to
reliably generate precise ASM may lead to higher-order deficits in processing more com-

plex auditory stimuli, such as prosodic cues in speech.

1.3 AFFECTIVE DISTURBANCE IN SCHIZOPHRENIA

Close to a century ago, Eugen Bleuler noted that “In the outspoken forms of
schizophrenia, the emotional deterioration stand is the forefront of the clinical picture”
(Bleuler, German-1911: Trans-1950). Yet, the nature of this symptom has remained en-
igmatic.

Clinically, these symptoms are seen as a cessation to display or to recognize affect
in response to affective triggers or within the context of social communication. Numerous
studies using clinical assessments have described emotional blunting in patients
(Berenbaum et al., 1987; Boeringa & Castellani, 1982; de Leon et al., 1993; Fenton &
McGlashan, 1992; Kukla & Gold, 1991; Shaheen & Ibrahim, 1979). Principally, these
studies have indicated that, using a variety of scales, patients’ premorbid functioning was
strongly associated with poverty of affect and speech, as well as measurers of “indiffer-
ence”, “anhedonia”, “avolition” and “asociality” (de Leon et al., 1993). These symptoms
tend to cluster into a constellation that has been termed “negative symptoms” (N.C. An-
dreasen, 1984; N. C. Andreasen et al., 1995), which seems to describe a distinct dimen-
sion of the illness. However, it is worthwhile to note that blunted affect or avolition

within the negative symptom assessment measures, like the Scale for the Assessment of

Negative Symptoms (SANS) (N.C. Andreasen, 1984), and ratings of “anhedonia” and
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“avolition” do not fully capture the magnitude of affective disturbance in the illness. Ex-
aggerated or improper affective responses are also commonly manifested, both in terms
of facial and vocal gestures, yet these are overlooked by the SANS (de Leon et al., 1993).
Despite the evidence of less affective reactivity in patients, one may still ask
whether patients with schizophrenia feel or conceptualize emotions. Extensive study of
these questions by Kring and colleagues (Kring et al., 1993; Kring & Neale, 1996) has
persuasively shown that schizophrenia patients have intact conceptions of emotion and do
indeed feel them. However, unlike their healthy counterparts, they are less likely to ex-

press them spontaneously (Kring & Neale, 1996).

1.4 AFFECTIVE PROSODY IN SCHIZOPHRENIA

1.4.1 Is There a Deficit?

Unlike facial affect recognition, prosodic recognition of affect in schizophrenia
has received comparatively less attention. A recent review of this literature by Edwards
(Edwards et al., 2002) found seventeen studies with mixed results that, overall, support
the assertion of modest, but enduring deficits in affective prosodic recognition, and more
robust expressive deficits. However, our studies (see studies 1, 3 and 4) have consistently
shown large effect size (sd = 1.6) deficits in chronic patients with severe negative symp-
toms. A recent comparison of chronic and early stage patients found more severe pro-
sodic deficits in chronic than early stage patients (Kucharska-Pictura et al., 2005). This
between-group study, while possibly confounded by medication effects, nevertheless
suggests that prosodic deficits may have a developmental time course (Kucharska-Pietura

et al., 2005).
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1.4.2. Dysprosodia as an lliness Trait

A review of the affective prosody literature considerably suggests that dysproso-
dia may be a trait of schizophrenia. In addition to studies showing prosodic deficits in
chronically ill patients (Kee et al., 2003; Kee et al., 1998; Kerr & Neale, 1993; Leitman
et al., 2005), prosodic deficits have been found in first-episode schizophrenics (Edwards
et al., 2001; Haskins et al., 1995), as well as in psychotic children. Baltaxe and Simmons
(1995) found that, of 47 children with schizophrenia referred to speech therapists, 81%
had significant prosodic deficits.

Aprosodia within schizophrenia has also been shown to be unrelated to medica-
tion dose or illness length (Kerr & Neale, 1993; Leitman et al., 2005), although contrary
results have also been found (Kucharska-Pietura et al., 2005).

The preponderance of prosodic deficits in both child-onset schizophrenia (Baltaxe
& Simmons, 1995), adult-onset schizophrenia (Kerr & Neale, 1993), and first episode
psychosis (Edwards et al., 2002), suggest that prosodic impairment may indeed be an in-
trinsic illness trait (Kucharska-Pietura et al., 2005; Leitman et al., 2005). This suggestion
is even more provocative, given evidence that prosodic comprehension is developmental
in nature (Fernald; Kuhl, 2004) (also see above in Emotion and Prosody subsection 1.1).
Given the convergence between prosodic impairment in schizophrenia and social devel-
opmental nature of prosody acquisition, a better understanding of prosodic deficits in
schizophrenia and development should prove valuable to an etiological understanding of
social dysfunction in the illness. As E Colin Cherry (1978) once quipped, when stressing

the social nature of speech communication, “...a child learns to imitate the speech sounds
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of its mother; it does not learn to make sounds like bells or frying bacon” (ibid, pg. 265).
More recently, prominent speech scientists, like Patricia Kuhl (2005) and Michael Gold-
stein (2003), have proposed social feedback loops that drive sensory and motor speech
acquisition, in which prosody serves as a salient cue. This social component to language
acquisition has already received considerable attention in the autism field (e.g., (Kuhl et
al., 2005)) While studies of prosody are underway in prodromal adolescents, retrospec-
tive evidence on child development of those who later develop schizophrenia is, to our

knowledge, unstudied.’

1.4.3 Dysprosodia and Functional Outcome

Functioning within society requires one to communicate socially, whether it be
buying groceries or interacting with coworkers. Thus, an inability to perceive emotion
could likely lead to social isolation and poor functioning within society. Within schizo-
phrenia, studies such as those by Kee and colleagues (2003) and others (J. Brekke et al.,
2005a; J. S. Brekke et al., 2005b) have linked both facial and vocal emotion perception to
functional outcome. This was done using the Strauss and Carpenter Outcome Scale and
Role Functioning Scale, which measures patients’ ability to gain and hold employment,
as well as to live independently. In a slightly different vein, a study by Hooker and Park
(2002) found that both face and vocal emotion perception, unlike comparative non-
affective tasks, correlated with measures of social functioning. Finally, in Study 1 of this
thesis, we found that dysprosodia alone, is directly related to functional outcome using

the Independent Living Scale (ILS).

' The only study known to us that touches upon this issue is Walker and Lewine’s (1990) classical study of
autobiographical media recordings, in which observations of poorer affective reactivity, as well as gross
and fine motor control, seemed to foreshadow subsequent diagnosis.
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1.4.4 Expressive and Receptive Prosody

The connection between expressive and receptive prosodic abilities in schizo-
phrenia is unclear. Alpert et al. (2000) showed greater impairment in prosodic expression
(rather than comprehension) using acoustic analysis of select prosodic cues of patients’
speech, when describing a pleasant or unpleasant experience. These studies examining
spontaneous prosody echo other spontaneous prosody findings (N.C. Andreasen et al.,
1981; Fricchione et al., 1986; Haskins et al., 1995), all of which found significant expres-
sive deficits that were unrelated to medication dose. Interestingly, studies (Shaw, 1999;
Whittaker, 1994) that have compared spontaneous and receptive affective prosody, within
the same sample of patients, have found no correlation between expressive and receptive
prosody. The Haskins (1995) study, in which patients were additionally asked to repeat
prosodic utterances, found only a minimal correlation between raters’ judgments of pro-
sodic similarity and receptive prosodic ability. This supports the conjecture that affective
vocal perception may not be a rate-limiting factor in prosodic expression, and may have
more prominent motor-related dysfunction contributions (M. Alpert et al., 2000; Haskins

etal., 1995).

1.4.5 Neural Locus of Prosodic Deficits

Studies that have suggested neural correlates for prosodic deficits have fallen into
two categories: those that emphasize RH dysfunction, and those that suggest more wide-
spread temporo-limbic disturbance. Based on the combined findings of affect recognition

deficits across multiple channels, and in conjunction with data from lesion studies, Borod
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(Joan C. Borod, 2000; J.C. Borod et al., 1998; J. C. Borod et al., 1993; J. C. Borod et al.,
1990; Martin et al., 1990) has attributed schizophrenia dysprosodia to right hemisphere
dysfunction, particularly, right dorsolateral (DLPFC) and inferior frontal cortex (IFC)
dysfunction. Other researchers (Phillips, 2003; Phillips et al., 2003) acknowledge these
brain regions, but emphasize fronto-temporo-limbic connections (Abdi & Sharma, 2004;
R. W. Buchanan et al., 1993; Kosaka et al., 2002; Kucharska-Pietura et al., 2003), par-
ticularly implicating amygdala and medial temporal function.

The large majority of these studies that used facial affect paradigms (Exner et al.,
2004; Gur et al., 2002; Holt et al., 2005; Johnston et al., 2005; Kosaka et al., 2002; Phil-
lips et al., 1999) found hemodynamic abnormalities within these regions. The sole study
to use vocal affect in schizophrenia (Mitchell et al., 2005), found no significant differ-
ences in bold responses between patients and healthy controls. However, these results
must be qualified by the lack of significant differences in behavioral prosody perform-
ance between groups (Mitchell et al., 2004), which, given the general literature finding,
suggests that either the patient group was non-typical or that the task was not adequately
challenging.

Whether emphasizing right frontal cortex and/or temporo-limbic regions, these
studies implicitly treat the presence of vocal and facial affect decoding deficits as symp-
toms of unitary emotion dysfunction. This approach is problematic, as investigations of
cross-modal affective processing have revealed only modest correlations (Kerr & Neale,
1993), or no correlations (Leitman et al., 2005) between aural and visual modalities.
Moreover, they ignore the potential contribution of significant perceptual deficits within

each individual modality (Johnston et al., 2005; Kee et al., 1998).
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1.5 CONTRIBUTION OF THIS THESIS

A century of concentrated study of schizophrenia has revealed that afflicted indi-
viduals have a myriad of both cognitive and emotional disabilities. However, the link be-
tween these twin dysfunctions remains elusive.

This thesis rests on clinical observations that patients did not seem to perceive af-
fect when conveyed by vocal inflection and a strong body of literature indicating elemen-
tal audio-sensory processing deficits in schizophrenia audition. We hypothesized that
sensory dysfunction could upwardly generalize into cognitive and emotional deficits. The
implications for such upward generalization would further efforts toward providing a uni-
fying theory for cognitive and emotional deficits in the illness, by suggesting that dys-
function within both of these domains stems from deficiencies in the perceptual system

employed by both.

1.5.1 Limitations of Previous Studies

While upward generalization of sensory deficits has been studied in the visual
modality (J. Brekke et al., 2005a; P. D. Butler et al., 2001; M. Green & Walker, 1986;
M.F. Green et al., 1994; Kee et al., 1998), this approach has not been extensively em-
ployed in the auditory domain. However, decades ago, researchers such as Turner
(Turner, 1964) and Jonsson (Jonsson & Sjostedt, 1973) suggested that such deficiencies
might underlie deficits like prosody. Previous studies have also largely ignored non-
affective prosody; but a sensory approach suggests that prosodic deficits may not be lim-

ited to affect.



24

1.5.2 Research Questions

In light of these limitations, these current studies examine the size and magnitude
of affective prosodic deficits and their relationship to measures of executive and audio-
sensory processing, clinical symptomatology, and functional outcome. We further sought
to examine the extent of prosodic defects and whether they extend to sarcasm and non-
affective prosodic distinctions like interrogative intent. Additionally, we sought to exam-
ine the neurostructural correlates of schizophrenia dysprosodia, by examining correla-

tions between prosodic detection and white matter pathway integrity.
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2.1 ABSTRACT

Background: Deficits in affect recognition are prominent features of schizophrenia.
Within the auditory domain, patients show difficulty in interpreting vocal emotional cues
based on intonation (prosody). The relationship of these symptoms to deficits in basic

sensory processing has not been previously evaluated.

Methods: Forty-three patients and 34 healthy comparison subjects were tested on two
affective prosody measures: voice emotion identification and voice emotion discrimina-
tion. Basic auditory sensory processing was measured using a tone-matching paradigm
and the Distorted Tunes Test (DTT). A subset of subjects was also tested on facial affect

identification and discrimination tasks.

Results: Patients showed significantly impaired performance on all emotion processing
tasks. Within the patient group, a principal components analysis demonstrated significant
intercorrelations between basic pitch perception and affective prosodic performance. In
contrast, facial affect recognition deficits represented a distinct second component. Pro-
sodic affect measures correlated significantly with severity of negative symptoms and

impaired global outcome.

Conclusions: These results demonstrate significant relationships between basic auditory
processing deficits and impaired receptive prosody in schizophrenia. The separate load-
ing of auditory and visual affective recognition measures suggests that within-modality
factors may be more significant than cross-modality factors in the etiology of affect rec-

ognition deficits in schizophrenia.
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2.2 INTRODUCTION

Schizophrenia is associated with deficits in both higher order cognition (Braus et
al., 2002) and early sensory processing (P. D. Butler et al., 2001; Foxe et al., 2001; Javitt
et al., 2000). Although these two types of deficits are most often studied in isolation, the
possibility exists that deficits in early sensory processing may contribute greatly to defi-
cits in higher order cognition. In schizophrenia, one of the most significantly impaired
functions is the ability to decode emotion based on either facial expression or speech in-
tonation (M. Alpert et al., 2000; Edwards & McGorry, 2002; Edwards et al., 2001; Gur et
al., 2002; Haskins et al., 1995; Kerr & Neale, 1993; E. D. Ross et al., 2001a). These defi-
cits have been attributed to deficits in emotion processing brain regions (Edwards et al.,
2001; Gur et al., 2002), although the basis for the dysfunction remains to be determined.
The present study evaluates the degree to which deficits in ability to decode emotion, es-
pecially in the auditory modality, depend upon more basic deficits in early sensory proc-
essing.

Prosody refers to our ability to recognize, comprehend, and produce affect as well
as semantic meaning based on the intonation, stress, and rhythm patterns of vocal utter-
ances. Emotional prosody refers to the ability to detect affect and infer emotion based on
prosodic information, while semantic prosody refers to the ability to differentiate mean-
ing, for example, differentiating questions from answers. Receptive prosody refers to the
ability to decode prosodic information in statements made by others, while expressive
prosody refers to the ability to express emotion or other prosodic information in our own
utterances. Jonsson and Sjostedt (1973) first demonstrated deficits in receptive emotional

prosody in schizophrenia. Subsequent studies demonstrated deficits in semantic, emo-
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tional, and expressive prosody (e.g., (M. Alpert & Anderson, 1977; Fricchione &
Howanitz, 1985; Kerr & Neale, 1993). Deficits in receptive prosody are seen in both
chronic and first episode patients (Edwards et al., 2001; Haskins et al., 1995), as well as
in children with schizophrenia (Baltaxe & Simmons, 1995). These deficits occur inde-
pendently of medication (Kerr & Neale, 1993; E. D. Ross et al., 2001a), suggesting that
these deficits represent a trait aspect of the illness (Edwards & McGorry, 2002) and not
its treatment.

Within the realm of sensory perception, multiple studies have shown basic pitch
perception and auditory sensory memory (i.e., tone matching) deficits in individuals with
schizophrenia. These sensory deficits may have an important influence on higher-order
processes such as prosodic comprehension, since, much like music, speech relies on the
production and recognition of structured patterns of pitch, duration, and intensity. Fur-
ther, much like elemental pitch processing, prosodic functioning relies substantially on
right hemispheric function (A.D. Patel et al., 1998). We hypothesize that the presence of
elemental pitch deficits in schizophrenia, which we have demonstrated previously (Javitt
etal., 1999; E. F. Rabinowicz et al., 2000; R.D. Strous et al., 1995a), may significantly
contribute to the deficits in affective prosodic functioning that are seen in patients with
schizophrenia.

To test this hypothesis, we collected behavioral measures of affective prosodic
comprehension in patients and comparison subjects. Within the patient group, we col-
lected psychophysical measures of pitch perception, to both music and pure tones. To fur-
ther illustrate the specific contribution of pitch perception to affective prosodic compre-

hension, measures of affective facial comprehension were also collected as a control con-
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dition.

2.3 METHODS

2.3.1 Participants

Forty-three stable patients meeting DSM-IV criteria for either schizophrenia or
schizoaffective disorder and 34 healthy control subjects volunteered to serve in this ex-
periment. The Institutional Review Board of the Nathan Kline Institute for Psychiatric
Research approved all experimental procedures, and all patients were recruited from fa-
cilities associated with the Institute. Written, informed consent was provided by all sub-
jects after the procedures of the experiment were fully explained. Both patients and
healthy comparison subjects received $10/hour for participation.

Diagnoses were obtained using the Structured Clinical Interview for DSM-IV
(SCID), performed by Masters or Doctoral level psychologists, psychiatrists, or trained
diagnostic technicians, using all available clinical information. Thirty-three patients met
criteria for schizophrenia and 10 met criteria for schizoaffective disorder. Twenty-four of
the patients were receiving only second-generation antipsychotics, primarily risperidone
or olanzapine, 3 patients were receiving (haloperidol), and 16 patients were receiving a
combination of antipsychotics. The mean daily antipsychotic dose was 1068.3 +423.4
mg chlorpromazine equivalents, using Hyman and Arana (Hyman & Arana, 1987) and
“best estimate” conversion factors for new antipsychotic medications. Mean illness dura-
tion was 17.4 + 9.6 years. The healthy control group consisted of staff volunteers as well

as individuals who responded to local advertisements. Handedness of all subjects was
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assessed using the Edinburgh Handedness Inventory (Oldfield, 1971). See Table 1 for

further demographic information.

2.3.2 Auditory Sensory Processing

Two tests of auditory sensory processing were employed: a tone matching task,
which reflects processing within primary auditory regions (Liegeois-Chauvel et al., 2001;
Zatorre & Samson, 1991), and the distorted tunes task (Drayna et al., 2001), which re-
flects processing within the unimodal sensory association cortex, especially the right
hemisphere (Zatorre, 1985; Zatorre et al., 2002). These measures were obtained for pa-
tients only.

Tone Matching Task (TMT). A simple tone-matching paradigm was employed, as

described previously (R.D. Strous et al., 1995a). Tones were generated on a Pentium
personal computer (PC; Winbook, Hilliard, Ohio) with SoundBlaster Pro audio card
(Creative Sound Systems, Milipitas, California) using the Neuroscan Stim (Neurosoft;
Compumedics USA, El Paso, Texas) software, and were presented binaurally through
headphones at nominal intensity level of 70 dB sound pressure level (SPL). Subjects
were presented with pairs of 100-millisecond tones in series, with a 500-millisecond in-
tertone interval. Within each pair, tones were either identical or differed in frequency by
specified amounts in each block (2.5%, 5%, 10%, 20%, or 50%). In each block, half the
tones were identical and half were dissimilar. Subjects responded by pressing one of two
keys to answer whether the pitch was the same or different. Tones were derived from
three reference base frequencies (500, 1000, and 2000 Hz), to avoid learning effects. In

all, the test consisted of five sets of 26 pairs of tones and took approximately 20 minutes
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to complete. Participant performance across these five levels was averaged and this score

was used for analysis.

The Distorted Tunes Task (DTT). (Drayna et al., 2001) Consists of 26 familiar

tunes ranging in length from 12 to 26 notes. Seventeen of the tunes are rendered melodi-
cally incorrect by changing the pitch of two to nine notes within the tune. Subjects re-
spond “yes” or “no,” whether they think that the melody is correct. Subject scores are

calculated based on the percentage of correctly categorized melodies.

2.3.3 Affective Prosody

Two basic tests of affective prosodic processing were employed: 1) the Voice
Emotion Identification Test (VOICE-ID), and 2) the Voice Emotion Discrimination Test
(VOICE-DISCRIM) (Kerr & Neale, 1993).

Voice Emotion Identification Test. This test consists of 21 sentences of neutral con-

tent on audiotape (e.g., “He tossed the bread to the pigeons”, “The boy went to the
store”). The sentences are spoken aloud by male and female speakers to convey one of
six different emotions (happiness, anger, fear, sadness, surprise, or shame). Participants
are given a piece of paper with the six emotions listed. They are asked to listen to each
sentence and to tell the experimenter which of the six emotions best describes the
speaker’s tone of voice. Participants are advised to guess if unsure.

Voice Emotion Discrimination Test. This test contains 35 separate pairs of sen-

tences. Each pair contains sentences that consist of the same words (i.e. “The game ended
at 4 o’clock”, “The game ended at 4 o’clock”) or different words (i.e., “The boy went to

the store”, “He tossed the bread to the pigeons™), and the second sentence is read with the
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same or different prosody (emotion) as the first. Participants are asked to focus on the
mood rather than the content of the sentences and to tell the experimenter whether the
sentences are said in the same or in a different emotion. Participants are advised to guess

if unsure.

2.3.4 Visual Affective Processing

Two basic tests of face emotion processing were employed: 1) the Face Emotion
Identification Test (FACE-ID), and 2) the Face Emotion Discrimination Test (FACE-
DISCRIM), (Kerr & Neale, 1993). These measures, which were added partway through
the study and were available for only a subset of participants, use black and white photo-
graphs of faces displaying different emotions created by Izard (1971) and Ekman (1976).

Face Emotion Identification Test. This test consists of 19 photographs of facial

emotions presented on videotape for approximately 15 seconds with a blank screen of
approximately 10 seconds between pictures. Participants are asked to look at each face
and tell the experimenter which of six emotions best describes the emotion in the photo-
graph. The same six emotions are used as in the VOICE-ID test, and participants are
again given a list of the emotions. Participants are asked to guess if unsure.

Face Emotion Discrimination Test. This test consists of 30 pairs of photographs.

Each pair of photographs is presented simultaneously. Participants are asked to tell the
experimenter whether the two people in each pair are displaying the same or different

emotions on their faces. Participants are asked to guess if unsure.

2.3.5 Clinical Measures
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Clinical measures included the Brief Psychiatric Rating Scale (BPRS) which in-
cluded the anxiety/depression (items: somatic concern, anxiety, guilt feelings, depression)
and positive symptom (items: disorganization, suspiciousness, hallucinatory behavior,
unusual thought content) subscales (Overall & Gorham, 1961), as well as the Scale for
the Assessment of Negative Symptoms (SANS), which used total score without globals
as a summary measure (N.C. Andreasen, 1982) . In addition, the Independent Living
Scales problem-solving factor subscale (ILS-PB) (Loeb, 1996) was employed as a meas-
ure of the patients’ global functioning. The ILS-PB is comprised of 33 items related to
money management, home/transportation, and social adjustment. Questions such as,
“Tell me two reasons why it is important to pay your bills,” “What might you do if both
your lights and your TV went off at the same time,” and “Why is it important to know
about the side effects of the medicine you are taking” are used to elucidate effective
strategies and ways to negotiate life on a day-to-day basis. The ILS-PB scores have been
shown to predict a patient’s functional living status (inpatient vs. outpatient) more
strongly than verbal memory or other measure (Revheim & Medalia, 2004). Raw scores
on the ILS-PB were converted into standard scores, per the instructions found in the

manual, and were then used as variables in the present study.

2.3.6 Statistical Analysis

Primary analyses were performed on all measures using analysis of variance
(ANOVA) using the variables gender (M/F) and group (patient/control). In addition, the
relative magnitude of deficits between tests was assessed using a task x-group analysis.

Effect sizes were expressed in SD units and interpreted according to criteria by Cohen
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(1988). Correlation between measures was assessed using Spearman correlations. In addi-
tion, within the patient group, principal components analysis (PCA) was used to investi-
gate the interrelationship between sensory processing and prosodic measures. The princi-
pal components analysis was restricted by the following criteria: 1) using the Kaiser crite-
rion, eigenvalues that were >|1| were selected as components for rotation, and 2) compo-
nent loading was considered significant only if it was >.6. All statistical analyses were
performed using the JMP statistical software package (Academic Version 4.0.4; SAS In-
stitute, Inc., Cary, North Carolina).

Two-tailed tests were used throughout, with preset a level of significance of p<.05.

Data in text reflect mean + sd.

2.4 RESULTS

2.4.1 Between-Group Analyses

Tone Matching Task and DTT performance were obtained for patients only. Tone
Matching Task performance is shown in Table 2 and is similar to that obtained in previ-
ous studies in similar patient populations (Javitt et al., 1999; E. F. Rabinowicz et al.,
2000; R.D. Strous et al., 1995a). Mean performance across all five levels was 77 + 14%.
In a prior study, we tested performance on the three middle levels (5%, 10%, and 20%) of
the five used in the present study (R.D. Strous et al., 1995a). In this study, patients scored
a mean of 72% correct, versus 93% correct for control subjects, with the between-group
difference being highly significant and the effect size being on the order of 1.2 sd units.
Mean performance on the DTT task was 69 + 22% correct, with 66% of patients scoring

below 88% correct, which is considered the threshold for “tune deafness” (Drayna et al.,
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2001). In a prior study of healthy monozygotic and dizygotic twins, only 39.6% met this
criterion (z =2.72, p < .006, vs. present sample) (Drayna et al., 2001). Affective prosodic
processing and visual affective processing measures were obtained for both patients and
control subjects. As expected, patients’ performances were significantly poorer than that
of control subjects on all four affect discrimination and identification measures (Table 3).
Prosodic measures yielded the most substantial deficits, with VOICE-DISCRIM scores
23 percentage points lower and VOICE-ID scores 33 percentage points lower for patients
than control subjects. Less pronounced but similar results were observed in the visual
modality, where FACE-DISCRIM and FACE-ID scores were reduced by 14 and 25 per-
centage points, respectively. There were no significant main effects for gender (all p >
.05).

To assess relative magnitude of auditory and facial affect recognition deficits in pa-
tients, a repeated measures ANOVA was conducted across visual and auditory measures.
Significant differences between patients and control subjects were observed for both the
VOICE-ID/FACE-ID (F = 6.84, df = 1,42 p <.01), and the VOICE-DISCRIM/FACE-
DISCRIM (F =26.56, df = 1,43, p <.001) paired measures. However, there were no sig-
nificant modality-by-group interactions for either the DISCRIM (F = .87, df=1,43,p=
.32), or the ID (F = .99, df = 1,42, p = .38) measures, thus indicating that both modalities
were affected to a similar degree. Effect sizes for both effects were large (sd = 0.8-1.7),

using Cohen’s criteria (1988).

2.4.2 Within-Group Analyses

2.4.2.1 Correlations Among Measures and Clinical Ratings
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Correlation analyses were performed to analyze the relationship between auditory
and visual affective processing measures and clinical symptoms. VOICE-ID performance
correlated significantly with scores on the BPRS conceptual disorganization factor [r
(39) = .48, p <.01], SANS total score [rs (39) = .41, p =.01], and ILS-PB [r, (38) = .43, p
<.01], with the latter correlation indicating a likely significant contribution to global out-
come in schizophrenia. In addition, both VOICE-DISCRIM [r; (39) = .53, p<.01] and
FACE-DISCRIM [rg (28) = .46, p < .01] correlated significantly with BPRS conceptual
disorganization scores, reflecting a significant relationship to overall cognitive symptom
levels. Finally, only FACE-DISCRIM [rs (28) = .37, p <.05] correlated significantly with
BPRS positive symptom scores. No other significant correlations were found between

TMT or DTT and ratings of clinical symptoms.

2.4.2.2 Principal Components Analysis (PCA)

To evaluate interrelationships among prosody measures, a PCA was performed
(Table 4). The PCA yielded only two components with eigenvalues > |1|. These two
components accounted for 66% of the variance in the data and seemed to adequately de-
scribe the data, based on screen plots and the rotation sums of squared loading. Selection
of these two factors for rotation revealed the following pattern. Auditory sensory process-
ing (TMT and DTT) and auditory affective measures (VOICE-DISCRIM and VOICE-
ID) all loaded onto factor 1, which had an eigenvalue of 2.64 and explained 44% of the
variance. Visual affective measures (FACE-ID and FACE-DISCRIM) loaded exclusively
on factor 2, which had an eigenvalue of 1.30 and explained an additional 21.6% of the

variance. There was no significant loading of auditory measures onto factor 2 of the PCA
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model, or reciprocally, of visual measures onto factor 1. No other single factor explained
more than 15% of the variance.

Correlational analyses were performed to further probe these relationships (Figure
1). A hierarchical pattern of results was observed, in which performance on the most ba-
sic measures of auditory discrimination (TMT) correlated significantly with performance
on the DTT and VOICE-DISCRIM, but not with VOICE-ID. In contrast, DTT perform-
ance correlated significantly with both VOICE-DISCRIM and VOICE-ID performance,
both of which also correlated significantly with each other. Neither the TMT nor the DTT
correlated significantly with either of the visual affective measures. Scores on the two
visual affective measures, FACE-ID and FACE-DISCRIM, correlated with each other but

not with corresponding auditory affective measures.

2.5 DISCUSSION

The ability to decode other people’s emotional states by analyzing either their vo-
cal intonations or facial expression is an integral part of human existence, leading to a
significant recent interest in this process in schizophrenia (e.g., (Edwards et al., 2002;
Gur et al., 2002; Suslow et al., 2003). The present study demonstrates that patients with
schizophrenia show significant impairments in the ability to decode affect based on either
auditory vocal or visual facial cues, thus replicating previous work in this population
(e.g., (M. Alpert et al., 2000; Edwards et al., 2001; Haskins et al., 1995; Kerr & Neale,
1993; E. D. Ross et al., 2001a)). The main objective of the current study, however, was to
assess whether affective (emotional) prosodic dysfunction in patients was related to more

fundamental deficits in early auditory sensory processing. This hypothesis is based on
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recent work showing deficits in simple auditory processing in schizophrenia (Holcomb et
al., 1995; Javitt et al., 1997; E. F. Rabinowicz et al., 2000; R. D. Strous et al., 1995b;
Wexler et al., 1998), given that auditory affective recognition depends heavily on the
ability to decode changes in pitch and intonation. However, to our knowledge, no studies
have previously examined affective recognition ability, relative to more basic compo-
nents of sensory processing.

To assess potential relationships between sensory competence and affect dis-
crimination, patients were evaluated on both their ability to perceive pitch changes of
pure tones (TMT), as well as their ability to recognize complex pitch abnormalities
within short musical sequences (DTT). Two corresponding tasks were used for charac-
terization of auditory and visual affective processing. In the discrimination tasks, subjects
had to indicate whether two stimuli (sentences or faces), expressed the same or different
emotions. In the corresponding identification tasks, subjects were required to name the
emotion. A limitation of the present task is that TMT measures were obtained for patients
only, but deficits in TMT performance have been repeatedly documented in schizophre-
nia (Holcomb et al., 1995; Javitt et al., 1997; E. F. Rabinowicz et al., 2000; R. D. Strous
et al., 1995b; Wexler et al., 1998). Control subjects, in general, show a threshold of 3%
Af for >90% correct performance versus 20% to 50% Af observed in this and prior stud-
ies of schizophrenia (Holcomb et al., 1995; Javitt et al., 1997; E. F. Rabinowicz et al.,

2000; R. D. Strous et al., 1995b; Wexler et al., 1998).
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Results of the experiment confirmed our a priori hypothesis. First, patients were
equally impaired in auditory and visual affective judgments. We conducted a principal
components analysis, which showed that auditory affective measures and auditory sen-
sory measures loaded exclusively onto one component. In contrast, all the visual tasks
loaded onto a second, independent component. Critically, and in line with our main hy-
pothesis, we found robust correlations between tone-matching ability and affective pro-
sodic discrimination. Further, in these correlation analyses, a hierarchical pattern was ob-
served, with deficits in basic measures predicting deficits in affective processing meas-
ures. As such, while showing only correlational relationships, our data suggest that pro-
sodic processing deficits, ubiquitously seen in this population, may well be a conse-
quence of more basic early sensory dysfunction in the auditory system. Thus, although
schizophrenia is definitively associated with reduced limbic activation during affective
processing (Gur et al., 2002), our results suggest that the abnormal limbic activation may
result, at least in part, from loss of normal “bottom-up” input.

The hypothesis that “bottom-up” deficits drive impaired limbic function in pro-
sodic tasks is also consistent with studies that show that schizophrenic patients do not
have universal difficulty understanding the concept of emotion, only in detecting or ex-
pressing affect. For example, while watching movies, schizophrenic patients self-report
levels of happiness and sadness similar to those reported by normal volunteers (Kring et
al., 2003). Similarly, when asked to categorize the emotional valence of words, schizo-
phrenia patients and control subjects showed similar word valence patterns (Kring et al.,
2003). This disjunction between emotional self-experience and outward emotional per-

ception and expression mirrors that of Bleuler’s original 1911 conjecture (Bleuler, Ger-
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man-1911: Trans-1950). He noted that, while patients do not amplify their emotional re-
sponses in the same manner that healthy individuals do, they nevertheless show an intact
conception of emotion.

In addition to showing relationships between early sensory processing dysfunc-
tion and higher order deficits in schizophrenia, the present study has implications for both
the functional anatomy of schizophrenia, and the nature of underlying emotional process-
ing disturbances. On the level of functional anatomy, schizophrenia is frequently consid-
ered to be associated with predominant left hemispheric disturbance, particularly with
regards to temporal lobe processing. An issue with this literature is that many tasks used
in schizophrenia rely on phonetic analysis or other left-lateralized abilities, and do not
critically assess right hemisphere processing. When tasks, such as emotional prosody
tasks, are used that stress right hemispheric function, right-sided deficits are observed as
well (Mitchell et al., 2004; E. D. Ross et al., 2001a). In the present study, the prosody
task that was selected is known to depend heavily upon right hemisphere processing
(Lakshminarayanan et al., 2003; Pell, 1998; Zatorre et al., 2002). Deficits were observed,
consistent with prior literature, which document right-sided, as well as left-sided tempo-
ral lobe dysfunction in schizophrenia.

On a functional level, when patients had to compare affect between stimuli but
did not have to name the affect, patients showed equivalently severe deficits in affect dis-
crimination as they did in affect identification. Thus, the present study argues against a
specific deficit in the ability to name, rather than simply to recognize emotion. There
were significant correlations between basic auditory processing measures and auditory

affective processing measures, and there were not significant intercorrelations between
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auditory and visual affective processing measures, which argues against a generalized
deficit in emotion processing, and for separate sensory-driven deficits in the decoding of
emotion within both the auditory and visual systems. In the auditory system, the deficits
reflect in part, more basic limitations in decoding the pitch changes that encode affective
prosody during normal conversation.

Although the present study concentrated primarily on the auditory system, deficits
in basic sensory processing have also been demonstrated within the visual system as well
(e.g. (P. D. Butler et al., 2001; Foxe et al., 2001). Future studies will, therefore, have to
determine the degree to which early sensory processing deficits contribute to visual, as
well as auditory, affect discrimination in schizophrenia.

In the present study, deficits in prosodic processing correlated significantly with
severity of conceptual disorganization and negative symptoms, as well as with problem-
solving ability, as reflected in the ILS-PB. The ability to decode other people’s emotions
based on their tone of voice is a critical component of human interaction. Impaired emo-
tion recognition ability may be a significant mediating variable between both basic dis-
turbances in sensory processing and poor global outcome. It has also been observed that
basic visual processing deficits contribute to poor global outcome in schizophrenia (M.F.
Green et al., 2000). Deficits in visual affect recognition, such as those observed here,
may also be a mediating variable between basic impairments in visual processing and
poor global outcome in schizophrenia. Taken together, such results would fit nicely
within frameworks such as Braff’s (1993), in which information processing deficits cas-
cade upward into neuropsychological deficit symptoms, trait-related factors, and clinical

outcome.
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Finally, although the present study evaluated only affective prosody in schizo-
phrenia, a prediction of the present study is that patients should have deficits in decoding
non-affective prosody as well. Whether patients have deficits in decoding non-affective
prosody, as well as affective prosody, has only been studied to a limited degree. For ex-
ample, Kerr and Neale (1993) found that individuals with schizophrenia differed from
comparison subjects on emotion perception tasks only to the same extent as they did on
control tasks of basic speech perception. In contrast, Murphy and Cutting (Murphy &
Cutting, 1990) reported that patients’ performance on stress prosody tests was not signifi-
cantly different from that of comparison subjects, whereas performance on emotional
prosody tasks was significantly worse. We have previously observed decreased ability of
patients to discriminate ambiguous speech sounds, suggesting at least that phonemic
processing may be impaired at the sensory level (Cienfuegos et al., 1999). Further stud-
ies, however, are required to fully resolve this issue.

In summary, our data suggest that deficiencies in elementary pitch perception, a
fundamental building block in both melodic and prosodic comprehension, can signifi-
cantly affect auditory affect recognition in schizophrenia. These findings further suggest
that patients’ inability to correctly infer other people’s emotions from speech may be re-
lated more to deficits within sensory modality than to deficits in comprehending the con-
cept of emotion. Future studies are required to further delineate the basis of the relation-
ship between early auditory processing deficits and deficits in emotion recognition in
schizophrenia and to determine the degree to which similar relationships can be observed

in other sensory domains.
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Table 1. Demographic and Clinical Characteristics of Healthy Control and

Patient Populations

Control Schizophrenia

Demographic/Clinical Criteria (nh = 34) (n = 43)
Age 369 39 £ 12
Gender (M/F) 14/20 33/10
Handedness R/L 30/4 40/3
Education 156 = 2.3 106 + 3.2
BPRS Total (n = 39) N/A 343 = 84
BPRS Conceptual Disorganization N/A 21 £13
BPRS Anxiety/Depression N/A 6.8 = 3.1
BPRS Positive Symptoms N/A 86 =44
SANS Total (n = 39) N/A 29.2 =125
ILS-PB (n = 38) N/A 328 =13

Values are mean = SD.

M, male; F, female; R, right; L, left; BPRS, Brief Psychiatric Rating Scale;
SANS, Schedule for Assessment of Negative Symptoms; ILS-PB, Indepen-

dent Living Scales-Problem Solving Subscale.



Table 2. Tone Matching Test Performance in Patients with Schizophrenia

Level (% AF) Performance (% Correct) SD
50 92 10
20 85 14
10 76 18

5 71 20

2.5 61 15
Average Across All Levels 77 14
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Table 4. Principal Components Analysis of Auditory and Visual Sensory
and Affective Processing Measures

Factor 1 Factor 2

Rotated Factor Pattern % of Total Variance % of Total Variance
TMT 827 —.01

DTT 837 12
VOICE-DISCRIM 757 14
VOICE-ID 607 31
FACE-DISCRIM .09 89°
FACE-ID 15 84°

TMT, Tone matching task; DTT, Distorted tunes task; VOICE-DISCRIM,
Voice emotion discrimination task; VOICE-ID, Voice emotion identification
task; FACE-DISCRIM, Face emotion discrimination task; FACE-ID, Face emo-
tion identification task.

“Significant loading on Factor 1.

bSignificant loading on Factor 2.
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Figure 1. Schematic diagram of interrelationship between sensory and
affective measures. Values shown represent Spearman correlation coeffi-
cients between indicated measures.*p << .05, **p = .01.TMT, Tone Matching
Task; DTT, Distorted Tunes Task; VOICE-DISCRIM, Voice Emotion Discrimina-
tion Test; VOICE-ID, Voice Emotion ldentification Test; FACE-DISCRIM, Face
Emotion Discrimination Test: FACE-ID, Face Emotion Identification Test.
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3.0 STUDY Il

Neural Substrates of Impaired Prosodic Detection in Schizophrenia
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3.1 ABSTRACT

Background: Individuals with schizophrenia show severe deficits in the ability to infer
other people’s emotions based upon vocal inflection (affective prosody), leading to reduced
social competence. This study investigates neural substrates of impaired prosodic processing
in schizophrenia using voxelwise and region of interest (ROI)-based diffusion tensor-

magnetic resonance imaging (DTI) approaches.

Methods: 19 patients with schizophrenia and 19 healthy comparison subjects participated
in both behavioral and DTI studies. Prosodic performance was evaluated using the Voice
Emotion Identification (VOICE-ID) task. Basic perceptual functioning and executive proc-
essing were evaluated using the Distorted Tunes (DTT) and Wisconsin Card Sorting
(WCST) tests, respectively. DTI-based fractional anisotropy (FA) scores were used for cor-

relation analyses.

Results: As expected, patients showed significant and correlated deficits in both VOICE-ID
(sd=1.6) and DTT (sd = 1.2) performance. Impaired VOICE-ID performance correlated
significantly with reduced FA values within primary and secondary auditory pathways, as
well as in orbitofrontal cortex, corpus callosum, and amygdala bilaterally. Impaired DTT
performance showed a similar pattern of correlation involving auditory and amygdalar
pathways, but not prefrontal cortex. WCST performance in schizophrenia correlated primar-
ily with prefrontal (cingulate fasciculus) FA. Voxelwise analyses were confirmed with sub-

sequent ROI-based approaches.
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Conclusions: Impaired prosodic processing in schizophrenia is associated with reduced
white matter integrity within sensory, as well as amygdalar and prefrontal brain regions.
Substrates of impaired emotion detection overlapped extensively with substrates of impaired
basic pitch processing, but not of executive processing. These findings highlight the impor-
tance of impaired sensory processing to the pathophysiology of perceptual deficits in

schizophrenia.
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3.2 INTRODUCTION

Schizophrenia is associated with deficits in the ability to decode emotion based
upon modulation of intonation (affective prosody). Such deficits, which serve as a proxy
for social cognition, contribute substantially to impaired global outcome in schizophrenia
(J. Brekke et al., 2005a). Traditionally, such deficits have been attributed to generalized
neurocognitive dysfunction, particularly involving processes such as executive function
and working memory (MF Green, 1996) that are based in dorsolateral prefrontal cortex
(DLPFC), as well as limbic dysfunction (Phillips, 2003). More recently however, specific
contributions of auditory processing deficits have been noted as well, with deficits in
simple tone matching predicting deficits in prosodic identification (Leitman et al., 2005).
These findings predict both sensory-level and cognitive-level contributions to impaired
prosodic processing. The present study investigates neural substrates of impaired auditory
emotion detection using a combined behavioral and structural imaging approach.

Prosodic processing is a crucial but understudied area in schizophrenia. As early
as the beginning of the last century, it was noted by Bleuler, “the intonation in patient’s
speech is often peculiar. In particular, there is often an absence, exaggeration or mis-
placement of modulation (Bleuler, German-1911: Trans-1950). Subsequent studies dem-
onstrated, that patients have reduced ability to infer other’s emotions based upon vocal
modulation, reflecting impaired receptive, as well as productive, prosody (Kerr & Neale,
1993). Nevertheless, in schizophrenia, the internal representation of emotion appears un-
affected in that patients express subjective happiness when discussing happy events and
sadness when discussing sad events (Kring & Neale, 1996). Thus, the apparent inability

of patients to process emotion does not seem to reflect inability to understand the concept
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of emotion, and may instead reflect primary difficulty in either expressing or decoding
the modulations needed to convey prosodic intent. Over recent years, sensory-level dis-
turbances have been extensively documented with both the auditory (E. F. Rabinowicz et
al., 2000) and visual (P. D. Butler et al., 2001) systems. Neural correlates of sensory con-
tributions to impaired prosodic processing have not, however, been investigated.

In order to evaluate neural correlates of impaired auditory emotion detection in
schizophrenia, correlative analyses were performed between a widely used behavioral
measure of auditory emotion recognition ability, and structural brain organization in
schizophrenia determined using magnetic resonance-diffusion tensor imaging (DTI).
Neuroanatomical abnormalities in schizophrenia have been extensively documented and
shown to involve both white and gray matter structures (K. O. Lim et al., 1999; Shenton
etal., 2001).

DTTI is analyzed using the parameter of fractional anisotropy (FA), which reflects
the relative diffusion of water parallel to the long axis of a white matter tract relative to
diffusion across the axonal membrane (Lim, 1998; Kubicki, 2005). Reduced FA in
schizophrenia is thought to reflect either axonal or myelin-related pathology (Kubicki,
2005), both of which have been documented in schizophrenia (K. L. Davis et al., 2003).
Reduction in FA may also reflect disorganization of fiber bundles (“disconnectivity”),
although in areas of crossing fibers, such “disonnectivity” may lead to paradoxical in-
creases in FA (Pomara et al., 2001).

Regardless of underlying etiology, FA has proved effective for evaluating struc-
ture/function relationships. For example, increased impulsivity has been found to corre-

late selectively with reduced FA inferior frontal white matter (Hoptman et al., 2004;
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Hoptman et al., 2002), while impairments in executive processing have been found to
correlate selectively with reduced FA in anterior prefrontal regions (Kubicki et al., 2003;
K. Lim et al., 2005) Impairments in visual processing have been found to correlate selec-
tively with reduced FA in optic radiations (P. Butler et al., 2005).

For this study, we analyzed relationships between regional FA in schizophrenia
patients and healthy comparison subjects and performance on two separate tasks: the Dis-
torted Tune Task (DTT) (Drayna et al., 2001), which measures the ability to detect incor-
rect notes within common melodies, and the Voice Emotion Identification Task (VOICE-
ID) (Kerr & Neale, 1993), which measures the ability to decode emotions based upon
tone of voice. The DTT was originally developed to assess genetic contributions to musi-
cal pitch perception abilities, and shows high heritability within families (Drayna et al.,
2001). The VOICE-ID task has been used by ourselves (Leitman et al., 2005) and others
(J. Brekke et al., 2005a; Kerr & Neale, 1993), and is highly sensitive to affective prosodic
deficits in schizophrenia.

In the brain, auditory projection paths begin at the level of medial geniculate nu-
cleus (MGN) and project to primary auditory cortex (Heschl’s gyrus, A1) via super-
olaterally projecting thalamocortical (acoustic) radiations (Figure 1A). From auditory
cortex, fibers project to higher brain regions along both ventral and dorsal divisions of the
arcuate fasciculus (Parker et al., 2005). The ventral stream is primarily involved in acous-
tic feature analysis (Arnott et al., 2004), while the dorsal stream is thought to processes
spatial and spectral motion (Belin & Zatorre, 2000), including speech (Arnott et al.,

2004).
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Affective prosodic comprehension can be conceptualized as involving a “three
stage processing chain” that begins with sensation (stage 1) in primary auditory cortex
and continues with integration (stage 2) within ventral aspects of temporal cortex and su-
perior temporal sulcus (STS). There aspects of the acoustical information are tagged as
affective. Processing proceeds finally to the cognitive stage (stage 3) in inferior frontal
regions, where this information is evaluated both semantically and contextually (A
Schirmer & Kotz, in press).

In the present study, two specific tasks, DTT and VOICE-ID, were used to evalu-
ate functioning of sensation and integration phases of affective prosodic comprehension.
Patients with schizophrenia have been found previously to show deficits in sensory-level
performance, as reflected in impaired tone matching ability (E. F. Rabinowicz et al.,
2000) and reduced auditory event-related potential (ERP) generation (Javitt et al., 1995a).
For the present study, we hypothesized that joint impairments in DTT and VOICE-ID
performance in patients would correlate significantly with reduced FA primarily in basic
auditory brain regions (i.e., acoustic radiations) that subserve sensation, and that VOICE-
ID impairments would show additional correlations in ventral and dorsal stream projec-
tion regions that subserve integration and cognitive evaluation.

As a control condition, we evaluated FA correlations with performance levels on
the Wisconsin Card Sorting Test (WCST), a widely used, visually-based test of execu-
tive/prefrontal performance that would not be expected to show correlations with audi-
tory sensory regions. In a prior study, increased perseverative error rate on the WCST

was found to correlate with reduced FA in specific regions of cingulum (Kubicki et al.,
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2003). In the present study, patterns of voxelwise correlations to the WCST were com-

pared to pattern observed for DTT/VOICE-ID.

3.3 METHODS

3.3.1 Participants

Nineteen patients (1 female) meeting DSM-IV criteria for either schizophrenia
(N=17) or schizoaffective disorder (N=2) participated in this study. Patients had a mean
age of 35 £ 11 years and a mean education level of 11 £ 3 grades achieved. Diagnoses
were based upon Structured Clinical Interview for DSM-IV (SCID), using all available
clinical information. Twelve patients were receiving only second-generation antipsychot-
ics (primarily risperidone or olanzapine), two patients were receiving clozapine, two pa-
tients were receiving only traditional antipsychotics (haloperidol), and three patients were
receiving combination treatment. Mean chlorpromazine equivalency (CPZ) dose was
1298.3 + 780.4 mg. Mean illness duration was 15.7 + 8.7 years. Clinical ratings of pa-
tients followed methods described previously (Leitman et al., 2005). Patients had a mean
rating of 35.5 + 7.1 on the Brief Psychiatric Rating Scale, and a mean rating of 32.5 +
12.8 on the Schedule for Assessment of Negative Symptoms.

The healthy comparison group of nineteen subjects (6 female) had a mean age of
36 £ 9 years and a mean education level of 16 = 2 grades achieved. This group consisted
of staff volunteers as well as individuals who responded to local advertisements.

The local institutional review boards approved all experimental procedures and all
subjects provided written informed consent after study procedures were fully explained.

Participants received $10/hour for participation.
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All subjects save one patient were right-handed as assessed using methods de-
scribed previously (Leitman et al., 2005). Within this sample, twelve of nineteen patients
and seven of nineteen healthy comparison subjects had been in a prior study (Leitman et
al., 2005). WCST was conducted solely on patients and two subjects’ data were not in-

cluded due to methodological considerations.

3.3.2 Behavioral Measures

The following behavioral measures were used:

Voice Emotion Identification Test (VOICE-ID) (Kerr & Neale, 1993): This test

consists of twenty one spoken sentences conveying one of six different emotions (happi-
ness, anger, fear, sadness, surprise, or shame). Participants choose one of the six emo-
tions for identification. Performance is calculated based upon the percentage of correctly
identified sentences.

Distorted Tunes Task (DTT): The Distorted Tunes Task (Drayna et al., 2001)

consists of twenty six popular tunes ranging in length from twelve to twenty six 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 was familiar or not.

The Wisconsin Card Sorting Task (WSCT) (Heaton, 1993): (Patients only) This

task has been well described elsewhere (Heaton, 1993). For this study, we used persever-

ative error rate (PSV) as our primary dependent measure.
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3.3.3 Magnetic Resonance Imaging (MRI)

Scanning was performed on a 1.5T Siemens Vision system (Erlangen, Germany)
at the NKI Center for Advanced Brain Imaging. Three main sequences were acquired: a
magnetization prepared rapidly acquired gradient echo scan (MPRAGE; TR/TE =
11.4/4.9ms, matrix = 256x256, FOV = 300mm, NEX = 1, 1.17mm slice thickness, 172
slices, no gap), a turbo spin echo scan (TSE; TR/TE = 5000/22,90ms, matrix = 256x256,
FOV =224mm, NEX = 1, Smm slice thickness, 26 slices, no gap), and a DTI sequence.
The DTI sequence has been described elsewhere (K. O. Lim & Helpern, 2002) (TR/TE =
6000/100ms, matrix = 128x128 (interpolated to 256x256), FOV = 240mm, Smm slice
thickness, 20 slices, no gap) and employs a double echo pulse to minimize eddy current
effects (Reese TG, 2003). The sequence entailed four acquisitions of six diffusion-
weighted images (b = 1000 s/mm?) for 20 slices. In addition, two acquisitions without

diffusion weighting (b = 0 s/mm?) were acquired

3.3.4 Neuroimaging Data

FA was calculated using custom software. The b = 0 images were corrected for
susceptibility induced distortion and were transformed into MNI space using methods
described elsewhere (Ardekani et al., 2003; Hoptman et al., 2004). Images were matched
to a template in MNI space, and the final voxel size was 2x2x2mm°. A white matter mask
was computed from the mean normalized patient FA image using a nonparametric image

segmentation algorithm (Otsu, 1979) and was applied to all of the standardized images.
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This approach limited the voxels to white matter and resulted in fewer statistical com-
parisons, thereby lowering the probability of false positive tests.

Following transformation into Talairach space, images were masked such that
only voxels with data present for all subjects were included in the analyses. This ensured

that missing data, which would have zero values, would not drive correlations.

3.3.5 Statistical Analysis

Between-group comparisons of prosodic (VOICE-ID) and pitch (DTT) perform-
ance were performed using repeated-measures analysis of variance (rmANOVA). Spear-
man correlation coefficients were used to measure the relationship between task perform-
ances within groups.

For neuroimaging data, a voxelwise correlation approach was used similar to that
of Baudewig et al. (2003), with thresholds as described previously (Hoptman et al., 2004;
K. Lim et al., 2005). The approach is protected against false positive correlations using
voxels significant p <.05 that are grown from a seed voxel with a significance value of p
<.005. To supplement this criterion, we only considered clusters with more than 11 con-
tiguous voxels. To assess areas of shared correlation across tasks, maps of each Task-FA
correlation clusters were overlaid, and a new map representing overlap regions (identi-
cally thresholded for each task) was generated.

Our voxelwise correlation analysis was two-tailed; nevertheless we focused a pri-
ori only on correlations in which worse performance predicted FA reductions. This

analysis was performed on patient data, and FA levels in regions in which there were sig-
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nificant Task x FA correlation clusters were used to create regions of interest (ROI) for
between-group comparisons.

Between-group comparisons of the effect of FA on performance was conducted
by means of separate repeated measure ANCOV As, which assessed between-group per-
formance on DTT and VOICE-ID covarying for FA levels sampled within the seed voxel
for each ROI. Strength of correlation with covariate was used to assess contribution of
FA to performance across groups.

Additionally, potential hemispheric differences were analyzed using laterality in-
dices, which were computed following a method adopted previously (Javitt et al., 1995a).
Separate laterality analyses were performed for dorsal and ventral stream and analyzed

across groups using rmANOVA.

3.4 RESULTS

3.4.1 Neuropsychological Results

Prosodic (VOICE-ID) and pitch (DTT) processing measures were obtained for all
subjects. Patients showed significantly impaired performance across both tests (Fi 36 =
56.6, p <0.001) (Figure 2). The group X task interaction was non-significant (F; 36 = 2.5,
p <0.13). DTT and VOICE-ID scores were significantly correlated both across groups (15

=0.55, N =38, p <.001) and within the patient group alone (rs= 0.54, N =19, p <.02),
but were not significantly correlated for comparison subjects (r;=0.25, N =19, p > .3).

For patients, worse WCST performance (increased perseverative errors) predicted worse

VOICE-ID (1, = -0.55, N=17, p < 0.02), but not DTT (r,=-0.23, N = 17, p < 0.34) per-
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formance. Additionally, within patients, medication dosage did not correlate with neuro-

psychological measures (all p’s > 0.22).

3.4.2 Structural correlations

VOICE-ID: As predicted, impaired VOICE-ID performance was significantly
correlated with FA in regions lying between auditory thalamus (MGN) to primary audi-
tory cortex (acoustic radiations, Figure 1A). These regions are known to contain auditory
radiations from MGN to A1 (Figure 1B). In addition to these regions, significant correla-
tion clusters were observed bilaterally along the ventral and dorsal auditory pathway in
temporal and frontal cortex (Figure 3A) Other areas in which correlation clusters were
observed include the corpus callosum (CC) splenium and body, as well as the posterior
commissure (PC) and right cingulum (Figure 3D). Clusters were also observed adjacent
to both left and right amygdala medial-laterally (Figure 4A). Areas of significant correla-
tion also included white matter in Brodmann’s regions 44, 45, 46 and orbitofrontal cortex
(Figures 3A & 3D).

DTT: Also as predicted, the pattern of correlations with DTT closely resembled
the pattern of correlation with VOICE-ID (Figure 3B). Regions of overlap included pri-
mary auditory radiations, dorsal and ventral stream auditory projections (Figure 3A, 3B),
and amygdala (Figure 4A). No correlations, however, were observed in regions 44, 45 or
46, or in orbitofrontal cortex.

WCST: As opposed to DTT and VOICE-ID, no significant correlations of WCST
were observed in regions of the acoustic radiations or along either dorsal or ventral audi-

tory radiations (Figure 3C). Further, there were no significant areas of overlap between
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WCST and VOICE-ID (Figure 3A, 3C). Significant correlation clusters were observed
between WCST perseverative error scores and FA levels in white matter in the regions of
right anterior cingulate gyrus (ACG) (Figure 3F). Even in frontal regions, however, little
overlap was observed between correlation clusters for VOICE-ID and WCST. Finally, in
contrast to VOICE-ID and DTT, no correlations in the vicinity of the amygdala were ob-

served (Figure 4B).

3.4.3 ROI-based analyses

In order to further confirm correlations between impaired DTT and VOICE-ID
performance in patients, mean FA values were extracted for ROIs located within dorsal
and ventral stream auditory regions. In order to assess the relative contributions of group
membership (comparison subjects vs. patients) and FA levels in the dorsal and ventral
streams a multivariate ANCOVA was conducted in which group membership and FA
were entered as covariates, with task performance as the dependent measure (Table 1).
This approach revealed significant effects for both group and FA on DTT performance
(all p’s < 0.05) and significant effects for both FA and group on VOICE-ID performance
across all ROIs (all p’s < 0.05) except for left ventral stream where there was a group ef-
fect, but no significant FA effect (Table 1). There was a tendency toward relatively
greater left sided FA in comparison subjects than in patients (F; 3= 3.2, p = .08), al-

though neither group showed significant laterality (all p’s > .15).
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3.5 DISCUSSION

Deficits in auditory emotion recognition are among the strongest predictors of
poor social outcome in schizophrenia (J. Brekke et al., 2005a), yet neural correlates have
been investigated to only a limited degree. The present study utilizes a combined behav-
ioral, voxelwise, and ROI-based investigation in order to localize areas of potential rele-
vance to impaired prosodic processing. Significant correlations were observed between
prosodic processing deficits and regions (e.g., prefrontal, periamygdalar) that are classi-
cally associated with neurocognitive dysfunction (Phillips, 2003; Phillips et al., 2003).
However, prominent deficits were observed with reduced FA in regions such as primary
auditory radiations and dorsal and ventral auditory streams, suggesting that deficits in
voice emotion recognition arise from sensory-level disturbance in schizophrenia as well.
These findings thus support our prior observations of processing deficits within, rather
than across, sensory modalities (Leitman et al., 2005) and suggest that functional and
structural deficits within early sensory regions contribute to the overall pattern of cogni-
tive dysfunction in schizophrenia.

For the present study, structure/function relationships were assessed using vox-
elwise DTI analysis. As opposed to volumetric approaches targeting gray matter regions,
DTI provides a measure of integrity of white matter tracts in brain, which in turn may
serve as a measure of disconnectivity or dismyelination within specific brain pathways
(K. O. Lim et al., 1999; Shenton et al., 2001). FA reductions in schizophrenia have been
observed across brain regions, consistent with underlying reductions in oligodendrocytic
markers (K. L. Davis et al., 2003). Further, regionally specific correlations have already

been observed for several well-validated tasks (Hoptman et al., 2004; Hoptman et al.,
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2002). Within this study, for example, reduced WCST performance in schizophrenia cor-
related with reduced FA within cingulate fasciculus, consistent with prior investigations
in the field (Kubicki et al., 2003) as well as functional brain imaging studies (Buchsbaum
et al., 2005). In contrast, no significant correlations were observed in auditory regions.
Using the present approach, we (K. Lim et al., 2005) have also previously demonstrated
significant associations between verbal declarative memory, attention and FA in task-
relevant regions attesting to the regional specificity of the current analysis approach.

The primary finding of this study was that reduced performance on the DTT and
VOICE-ID tasks correlated independently with reduced FA in brain regions containing
primary auditory radiations from MGN of thalamus to Heschl’s gyrus (HG) and subse-
quent dorsal and ventral stream auditory projections. Additional areas of commonality
included the genu and splenium of corpus callosum (CC) and middle cingulate gyrus
(CG), consistent with lesion and neuroimaging studies implicating these regions in musi-
cal pitch and affective prosodic processing (Arnott et al., 2004; Blood & Zatorre, 2001;
E. D. Ross et al., 1997). Correlation clusters adjacent laterally to the amygdala were also
observed in both tasks. As such, these findings indicate significant contributions of low-
level auditory processing deficits to higher order failures of neurocognition in schizo-
phrenia.

In addition to areas of commonality, we also observed differences in correlation
patterns between the pitch and prosodic tasks, particularly in frontal cortex. Here, pro-
sodic correlations extended more anteriorly to Brodmann’s areas 44, 45, and 46 —
implicated particularly in speech perception (Arnott et al., 2004) (Figure 2B). Other ar-

eas involved in the affective evaluation of speech such as prefrontal and orbitofrontal cor-
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tex (A Schirmer & Kotz, in press) also showed significant prosody-FA, but not pitch-FA,
correlations (Figures 2B, 3B). The somewhat greater severity of prosodic vs. pitch iden-
tification deficits observed in our patient sample may reflect the greater extent of brain
involvement engaged by the prosodic identification task.

The finding of sensory level correlations in patients with schizophrenia is consis-
tent with well-replicated deficits in auditory processing that have been demonstrated us-
ing both electrophysiological (e.g., (Javitt et al., 1995b)) and behavioral (e.g. E. F. Rabi-
nowicz et al., 2000) approaches. Structural imaging studies of auditory primary cortex
conflict with some studies(Hirayasu et al., 2000), but not all (Kulynych et al., 1996), and
show reduced volume of superior temporal auditory regions studies. However, postmor-
tem changes analogous to those observed in prefrontal cortex have been demonstrated in
auditory cortex as well (Sweet et al., 2004), supporting its involvement in the patho-
physiology of schizophrenia.

Our voxelwise analysis revealed unequivocal shared correlations between both
pitch and prosodic performance and FA levels within auditory processing regions. How-
ever, in our study the ROI-based correlations between prosodic and pitch performance
and FA levels that we observed in patients and across groups was not seen in comparison
subjects alone. The reason for this difference is unclear, and may reflect near ceiling per-
formance observed in some of the comparison subjects. Alternatively, however, it is pos-
sible that for comparison subjects, sensory aspects of prosodic detection may simply not
be rate limiting. Decoding of emotion depends upon a synergistic processing chain that
begins with sensation and ends at evaluation and semantic comprehension (A Schirmer &

Kotz, in press). Physical features of speech, such as voice intensity or degree of pitch
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modulation, are arbitrarily set by society and, it must be presumed, are not meant to be
rate-limiting for the average listener. However, just as the absolute intensity of speech
may become rate-limiting for an individual with an overall hearing impairment, modula-
tion of speech may become rate-limiting for individuals with schizophrenia who show
overall increased threshold for detecting such modulations (March et al., 1999)

The use of a voxelwise FA approach in this study has both specific strengths and
specific limitations. The strength of the approach is that all brain regions had the same a
priori opportunity to correlate with prosodic performance. Thus, the fact that we ob-
served a specific pattern of correlation involving sensory, frontal and limbic regions is
not an artifact of our a priori hypotheses. Sensory contributions to cognitive dysfunction
in schizophrenia may be missed in ROI-based studies because few investigators entertain
a priori sensory-based hypotheses. The study was protected against type I error using
well-established significance thresholds (Baudewig et al., 2003; Hoptman et al., 2004; K.
Lim et al., 2005) Nevertheless, these findings should be confirmed in an independent co-
hort using both voxelwise and ROI-based analyses. Another limitation of this study is
that all subjects were receiving antipsychotic medication at the time of testing. However,
no correlation was observed between medication dose and either behavioral performance
or FA levels. Further, the primary findings in this study were observed within, rather than
across, patient groups, making a primary treatment effect unlikely.

In summary, patients with schizophrenia show severe deficits in the ability to
process pitch and the ability to decode emotion based upon vocal intonation. The present
findings suggest that both deficits may reflect failures in auditory processing starting at

the most basic levels of auditory cortical processing.
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3.6 TABLES AND FIGURES

Table 1: Multivariate Analysis of Musical Pitch (DTT) and Affective Prosody (VOICE-
ID) Performance Co-Varying for Group and FA Levels Within Dorsal and Ventral Audi-

tory Streams

Right Ventral Stream FA DTT 1,37 | 11.9 0.001
(x=36, y=-21, z=-7") VOICE-ID 137 | 146| 0.001
GROUP DTT 1,37 11.9 0.02

VOICE-ID 1,37 423 <0.0001

Right Dorsal Stream FA DTT 137 62 0.02
(x=44, y=-4, z=15") VOICE-ID 137 | 49 0.03
GROUP DTT 137 77 0.01

VOICE-ID 1,37 | 28.6| <0.001

Left Ventral Stream FA DTT 1,37 7.9 0.01
(x=36, y=-21, z=-7") VOICE-ID 137 | 4.1 0.051
GROUP DTT 137 6.7 0.01

VOICE-ID 1,37 | 264 <0.0001

Left Dorsal Stream FA DTT 1,37 7.4 0.01
(x=-47, y=-11, z=19") VOICE-ID 137 12 0.28
GROUP DTT 137 40 | 0053

VOICE-ID 137 | 217 | <0.0001

'Talairarch (Talairach, 1988) coordinates of ROI Locations for Between-Groups Analysis
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Figure 1 (A-O):

(A) Fractional anisotropy (FA) map at the level of medial geniculate nucleus
(MGN) and primary auditory cortex (Heschl’s gyrus, HG). Medial-lateral fibers are
shown in red, superior-inferior in blue and anterior posterior in green. Inset: Magnified
view showing acoustic radiations (*), which project superolaterally from MGN to HG.

(B) View of fiber pathways at the level of ventral stream. Inset: Magnified view
showing medial lateral (red*) radiations to Broca’s area branching off of the superior ar-
cuate fibers (green).

(C) Three-dimensional voxelwise correlation map for VOICE-ID performance.
Inset, within-patient scatter plot and correlation values between FA levels from auditory
radiations and VOICE-ID performance.

Figure 2: Behavioral task performance between groups: ' Distorted Tunes Task. > Voice

Emotion Identification. Effect sizes (d) for DTT and VOICE-ID were 1.2 and 1.6 sd

units, respectively. Dashed lines through bars represent chance performance levels.
*p<0.01, ** p <0.001

Figure 3 (A-F): Voxelwise correlation maps for dorsal (blue) and ventral (green) audi-

tory pathways for (A) Voice Emotion Identification (VOICE-ID), (B) Distorted Tunes
Test (DTT) and (C) Wisconsin Card Sorting Test (WCST). (D-F) Voxelwise correlation
maps for cingulate fasciculus (pink).

Figure 4 (A, B): Voxelwise correlations maps for (A) DTT/VOICE-ID and (B) WCST at

the level of amygdala. Arrows indicate periamygdala correlations.
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Figure 1 (A-C)

A. Auditory radiations B. Auditory radiations
at the level of MGN at the level of A1

Primary colors represent
differant tensor directions

= medial-lateral (x)
= guperior inferior (v)
L-reen =anterior posterior (Z)

C. Voxelwise Task x FA correlations

0.7

r=0.74, p <0.0001
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Figure 3 (A-F)
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4.0 STUDY I

Non-Affective Prosodic Deficits in Schizophrenia and Their

Relationship to Sensorial Disturbance

80
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4.1 ABSTRACT

Background: Patients with schizophrenia show deficits in the ability to decode emotion
based upon vocal intonation (affective prosody), leading to reduced social competence.
Whether or not such deficits are limited to affective communication, however, has not

been comprehensively explored.

Methods: Non-affective prosody was evaluated in 24 schizophrenia patients and 17
comparison subjects, relative to deficits in affective prosody and basic perceptual per-

formance.

Results: Large effect size deficits (d > 1.0 sd’s) were found across all prosodic measures.
Within patients, poor performance on both affective and non-affective measures signifi-

cantly correlated with pitch perception.

Conclusions: Schizophrenia patients show deficits in non-affective, as well as affective
prosody, with both forms of prosodic deficit relating to underlying deficits in perceptual
processing. The pattern of deficits suggests left-, as well as right-, hemispheric prosodic

dysfunction.
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4.2 INTRODUCTION

Poor social communication has long been considered one of the hallmarks of
schizophrenia (Bleuler, German-1911: Trans-1950), yet its etiology has remained ob-
scure. A key element in social communication is the ability to decode emotion based
upon vocal intonation, a process termed affective prosody. Deficits in affective prosodic
performance were first demonstrated in schizophrenia over nine decades ago. Since that
time, such deficits have been shown to contribute directly to impaired social competence
(J. Brekke et al., 2005a) and to stem, at least in part, from underlying impairments in ba-
sic perceptual processing (Leitman et al., 2005). In addition to conveying emotion, vocal
intonation is also used to denote whether a sentence is a question or a statement (inter-
rogative/declarative, and even which element of a sentence is of primary interest (“‘stress”
prosody). Despite the long-standing interest in affective prosody in schizophrenia, the
degree to which prosodic deficits extend even to non-affective aspects of communication
(like declarative/interrogative intent) has not been previously evaluated.

Here our objectives were threefold: First, to assess whether schizophrenia patients
have significant non-affective receptive prosodic deficits; second, to determine the degree
to which such deficits correlate with impairments in pitch or executive processing; and
third, to compare the magnitudes of deficits observed in non-affective prosody with those
of affective prosody. To this end, we compared between-groups performance on non-
affective prosodic tasks that have been used in lesion studies (Weintraub et al., 1981)
with affective prosody tasks used previously in schizophrenia (Kerr & Neale, 1993). In-
terrelationships between measures were assessed using correlational and principal com-

ponent (PCA) analyses.
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4.3 METHODS

4.3.1 Participants

Seventeen healthy volunteers (3 females; age = 32.5 + 10.6; verbal IQ = 109.7 +
10.4) who were staff or had responded to local advertisement and twenty-four chronically
ill (illness duration = 18.8 + 8.4 years) patients (3 females; age = 37.8 + 10.2; verbal IQ =
94.1 £ 7.5) meeting DSM-1V criteria for either schizophrenia (N = 21) or schizoaffective
disorder (N = 3) and receiving both typical and/or atypical antipsychotic medications
(CPZ equivalent dose = 1373 £ 829 mg) took part in this study. Trained clinicians con-
ducted screening, diagnoses, clinical assessment, and symptom ratings (BPRS total score
=137.9 £9.5), with diagnosis based on the Structured Clinical Interview (SCID) for the
DSM-1V, and chart review.

The procedures conducted were under local Institutional Review Board supervi-
sion. All subjects had the procedure explained to them verbally before giving their writ-
ten informed consent. All subjects spoke English as their first language and were right

handed.

4.3.2 Materials

Non-affective prosody was assessed using Weintraub’s Sentence Discrimination
(SD) and Semantic Comprehension Tasks (SC) (Weintraub et al., 1981): Twenty-five
pairs of semantically neutral sentences, such as “Jack climbed the mountain”, were re-
peated after a brief delay. Seventeen of the pairs differed due to either stress (where

stressed emphasis shifted between the subject and object of the sentence) or declara-
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tive/interrogative differences. Eight pairs were identical. Subjects were asked whether the
sentences were said in a same or different manner. Score reflected percent correct. Addi-
tionally, scores were broken down into percent correct for stress and declara-
tive/interrogative distinctions.

The SC task consisted solely of sixteen utterances, expressing either declarative
(eight utterances) or interrogative (eight utterances) intent. Subjects were asked whether
the speaker posed a question or a statement. Score reflected percent correct.

Affective prosody was assessed using the Voice Emotion Identification (VOICE-
ID) and Discrimination (VOICE-DIS) tasks (Kerr & Neale, 1993). The Distorted tunes
task (DTT) total correct score (Drayna et al., 2001) and the Wisconsin Card Sort Task
(WCST) perseverative error rate were used as comparison measures of sensory and ex-
ecutive contributions, respectively.

All auditory tasks required forced choice response and were presented on a CD
player in a sound-attenuated room. Due to constraints on subject availability, all measures

were not collected on all subjects.

4.3.3 Statistical Analyses

Between-groups effects across all auditory measures were assessed using
MANOVA, with post hoc contrasts for specific measures (t tests). Non-parametric signal
detection measures of sensitivity used A" after Snodgrass & Corwin (Snodgrass, 1988
#24), and bias B™" after Grier (Grier, 1971).

Correlations between non-affective and affective prosody, as well as pitch percep-

tion, were calculated within the patient group only, using Pearson’s correlation coeffi-
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cient (r) with Bonferroni corrections for multiple comparisons. In terms of PCA, factor
selection and rotation were conducted on eigenvalues > 1 (see (Leitman et al., 2005)).
Given that a prior study (Murphy & Cutting, 1990) has suggested that IQ may in-
fluence non-affective prosodic performance, post hoc assessments of the independence
of prosodic deficits from premorbid IQ differences between groups were examined using
a MANCOVA for all prosodic measures with group and IQ as fixed and covarying fac-
tors respectively. All statistical tests were two-tailed, with a < 0.05, and computed in

JMP software (SAS Institute Inc. Cary, NC, USA).

4.4 RESULTS

Patients performed significantly worse than controls across all prosodic measures
(Table 1) with no significant group x task interaction (p >.5). On the SD task, patients
showed significant decrements in performance on interrogative/declarative items, as well
as stress items (all p’s <.01).

Within non-affective prosody measures, patients were significantly less sensitive
(A") on both SD (0.86 + 0.19 vs. 0.98 + 0.32) and SC tasks (0.83 + 0.17 vs. 0.98 + 0.03)
in detecting differing prosody or interrogative intent respectively (p <.001). However,
there were no significant differences in terms of bias (B'") in the SD task (0.54 = 0.14 vs.
0.68 £0.11) (p>.5) or in the SC task (0.37 = 0.60 vs. 0.72 + 0.67) (p > .08).

A correlation matrix between all neuropsychological measures revealed signifi-
cant inter-measure correlations: Both non-affective prosody measures significantly corre-
lated with their affective counterparts [SC x VOICE-ID (r =0.63, N =24, p <.001), SD x

VOICE-DIS (r =0.61, N =21, p <.003)]. A similar pattern was seen in correlations with
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pitch perception (SC x DTT: r = 0.43, N = 24, p <.03), although with the SD task, sig-
nificance was only at trend (SD x DTT: r = 0.39, N = 24, p <.058). Further, analysis of
the “stress” subset of the SD task found a significant correlation with VOICE-DIS (r =
0.53, N=24,p<.01) but not DTT (r = 0.18, N = 24, p > .4). All correlations remained
significant after Bonferroni correction except the SC x DTT comparison, which was at
trend.

An examination of the interrelationship between prosody measures, pitch percep-
tion and executive processing using PCA (Figure 1A) yielded only two criteria-meeting
components, which, when rotated, revealed that DTT and SD loaded exclusively onto the
first component (0.77 and 0.82, respectively) and WCST onto the second (0.95). SC
however, loaded significantly on both components (component 1 = 0.59, component 2 =
0.61). Correlations between VOICE-ID and SC were highly significant (Figure 1B). Fi-
nally, patient performance on non-affective prosody measures did not significantly corre-
late with illness duration or medication dosage (all p’s > .2). Further, a post hoc MAN-
COVA for all prosody measures, covarying for both group membership and 1Q, revealed
a significant main effect (all p’s <.01) for all measures with no significant effect for IQ
(all p’s > 2), but significant effects for group on SC and VOICE-ID but not SD perform-

ance (all p’s <.04).
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4.5 DISCUSSION

The primary finding of this study is that patients have significantly reduced sensi-
tivity to non-affective, as well as affective, prosodic distinctions in speech. Specifically,
patients have substantial detriments in semantic intent (interrogative/declarative), as well
as stress pattern perception. These deficits are significantly interrelated with deficits in
affective prosodic performance as well as pitch perception, but are distinct from the vari-
ance attributable to executive processing as reflected in WCST (Figure 1). The deficit,
moreover, is independent of verbal IQ, and unrelated to either medication dosage or ill-
ness duration; supporting our a priori hypothesis that prosodic dysfunction in the illness
has significant sensory, as well as cognitive antecedents. Finally, deficits in non-affective
prosodic performance were of similar magnitude to deficits in prosodic domains (all d’s >
1.0), although not as large as those reported in sarcasm perception in a similar population
(Leitman et al., 2006).

The present study does not include specific measures of real-world interaction in
patients. However, it can be inferred that the inability to correctly interpret whether the
subject or object of a sentence is the focus of stress, or whether an utterance is a state-
ment or question, must interfere with everyday communication and contribute to poor
social communication skills in schizophrenia. Additionally, while “stress” prosody has
been evaluated previously with conflicting results (Murphy & Cutting, 1990; E.D. Ross
et al., 2001b), this study is the first to evaluate semantic prosody in schizophrenia. The
present study suggests interrelated deficits in semantic and stress cues commonly used in

everyday interaction.
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The present findings are also significant on a neurological level, as schizophrenia
aprosodia has generally been attributed to right hemisphere dysfunction (J. C. Borod et
al., 1990; E.D. Ross et al., 2001b). As opposed to affective prosody, non-affective pros-
ody is subserved primarily by the left hemisphere (E.D. Ross et al., 2001b), thus suggest-
ing a generalized, bihemispheric pattern of prosodic disturbance in schizophrenia.

In conclusion, this study indicates that patients have substantially impaired non-
affective, as well as affective prosody, suggesting that schizophrenia aprosodia, rather
than being a proxy of impaired affect appraisal, reflects a more general social communi-
catory disturbance. This contention has both etiological, as well as real world clinical im-

plications.
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4.7 TABLES AND FIGURES

Table 1: Performance (% correct) on Indicated Tasks for Schizophrenia (N = 24) and Healthy

Comparison Subjects (N = 17)

Measurel Schizophrenia ~ Comparison . Effect size
(Mean/SD)  ( Mean/SD) (d)
Non-affective prosody
Sentence discrimination 79.8+20.6 98.1+2.5 1.4
(SD) 3.8%%*
+ +
3D _ stress subfactor 79.1£26.5 99.542.0 — 1.1
Semantic comprehension 799416.3 96.345.9 1.4
(SO) 3 g
(interrogative/declarative) '
Affective prosody
Voice emotion identifica- 41.3x14.7 64.1£13.5 -5.0%* 1.6
tion (VOICE-ID)
Voice emotion discrimi- 70.0+13.8 84.9+5.3 -4.0%* 1.4
nation (VOICE-DIS)
Perceptual processing
Distorted tunes task
88.7£17.1 69.7£19.0 3.1* 1.1
(DTT)

! (Between-group MANOVA across measures: Fs 31 =46.6, p <.0001)
*p <.04, ** p <.001,*** Significant using Man-Whityey non-parametrice tests p <.001
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Figure 1: PCA on Correlations Between Pitch Perception and Non-Affective prosody

performance.

Caption:

A: Schematic diagram of interrelationship between non-affective prosody measures,
pitch perception and executive processing. Values inside circles represent factor rota-
tion, while values outside circles represent Pearson correlation coefficients between in-
dicated measures. *p <.05. SD and DTT rely exclusively on component 1 (sensory
processing), WCST relies exclusively on component 2 (executive processing) and SC

relies on both components.

B: Semantic comprehension (SC) by affective prosody (VOICE-ID).
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5.0 STUDY IV

Theory of Mind (ToM) and Counterfactuality Deficits in Schizophrenia:

Misperception or Misinterpretation?
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5.1 ABSTRACT

Background: Theory of Mind (ToM) refers to the ability to infer another person’s men-
tal state based upon interactional information. ToM deficits have been suggested to un-
derlie critical aspects of social interaction failure in disorders such as autism and schizo-
phrenia, although developing paradigms for demonstration of 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.
Sarcasm detection ability has not previously been studied in schizophrenia, although pa-
tients have been shown to have deficits in the ability to decode emotional information

from speech (“affective prosody™).

Method: Twenty-two schizophrenia patients and seventeen 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 the ability to detect sarcasm (d = 2.2), showing both decreased sensitivity (A")
in detection of sincerity vs. sarcasm and an increased bias (B*") toward sincerity. Correla-
tions across groups revealed significant relationships between impairments in sarcasm

recognition, affective prosody and basic pitch perception.
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Conclusions: These findings demonstrate substantial deficits in ability to infer an inter-
nal 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.
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5.2 INTRODUCTION

Cardinal to schizophrenia psychopathology is communicatory disturbance
(Mitchell & Crow, 2005). This disturbance is multifaceted and can take the form of lan-
guage disorganization as well as difficulty in decoding affect based upon either visual
(i.e., facial), or auditory input. C.D. 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 an-
other’s internal mental state based upon behavioral interaction. In Frith’s (1992) concep-
tualization, ToM-based impairments stem from a confabulation between one’s subjective
cognitive representations of reality and objective reality. Thus leading to false beliefs,
delusions, and, within social interaction the negation of communicatory, cues vital for
attitudinal and/or affective signals (C.D. Frith, 1992). Others see ToM deficits as reflect-
ing more general impairment of core executive functioning ability and negative symp-
toms (Hardy-Bayle et al., 1994), although such deficits typically remain significant even
when controlling for such factors (Langdon et al., 2002). ToM has become an important
focus of current research as it provides a conceptual framework for unification of other-
wise diverse elements of the schizophrenia symptomatology.

Classical methods for testing ToM involve the use of scenarios, either in the form
of short stories, or graphically, through sequential picture sets in which social situations,
jokes or ironic intent are conveyed. In these tasks, patients’ comprehensions of the sce-
nario, as well as 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 (Pilowsky et al., 2000) and adult-onset schizophrenia (Mazza et al., 2001) (see
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review (Brune, 2005b)), although the statistical magnitude of such deficits is frequently
limited by the complexity of the tasks involved.

Current research in social cognitive processing 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 pre-
sented via cartoons, correlated with global social functioning. However, Brune (Brune,
2005a) found that ToM defects were a predictor of social behavioral abnormalities using
the social behavioral scale (Wykes, 1986). Similarly, a retrospective study found that
ToM dysfunction in patients has also been associated with poor childhood socialization
(Schenkel et al., 2005). These studies suggest that ToM processes may significantly me-
diate social cognition and ability within schizophrenia, and that the failure to develop
ToM during childhood may significantly impair outcome in later life.

More recently, there has been increased interest in attitudinal communication in
speech as a more “real life” measure of ToM ability (Channon et al., 2005; McDonald,
1999; Shamay-Tsoory et al., 2005), especially communication of sarcastic vs. literal in-
tent. 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 pri-
mary 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”.
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Sarcasm can be distinguished from “irony” and general pragmatics, in that it
communicates criticism, often of a particular target, and its prosody also conveys atti-
tudes such as scorn or contempt (Jorgensen, 1996). The comprehension of sarcasm has
been directly related to mentalizing ability (Winner & Leekam, 1991), in that comprehen-
sion 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. have shown that sarcasm comprehension ability correlates strongly with non-linguistic
ToM tasks when presented as written dialogue within a social scenario (Channon et al.,

2005).
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While sarcasm perception deficits have not previously been studied in schizo-
phrenia, patients have been shown to have significant difficulty in decoding other intro-
ceptive information, such as affect, from vocal intonation (prosody) (Kee et al., 2003;
Kerr & Neale, 1993; E.D. Ross et al., 2001b). Given these findings, the present study in-
vestigates the degree to which patients with schizophrenia can infer counterfactuality of
communication. Both affective prosody and sarcasm perception are thought to depend
upon right hemisphere functioning (Kaplan et al., 1990; Mitchell & Crow, 2005; Ozonoff
& Miller, 1996; Shamay-Tsoory et al., 2005), with lesions studies suggesting that right
prefrontal cortex (rPFC) integrates affective sensory information crucial for sarcasm per-
ception (Shamay-Tsoory et al., 2005). Similarly, ToM function has been linked to medial
PFC, the superior temporal sulcus and the temporo-parietal junction (Apperly et al.,
2004; C. D. Frith & Frith, 1999). These findings provide a potential neuroanatomical un-
derpinning for the present results.

In prior studies, we have also demonstrated that affective dysprosodia in patients
correlates with deficits in basic pitch perception, such as the ability to match tones fol-
lowing a brief delay, suggesting significant “bottom-up” contributions to higher order
dysfunction (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 performance, suggesting that misperception may contribute sig-

nificantly to ToM deficits in schizophrenia.
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5.3 METHODS

5.3.1 Participants

Twenty-two patients, meeting DSM-1V criteria for either schizophrenia or
schizoaffective disorder, took part in this study (Table 1). Our patient sample was com-
prised of both inpatients (N = 15) and outpatients (N = 7). All patients were receiving an-
tipsychotics (conventional or atypical) with a mean CPZ dose of 1461 + 657 mg. Clinical
assessment using the Brief Psychiatric Rating Scale (BPRS) (Overall & Gorham, 1961)
and the Scale for the Assessment of Negative Symptoms (SANS) (N.C. Andreasen,
1984), indicated that our patients are severely ill (see Table 1). Both diagnoses and
symptom ratings were conducted by trained clinicians, with diagnosis based on the Struc-
tured Clinical Interview for DSM-IV (SCID) and chart review (First et al., 1997).

The control group consisted of seventeen 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 ver-
bally before signing informed consent and all subjects spoke English as their primary

language.

5.3.2 Stimuli

Sarcasm perception was assessed using the attitudinal subtest of the Aprosodia
Battery (APT) (Orbelo et al., 2005). This battery consists of ten semantically neutral sen-
tences 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 twenty distinct utterances. These utter-
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ances were repeated twice for a total forty stimuli. The stimuli were then randomly
played via CD player in a sound attenuated room at a conversational hearing level. Sub-
jects were instructed to answer after each sentence whether the speaker was being sincere
or sarcastic. If subjects were confused by the instructions, further elaborations of the task
instructions, using more commonplace synonyms was provided. Subjects score reflected
the percent correct (Orbelo et al., 2005). Additionally, scores were divided into the per-
cent correct of sincere and sarcastic items.

Thus far, the APT has been used to assess attitudinal prosody in geriatric popula-
tions and is also currently used (Orbelo et al., 2005) in neurological investigations of in-
dividuals with brain damage. In these studies, patient groups tend to perform worse than
comparison subjects on both affective prosody as well as 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, Figure 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 (VOICE-ID) (Kerr & Neale, 1993). This test consists of 21 sentences of neutral
content on audiotape. The sentences are spoken by male and female speakers, conveying
one of six different emotions (happiness, anger, fear, sadness, surprise, or shame). Par-
ticipants in a forced choice manner chose 1 of the 6 emotions for identification. Perform-

ance is calculated based upon the percentage of correctly identified sentences.
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Sensory processing was assessed using two tasks: Pure tone matching threshold
was obtained using the Tone Matching Task (TMT) (Leitman et al., 2005; E. F. Rabi-
nowicz et al., 2000). This task uses an adaptive “up-down” transfer staircase method.
Three rotating base frequencies of 5000, 1000 and 2000 hertz were used, with tone dura-
tion set at 100 milliseconds and an inter-stimulus interval between tones of 300 millisec-
onds. Threshold was assessed as the minimum reliable distinguishable difference be-
tween tones. Additionally, the Distorted Tunes Task (DTT) (Drayna et al., 2001), a task
which has previously shown genetic contributions to pitch perception was used. This task
consists of twenty 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 was familiar or not. Patient score reflects the percent-
age of correctly categorized melodies.

Verbal (premorbid) IQ was collected using the quick IQ test (Ammons & Am-
mons, 1962). Due to constraints on patient availability, not all measures were collected
on all patients. VOICE-ID and TMT scores have been published previously (Leitman et

al., 2005).

5.3.3 Statistical Analysis

Between-group comparisons of sarcasm perception were assessed using an inde-
pendent sample t-test and effect size calculation and conventions followed that of Cohen
with a d value of 0.2, 0.5 and 0.8 reflecting the cutoffs for small medium and large effect

sizes (Cohen, 1988). Additionally non-parametric signal detection measures of sensitivity
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using A" after Snodgrass and Corwin (Snodgrass & Corwin, 1988):

A=05+ (y—x)(1+y—x) when y > x, or 0.5+ (X—y)(1+x—y) when y < x.
4y(1-x) 4x(1-y)

and bias B'" using Grier’s calculation (Grier, 1971):

oo [YU=y)-x-x)) X))
B_{V(l—y)+(1—><)} e {X(l—x)+(l—y)} heny=x

Where x is the probability of a falsely identifying a sincere item as sarcastic (False
Alarms), and y is the probability of a correctly identifying a sarcastic utterance (hits) and
hit >FA.

ANCOVA was used to assess the independence of attitudinal performance for
factors of group membership IQ and gender. Logistic regression analysis was used to as-
sess the significance and degree of between-group separation using our combined behav-
ioral measures. In this way, we hoped to illustrate the degree of group differentiation pos-
sible, based on task performance. Correlation analysis of attitudinal perception, prosody
and pitch measures was conducted across groups using Pearson correlation coefficient (r).
Correlation analyses of behavioral measures were collected within the patient group us-
ing Pearson correlation coefficient (r) and Bonferroni correction for multiple compari-
sons.

Post hoc analysis examined correlations between symptom ratings and attitudinal
prosody. For the BPRS and SANS ratings correlation analysis, we used global scores of

subscales and total scores. All tests were two-tailed with Type I error < 0.05, and statis-
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tics were computed in JMP (SAS) software (2001).

5.4 RESULTS

5.4.1 Between-Group Analyses

As predicted, patients showed extremely robust deficits in their ability to perceive
sarcasm, which was reflected in total score (t37;=-6.72, p <.0001), as well as percent
correct of sarcastic items (t37=-5.22, p <.0001) recognized and percent correct of sin-
cere items (t37=-3.61, p <.0001) (Table 2). Nevertheless, performance was significantly
above chance, indicating ability to understand general task demands (Figure 1). Signifi-
cant, but smaller effect size differences between patients and controls for VOICE-ID (t 3
=-4.12,p <.0003), TMT (t30=3.32, p<.002) and DTT (t,9=-2.97, p <.006) were also
found. Using logistic regression, a metric combining attitudinal prosodic performance
and TMT threshold correctly identified 21/22 (95.4%) individuals with schizophrenia, as
well as 11/12 (91.7%) controls for whom full data were available.

In order to further analyze the basis for the deficit, signal detection measures were
computed for both sensitivity (A") and bias (B"). Patients were significantly less sensi-
tive than controls in detecting sarcasm (t37=5.14, p <.001). Further, patients showed
significantly greater bias than controls toward identifying statements as being sincere
even when they were not (t37=-2.45, p <.02). An ANCOVA of attitudinal perception
ability controlling for factors of group and IQ and gender revealed that patients sarcasm
deficits were significant overall (F; 3= 16.49, p <.0001), but that there was a significant
1Q effect after controlling for gender differences between groups (F; 25 = 4.36, p = .046)

however, there was no effect of gender (F; 3= 0. 35, p <.56) (Figure 2).
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5.4.2 Correlational Analysis

Poor performance on the APT (sarcasm) was significantly correlated with ele-
vated tone matching thresholds (r =-0.39, df =27, p <.04), DTT performance (r = 0.40,
df =26, p <.05) and poor affective prosodic performance (r = 0.55, df = 27, p <.003)
across groups (Figure 3). Similar patterns of correlation were observed for A* [TMT (r =
-0.38, df =27 p<.04), DTT (r = 0.43, df = 26, p < .02), VOICE-ID (r = 0.56, df =27, p <
.002)], but not B*". No correlations were found within either group individually (all p’s >
0.2). Of the across groups correlations, only the correlations between attitudinal percep-
tion and sensitivity (A") and affective prosody remained significant following Bonferroni
correction

Finally, sarcasm perception scores did not correlate with medication (CPZ equiva-
lent) dosage or with positive or negative symptoms, as measured by the total BPRS and
SANS scores, respectively (all p’s > .1). However, there was a significant correlation be-

tween sarcasm perception and the SANS avolition factor (r = -0.44, df = 21, p <.03).
5.5 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 sd units) was larger than that of affective prosodic deficits observed by ourselves
(Leitman et al., 2005) and others (Kerr & Neale, 1993; E.D. Ross et al., 2001b), and lar-
ger than the “general” deficit of approximately 1.5 sd observed across cognitive domains
in schizophrenia (Bilder et al., 1991; Saykin et al., 1991). Based upon signal detection

analyses, this deficit consists of two components—a marked insensitivity to whether
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statements are sarcastic or sincere (d = 1.9, p <.001), and a less pronounced bias toward
accepting statements as sincere even when they were not (d = 0.8, p <.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 1Q did significantly predict better sarcasm perception scores. Thus, our results are
somewhat consistent 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. Further, within
patients, there were no significant correlations between sarcasm performance and medi-
cation dose, suggesting that sarcasm perception is unrelated to antipsychotic treatment.

A significant correlation was observed between 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 (Figure 2) reveals that pa-
tient and control performance tended to lie along a continua with control performance
markedly better than patients on both measures. This finding is consistent with neuropsy-
chological observations which suggest that emotion perception may mediate one’s ability
to infer counterfactual intent upon which sarcasm comprehension 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. Fur-
thermore, correlations between our measures of pitch and affective prosody were only

significant across groups. Future research must assess whether sarcasm perception im-
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pairment is detectable in recent onset and prodromal schizophrenia 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 right prefrontal cortex (rPFC) dysfunc-
tion, based upon both evaluation of brain lesion (Shamay-Tsoory et al., 2005) and func-
tional imaging (Vollm et al., 2006) approaches. Alternatively, more general right hemi-
sphere (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 upon the ability to perceive the relevant
intonational cues that communicate counterfactuality. Support for all three possibilities
can be found within the body of prior schizophrenia literature, suggesting that the sever-
ity 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 sup-
portive of several recent theories proposing that RH dysfunction plays a central role in
schizophrenia (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. This was similar to that observed in the present study, although signal-
detection measures such as sensitivity (A") and bias (B'") were not reported. Disturbances
in RH function would be expected to give rise to the disturbances in both verbal (Leitman
et al., 2005; E.D. Ross et al., 2001b) and facial affect recognition (J. C. Borod et al.,
1993; David & Cutting, 1990; Heimberg et al., 1992) that have been reported in schizo-

phrenia. Indeed, behavioral studies in schizophrenia (Brune, 2005a), as well as fMRI re-



108

sults (Vollm et al., 2006), suggest substantial overlap between general affective cortical
networks and specific ToM processing brain regions (Vollm et al., 2006).

Lastly, over recent years, deficits in basic auditory and visual processing have
been extensively documented using both behavioral and neurophysiological paradigms.
Patients with schizophrenia show significant deficits in ability to detect even substantial
changes in pitch, as measured using both tone matching (E. F. Rabinowicz et al., 2000)
and mismatch negativity (MMN) paradigms, (Javitt et al., 1995b). Within the visual sys-
tem, patients show significant impairments in functioning of the magnocellular visual
pathways, which is critical for decoding low contrast, low spatial frequency (P. D. Butler
et al., 2001) and motion information (Kim et al., 2005). Deficits in auditory processing
have been shown previously to contribute significantly in a “bottom-up” fashion to im-
pairments in affective identification (Leitman et al., 2005).

In the present study, a similar relationship between pitch perception, affective
prosody and sarcasm performance is observed, suggesting a substantial “bottom-up” con-
tribution. Interestingly, a similar relationship has been observed within the visual system,
such that impairment in motion detection ability predicts impaired ability to decode ToM
information from visually presented (“eyes test”) stimuli (Kelemen et al., 2005). More
generally, in mentalizing experiments testing empathy, individuals with greater sensitiv-
ity 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.
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Finally, the correlations between patient clinical ratings of negative symptom sub-
scales like “avolition” and our ToM measure replicate prior ToM schizophrenia findings
and further underscore the theoretical implications for the role of affect in ToM process-
ing mentioned above. Furthermore, prior research has shown strong correlations 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 sar-
casm 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 communication is a precondition
for working and living well with others. In this case, inability to recognize sarcasm may
particularly lead individuals to feel like they have been misled following a counterfactual
communication, rather than just belittled. The connotation of different inflections, such as
those used to communicate emotional or attitudinal prosody, are not innate and must be
learned during childhood and adolescence. To the extent that sensory dysfunction inter-
feres 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 under-
scores practical issues in clinical communication. Although use of sarcasm is never rec-
ommended in clinical communication, it is nevertheless a common feature of societal in-
teraction. The present findings, more so than other ToM studies in schizophrenia, under-
score the great difficulty that patients have in decoding counterfactual intent, and in addi-

tion, demonstrate a bias toward trust that may, in itself, contribute significantly to poor
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social functioning in schizophrenia. Caregivers in general, however, may be unaware of
the profundity of such deficits, given the ease with which most unaffected individuals
detect sarcasm. The present findings thus not only weigh against use of intonation to
convey counterfactuality of information during therapeutic communications in patients
with schizophrenia, but also suggest that deficits in this real world ability should be ap-
preciated by family members and other caregivers in order to minimize potential mis-

communications that may lead to adverse outcomes in schizophrenia.
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5.7 TABLES AND FIGURES

Table 1. Demographic and clinical character-
istics of healthy control and patient populations
(values are mean+s.p.)

Demographic/clinical Control Schizophrenia
criteria (n=17) (n=22)
Age (years) 34-81+8-9 37.5+11-2
Gender (M/F) 9/8 20/2
Verbal IQ 111-:5+104 96-0+10-7
[llness duration N.A. 11-4+2-3
BPRS total scores N.A 43-64+ 109
SANS total scores N.A 31-2+9-1
SANS SS: affective flattening N.A 2:0+09
SANS SS: ALOGIA N.A 1-6+0-9
SANS SS: avolition-apathy N.A 2:-14+0-7
SANS SS: anhedonia-asociality N.A 2:44+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.
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Table 2. Summary of control and patient
[)(?F:f()f'fﬂ[ﬁ?(f@

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

Sarcasm Schizophrenia 22 656 12-2 22
Control 17 889 85

Sarcasm-A"  Schizophrenia 22 0-73 0-05 19
Control 17 0-94 0-48

Sarcasm-B"  Schizophrenia 22 0-35 0-39 0-8
Control 17 0-68 0-45

VOICEID Schizophrenia 21 483 16-8 1-6
Control 9 714 10-4

TMT Schizophrenia 21 1-01 0-57 1-3
Control 9 0-41 0-28

DTT Schizophrenia 20 747 17-2 1-2
Control g8 927 8-0

VOICEID, Voice Emotion Identification Test (Kerr & Neale,
1993): TMT, Tone Matching Threshold (Leitman er al. 2005); DTT,
Distorted Tunes Test (Drayna er al. 2001).
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FiG. 2.  Gender effects on (a) sarcasm perception and (h) IQ score.
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6.0 GENERAL DISCUSSION
6.1 Main Findings

This thesis examined the nature of prosodic deficits in schizophrenia. The goal
was to examine the relationship between receptive dysprosodia, and sensory, as well as,
cognitive disturbance. We then asked whether prosodic dysfunction and sensory distur-
bance had shared neural correlates. Our findings in this study suggest that affective pro-
sodic dysfunction stems, at least in part, from dysfunction in auditory pathway neurocir-
cuitry. We then examined the parameters of respective dysprosodia in the illness. In par-
ticular, we sought to relate affective dysprosodia to the perception of counterfactual in-
tent in sarcasm. We also hoped to demonstrate that dysprosodia in schizophrenia extends
to non-affective prosodic communication, such as indicating interrogative or declarative
intent, or pragmatics like stressing the subject or object within a statement.

The results of these four studies indicate large effect size deficits in chronic pa-
tients across all domains of prosodic communication. The most severe deficits were
found in the communication of sarcasm (2.2 sd), followed by affective prosodic deficits
(1.6-1.8 sd) and lastly non-affective prosodic deficits (1.1 sd). These effect size differ-
ences across prosodic domains could stem from the degree of cognitive complexity
and/or the extent of the neural systems involved in the evaluation of these differing pro-
sodic forms. For example, sarcasm perception, which is thought to rely, in part, on ToM
ability (McDonald, 1999) and medial inferior frontal functioning (Shamay-Tsoory et al.,
2005), can be thought of as being more cognitively intense and/or involving more exten-

sive neural resources, than say, distinguishing questions from statements.
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Alternatively, a reductionist perspective would suggest that differential perform-
ance across prosodic domains might stem from the acoustical analysis demands present in
the stimuli themselves. As the spectrographic aanalysis illustrates, declarative-
interrogative distinctions rely on a relatively isolated change in pitch rise at the end of the
speech token. Acoustical analysis of affective prosodic distinctions are much more com-
plex, relying on a constellation of changes in pitch, voice intensity, speech rate and high
frequency energy (Juslin & Laukka, 2001; Scherer, 1986). This is true for sarcastic—
sincere prosodic distinctions as well. These two explanations of cognitive processing load
or acoustical analysis complexity are likely two sides of the same coin, in that the nature

of the acoustic signal drives the recruitments of greater neuronal systems and arrays.

6.2 Study Limitations, Methodological Issues and Future Approaches

The limitations of these studies fall into two categories. The first concern is the
population studied and our ability to generalize to the schizophrenia population as a
whole. This is a serious concern; our patients were chronically ill, on heavy does of an-
tipsychotic medication and predominantly male. While our studies found no correlation
between medication dosages or gender, medication effects cannot be ruled out and gender
differences need to be more fully explored. Thus, it is not clear if the full range of ob-
served prosodic deficits in our patient population were present before illness onset, and/or
whether medication exacerbates them. Prior research (see introduction) by Kerr and
Neale (Kerr & Neale, 1993) and Edwards (Edwards et al., 2002; Edwards et al., 2001)

and others (Kucharska-Pietura et al., 2005) has suggested that prosody is a trait present in
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early psychosis, if not before, and is not attributable to medication, but the current studies
presented in this thesis cannot rule out this possibility.

After four years of collecting prosodic data, we now have the power to examine
gender issues, and we have plans to examine prodromal, as well as first episode patients
as well as schizophrenia and schizoaffective subtypes, using the prosodic tasks presented
in this thesis.

An extension of these concerns, and one that is germane to studies of behavior in
schizophrenia in general, is the heterogeneous nature of the schizophrenia diagnosis. Ex-
tensive research over the last half century has shown that schizophrenia symptomatology
can have many etiopathic origins, including neurological insults(Kelly et al., 2003), ob-
stetric complications(Marcus et al., 1993), prenatal diet,(Susser & Lin, 1992) advanced
paternal age(Malaspina et al., 2001) and early life events(Corcoran et al., 2001). Further,
study of prosodic deficits should be conducted to see if aprosodia is related more specifi-
cally to illness stemming from any particular etiopathic origin.

A second concern is the tasks themselves, and the ecological validity for present-
ing posed prosodic utterances in the absence of context. This is a well known concern in
vocal and facial affect research, and has been addressed at length by Scherer (Scherer,
1986). In terms of ecological validity, the absence of context calls into question whether
judgments of affect under such artificial circumstances, realistically approximate pro-
sodic dysfunction in the illness. However, studies (Pickett et al., 2004) have shown corre-
lations between prosodic ability and social competence in healthy individuals. Further,
measures such as the Abrams emotional blunting scale (Abrams & Taylor, 1978) have

correlated with prosodic deficits in Parkinson’s Disease (L.X. Blonder et al., 1989; Wein-
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traub et al., 1981). Similarly, within schizophrenia, studies have shown significant asso-
ciations between prosodic measures and clinical ratings, such as the schedule for affec-
tive and negative symptoms (SANS) (J. S. Brekke et al., 2002; Hooker & Park, 2002;
Leitman et al., 2005).

It is also important to note that current prosody tasks (with the exception of the
Ross Aprosodia battery) explore primary emotions with clear boundaries such as happi-
ness, sadness, or anger. Within actual day-to-day communication, however, prosodic cues
may be more subtle, conveying irony or sarcasm, for example. Thus, consistent deficits
on prosodic tasks examining basic and starkly contrasting emotions may reflect more pro-
found ecological emotion dysfunction.

Our studies consistently found high performance variability within patients across
prosodic measures. In this respect, our findings are ubiquitous of patient performance on
a wide array of neuropsychological tests (Heinrichs & Zakzanis, 1998) as well as on sen-
sory measures (E. F. Rabinowicz et al., 2000). This variability is no doubt reflective of
the heterogeneous nature of the illness. Given the increasing evidence of dysprosodia as a
trait, further characterization of these deficits, in relation to negative symptoms, may pro-
vide clues about the etiology of schizophrenia, as well as new directions for clinical in-
tervention.

As with many tests of affect, it is sometimes difficult to fractionate arousal and
valence aspects of affect recognition. Arousal differences between groups are of particu-
lar concern, as measures of Hypothalamic Pituitary Axis (HPA) function, such as cortisol
(Corcoran et al., 2001; Corcoran et al., 2002), heart rate variability (HRV) (Malaspina et

al., 2002), as well as amygdala structure (Bogerts et al., 1990) and function have been
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shown to be abnormal in schizophrenic patients, and associated with emotion perception
in the illness (Exner et al., 2004; Fahim et al., 2005). Future research should examine
prosodic perception in conjunction with measures of arousal.

Future research should also focus on using functional neuroimaging approaches
such as fMRI and ERP to examine the cortical dynamics of prosodic disturbance(s?).
Clinically, these studies suggest that prosody may be a worthy target for cognitive reme-
diation. We are currently proceeding along these two fronts, and have high expectations
that the resulting data will prove clinically beneficial, as well as, etiologically informa-
tive.

One final comment concerns motor theories of prosodic dysfunction. This thesis
has not been adequately explored in schizophrenia. Studies in Parkinsonism (L. X.
Blonder et al., 1991; L.X. Blonder et al., 1989; L.X. Blonder et al., 1995; Weintraub et
al., 1981) have clearly demonstrated that motor and basal ganglia dysfunction can con-
tribute to receptive, as well as, expressive prosody deficits. Given the known abnormali-
ties in basal ganglia (Heimer, 2000) functioning and dopaminergic transmission in
schizophrenia, motor contributions to aprosodia seem likely. Prior researchers (M. Alpert
et al., 2000; J. C. Borod et al., 1989; Fricchione et al., 1986) have indeed raised the ques-
tion of motor dysfunction. However, a clear connection between motor impairment and
dysprosodia in schizophrenia has not yet been shown. Future schizophrenia studies

should examine prosody in patients in conjunction with indexes of motor functioning.
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7.0 CONCLUSION

The results of this thesis indicate that patients with schizophrenia have severe
deficits in the ability to perceive affective as well as non-affective prosody. These defi-
cits correlated with both sensorial disturbance and executive processing dysfunction.
These findings are consistent with Scherer’s (1986, 2003) SEC model, in that this thesis
suggests that impaired perception of vocal cues, like pitch change hinder patient appraisal
of vocal affect. This leads to a cognitive inability to “mentalize” or simulate the emotion
itself and to discern the sender’s intent, as patients must rely on executive processes that
are already compromised.

These findings further suggest that rather than reflecting emotional impairment,
affective prosody and its non-affective counterpart, reflects more generalized social
communicatory dysfunction. This distinction is not mere semantics, but has important
conceptual implications. E. Colin Cherry (Cherry, 1978), in his seminal treatise-“On
Human Communication,” wrote that all communication is not the sending of signs or
symbols but the sharing of them (ibid, pg-305). Thus, communication is a form of
“communion”, or social bonding whereby information, feelings, and isolation are trans-
ferred and overcome.

Within schizophrenia, dysprosodia means that not only, is the sharing of meaning
impaired, but also, that the sharing of others’ intent is also inhibited. At first glance, such
deficits seem removed or distinct from the general neurocognitive dysfunction commonly
observed in patients. Yet, as Susan Langer points out, cognition as a concept basically

measures one’s ability to process ‘symbols.” Some are discursive like mathematical equa-

"I am indebted to Michael Beldoch for his insight from a paper entitled, “The Sensitivity to Expression of
Emotion in Three Modalities,” found in (Davitz, 1964).
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tions or words that have objective definitions. Non-discursive symbols, however, like art
or the emotion communication are referential — that is, they communicate the intent of the
person expressing them. To Langer, these symbols are no more mysterious or impervious
to systemic analysis, but just rely on a different set of logic. In our opinion, this perspec-
tive provides a unifying approach to the plethora of cognitive and social deficits that
complicate effective treatment of schizophrenia. This myriad of deficits, together, can be
seen as a general form of symbol processing dysfunction, in which social communication,
due to its non-discursive (i.e. self-referential) nature requires greater abstraction, and is,

thus, differentially impaired.
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8.0 Appendix |

Mismatch Negativity to Tonal Contours Suggests

Pre-Attentive Perception of Prosody
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8.1 ABSTRACT

Modulation of speech conveys information that is decoded within audio-sensory
structures. For example, statements and questions are distinguished by pitch contours that
encode semantic prosody. This study evaluated the sensitivity of early auditory structures
to semantic prosody using mismatch negativity (MMN), an auditory event-related poten-
tial (ERP) sensitive to preattentive stimulus deviance. High-density ERP to pitch contour
stimuli were collected in a passive listening oddball paradigm from 11 healthy subjects.
Voltage analysis revealed significant MMN responses to declarative and interrogative
oddball stimuli. Further, MMN was significantly larger to interrogative, than declarative,
deviants, indicating non-symmetric brain processing. The elicitation of the MMN demon-
strates that tonal-contour patterns that are ecologically valid abstractions of semantic

prosody can be represented in pre-attentive auditory sensory memory.



131

8.2 INTRODUCTION

The majority of information conveyed by speech is encapsulated within individual
segments that are decoded successively into phonemes, words, and sentences. However,
additional information is conveyed not only in what is said, but also in how it is stated.
This suprasegmental modulation of speech contains information regarding various forms
of prosodies, including, for example, whether the speaker is happy or sad (emotional
prosody), or whether the utterance is a statement or a question, which is a form of seman-
tic prosody.

Although much is known about mechanisms by which segmental information in
the brain is decoded into phonemes and words, relatively less is known about supraseg-
mental decoding mechanisms. In particular, whereas it is known that phonemes are proc-
essed even by preattentive auditory mechanisms (Aaltonen et al., 1987), only one study
(Kujala et al., 2005), to our knowledge, has been performed with respect to prosodic in-
formation. There is a good reason to think that prosodic cues might be processed preat-
tentively. For example, developmental studies have suggested that prosodic cues may be
detected even by prelinguistic babies, and have high interactive salience (Fernald, 1985).
We hypothesized, therefore, that suprasegmental information such as declara-
tive/interrogative distinctions would be processed automatically within low-level auditory
cortical regions.

One of the most effective methods for analysis of the locus of processing of audi-
tory information is through the analysis of mismatch negativity (MMN). MMN is an
auditory ERP elicited most commonly in the context of an auditory oddball paradigm, in

which a series of standard stimuli is interrupted by an infrequent deviant stimulus. In
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such a paradigm, the brain automatically organizes a template reflecting invariant fea-
tures of the repetitive standards. MMN then reflects the outcome of a local process that
compares each stimulus to the locally maintained template. MMN usually occurs with a
latency of approximately 100-200 ms, which varies based upon degree of deviance. One
of the characteristic features of MMN is that latency is locked to the timing of feature de-
viance, rather than to stimulus onset. Thus, for example, MMN to duration deviance is
delayed relative to pitch deviance, because pitch deviance can be detected very quickly
after stimulus onset whereas duration deviance cannot be detected until after the offset of
the deviant stimulus or the normal offset of the standard stimulus (whichever is shorter).
MMN is thought to reflect the operation of neural mechanisms within auditory cortex for
directing attention toward potentially significant alterations within the surrounding acous-
tic environment (Naatanen, 1995). MMN deficits in pitch and duration perception have
been found to index aberrant audio-sensory processing in clinical populations most nota-
bly in schizophrenia (Javitt, 2000).

One key acoustical cue of speech that is used to decode prosodic intent is the con-
tour, or trajectory of fundamental frequency (Fy), across the individual segments. In gen-
eral, terminally ascending contours indicate “interrogative” intent while contours with a
flat or slightly downward trajectory indicate declarative intent (Majewski & Blasdell,
1969). Suprasegmental Fo contours alone have been shown to be sufficient for discerning
interrogative or declarative intent (Majewski & Blasdell, 1969) as well as for emotional
prosodic comprehension (Lakshminarayanan et al., 2003; Majewski & Blasdell, 1969),
even if underlying speech segments are masked. Further, in studies of dysprosodia result-

ing from brain lesions, Van Lancker and colleagues have shown that individuals with
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prosodic dysfunction were also poor at using Fy cues, suggesting that F, contour recogni-
tion may be among the skills necessary for proper prosodic comprehension (Van Lancker
& Sidtis, 1992).

For the present study, the sensitivity of MMN generators to suprasegmental in-
formation was evaluated by construction of artificial stimuli that approximated the Fy
modulations signifying interrogative and declarative intent, as previously reported by Pell
(Pell, 1998). The duration and the frequency of the tones that formed each contour were
matched save for the terminal tone, which pitched either upward or downward to ap-
proximate the contours of interrogative versus declarative utterances, respectively. Thus,
the interrogative and declarative stimuli, each of which had a total duration of 428 ms,
were identical for the first 328 ms, but deviated in frequency during the final 100 ms.
Analyses of suprasegmental MMN, therefore, were performed relative to onset of stimu-
lus deviance at 328 ms.

Interrogative and declarative stimuli served as deviants in alternate runs. Because
the interrogative and declarative stimuli differed in overall stimulus energy, MMN wave-
forms were derived by comparing ERP responses to deviant stimuli (interrogative or de-
clarative) in one run to ERP responses to the same stimulus type in the alternate run.
Thus, all MMN:Ss in the present study were derived by subtracting like-from-like stimuli,

in that the same stimulus served as both deviant and standard in alternating blocks.
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8.3 METHODS

8.3.1 Participants

Informed consent was obtained from 14 (6 female) healthy control subjects with a
mean age of 33 = 11 yrs. All subjects reported that they were right handed, had normal
hearing, and were medication free at the time of testing. Three subjects were excluded
from analysis due to high levels of noise within their data. All procedures conducted were

under the supervision of the local institutional review board.

8.3.2 Stimuli and task

Subjects were presented with two-tonal contours: an interrogative contour and a
declarative contour. Each contour consisted of 5 sequential sinusoidal tones each of
which had a 10ms envelope created using a Hanning window. The first four of the five
tones that made up both the declarative and interrogative tonal contours were identical,
matched for both duration and frequency (Table 1). Using an inter-stimulus interval (IST)
of 500 ms between tonal contours across all presentations, two types of oddball blocks
were presented: an “interrogative” deviant block and a “declarative” deviant block. In the
interrogative block, three declarative contours were followed by an interrogative contour
in a fixed manner. In the declarative deviant block the contour types were reversed with
three interrogative standards followed by a declarative deviant. For the first four subjects,
runs included an additional deviant in which the entire stimulus was shifted upward by
100 Hz (pitch deviance). However, this deviant was subsequently omitted in the interest

of time.
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Four blocks of each type (declarative and interrogative) were presented each of
which contained 240 standard contours and 80 deviant contours, for a total of 960 stan-
dards and 320 deviants. All comparisons were made across blocks, with the response to
the deviant stimulus in one block, being compared to the response to the same stimulus in
the opposite block. All tonal contours were presented binaurally at 75db (SPL) through
Sennheiser HD 600 headphones. Subjects were instructed that the experiment was de-
signed to test their passive auditory responses to tonal sequences to which they need not

attend. Subjects watched a silent movie during the course of stimulus presentation.

8.3.3 Data Collection

High-density event-related potentials (ERP) were recorded continuously from 128
scalp electrodes referenced to nose with bandwidth of 0.5 to 100 Hz and digitized at a
sampling rate of 500 Hz. Impedances were kept to < 5 kQ2.

Epochs (=200 to 700 ms relative to stimulus onset) were constructed off-line. Tri-
als with blinks and large eye movements were rejected off-line on the basis of horizontal
(HEOG) and vertical (VEOG) electro-oculogram. No systematic differences in HEOG or
VEOG were seen across conditions (artifact rejection window of + 100 HV). An artifact
criterion of + 100 uV was used at all other electrode sites to reject trials with excessive
EMG or other noise transients from —100 ms pre-stimulus to 450 ms post-stimulus.

Accepted trials were averaged for each subject. The average number of accepted
sweeps for deviant contours per condition was 250 + 39. For average files, baselines were

corrected to zero over the —100 to 0 ms latency range. For source analysis, average files
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were filtered using a 0.5-45 Hz zero-phase-shift band-pass digital filter with roll-off of 24

db/oct.

8.3.4 Statistical Analyses

Separate statistical analyses were performed for the interrogative and declarative
deviance conditions. For each deviance type, point-wise (“running’) paired t-tests (2-
tailed) were calculated to detect significant differences between responses to stimuli pre-
sented as deviants vs. the same stimulus (interrogative/declarative) presented as a stan-
dard. In order to protect against type I error due to multiple comparisons, we employed a
significance criterion requiring at least 10 consecutive data points (= 20 ms at a 500 Hz
digitization rate) to meet an 0.05 alpha criterion threshold (Guthrie & Buchwald, 1991).
MMN onset and offset were defined respectively as the first and last points at which there
was a statistically significant difference between standard and deviant conditions at elec-
trode Fz, provided that this difference continued for 10 consecutive data points.

Peak amplitudes for each deviance type were determined for each subject within
the overall running-t significance window. Amplitudes were defined as the most negative
value occurring within the running-t significance window. Topographical analyses of
MMN distribution to interrogative vs. declarative contours were conducted using
ANOVA with factors of deviance type and electrode location. For lateralization analyses,
lateralized amplitudes were determined by summing across 3 electrode pairs located to
the left and right of Fz (approx. equivalent to locations F3 and F4). For anterior posterior

analyses, 11 frontocentral electrode locations ranging from AFz to Cz were used, and
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analyses were corrected for non-sphericity using the Greenhouse—Geisser method. All
significance levels in text are 2-tailed with preset a-level for significance of p < 0.05.
Source localizations were estimated using Local Auto-Regressive Average
(LAURA) modeling of the surface voltage topography (Grave de Peralta & Gonzalez,
2002), to provide a distributed inverse solution estimate of the location of underlying

generator regions.

8.4 RESULTS

Statistical comparisons between conditions were performed using running t-tests
relative to the point at which the interrogative and declarative stimuli diverged. A com-
parison of the interrogative contour in the deviant versus standard position revealed a
significant negative difference (MMN waveform), with an onset latency of 398 ms post
stimulus onset, corresponding to 70 ms post deviance onset (PDO). This negative differ-
ence (MMN) had a duration of 80 milliseconds using the running t-test method described
above and a peak amplitude of -3.5+ 1.2 pV (t=3.34, p <.0001) at 112ms PDO. A
comparison of the declarative contour in the deviant versus standard position also re-
vealed a significant negative difference waveform with an onset latency at 432 ms post
stimulus onset, corresponding to 104 milliseconds post deviance onset. The MMN wave-
form had a duration of 102 ms, and a peak amplitude of -1.2 + 0.9 pV (t=1.20, p =.001)
at 140 ms PDO (Figure 1). Statistical comparison of onset latencies demonstrated a sig-
nificantly earlier onset time for interrogative, than declarative, MMN (Mean difference =

38 £ 11.0 ms, t1,10.= 12.9, p =.0001).
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Scalp voltage distributions of MMN are shown in Figure 2. Separate ANOVAs
were conducted to compare distributions of interrogative vs. declarative MMN across lat-
eral and anterior/posterior dimensions. For lateralization analyses, MMN values were av-
eraged for 3 pairs of electrodes centered around Fz (Table 2). Analysis was conducted
using ANOVA with factors of stimulus type and hemisphere. This analysis indicated no
significant hemispheric difference between deviant types (F; 10 = 0.87, p =.37), but did
indicate that the interrogative contour mismatch was significantly larger than its declara-
tive counterpart (F 10. = 11.94, p<.01). Anterior posterior analyses were performed using
an ANOVA for factors of deviant type and electrode location. Electrodes that straddled
the midline between from posterior locations (Fz) to anterior locations (AFz) were used
for this analysis.

This analysis revealed a significant interaction between electrode location and
stimulus type (Fi0.100. = 8.89, p = .01, ¢ =0.26), reflecting a more anterior topography
for MMN to the declarative vs. interrogative deviance.

In general, MMN waveforms are thought to arise from auditory sensory cortex.
Source localization (LAURA) analyses performed at the point of maximum amplitude for
each MMN waveform revealed bilateral distributed sources that were located within su-

perior temporal gyrus for each MMN type (Figure 3), confirming a priori expectations.

8.5 DISCUSSION

MMN shows well-known sensitivity to segmental aspects of speech, such as pho-
nemic structure (Aaltonen et al., 1987). This study examined whether MMN shows simi-

lar sensitivity to suprasegmental aspects of speech, using contours constructed to ap-
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proximate tonal contours associated with declarative vs. interrogative utterances. A com-
parison of the subtraction waves across conditions found significant MMN-like activity
in both conditions time-locked to the declarative/interrogative contour. These findings
support the concept that, like other elements of speech, the suprasegmental contour in-
formation used to infer interrogative prosody can be decoded preattentively within low-
level auditory cortical regions. This result is consistent with prior studies showing sensi-
tivity of MMN to, for example, changes in stimulus pattern (e.g., (Saarinen et al., 1992)).
However, this study is the first to utilize tonal contours resembling those of normal de-
clarative and interrogative utterances, and the first to show that such information is de-
coded against a background of more complex spectral information.

MMN was elicited whether repetitive interrogative stimuli were presented against
a background of declarative stimuli, or whether declarative stimuli were presented against
a background of interrogatives. In both cases, comparisons were made between the same
stimulus (i.e., interrogative/declarative) presented as a standard and the same stimulus
presented as a deviant in a separate run. Thus, the spectral content of standards and devi-
ants within each comparison was identical. Further, because of the symmetrical experi-
mental design, the onset of deviance within each run (i.e. interrogative std/declarative
deviant vs. declarative std/interrogative deviant) was identical, with the contours being
identical up to 328 ms and diverging thereafter.

Despite the exact symmetry in the experimental design, significant differences
were observed in both the timing and amplitude of contour-elicited MMN, such that in-
terrogative contours presented against a background of declarative contours elicited a lar-

ger MMN than declarative contours presented against a background of interrogative stan-
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dards. This finding suggests that the MMN generators are responding not just to contour
per se, but also to the ecological significance of the suprasegmental information con-
tained within the contour. Commonly, in both educational and social situations, individu-
als are able to detect when they are being asked a question, even after they have stopped
paying close attention to the verbal material directed at them. The large MMN elicited by
interrogative stimuli presented against a background of declarative statements may under-
lie the ability of questions to automatically capture attention even when the preceding
declarative information has been ignored.

An alternative explanation for the larger MMN to interrogative vs. declarative
stimuli is based on Western music theory, in which termination of a musical sequence on
an ascending note does not provide the closure found on ending on a descending note.
MMN amplitude differences between the interrogative and declarative contour may thus
be simply due to the fact that frequency declension elicits a smaller MMN than frequency
ascension. In such case, the greater automatic salience of ascending notes may have led to
its adoption to signify the interrogative within most Western societies.

Although we are not aware of other MMN studies performed using interrogative
prosodic contours, Kujala et al. (Kujala et al., 2005) recently demonstrated MMN to af-
fective prosody. In that study, MMNs were elicited to deviant presentations of “com-
manding”, “sad” and “scornful” prosodic presentations of single words when contrasted
with neutral standard presentations. MMN occurred with a latencies ranging from 178 ms
to 312 ms, which given the deviance onset between standard and deviant presentations, is
not inconsistent with our findings here. Thus, MMN generators may be responsive, in

general, to alterations in prosody over and above sensitivity simply to the underlying
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spectral properties of the stimuli, suggesting that prosodic information may be decoded,
at least in part, in a preattentive, attention-independent fashion.

Deficits in MMN generation to simple frequency and duration deviances have
been reported in pathological conditions, such as schizophrenia, and have been shown to
correlated with impaired discrimination of basic tonal deviances (Javitt, 2000). In addi-
tion, patients with schizophrenia show impaired decoding of auditory prosodic informa-
tion (Leitman et al., 2005). The present findings suggest that MMN may be useful for
assessing the locus of dysfunction in conditions that are associated with impaired detec-

tion of prosodic information. such as schizophrenia, autism, and hemi-parkinsonism.
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8.7 TABLES AND FIGURES

Table 1. Contour characteristics of stimuli used in this study (Pell, 1998)
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Contour Hz msec Hz msec | Hz | msec | Hz | msec | Total
Duration

Interrogative | 227 104 211 107 | 183 | 117 |320| 100 | 428

Declarative 227 104 211 107 | 183 | 117 |162 | 100 | 428
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Table 2: Peak MMN amplitude by hemisphere (n=11)

Peak Amplitude(pV) — mean (sd)

Variable Left hemisphere Right hemisphere
Declarative contour (LH) 1.8 (.7) 1.6 (.9)
Interrogative contour (LH) 3.5(1.8) 3.3(1.1)
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Figure 1. Scalp waveforms: The first two columns illustrate the waveforms elicited by to

the interrogative (left) and declarative (right) contours when presented either as standard
(blue trace) or deviant (red trace) stimuli within the MMN stimulation paradigm at indi-
cated electrodes. The final column illustrates the deviant minus standard subtraction
waveforms for the interrogative (black) and declarative (gray) stimulus types. The hori-
zontal yellow bars lying on the x-axis in the first two columns reflect the period of sig-
nificant difference between the standard and deviant presentations of the contours. The
black and gray arrows under the subtraction waveforms reflect the maximum peak of the

interrogative and declarative contour subtractions respectively.

Figure 2. Topography of MMN activity. Voltage maps illustrating distribution of activity

for interrogative (top) and declarative (bottom) difference waveforms at latency of peak

MMN stimulus onset.

Figure 3. Source analysis of MMN activity. Distributed inverse solution for MMN gen-

erators showing bilateral sources within superior temporal plane (primary and secondary
auditory cortex). Solutions were determined by Local Auto-Regressive Average
(LAURA) (Grave de Peralta & Gonzalez, 2002)modeling A graph of the global field
power for each of the deviant conditions are presented to the left the source analysis fig-

ures.
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