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Objective: Patients with schizophrenia speak with blunted vocal affect but little is known regarding the pros-
ody of persons with schizotypal personality disorder (SPD). This work examined expressive prosody in SPD,
its relationship to brain structure, and outlined a framework for measuring elements of prosody in clinical
populations.
Methods: Twenty-eight antipsychotic-naïve SPD subjects were matched with 27 healthy comparison (HC)
subjects. Subjects read aloud short sentences and responded to probes to record both predetermined and
self-generated speech samples. Samples were analyzed acoustically (pause proportion, duration, attack,
and pitch variability) and subjectively by raters (amount of pauses, degree of emotion portrayed, and how
much they wanted to hear more from the subjects) on paragraph, sentence, word, word-fragment, and syl-
lable levels. Alexithymia and ability to self-monitor behavior were compared between groups. The pars
opercularis was manually traced on structural MRI data.
Results: SPD subjects' speech had significantly more pauses, was slower, had less pitch variability, and
expressed less emotion than HC subjects. Pitch variability correlated with socio-economic status achieve-
ment. There was no difference between groups in left or right pars opercularis volumes. A statistically signif-

icant correlation suggested that smaller left pars opercularis volumes in SPD subjects correlated with more
pauses and less emotion. SPD subjects reported more alexithymia and difficulty self-monitoring their behav-
ior compared with controls. In SPD subjects the high alexithymia correlated with raters not wanting to hear
more from them and SPD subjects' inability to modulate their social behavior correlated with their having
fewer friends. Thus, the SPD subjects exhibited insight.
Conclusions: SPD subjects displayed significant prosodic deficits that were measurable in speech samples as
brief as a word-fragment. The determinants of these deficits are not known although these may include a
dysfunctional pars opercularis. These data add to the nascent literature describing social cognition deficits
in SPD.
Published by Elsevier B.V.
1. Introduction

Prosody is the vocal expression of one's internal emotional state or
intent. Key components or elements include pitch, pitch variability,
attack, pauses between sounds, and duration of the utterance
(Leentjens et al., 1998; Shaw et al., 1999; Leitman et al., 2010;
Leitman et al., 2011), (Table 1, Elements). By varying these elements
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in speech, people transmit subtle distinctions of meaning. Pitch vari-
ability may be the most important aspect of prosody (Ross et al.,
2001; Leitman et al., 2010). For example, simply modulating pitch
can change the expressed emotion from anger to sadness. Similar al-
terations in amount of pauses, duration of an utterance, or attack, can
dramatically affect the sound and cadence of speech and, hence, the
expression of emotion and meaning (Monnot et al., 2003). The ability
to modulate one's voice slightly to reflect accurately one's intention is
important for social communication.

Although the hallmark feature of abnormal speech in schizophrenia
is in the domain of semantics clinically encapsulated by the term “for-
mal thought disorder”, abnormal vocal affect has been demonstrated
as well (Borod et al., 1989; Murphy and Cutting, 1990; Leentjens et al.,
1998; Ross et al., 2001; Hoekert et al., 2007). Prosodic deficits initially
described by Bleuler included abnormalities of duration, amplitude,
and pitch (Bleuler, 1911, 1950; Baltaxe and Simmons, 1995). Further
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Table 1
Elements, measurements, and hypotheses. Variables were listed along with how they were measured, comments for clarification of the variable or the measurement, the type analysis used (either acoustic or subjective), the level of the
analysis (speech sample length), the rationale behind inclusion of the variable, and the specific a priori hypotheses associated with the variable. Note that some variables, such ttack, were added post-hoc, and were indicated as such. This
table was included for clarification.

Prosodic element Measurement Comments Type of analysis Level of analysis
and sample used

Rationa Hypotheses

Acoustic analysis
Pause proportion Percentage of time the sample contained

a pitch above baseline from time of first
utterance to final utterance

This would include utterances such as
“uh”, for example, as well as
proper words

Acoustic Paragraph (Admire, Store)
Sentence (Nutmeg)

Self-ge ated sentences selected as
the nat l flow of speech was of interest
Nutme cluded in contrast as was
neutral d pre-determined sentence
Analys erformed “blind” to content

Admire, Store
SPD>HC
Nutmeg
SPD=HC

Duration Time from beginning to end of a defined
speech sample
Beginning and end were determined by
detecting a change in pitch

Analogous to how fast someone speaks
a given word

Acoustic Word (“adorable”)
Word-fragment (“dora”)

Emotio word “adorable” selected as we
wanted measure the impact of emotion
on spe speed
“Dora” included as it was unknown
how sh an utterance would be necessary
to see g p differences

“adorable”
“dora”
No hypothesis

Attack Rise in amplitude (loudness) over time
for a given phoneme
Beginning defined as change in slope
from baseline
Occasionally slope changed direction.
To ensure reproducibility, end defined
by maximum amplitude

Analogous with how much “punch”
or stress an utterance was said
Element added post-hoc as wished to
explore as many variables as possible

Acoustic Syllable
(“Nut”, “do”)

“Nut” s cted as beginning of neutral sentence
“Do” w solated from “adorable” as
visual i ection of data blind to diagnostic
group s ested most variation in frequency

“Nut”
“do”
No hypotheses

Pitch variability Standard deviation in Hertz of the pitch
maximum and minimum across an
utterance, same as the standard deviation
of the fundamental frequency

Change in pitch
Analogous to amount of variation in inflection

Acoustic Sentence (Nutmeg, Puppy)
Word (“adorable”)
Word-fragment (“dora”)

Predete ined sentences used in order to
control content
“adorab and “dora” were included
as it w nknown how short an utterance
could b nd still demonstrate group
differen

Nutmeg
SPD=HC
Puppy
SPDbHC
“adorable”
“dora”
No hypotheses

Subjective analysis
Rating of amount
of pauses

Mean amount of pauses along
Likert scale perceived by raters

Tapped into same aspect of speech as
pause proportion above, but
subjectively rated

Subjective Paragraph (Admire, Store) Self-ge ated paragraphs used in order to
have n alistic sample
Raters ly unable to “blind” themselves
to cont , that is, their assessments may
be affe by content
The de to which raters “tuned out”
the “um and “ahs” that occur naturally in
speech nknown

Admire
SPD>HC
Store
SPD>HC

Emotion
portrayed

Mean degree along Likert scale that the
raters thought the subject spoke with
emotion

How emotional the subject sounded
Admire minus Store added post-hoc

Subjective Paragraph (Admire, Store)
Paragraph (Admire minus Store)

Self-ge ated paragraphs used in order
to have turalistic sample
Admire inus Store was examined to see if
subject tered the emotional valence of their
speech th the more evocative probe, Admire,
than th did with the less evocative probe, Store
Raters ly unable to “blind” themselves to
conten at is, their assessments may be
affecte content

Admire
SPDbHC
Store
SPDbHC
Admire−Store
SPDbHC

Hear more Mean degree along Likert scale that the
raters said that they wanted to hear
more from the subject

Subjective Paragraph (Admire, Store) Self-ge ated paragraphs used in order to have
natural c sample
Raters ly unable to “blind” themselves to
conten at is, their assessments may be
affecte content

Admire
SPDbHC
Store
SPDbHC
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work identified reduced speech intonation and impaired emotional
mimicry (Murphy and Cutting, 1990; Leentjens et al., 1998; Alpert et
al., 2000; Ross et al., 2001; Mitchell and Crow, 2005). Indeed, a
meta-analysis of five studies of expressive prosody in schizophrenia
revealed a large effect size (Cohen's d=−1.11) (Hoekert et al., 2007).
None of these studies, however, included fine-grained analyses of the
various elements of prosody.

Interpretation of such studies is complicated by schizophrenic sub-
jects' use of antipsychotic medications, as antipsychotics may affect
prosody and brain morphology (Kee et al., 1998; Keshavan et al.,
1998). Schizotypal personality disorder (SPD) subjects may represent
an ideal population for study of prosody given that SPD and schizo-
phrenic subjects are epidemiologically related (Kendler et al., 1993),
yet SPD subjects have not been prescribed antipsychotic medications.
Moreover, both patients with schizophrenia and SPD subjects demon-
strate social cognition deficits including impaired facial affect recogni-
tion and expression (Dickey et al., 2011), fail to achieve expected
social roles (Dickey et al., 2005), and have odd speech and formal
thought disorder (Dickey et al., 1999).

Although expressive prosodic speech has not been studied in SPD,
auditory perception has been. SPD subjects have deficits in the pro-
cessing of simple auditory percepts (tones) and higher-order pho-
neme matching (Dickey et al., 2008, 2010). Although SPD subjects
may interpret prosody correctly, in a recent fMRI study they were
shown to have “inefficient” activation in the superior temporal gyrus
(STG) while hearing sentences with happy, sad, sarcastic, or neutral
intonation (Dickey et al., 2010). Specifically, for healthy comparison
subjects, an increase in the extent of activation in the STG in either
the left or right correlated with more prosodic sentences correctly
identified. For SPD subjects, there was no such relationship between
extent of activation and accuracy (Dickey et al., 2010). The STG, supe-
rior temporal sulcus, and other brain regions considered important for
auditory and prosodic processing, thus may have morphological and
functional abnormalities in SPD, particularly on the left (Dickey et
al., 1999, 2003, 2010; Downhill et al., 2001).

Abnormalities in the frontal lobe have also been found in SPD sub-
jects, albeit less extensively than in schizophrenic patients (for re-
view see Dickey et al., 2002 and Hazlett et al., 2012). Specifically,
SPD subjects have larger bilateral middle frontal gyri, smaller right
straight gyri (Suzuki et al., 2005), and smaller left inferior frontal
gyri compared with healthy control subjects (Kawasaki et al., 2004).
The posterior part of the left inferior frontal gyrus, (Brodmann Area
44, Broca's area), the pars opercularis, is important for motoric speech
generation (Foundas et al., 1998; Tomaiuolo et al., 1999) (Fig. 1).
Inferior prefr

Vertical ramu

Lateral (Sylv

Fig. 1. Left pars opercularis tracing. Boundaries were defined on lateral sagittal images as fol
posterior boundary by demarcating the inferior prefrontal sulcus; anterior boundary by the v
boundary by the lateral fissure; and superior boundary by the superior extent of the pars op
line was drawn to separate it. In those instances in which the extent of pars opercularis was
axial images with coronal images used for confirmation.
The pars opercularis has not been evaluated in SPD and deserves
attention. It is thought to be critical for sequencing motor movements
involved in phoneme production (Koechlin and Jubault, 2006), and for
verbal fluency, the progression from one phoneme to the next
(Foundas et al., 1998; Tomaiuolo et al., 1999). The requirement of ap-
propriate sequencing and fluency in speech suggests that executive
functioning has a major role in speech production (Burns and Fahy,
2010). Note that verbal fluency and phoneme processing are impaired
in SPD (Dickey et al., 2010) as well as in schizophrenia (Kugler and
Caudrey, 1983; Johnson-Selfridge and Zalewski, 2001). Most germane
to the current report, however, is the pars opercularis involvement in
prosody production (Sahin et al., 2009; Aziz-Zadeh et al., 2010) and
perception (Wildgruber et al., 2005; Aziz-Zadeh et al., 2010). Prosody
perception also increases the functional coupling of the “emotional
voice areas” of the STG with the inferior frontal gyrus, suggesting
that the STG and the inferior frontal gyrus work in concert (Ethofer
et al., 2012). Abnormal cortical gyrification of the pars opercularis
(Wisco et al., 2007) and bilateral volume reduction of the inferior
frontal gyrus (Suzuki et al., 2005) have suggested abnormal in utero
development, and possibly, abnormal cortical connectivity with con-
sequent language disturbances (Wisco et al., 2007) in schizophrenic
patients.

One of the goals of the current report was to examine the pars
opercularis. If the left pars opercularis is reduced in volume in SPD,
then that might provide a clue regarding the pathogenesis of abnor-
mal speech production in SPD.

Another objective was to investigate whether SPD subjects have
deficits expressing prosody, and, if so, with which specific elements
and in how short an utterance. To address this objective two types of
speech samples were recorded: predetermined and self-generated.
Predetermined sentences (one with neutral and one with emotional
content) were read aloud to obtain a consistent sample across all sub-
jects. Self-generated samples were responses to probes that gave rise
to longer andmore naturalistic speech samples. Both types of samples
were evaluated in two ways: acoustic analysis and subjective ratings
(Table 1, Type of analysis). Acoustic analyses were undertaken to ex-
amine the pitch variability, attack, pause proportion, and duration of
speech, devoid of any influence from semantic content or gender ef-
fects. Subjective ratings by raters were included to examine the social
effectiveness of language, including the degree of emotion, the
amount of pauses, and extent that the raters wished to hear more
from the speaker. The length of the utterance examined—word frag-
ment, word, sentence, or paragraph—differed based onwhich element
was being evaluated (Table 1, Rationale).
ontal sulcus

s of anterior segment of lateral (Sylvian) fissure

ian) fissure

lows. The medial boundary was defined by the first appearance of insula white matter;
ertical ramus of the anterior segment of the lateral fissure (i.e.: Sylvian fissure); inferior
ercularis, except in cases of contiguity with other prefrontal structures, in which case a
unclear, guidance came from outlining the vertical ramus and the pre-central sulcus on
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Subjects' self-assessments of alexithymia (Vorst and Bermond,
2001) and ability to self-monitor their behavior were assessed
(Snyder and Gangestad, 1986; Penn et al., 1999), to determinewhether
SPD subjects, like persons with schizophrenia, recognized their difficul-
ties in the realm of alexithymia (Kubota et al., 2011; Sasamoto et al.,
2011). Alexithymia refers to difficulties in the realms of experiencing,
identifying, and expressing emotions, particularly verbally (Bermond
et al., 2006;Mattila et al., 2009; Swart et al., 2009). Alexithymiamay re-
flect right hemisphere dysfunction (Bermond et al., 2006) and can affect
quality of life in healthy persons (Mattila et al., 2009). Alexithymia is
present in a range of psychiatric disorders, including other personality
disorders (Domes et al., 2011; Loas, 2012; Loas et al., 2012).

The ability to recognize such deficits in oneself—insight—in schizo-
phrenia can have profound yet variable effects on medication compli-
ance, suicidal risk, and social functioning (Melle and Barrett, 2012).
Evidence of poor insight in SPD comes mainly from the obsessive com-
pulsive disorder (OCD) literature. OCD subjects with co-morbid SPD,
have been shown to have less insight and poorer outcome than those
without co-morbid SPD (Poyurovsky et al., 2008; Catapano et al.,
2010). In the current study insight was indirectly assessed by correlat-
ing SPD subjects' assessment of their own alexithymia with rater's de-
sire to hear more; and subjects' ability to monitor their social behavior
with self-report of number of meaningful friendships or confidants.

It was predicted that SPD subjects compared with healthy control
(HC) subjects would demonstrate abnormalities of prosodic elements
acoustically and subjectively (Table 1, Hypotheses), and that raters
would be less likely to want to hear more from SPD subjects than HC
subjects. SPD subjects were predicted to have reduced volumes of the
left pars opercularis based on findings in other language-related imag-
ing studies (Dickey et al., 1999, 2010). Further prediction included
SPD subjects, similar to schizophrenic subjects, would have preserved
insight regarding their alexithymia and difficulty monitoring their be-
havior (Penn et al., 1999; Kubota et al., 2011).

A final objective of this study was to provide a novel yet easily
applicable method to measure prosody in clinical populations. In
addition to schizophrenia, many disorders manifest signs of usual
prosody and pragmatics including autism, William's syndrome, pri-
mary aprosodias, social phobia, and right-hemisphere stroke (Ross
et al., 2001; Heilman et al., 2004; Rosenbek et al., 2004; Hubbard
and Trauner, 2007; Ross and Monnot, 2008; Mervis and John, 2010;
Laukka et al., 2011). The simple techniques employed here can be ap-
plied to measure specific prosodic deficits or to track improvement
during clinical trials targeting social remediation.

2. Methods

2.1. Subject recruitment

Subjects were recruited from the community (Dickey et al., 2005).
Inclusion criteria were right-handed; age 18–55; no history of psy-
chosis, ECT, loss of consciousness of more than 5 min, neurologic dis-
order, treatment with antipsychotics, active psychotropic usage,
substance dependence in the last five years or abuse in the last year
as determined by self-report; English as the first-language; and IQ
greater than 80. Additional criteria for HC subjects were no first de-
gree relative with mental illness per subject report and no personal
history of mental illness or personality disorder.

All subjects participated in SCID and SCID II interviews. Groups
were one-to-one matched on age and group-matched on parental
socio-economic status (PSES), IQ, and gender. Groups were matched
on PSES and not on personal SES as SPD has been shown to hinder
persons from achieving their expected social and occupational roles
(Dickey et al., 2005), similar to what has been shown in schizophre-
nia. Eleven SPD and 12 HC subjects previously studied also participat-
ed in prior experiments of prosody perception (Dickey et al., 2010).
After complete description of the study to the subjects, written
informed consent was obtained. This work had approval from local
institutional review boards.
2.2. Voice recordings

Twodifferent types of speech sampleswere recorded: predetermined,
with all subjects saying the same sentences; and self-generated, with all
subjects responding to a probe using their own words and concepts.
Predetermined speech samples were acquired by asking subjects to
read aloud: “Nutmeg is a spice”, an emotionally neutral sentence (referred
to as Nutmeg); and “The puppies are adorable”, a positively valenced sen-
tence (Puppies). Note that the reading of Puppies was added after the
study had already begun to include an emotional sentence resulting in a
lower subject N. Both sentences were of equal word count (four words).
These predetermined sentences allowed for the evaluation of prosody
without the potential confound of variability of content across subjects
as sentences were the same across subjects.

Self-generated speech samples were acquired by asking subjects
to respond to the following probes: “Tell me about a recent trip to a
store”, designed to generate neutral prosody (referred to as Store);
and “Whom do youmost admire and why?”, considered likely to gen-
erate emotion (Admire). Subjects had unlimited time to respond to
these probes. This subject-generated speech, as opposed to the
predetermined sentences, allowed for the recording of more natural-
istic speech patterns.
2.3. Speech sample analyses

Two separate methods for analyzing the speech samples were
performed. First, samples were analyzed acoustically using freely-
available Praat software (http://www.fon.hum.uva.nl/praat/). Variables
examined included pause proportion, duration, attack and pitch variabil-
ity (Table 1, Measurement).

Second, and more germane to social interactions, samples were
rated subjectively by raters. Sentence order was counter-balanced
across raters to minimize priming effects. The four raters were
college-educated laboratory members blind to diagnostic group. Raters
evaluated the samples for perceived amount of pauses, degree of emo-
tion portrayed, and howmuch theywanted to hearmore from a subject
along a seven-point Likert scale (1=not at all, 4=moderate, 7=ex-
treme) with ratings averaged across raters (Table 1). Interrater reliabil-
ity was calculated using Intraclass correlation coefficient.

One goal of these experiments was to determine at what level of
speech or in how short a sample of speech—paragraph, sentence,
word, word-fragment, or phoneme level—could a deficit be demon-
strated in SPD subjects (Table 1, Level of analysis). Common sense
guided the choice of level for each of the variables (Table 1, Ratio-
nale). For example, raters were not asked to judge the duration of a
word-fragment as it would occur too quickly for reliable evaluation.
However, raters were asked to evaluate the amount of pauses and de-
gree of emotion in a subject's description of whom they admired.
2.4. Alexithymia

The Bermond–Vorst AlexithymiaQuestionnaire is a self-administered
questionnaire to probe a subject's experience, fantasy, identification,
consideration, and expression of their emotions (Vorst and Bermond,
2001; Bermond et al., 2006). It included statements such as, “I find it dif-
ficult to express my feelings verbally”, and “When I am upset, I know
whether I am afraid or sad or angry”. This questionnaire was given to de-
termine whether SPD subjects knew that they had difficulties vocalizing
their inner experiences and emotions, in other words, whether the SPD
subjects exhibited insight.

http://www.fon.hum.uva.nl/praat/


Table 2
Subject demographics, prosody variables, clinical variables and gray matter volumes. There was no difference between groups on gender (chi-square 1.817, df=1, pb0.3). Means
for SPD and HC are given with standard deviations (s.d.). Numbers to right of variable name indicate the number of SPD and HC subjects used in the analysis. For pars opercularis
volumes absolute volumes are given in the table but statistics were calculated based on regressed volumes.

SPD s.d. NC s.d. F p Effect size, d

Demographics
Age (28/27) 36.6 9.6 32.0 11.4 2.633 0.1 0.19
SES (26/25) 3.3 1.1 4.1 .5 11.390 0.001 0.62
PSES (27/25) 3.9 1.1 3.9 1.1 .024 b0.9 0.0
“Expected SES” (25/23) −0.4 1.0 0.4 0.6 11.224 0.002 0.55
Vocabulary (27/27) 12.7 4.1 13.7 3.0 1.264 0.3 0.16
Education (27/27) 14.5 2.6 15.9 2.5 3.626 0.06 0.27

Prosody elements, acoustic analysis
Pause proportion (acoustic analysis)
Admire (28/26) 52.9 14.8 44.4 13.4 4.789 0.03 0.3
Store (27/27) 53.1 15.0 48.7 10.2 1.590 0.2 0.2
Nutmeg (27/26) 39.5 14.0 40.6 12.2 .086 b0.8 0.04

Duration (acoustic analysis)
“Adorable” (17/17) 520.2 229.6 397.8 82.1 4.283 b0.05 0.59
“Dora” (17/17) 333.2 108.5 296.1 47.6 1.663 0.2 0.2
“Nut” (26/27) 248.2 53.9 241.0 58.1 .218 0.6 .06

Attack (ms) (acoustic analysis)
“Nut” (26/27) 141.9 41.2 134.0 43.6 .462 0.5 .09
“Do” (17/17) 49.6 22.2 41.5 13.0 1.683 0.2 0.3

Pitch variability (Hz) (s.d.) (acoustic analysis)
Puppy (19/19) 51.4 38.7 84.6 47.0 5.633 0.02 0.33
“Adorable” (17/17) 44.9 48.4 71.6 64.2 1.870 b0.2 0.2
“Dora” (17/17) 14.8 15.4 55.9 63.7 6.704 0.01 0.3
Nutmeg (27/27) 70.7 48.7 76.3 40.5 .209 b0.7 0.07

Prosody elements, subjective analysis
Rating of amount of pauses (subjective analysis)
Admire (28/26)

interrater reliability (kappa=.850)
2.3 1.3 1.8 .6 4.300 0.04 0.38

Store (28/27)
interrater reliability (kappa=.846)

2.5 1.2 1.8 .6 7.034 0.01 0.5

Degree of emotion portrayed (subjective analysis)
Admire (28/28)

Interrater reliability, (kappa=0.677)
2.1 .8 2.6 .7 5.347 b0.03 0.34

Store (28/27)
interrater reliability, (kappa=0.778)

2.1 .9 1.9 .9 .238 0.6 0.1

Admire minus Store (28/27) .06 .8 .6 .9 5.832 b0.02 0.29
Clinical variables

Raters wanting to hear more Admire (28/26) 1.9 .5 2.0 .5 1.578 0.2 0.1
Raters wanting to hear more Store (28/27) 1.7 .5 1.7 .5 .124 0.7 0.0
Alexithymia (27/27) 98.9 21.3 86.2 15.1 6.323 b0.02 0.33
Self-Monitoring Scale (27/26) 6.4 4.0 10.0 2.4 15.390 b0.0005 0.6

Gray matter volumes
Left pars opercularis volume (mls) (17/19)
interrater reliability (10 cases, 4 raters, 0.992)

2.2 .7 2.4 .7 .991 0.3 0.1

Right pars opercularis volume (mls) (17/19)
interrater reliability (10 cases, 4 raters, 0.921)

2.1 .6 2.4 .8 2.470 0.1 0.18
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2.5. Self-Monitoring Scale

The Self-Monitoring Scale (SMS) (Snyder and Gangestad, 1986) is
a true/false self-administered questionnaire that inquired whether a
subject believed that he/she can alter their behavior based on per-
ceived expectations. Examples included: “I have trouble changing
my behavior to suit different people and different situations”, and, “I
may deceive people by being friendly when I really dislike them”. A
high score means more effective paralinguistic social skills. This
scale has been used reliably with subjects with schizophrenia, who
have been shown to have low scores on this measure (Penn et al.,
1999).

2.6. Volumetric measures of pars opercularis

The pars opercularis was manually delineated bilaterally for 20 SPD
and 19 HC subjects on previously-acquired high-resolution MRI images
(1.5 T, 124 coronal SPGR slices 1.5 mm thick, TR 35 ms, TE 5 ms, FOV
24 cm) using a 3D slicer (www.slicer.org) (Fig. 1). Volumes were
corrected for brain size by regressing for intracranial content and
using the saved residuals in subsequent analyses (Dickey et al., 2000).

2.7. Statistics and interpretation

Groups were compared with ANOVA, two-tailed with alpha set at
0.05 for significance, on each of the prosodic elements (Table 1, Ele-
ments) as well as alexithymia, self-monitoring, and pars opercularis vol-
umes. Effect sizesweremeasured byCohen's d. “Expected SES” or the SES
subjects were expected to obtain based on their parents' status (SES
regressed for PSES), was computed (Dickey et al., 2005). Exploratory cor-
relations were performed between expected SES and pitch variation, the
element possibly most critical to prosody (Ross et al., 2001; Leitman et
al., 2010). In order to discern whether SPD subjects had insight into
their social communication problems, a second exploratory correlation
was performed between scores on alexithymia and raters wanting to
hear more from subjects. A negative correlation (more alexithymia and
raters less interested in hearing more) would suggest that the SPD sub-
jects had insight. Insight was further explored by correlating scores on
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the Self-Monitoring Scale and the DSM IV SPD criteria of “no close
friends”. A positive correlation (poorer self-monitoring and fewer
friends) would support the contention of persevered insight. Finally, ex-
ploratory correlations between pars opercularis volumes and each of the
seven prosodic elements (Table 1) were performed. A Bonferroni correc-
tion of the alpha level for consideration of statistical significance was not
applied. Fisher Z transformations were used to compare groups on their
correlation coefficients.

Certain statistical tests were added post-hoc (Table 1, Comments).
The purpose of these tests was to demonstrate measurement methods
and to provide data for future hypothesis generation. This data set of
SPD subjects' speech samples, to the best of the authors' knowledge, is
unique, thus warranting thorough investigation.
3. Results

3.1. Pause proportion and rating of the amount of pauses

ComparedwithHC subjects, SPD subjects spokewithmore pauses in
their self-generated speech samples (Table 2, Admire, Fig. 2a), best il-
lustrated by spectrographs of individual subjects (Fig. 2b). Responses
to the Store probe did not show group differences. Subjective analysis
by raters showed a statistically significant difference between groups
for both probes with good interrater reliability (Table 2). Indeed, there
was a medium effect size for raters' evaluation of Store. As expected,
therewas no difference between groups in pause proportionwhen sub-
jects read the “Nutmeg” sentence (Table 2).
3.2. Duration

SPD subjects, comparedwith HC, took longer to say theword “ador-
able” as detected in the acoustic analysis (Table 2, medium effect size),
but not “nut” nor “dora”.
3.3. Pitch variability and emotion portrayed

At the sentence level SPD subjects had less pitch variation reading
the emotional sentence (Puppy), best illustrated by visually comparing
the spectograms (Table 2, Fig. 2c,d,e). There was no difference between
groups on the neutral sentence, Nutmeg, nor on the word “adorable”
(Table 2). SPD subjects had less pitch variability for “dora” compared
with HC subjects (Table 2, Fig. 2e).

Subjectively, raters found that HC subjects expressed more emo-
tion compared with SPD subjects as they described whom they
most admired (Table 2). The two probes, Admire and Store, were
designed such that Admire would elicit more emotion than would
Store. Indeed, in a one-sample paired t test, HC subjects did portray
more emotion on Admire than Store (t=3.577, df=25, p=0.001).
In contrast, in a one-sample paired t test, SPD subjects did not modu-
late their emotion between Admire and Store (t=.419, df=27,
pb0.7). When comparing groups post-hoc on Admire minus Store,
HC subjects modulated their voices more than did SPD subjects
(Table 2).

“Expected SES” was used in a correlation analysis with the pitch
variability from Puppy to examine the potential relationship between
prosody and “expected SES”. One hypothesis was that if subjects
spoke with less pitch variation, they may have less success in their
communication and, thus, in their occupational advancement. SPD
subjects showed a positive correlation (rho=.535, N=16, p=0.03,
note that a negative value for “expected SES” means a lower SES)
(Fig. 2g, upper graph), in contrast to HC who showed a negative cor-
relation (rho=− .523, N=16, pb0.04) (Fig. 2g, lower graph). There
was a statistically significant difference in correlation coefficients
(Fisher Z transformation, pb0.003).
3.4. Hear more

Contrary to predictions, raters were not more interested in hear-
ing from HC than from SPD subjects (Table 2).

3.5. Alexithymia

SPD subjects had higher alexithymia scores than the HC subjects
(Table 2, Fig. 3a). To gage SPD subjects' insight into their relative abil-
ities to verbally communicate effectively, self-assessed alexithymia
was correlated with whether raters wanted to hear more. The corre-
lation was negative (Admire, rho=− .516, N=27, p=0.006);
suggesting that SPD subjects had insight: the more trouble they had
communicating, the less others wanted to hear more from them
(Fig. 3b). There was no such correlation for HC subjects (Admire,
rho=.037, N=26, p b0.9) (Fig. 3b).

3.6. Self-Monitoring Scale (SMS)

SPD subjects scored lower on this measure compared with HC
subjects, suggesting awareness of their inflexibility in response to
their social environment (Table 2). SPD subjects who scored lower
on this scale also had fewer friends (negative correlation between
SMS and DSM IV criteria of “no close friends”) (rho=−414, N=26,
pb0.04) (Fig. 4). The correlation for HC subjects could not be
performed as their scores on the SPD criteria of “no close friends”
were a constant and at floor.

3.7. Pars opercularis volumes and correlation with clinical variables

There was no difference in right or left pars opercularis gray mat-
ter volumes between groups (Table 2). Interrater reliability for the
tracings was high (Table 2).

For the SPD subjects, the larger the left pars opercularis gray matter
volume, the more raters thought the subject spoke with emotion (Ad-
mire, rho=.530, N=17, pb0.03) (Fig. 5a, upper graph). For HC sub-
jects, this relationship was not significant (Admire, rho=.126, N=18,
p=0.6) (Fig. 5a, lower graph) (Fisher Z transformation=0.2). Similar-
ly, for the SPD subjects, the larger the left pars opercularis gray matter
volume, the fewer pauses (Admire, pause proportion: rho=− .513,
N=17, pb0.04) (Fig. 5b, upper graph). For HC subjects, this relation-
ship was not significant (rho=− .057, N=18, p=0.8) (Fig. 5b, lower
graph). (Fisher Z transformation=−1.37, pb0.2).

For the HC subjects the smaller the right pars opercularis gray
matter volume the more they had trouble describing their feelings
(higher alexithymia scores; rho=− .467, N=19, p=0.04) (Fig. 5c,
lower graph). For SPD subjects there was no such relationship: the
ability to describe one's feelings was unrelated to right pars volumes
(rho=.189, N=16, pb0.5) (Fig. 5c, upper graph). There was a statis-
tically significant different correlation coefficient (Fisher Z=− .1.97,
pb0.05) for alexithymia and right pars volumes between HC and
SPD subjects.

4. Discussion

The main findings of this report were that SPD subjects, compared
with healthy controls, had statistically significantly more periods de-
void of speech, spoke more slowly, had less fluctuation in pitch, and
expressed less emotion. Abnormalities were demonstrable in samples
as long as a paragraph and as short as a word-fragment. SPD subjects
had insight into their difficulties: on self-reflection they appreciated
that they had difficulties communicating their feelings and modulating
their expressions based on social context. These deficits were not due to
volumetric abnormalities of the pars opercularis. Correlation analyses,
however, raised the possibility of functional abnormalities in this
region.
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These group differences were measureable objectively using acous-
tic analyses (pause proportion, duration, and pitch variability). This is
important as it suggested that the deficits in vocal communication for
SPD subjects were beyond formal thought disorder (Dickey et al.,
1999). Moreover, through the use of acoustic analyses, more fine-
grained examination of the speech sample could be performed, for ex-
ample, the measurement of the duration of a word-fragment. The dem-
onstration of statistically significant abnormalities in duration or pitch
variability in as short a sample of speech as a word-fragment reinforces
the profundity of the deficit. Indeed, the reduced pitch variation in
Puppy—just four short words—correlated with SPD subjects' inability
to reach the socio-economic status of their parents (“expected SES”).

SPD subjects' prosodic abnormalities were similarly perceivable by
raters. Both the subjective raters (Admire and Store) and the acoustic
analyses (Admire) showed SPD subjects to have more pauses and less
emotion (Admire) or pitch variability (Puppy, “dora”) in their speech
compared to healthy controls. Raters' ability to assess these abnormalities
in the laboratory may suggest that persons in the real-worldmay be sim-
ilarly likely to notice the SPD subjects' relatively slow and flat speech.

How these findings may affect SPD subjects' functioning in the
real-world is salient. Contrary to the initial prediction and fortunately
for the SPD subjects, there was no difference between groups in raters
wanting to hear more from them. Unfortunately, however, what was
confirmed was that raters did not want to hear more from SPD subjects
who described themselves as more alexithymic. Those SPD subjects
who acknowledged difficulties verbally conveying their inner lives
and emotions were less likely to have raters want to hear more from
them. This accurate self-perception, or insight, on the part of the SPD
subjects, might have been potentially clinically useful if they could use
or apply this self-perception to monitor and modulate their social be-
havior accordingly. SPD subjects had trouble modulating their re-
sponses to others in social situations (lower scores on the SMS). SPD
subjects were aware that they had deficits both in conveying their emo-
tions verbally and modulating their behavior in social situations. Fur-
thermore, SPD subjects' difficulty in modulating their social behavior
correlated with their inability to forge meaningful friendships and
have confidants. Successful social interaction depends on situation-
specific modulation of behavior. For patients with schizophrenia, poor
social interaction affects their sense of well-being (Perlick et al., 1992).

The final consideration of this study was whether the measures ex-
plored had neuroanatomic correlates. Current neurocognitive theory
posits a right hemisphere specialization for prosody in HC (Ross et al.,
2001; Heilman et al., 2004; Ozdemir et al., 2006; Ross and Monnot,
2008; Schlaug et al., 2010). Although there was no difference between
groups in pars opercularis graymatter volumes, correlations with pros-
odymeasures reinforced the concept of pars involvement with prosody
production. For HC subjects, the greater their alexithymia, the smaller
their right pars opercularis volumes. This suggested that, in HC subjects,
larger right pars opercularis volumes may have facilitated the motor
production of prosodic speech. This finding was interesting in light of
a similar correlation for the SPD subjects, albeit not on the right, but
on the left. The larger or more normal the SPD subjects' left pars
opercularis volumes, the more the raters thought that they spoke with
emotion and had fewer pauses. Why the correlation between gray
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matter volumes and prosody was on the left for SPD subjects was
unclear, but is consistent with hemisphere lateralization functional ab-
normalities in schizophrenia spectrum subjects (Crow, 2000).

One limitation of the current study was the relatively small subject
number thus restricting generalizability and precluding a gender by
diagnosis analysis. Recruiting for SPD subjects directly from the com-
munity is challenging given their inherent suspiciousness, social anx-
iety and the lack of an evidence-based treatment option. Another
disadvantage was the scant schizophrenia literature evaluating pros-
ody production, thus limiting the discussion of how the current find-
ings in SPD compare with schizophrenia. Providing this easy-to-use
method of measuring prosody may aid in advancing the field of social
cognition remediation for a variety of clinical disorders. Future work
exploring the relationship between prosody perception and identifi-
cation (Dickey et al., 2010) with vocal affect productionmay elucidate
the underlying mechanisms of these SPD subjects' social deficits.

Persons suffering from schizophrenia and SPD seek social connec-
tions and friendships. Current pharmacologic treatments do not ad-
dress schizophrenia spectrum patients' lack of relationships and
diminished prosody, yet prosody is important for the active engage-
ment with another person and for achieving social and economic
goals. Future social remediation programs designed for persons with
schizophrenia spectrum disorders may benefit from a focus on pro-
sodic speech production.
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