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To document the impact of Parkinson's disease (PD) on communication and to further
clarify the role of the basal ganglia in the processing of emotional speech prosody, this
investigation compared how PD patients identify basic emotions from prosody and judge
specific affective properties of the same vocal stimuli, such as valence or intensity. Sixteen
non-demented adults with PD and 17 healthy control (HC) participants listened to
semantically-anomalous pseudo-utterances spoken in seven emotional intonations
(anger, disgust, fear, sadness, happiness, pleasant surprise, neutral) and two distinct
levels of perceived emotional intensity (high, low). On three separate occasions, participants
classified the emotional meaning of the prosody for each utterance (identification task),
rated how positive or negative the stimulus sounded (valence rating task), or rated how
intense the emotion was expressed by the speaker (intensity rating task). Results indicated
that the PD group was significantly impaired relative to the HC group for categorizing
emotional prosody and showed a reduced sensitivity to valence, but not intensity, attributes
of emotional expressions conveying anger, disgust, and fear. The findings are discussed in
light of the possible role of the basal ganglia in the processing of discrete emotions,
particularly those associated with negative vigilance, and of how PD may impact on the
sequential processing of prosodic expressions.
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1. Introduction

In speech communication, listeners attend to relative
changes in pitch, duration, and loudness, or speech prosody,
to infer the emotions or affective state of a speaker (Banse
and Scherer, 1996; Scherer, 1986). Recent interest in the
neurocognitive processing of emotions from a speaker's voice
indicates that these abilities are governed by a distributed
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neural network involving cortical and subcortical structures
(Pell, 2006; Schirmer and Kotz, 2006). For example, many
reports have sought to elaborate the role of cortical regions,
such as right temporal and bilateral prefrontal areas, at
different stages of processing emotional prosody (Beaucousin
et al., 2007; Wildgruber et al., 2005a,b). Recent studies have
also drawn attention to the involvement of subcortical
structures in vocal emotion processing, such as the amygdala
(Sander et al., 2005; Scott et al., 1997) and especially the basal
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ganglia (Adolphs et al., 2002; Anderson and Phelps, 1998; Van
Lancker Sidtis et al., 2006), which was the primary focus of the
present investigation.

1.1. Basal ganglia contributions to prosody

In the last two decades, compelling evidence that the basal
ganglia are engaged in the processing of speech prosody has
accumulated from clinical and neuroimaging sources. In a
comparative lesion study, Cancelliere and Kertesz (1990)
concluded that deficits for recognizing emotions from vocal
expressions are highly prevalent in patients with focal lesions
that affect the basal ganglia when compared to other lesion
sites (see also Starkstein et al., 1994; Weddell, 1994). Neuroi-
maging investigations have arrived at similar claims about the
importance of the basal ganglia in processing emotional
prosody (Kotz et al., 2003; Wildgruber et al., 2005a,b). These
data fit coherently with observations that emotional prosody
is typically impaired in patients with basal ganglia degener-
ation due to idiopathic Parkinson's disease as well (Blonder
et al., 1989; Breitenstein et al., 2001; Pell and Leonard, 2003).

Parkinson's disease (PD) is marked by the interruption of
dopaminergic input to the striatum which progressively
influences the transmission of information from the basal
ganglia to the neocortex via thalamocortical pathways, al-
though damage in the early stages of the disease is relatively
confined to the basal ganglia (Alexander et al., 1986). Con-
sequently, non-dementedadultswithPDare frequently studied
to derive insights about functional properties of the basal
ganglia (Lieberman, 2000). To date, studies have consistently
found that adults with mild to moderate PD are impaired for
recognizing the emotional meaning of prosodic cues in speech
whencompared toamatchedcontrol group (Blonder etal., 1989;
Breitenstein et al., 1998, 2001; Pell, 1996; Pell and Leonard, 2003;
Schröder et al., 2006; Scott et al., 1984; Yip et al., 2003). Similar
difficulties have been observed in patients with Huntington's
disease aswell (Speedie et al., 1990; Sprengelmeyer et al., 1996),
reinforcing the view that the basal ganglia play an essential
part in systems devoted to prosodic communication.

In a recent set of studies, Pell and Leonard (2003, 2005)
comparedhow21agingadultswithorwithoutPDrecognizebasic
emotions from prosody and from cues in other communication
channels such as facial expressions or verbal cues. The
participants' comprehension was assessed with both identifica-
tion and emotional rating tasks which varied in underlying task
demands. The results demonstrated that the PD patients were
significantly impaired to recognize emotions strictly from
prosodic cues irrespective of task demands, and that their ability
to decode emotions from other channels was relatively spared.
The PD group was particularly impaired for recognizing the
emotion “disgust” in the vocal channel. These prosodic deficits
could not be explained by obvious cognitive impairments in the
PD group, such as working memory limitations or executive
dysfunction. The authors interpreted these data as further
evidence that the basal ganglia play a critical and potentially
direct role in prosodic processing by promoting efficient decoding
of emotional information from vocal cue sequences in speech
(Pell and Leonard, 2003). A similar account of how the basal
ganglia contribute to taskswhich rely on temporal sequencing in
speech has been described by Meyer et al. (2004).
Consistent with Pell and Leonard's (2003) observation that
PD patients were poor at recognizing vocal expressions of
disgust, the possible involvement of the basal ganglia in
neural systems for processing discrete emotions has also been
described (Anderson and Phelps, 1998; Calder et al., 2001).
Much of this support is gathered from studies of emotional
face processing, which underscore that PD patients often fail
to recognize expressions of disgust (Dujardin et al., 2004;
Sprengelmeyer et al., 1996; Suzuki et al., 2006). The ventral
striatum has also been implicated in the processing of anger
(Calder et al., 2004), and it has been noted that PD patients
often display selective difficulties to express anger and disgust
through prosody when compared to other emotions (Caeke-
beke et al., 1991; Pell et al., 2006). Thus, the idea that the basal
ganglia participate in dedicated networks for processing
specific emotions is firmly entrenched, especially for disgust,
although data imply that these impairments are not always
easy to detect in PD patients even when facial stimuli are
presented (Adolphs et al., 1998; Dewick et al., 1991; Pell and
Leonard, 2005). Nonetheless, the impact of different emotion
categories on the comprehension of vocal stimuli by PD
patients should continue to be monitored.

1.2. Sensitivity to affective dimensions of emotional prosody
in PD

While it is increasingly clear that basal ganglia disturbance is
associated with problems to assign emotional meanings to
prosody in a variety of contexts, a precise understanding of
whether PD patients can evaluate the affective properties of
vocal stimuli in light of their brain damage has not been
reached. As discussed below, the possibility that some of the
difficulties experienced by PD patients on prosody tasks stem
from an inability to evaluate certain affective properties of
paralinguistic events, such as emotional arousal and/or
valence, cannot be dismissed. The main aim of this investi-
gation was to look further at how different emotionally-rele-
vant details of vocal stimuli are processed in the context of PD,
permitting additional insights about the role of the basal
ganglia in vocal emotion processing.

Perspectives on the structure of emotions vary, and yet it is
commonly accepted that systematic differences in valence
and arousal form central properties of an emotional stimulus
(Russell, 1980; Scherer, 1986). Valence attributes of an emo-
tional event require an evaluation of the positive–negative
(pleasant–unpleasant) quality of the stimulus, whereas cues
to arousal require evaluation of the emotional intensity of the
stimulus (here, intensity is defined as the perceived strength of
the emotion expressed).With respect to valence, in addition to
the emotion-specific deficits described above, several studies
have reported greater difficulty for PD patients to recognize
negative rather than positive emotions from vocal cues
(Breitenstein et al., 1998; Pell and Leonard, 2003) and from
facial expressions (Cheung et al., 2006; Dujardin et al., 2004;
Suzuki et al., 2006). It is unclear whether these impairments
reflect an inability to process discrete emotions as previously
assumed or whether the patients fail to fully appreciate the
broader, negative characteristics of vocal stimuli in certain
contexts (Anderson and Phelps, 1998). Similarly, it has been
suggested that the processing of acoustic cues which signal
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the arousal component of emotional prosody is disturbed in
PD patients (Breitenstein et al., 1998), and related studies have
reported impairments for processing the arousal features of
emotional pictures in adults with PD (Bowers et al., 2006;
Wieser et al., 2006). These collective findings raise the
possibility that PD patients are less sensitive to basic affective
features of vocal emotion expressions, contributing in part to
their difficulties on prosody tasks and possibly in broader
aspects of their social lives.

The goal of our study was to specify the communication
profile of adults living with PD and to elaborate the role of the
basal ganglia in the processing of vocal cues to emotion. This
investigationwasbuilt onourprevious study (Pell andLeonard,
2003) by evaluating the comprehension of both emotions and
affective properties of prosodic expressions by a new PD
sample. Each participant completed tasks of categorizing the
emotionalmeaning of utterances, with andwithout congruent
semantic features, and tasks which required them to rate
specific affective (valence or intensity) characteristics of the
same stimuli. Our materials were selected carefully to control
for the perceived emotion and intensity level of the prosodic
expressions to achieve a sensitive test of how these factors
may affect PD patients when engaged in each form of stimulus
processing. Based on the literature reviewed,we predicted that
PD patients would be impaired overall to categorize emotions
from prosodic cues and that selective deficits for certain
negative emotional expressions could emerge when catego-
rizing emotions and/orwhen independently rating the valence
of prosodic expressions. Predictions about the impact of
emotional intensity cues on the performance of the PD group
could not be made with certainty in light of the limited data
available.
1 For the pure prosody task, a second 2×7 (Group×Emotion)
ANOVA was run excluding the three patients with depression.
Again, the results did not show any difference from the main
analysis revealing a main effect of Group, F(1, 28)=12.97, pb0.001,
Emotion, F(6, 168)=5.35, p=b0.01, and Emotion×Group interac-
tion, F(1, 168)=4.76, pb0.01. Post-hoc analysis of the interaction
confirmed that the PD group assigned significantly higher (i.e.,
positive) ratings to expressions of anger, disgust, and fear when
compared to the control group.
2. Results

2.1. Identifying emotions from prosody and verbal cues

As a control condition, the ability of each participant group to
recognize emotions from utterances containing congruent
prosodic and verbal semantic cues was assessed by the pro-
sody semantic identification task. In general, the proportion of
correct responses obtained for the HC group (M=0.83, S.D.=
0.16) and for the PD group (M=0.81, S.D.=0.15) across emotions
was relatively comparable. A 2×7 ANOVA with factors of
Group (PD, HC) and Emotion (anger, disgust, fear, sadness,
happiness, pleasant surprise, neutral) revealed a significant
main effect of Emotion, F (6, 186)=6.60, pb0.001, but no sig-
nificant main or interactive effect involving Group (both
F'sb1.69, p'sN0.13). Post-hoc Tukey's (HSD) inspection of the
emotion effect revealed that happiness (M=0.71) and pleasant
surprise (M=0.75) were associated with greater errors in this
task than all other emotions (range of 0.80 for neutral to 0.88
for fear).

2.2. Identifying emotions from prosody alone

The ability of PD and HC participants to judge emotional
prosody from pseudo-utterances in our threemain tasks–pure
prosody emotion identification, valence rating, and intensity
rating–is displayed together in Table 1 according to the
emotion and intensity level of the stimuli presented across
tasks.

a) Pure-prosody identification — A 2×7 (Group×Emotion)
ANOVA first tested how Group (PD, HC) influenced the
proportion of correct identification responses by Emotion
(anger, disgust, fear, sadness, happiness, pleasant surprise,
neutral) when only prosody conveyed these meanings. There
was a significant main effect of Group on emotion identifica-
tion, F(1, 31)=6.04, p=0.02, r=0.37. Post-hoc comparisons
indicated that the PD group made more errors overall than
the HC group in the pure prosody task.1 There was also a
significant main effect of Emotion, F(6, 186)=7.29, pb0.001,
which was explained by the fact that neutral utterances
(M=0.81) were identified more accurately by both groups than
all other emotions (range of 0.52 for fear to 0.59 for anger). The
interaction of Group and Emotion was not significant for this
analysis, F(6, 186)=1.32, p=0.25. A comparison of overall group
performance in the pure prosody versus the prosody semantic
task is illustrated in Fig. 1 which shows that the PD patients
experienced selective difficulties identifying emotions on the
pure prosody task.

A second 2×2×2 ANOVA involving Group (PD, HC), Valence
(positive, negative) and Intensity (high, low) was then run. The
results yielded a main effect of Group, F(1, 31)=3.91, p=0.057,
r=0.33, which reaffirmed that the PD group performed less
accurately than the HC group overall. A significantmain effect
of Intensity was also observed, F(1, 31)=19.43, p=0.0001,
r=0.62, and an interaction of Valence and Intensity, F(1, 31)=
21.68, pb0.001, r=0.64. The interaction was explained post-
hoc by the fact that all participants were more accurate to
identify negative emotions when they were high (M=0.67)
versus low (M=0.44) in intensity, whereas accuracy rates did
not differ for positive emotions of high (M=0.57) and low
(M=0.55) intensity. However, there was no influence of either
Valence or Intensity on the identification scores of the two
groups (all two- and three-way interactions with Group,
F'sb1.0, p'sN0.40).

b) Valence rating — The participants' ability to rate the
positive/negative valence of the same auditory stimuli was
first examined in a 2×7 ANOVA with factors of Group and
Emotion. There was a significant main effect of Group, F(1,
31)=8.80, p=0.006, r=0.47, and Emotion, F(6, 186)=22.32,
pb0.001, as well as an interaction of Group by Emotion, F(6,
186)=5.00, pb0.001. Post-hoc examination of the interaction
indicated that for three of the emotions–anger, disgust, and
fear–the PD group differed from the HC group by assigning
significantly higher valence ratings to these emotions (in
fact, the mean ratings for the PD group fell on the positive
side of the rating scale, in contrast to what was observed



Table 1 – Judgements of emotional prosody by individuals with Parkinson's disease (PD) and healthy control (HC)
participants when presented the same set of pseudo-utterances in three distinct tasks

Emotion Intensity Type of judgement

Pure prosody identification
(proportion correct)

Valence rating (−3 to +3) Intensity rating (1 to 5)

PD HC PD HC PD HC

Anger High 0.58 (0.27) 0.72 (0.29) +0.44 (1.83) −1.01 (1.58) 3.98 (0.53) 4.06 (0.53)
Low 0.42 (0.18) 0.62 (0.16) +0.34 (1.03) −0.88 (0.79) 3.67 (0.55) 3.69 (0.58)

Disgust High 0.78 (0.18) 0.74 (0.31) +0.28 (1.43) −1.16 (1.20) 3.59 (0.63) 3.59 (0.83)
Low 0.39 (0.22) 0.40 (0.28) +0.20 (0.82) −0.63 (0.85) 3.11 (0.33) 3.22 (0.59)

Fear High 0.45 (0.21) 0.63 (0.32) +0.78 (1.23) −0.68 (1.65) 4.23 (0.42) 4.41 (0.50)
Low 0.61 (0.27) 0.38 (0.33) +0.05 (1.19) −1.07 (1.24) 3.52 (0.59) 3.82 (0.72)

Sadness High 0.67 (0.28) 0.79 (0.24) −1.31 (0.93) −1.65 (1.01) 3.03 (0.55) 3.21 (0.65)
Low 0.31 (0.21) 0.40 (0.27) −0.48 (0.78) −0.82 (0.55) 2.64 (0.60) 2.90 (0.64)

Happiness High 0.47 (0.31) 0.65 (0.28) +1.42 (1.16) +1.28 (1.16) 3.66 (0.33) 3.50 (0.72)
Low 0.53 (0.33) 0.47 (0.32) +0.61 (0.95) +0.78 (0.62) 2.33 (0.67) 2.44 (0.78)

Surprise High 0.56 (0.21) 0.59 (0.23) +1.25 (1.07) +0.91 (1.53) 3.86 (0.57) 4.00 (0.70)
Low 0.47 (0.18) 0.72 (0.30) +1.08 (0.84) +0.85 (1.00) 3.30 (0.57) 3.31 (0.81)

Neutral Neutral 0.72 (0.35) 0.90 (0.14) −0.35 (0.65) +0.18 (1.06) 1.83 (0.67) 1.88 (0.82)
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for the HC group).2 The groups did not differ in how they
rated sadness, happiness, pleasant surprise, or neutral utte-
rances. These patterns are illustrated in Fig. 2.

A 2×2×2 ANOVA involving Group (PD, HC), Valence (posi-
tive, negative) and emotional Intensity (high, low) was sub-
sequently run on the data for the six emotions without
neutral. Results indicated a significant main effect of Group, F
(1, 31)=6.60, p=0.01, r=0.42, a main effect of Valence, F(1, 31)=
67.92, pb0.001, r=0.83, and an interaction of Group by Valence,
F(1, 31)=5.98, p=0.02, r=0.40. Post-hoc tests of the interaction
showed that the PD group assigned higher (i.e., more positive)
valence ratings to the class of negative emotions than the HC
group, whereas there was no difference in how the two groups
assigned ratings to the class of positive emotions. There was
also a significant Valence×Intensity interaction, F(1, 31)=
10.62, p=.003, r=0.51; the valence of high (M=−0.54) and low
(M=−0.41) intensity exemplars of negative emotions were
rated as similar in valence, whereas for positive emotions high
intensity exemplarswere rated asmore positive (M=1.22) than
low intensity exemplars (M=0.83). The intensity of utterances
did not influence valence ratings in the form of a main effect
or as an interaction with Group (all F'sb1.62, p'sN0.21).

c) Intensity rating — To understand factors which may
have influenced judgements of the intensity of emotional
prosody in our experiment, a 2×7 ANOVA first examined how
the groups assigned intensity ratings as a function of the
seven emotions. Results yielded a main effect of Emotion, F(6,
186)=95.03, pb0.001. In general, the participants rated anger,
fear, and surprise as most intense, greater than disgust, which
in turn was more intense than happiness and sadness, which
in turn exceeded neutral. There was no main or interactive
2 In the event that depression contributed to prosody identifica-
tion, a second 2×7 (Group×Emotion) ANOVA was run for the
valence rating task excluding the three subjects who were
identified as depressed. The outcome of this ANOVA was the
same as the main analysis revealing a main effect of Group, F(1,
28)=5.12, p=0.03, and Emotion, F(6, 168)=7.57, pb0.001.
effect of Group on these findings (both F'sb1.0, p'sN0.54). A
2×2×2 ANOVA then considered how group intensity ratings
may have been influenced by valence or intensity dimensions
of prosodic expressions omitting the data for neutral. There
was a significant main effect on the intensity ratings for
Valence, F(1, 31)=14.05, p=0.001, r=0.56, and Intensity, F(1,
31)=117.27, pb0.001, r=0.89, and a significant interaction of
Valence and Intensity, F(1, 31)=19.95, pb0.001, r=0.63. Post-
hoc comparisons confirmed that “high” intensity utterances
were always rated as more intense than “low” intensity ut-
terances irrespective of valence; however, whereas similar
ratings were assigned to high intensity exemplars of negative
(M=3.77) and positive (M=3.75) emotions, low intensity ex-
emplars of negative emotions (M=3.32) were always perceived
as more intense than for positive emotions (M=2.85). There
was no evidence that these patterns were influenced by PD
status for this analysis (all main and interactive effects with
Group, F'sb1.0, p'sN0.40).
Fig. 1 – Mean recognition of seven distinct emotions from
pseudo-utterances (pure prosody task) and utterances with
emotionally-biasing prosody and semantic cues (prosody+
semantic task) by adults with Parkinson's disease (PD) and
healthy controls (HC).



Fig. 2 – Mean group valence ratings of vocal stimuli on a scale from strongly positive (+3) to strongly negative (−3) according to
the emotion category of the utterance.
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2.3. Relationship between prosody tasks and
neuropsychological and clinical variables

To contextualize performance in the four prosody tasks and in
reference to some of our background measures, Pearson cor-
relation analyses (pb0.05) were briefly undertaken for the PD
group. Based on previously reported relationships in the
prosody literature, the background tests of interest here
were: emotional (static) face identification; two purported
measures of “frontal lobe” functioning, verbal working mem-
ory/listening span and Tower of London (measures reported in
Table 2); depression (HDI scores); and duration of PD in years
(as an estimate of overall disease severity). Prior to the anal-
ysis, a z-score transformation was applied to the distribution
of measures within the PD group to permit direct comparison
of prosody tasks which inferred performance based on
accuracy scores (pure prosody, prosody semantic identifica-
tion tasks) or continuous ratings (valence rating, intensity
rating); the mean and standard deviation of the HC group's
performance on the same task always served as the reference
point for the transformation. The performance of the PD group
on the pure prosody identification task showed a significant,
positive correlation with scores in the prosody semantic task
(r=0.58) and a marginally significant correlation with the
emotional face identification task (r=0.49). Performance on
the identification (especially pure prosody) tasks was not
related to the ability to rate valence or intensity features of the
same stimuli, nor with either “frontal lobe” measure (there
was a trend whereby pure prosody identification was associ-
ated with working memory capacity (r=0.45) but this was not
significant). The ability to rate valence versus intensity
characteristics of prosody from emotional utterances did not
demonstrate a significant relationship.

We then looked for possible correlations between key
clinical variables, such as depression and disease duration,
and the performance of PD patients in the two prosody tasks
in which they were impaired (valence rating and pure prosody
identification). There was no significant evidence of a
relationship between scores on either prosody task and the
two clinical variables, suggesting that neither depression nor
disease duration contributed in an important manner to the
performance of the PD group in these tasks. To further clarify
the role of disease severity on our data, we then examined the
distribution of individual PD patients according to disease
duration to construct two sub-groups around the PD group
mean (M=8.2 years): “early” PD (disease duration=3.0 to
7.0 years, n=11) and “advanced” PD (disease duration=9.0 to
27.0 years, n=5). Performance of “early” and “advanced” PD
patients appeared quite similar in the prosody tasks (for
example, “early” patients scored 55.8% and “advanced” patients
scored 53.7% correct in the pure prosody identification task).
Separate t-tests comparing “early” and “advanced” PD patients
revealed no significant differences for pure prosody identifica-
tion, t(14)=0.33, p=0.74, nor for valence rating, t(14)=0.08;
p=0.94.
3. Discussion

This report delves into recent debate about the cognitive
sequelae of Parkinson's disease and the role of the basal
ganglia in processing emotional prosody. A novel array of
tasks was designed to tap how PD patients process different
emotional and affective meanings of prosody when listening
to a controlled set of vocal stimuli. As anticipated, our PD pa-
tients were impaired in the ability to identify emotions from
utterances that did not provide any verbal–semantic cues, and
they also displayed problems to rate the valence of prosodic
cues for certain emotions, especially for anger, disgust, and
fear. In contrast, there was no evidence in our data that PD
patients were differentially sensitive to the intensity of
emotional stimuli in the vocal channel as discussed below.

The prosodic impairments we observed did not appear to
be a consequence of reduced cognitive capacities which are
commonly associated with PD, as our patients were not
demented and performed well in most tests of executive
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functioning. Although there were marked differences in the
verbal workingmemory performance of individuals within the
PD group as compared to the HC group–and these deficits are
known to contribute to certain communication deficits in PD
patients (Hochstadt et al., 2006; Monetta and Pell, 2007)–
measures from our three main prosody tasks did not show a
meaningful correlation with measures of working memory
capacity. Prosody deficits also did not seem to be a conse-
quence of increasing disease severity, as patients in the early
years of PD performed in amanner comparable to patients at a
more advanced stage of the disease. Finally, it is unlikely that
task-related response demands of associating emotional
meanings from one channel to another, i.e., from prosodic
expressions to verbal labels which specified the response
alternatives, was a factor in the performance of our PD group
(Breitenstein et al., 1998; Pell and Leonard, 2003). This as-
sertion is substantiated by the fact that the patients could
successfully associate emotional meaning from facial expres-
sions or verbal scenarios with the verbal labels in background
tasks which imposed relatively similar demands on the
participants.

Another critical factor to consider in studies of affective
processing in PD is the role of depression. Three patients in
our PD group fit the criteria for depression (and were receiving
anti-depressants) and this fact lead to significant group dif-
ferences on our depression measure overall. However, our
analyses for the pure prosody identification and valence rating
task established that the PD group was significantly impaired
relative to the control group even when these three patients
were removed from the analyses and there was no evidence of
a correlation between depression and our prosody measures
for the PD group overall. Therefore, depression does not seem
to be a major factor in explaining why our PD patients ex-
hibited difficulties in prosodic processing, an observation
which is consistent with our previous studies (Pell, 1996; Pell
and Leonard, 2003) and the bulk of the literature on this topic
for comprehension (Benke et al., 1998, Breitenstein et al., 2001)
and expression (Darkins et al., 1988) of emotional prosody.
Thus, while it is likely that clinically significant signs of de-
pression, with or without PD, can contribute to difficulties on
tasks of emotional processing or prosody (Kan et al., 2004) this
feature does not constitute the source of prosodic deficits in
most PD patients.

It can therefore be argued that the prosodic difficulties of
our PD group reflect one of the primary consequences of in-
terruptions within the basal ganglia/fronto-striatal system on
communication processes, as claimed previously in studies of
PD patients (Breitenstein et al., 1998; Pell and Leonard, 2003),
patients with focal basal ganglia lesions (Cancelliere and
Kertesz, 1990; Starkstein et al., 1994), and functional neuroi-
maging studies of healthy adults (Kotz et al., 2003; Wildgruber
et al., 2005a,b). Our findings underscore that the intact basal
ganglia may be essential for deriving certain emotional
meanings from the prosodic element of speech, although the
source of these deficits cannot be accredited to a more gen-
eralized impairment in the comprehension of emotions. Our
background tests established that the current PD patients
could identify emotions from utterances with emotional
verbal semantics (Kan et al., 2002; Pell, 1996) and from static
facial expressions (Adolphs et al., 1998; Dewick et al., 1991; Pell
and Leonard, 2005) in a manner resembling healthy adults.
This means that, despite evidence here of a significant,
positive correlation in the ability of the PD patients to identify
emotions in the pure prosody, prosody semantic, and static
face tasks, they were only impaired when judging “pure
prosody” stimuli, pointing to the selectivity of their impair-
ments to emotional meanings encoded through prosody.

It is commonly held, from different theoretical viewpoints,
that humans evaluate vocal expressions of emotion in
reference to the intrinsic valence (positive–negative) and
intensity of these events (Russell, 1980; Scherer, 1986). When
PD patients were required to rate emotional utterances along
each of these continua, the results of the valence rating task
indicated that the patients were abnormally sensitive to the
underlying valence of certain negative emotions, although not
all. Both the PD and HC participants rated sad utterances as
strongly negative and happy and pleasant surprise utterances
as strongly positive, whereas the PD patients rated utterances
conveying anger, disgust, and fear as having a positive con-
notation unlike healthy listeners. A review of Fig. 2 demon-
strates that the HC group had little difficulty in associating the
seven emotion expressions with the appropriate positive or
negative connotation in the expectedmanner, which suggests
that the task was suitable for tapping evaluations of valence
properties for the vocal stimuli presented. The ability of the PD
patients to normally register the valence of “sad”, “happy” and
“pleasant surprise” utterances also implies that the patients
could successfully use the rating scale in both directions when
attending to valence characteristics of the stimuli and that
they could evaluate the negative implications of prosodic cues
in certain contexts. Thus, it is reasonable to conclude that the
PD patients were selectively aberrant in their sensitivity to
specific emotions in the valence rating task, namely anger,
disgust, and fear.

On the other hand, the performance of the PD group did not
deviate from that of the HC group when rating the relative
intensity of vocal stimuli (i.e., intensity rating task). In
addition, although we found that measures of pure prosody
identification and valence rating were each systematically
influenced by the pre-determined (high/low) intensity level of
emotional stimuli, the influence of these features on the
performance of the PD and HC groups did not vary in any
instance. Therefore, there were strong indications in the data
that PD patients could decode the intensity/arousal dimension
of vocal expressions in a comparable manner to healthy
listeners. Previously, Breitenstein et al. (1998) suggested that
prosodic comprehension difficulties in PD could be due to a
failure to process certain acoustic cues, such as elevatedmean
pitch which tends to correlate with arousal; however, these
researchers presented a small number of emotions for
comprehension and did not directly manipulate the intensity
dimension of their stimuli. Our direct test of this factor
provides no evidence that PD patients are insensitive to the
intensity attributes of prosody for a wide range of emotion
expressions.

One possible reason that our PD patients were impaired to
judge affective valence but not intensity is that the basal
ganglia are preferentially involved in the processing of certain
negative emotions irrespective of their intensity of expression.
The literature on emotional face recognition suggests that
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specific neural structures such as the basal ganglia support
the processing of anger (Calder et al., 2004; Lawerence et al.,
2007) and disgust (Calder et al., 2000; Phillips et al., 1997;
Sprengelmeyer et al., 1998) in communication. Impaired
recognition of disgust has also been observed in PD patients
(Pell and Leonard, 2003; Yip et al., 2004) and patientswith basal
ganglia dysfunction due to Huntington's disease (Gray et al.,
1997; Sprengelmeyer et al., 1997). These findings appear to fit
with the current observation that PD patients were insensitive
to the valence attributes of anger and disgust. We additionally
found that PD patients were abnormal in how they processed
fear, an emotion that is frequently linked to properties of the
amygdala (Adolphs et al., 1994; Calder et al., 1996; Phillips
et al., 1998) and which is often impaired in patients with PD as
well (Breitenstein et al., 1998; Yip et al., 2004). There is growing
evidence that the neuropathological development of PD
involves changes in the amygdala (Braak et al., 1996; Braak
et al., 1994; Harding et al., 2002) and that the amygdala, in
conjunction with the basal ganglia, may be vital to process
vocal attributes of fear (Anderson and Phelps, 1998). These
data might explain our patients' impairment for rating fear in
certain conditions. If so, future research may find that
impaired processing of certain negative emotions in PD is
due to themultiple effects of basal ganglia damage on emotion-
specific brain networks for processing these expressions.
However, this explanation is somewhat problematic for our
data because PD patients were only selectively impaired for
negative emotions in the valence rating and not the
corresponding pure prosody identification task, and they
were not impaired at all to recognize emotional faces in our
background task.

An alternative possibility is that deficits for processing
anger, disgust, and fear in PD patients reflect a central inability
to generate an appropriate affective response to certain
aversive emotions, which hampers their ability to assess the
valence of these expressions. According to appraisal theorists
(e.g., Scherer, 1986), a critical distinction shared by expressions
of anger, disgust, and fear is that these emotions involve
greater negative vigilance and urgency to withdraw from a
situation than the other emotions tested in this study —
sadness, happiness, pleasant surprise, or neutral. In the
context of PD, it can be speculated that the transfer of
information from a cognitive appraisal mechanism which
initiates or plans appropriate somato-motor changes in
response to aversive vocal stimuli is somehow disrupted
(Anderson and Phelps, 1998; Bowers et al., 2006). The involve-
ment of the basal ganglia in an appraisal process which
retrieves somato-motor information to inform the nature of
potentially aversive emotional stimuli (and to trigger subse-
quent actions) is reasonable, given the related role of the basal
ganglia for transmitting information in the planning of overt
motor responses inbehaviour. The specificity of a basal ganglia
mechanism for appraising aversive vocal stimuli has been
suggested previously (Anderson and Phelps, 1998). This
explanation, if proven true, is in line with the view that
understanding a speaker's emotion is achieved by simulating
somato-motor elements of an observed emotion through the
activation of associated brain regions (Adolphs, 2002).

The idea that the basal ganglia facilitate meaningful
processing of sequential information in speech such as
prosodic expressions has also been advanced (Meyer et al.,
2004; Pell and Leonard, 2003). This hypothesis, while not the
focus of this study, could partially explain the pattern of
findings observed across our three pure prosody tasks.
Acoustic investigations show that the perceived intensity of
prosodic expressions correlates strongly with a single pro-
sodic cue, the relative amplitude (loudness) of the vocal
stimulus (Banse and Scherer, 1996; Juslin and Laukka, 2003).
On the other hand, the identification of basic emotion
categories or rating valence properties of these stimuli
cannot be predicted from a single acoustic–perceptual
parameter in speech, but rather, require attention to multiple
cue changes over time (e.g., changes in relative pitch height
and variation, voice quality, speech rate, and amplitude,
Banse and Scherer, 1996; Scherer, 2003). Acoustic analyses of
the stimuli presented here confirm that the emotion
categories had distinct acoustic profiles even when a small
number of common parameters are examined. It is therefore
possible that the PD patients evaluated in this study were
able to execute prosodic judgements when this processing
involved a single, highly salient acoustic parameter such as
in the intensity rating task, but that meanings were
increasingly lost when judgements relied on more complex
processing of multiple prosodic cues over time (Pell and
Leonard, 2003).

Interestingly, we observed a corresponding pattern of re-
sults when the same PD patients were asked to rate attitudinal
meanings of prosody from a similar set of utterances; we
found that the PD patients could successfully harness a single
cue, pitch direction, to rate the intended politeness of speak-
ers, but that they failed to appropriately judge the confidence
of speakers which is signaled by a more complex acoustic
representation (Monetta et al., in press). This comparison
highlights that it is the sequential organization of the cues and
not the type of cue that is likely affected in PD and perhaps
other conditions which compromise the basal ganglia. With-
out doubt, the role of the basal ganglia in sequencing formotor
(Marsden and Obeso, 1994) as well as cognitive (Harrington
et al., 2004; Hochstadt et al., 2006) functions is firmly
established. This specializationmaywell extend to elaborating
the various meanings encoded by prosodic cue sequences in
speech, whether they refer to emotions, attitudes, or other
vocal intentions.

In summary, recurring evidence that PD patients exhibit
deficits for emotional prosody and that they tend to be less
sensitive to negative displays of emotion suggest different
ways that the basal ganglia and fronto-striatal circuitry are
critically involved in vocal emotion processing. In light of
evidence that understanding emotional prosody activates a
wide cortical and sub-cortical network in the brain (e.g., Kotz
et al., 2003), it appears that this formof information processing
is critically modulated by the basal ganglia in at least two
ways: the basal ganglia serve a general role in sequencing
behaviours, including perceptual sequencing; and possibly,
these structures are crucial to retrieve somato-motor infor-
mation necessary to understand certain types of negative
emotional stimuli. Additional researchwhichmanipulates the
affective dimensions of emotional stimuli from different
dynamic sources will prove highly useful for corroborating
these claims.
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4. Experimental procedures

4.1. Participants

Sixteen adults (7 female, 9 male) diagnosed with idiopathic
Parkinson's disease (PD) participated in the study. The
patients averaged 66.0 years in age (S.D.=9.0), had 14.8 years
of formal education (S.D.=2.9) and were native speakers of
English. Diagnosis of idiopathic PDwas confirmed on the basis
of motor criteria by a residing neurologist; the average
duration of PD (post-diagnosis) was 8.2 years (S.D.=3.6,
Range=3.0–27.3). The severity of motor signs for these
individuals was characterized as mild to moderate (stages I
to IV according to Hoehn and Yahr, 1967 criteria, Mean=2.7).
All patients were receivingmedication for PD during testing as
follows: Levodopa–carbidopa (n=10), Dopamine agonists/Mir-
apex (n=5), MAO-B inhibitor/Selegiline (n=3), COMT inhibitor
(n=3), amantadine (n=6) and Permax (n=4). Three PD patients
were receiving an antidepressant.

A group of 17 healthy control (HC) participants (7 female, 10
male) matched for age (Mean=66.9 years, S.D.=9.3), and
education (Mean=15.5 years, S.D.=2.5) were tested for com-
parison purposes. With the exception of PD, individuals with
serious medical or neurological conditions (e.g., stroke) or a
history of alcohol abuse were excluded from both groups. As
well, individuals in each group were first screened using the
Mattis Dementia Rating Scale (Mattis, 1988) to establish
evidence of intact intellectual status before entry into the
study.3 A t-test confirmed that there were no differences
between the groups in overall mental status, t(31)=−0.76,
p=0.40. Depression was estimated using the Hamilton De-
pression Inventory-Short form; one PD participant satisfied
the criteria for severe depression (score=21.5), one PD patient
wasmoderately depressed (score=14) and one individual with
PD was considered mild (score=10.5). The two groups differed
significantly on the depression measure, t(31)=2.56, p=0.01,
although this difference was no longer evident when the three
PD patients who fit the criteria for depression were removed
from the analysis, t(28)=1.77, p=0.09. A pure-tone audiometric
screening was performed at the onset of testing to ensure that
each participant had acceptable hearing to engage in an
auditory experiment, with minimal thresholds of 30 db HL in
each ear at the frequencies most important for speech
intelligibility (0.5, 1, 2 kHz).

4.2. Neuropsychological testing

All PD and HC participants were assessed using standardized
tests of neuropsychological performance, including tradition-
al measures of “frontal lobe” executive functions, and tasks of
emotion processing which did not involve prosody. The fol-
lowing neuropsychological tests were administered to each
participant: Forward Digit Span; a listening span/verbal
working memory task adapted for use with brain-damaged
populations (Tompkins et al., 1994); Color Trail-Making test;
verbal fluency; Tower of London; Warrington Recognition
3 One additional PD patient was initially entered into the study
but did not qualify based on this criterion.
Memory test for faces and words (Warrington, 1984); and the
Benton Phoneme Discrimination and Face Recognition Subt-
ests. In addition, we administered two emotional processing
tasks from our previous work which probed how well par-
ticipants recognize emotions from communicative stimuli
which do not contain prosodic cues. In one task (Emotion
identification to verbal descriptions), participants were re-
quired to namewhat emotion they would feel in response to a
verbal scenario that was described by the examiner (e.g., You
learn that a close friend is moving to another city). In a second task,
participants identified the emotion conveyed by static facial
expressions presented on a computer screen (stimuli taken
from Pell and Leonard, 2005). The performance of each group
on these tests and the outcome of significance tests are
reported fully in Table 2.

4.3. Prosody stimuli

All participants completed four experimental tasks which
tapped the comprehension of emotional prosody in various
ways, with or without congruent semantic cues. In the three
main tasks, language-like “pseudo-utterances” (e.g., Someone
migged the pazing) were presented which were semantically-
anomalous but which communicated specific emotions un-
ambiguously through the prosody; this type of stimulus has
been used successfully in previous studies aimed at tapping
prosodic processes independent of concurrent language con-
tent (e.g., Pell and Leonard, 2003; Scherer et al., 1991). In the
remaining task (prosody-semantic emotion identification),
utterances of similar length and complexity were presented
which contained both semantic and prosodic cues which
communicated the intended emotion (e.g., for sad: I didn't make
the team). Utterances in all tasks were approximately 6–10
syllables in length and, once recorded, ranged between 1.2 and
2.5 s in duration when spoken naturally to communicate
different target emotions.

Perceptual data from a validation study were used to select
stimuli which controlled carefully for the perceived category
membership of the emotion expression as well as the relative
intensity of expressions included within each emotion cat-
egory. (Therehasbeen little attempt in the existing literature to
control for the potential impact of intensity on vocal emotion
processing and recognition.) All stimuli were taken from a
database of emotionally-inflected utterances in English
which is described in detail elsewhere (Pell, 2002; Pell et al.,
in review). Stimuli were digitally recorded in a sound-
attenuated chamber by six male and six female actors to
express seven distinct emotions: anger, disgust, fear, sadness,
neutral, happiness, and pleasant surprise. The same set of
speakers portrayed all emotions in all conditions. All items
were rated by a pilot group of young listeners to establish: a)
the level of consensus within the pilot group (in %) for rec-
ognizing the intended emotion of the utterance; and b) the
strength of the emotion expressed. In the validation study, the
raters first judged the target emotion category from among the
seven alternatives and subsequently rated the perceived
intensity of the selected emotion along a five-point scale
(where “5” signifies that the emotion is very strong). All stimuli
identified in reference to the target emotion at a level ex-
ceeding four times chance by raters in the validation study (i.e.,



Table 2 – Neuropsychological characteristics of individuals with Parkinson's disease (PD) and healthy control (HC)
participants

Task PD (n=16) HC (n=17) t-test

M S.D. M S.D.

Perception, memory and executive functions
Mattis Dementia Rating Scale (/144) 137.8 5.0 139.1 4.4 NS
Hamilton Depression Inventory-SF (/33) 6.3 5.3 2.5 2.8 p=0.01
Benton Phoneme Discrimination (/30) 27.3 1.9 27.7 1.5 NS
Benton Face Recognition (/54) 41.9 5.4 47.6 3.9 pb0.05
Warrington Recognition Memory Face (/50) 39.2 5.3 40.8 5.5 NS
Warrington Recognition Memory Word (/50) 45.6 5.6 48.4 1.8 NS
Auditory digit span, forward (/9) 6.8 0.9 7.2 1.6 NS
Working memory/listening span (correct words recalled, /42) 28.2 5.1 35.5 5.2 pb0.001
Tower of London (initiation time in seconds) 109.8 17.9 117.5 17.6 NS
Verbal fluency task: animals 15.5 4.7 21.2 10.0 NS
Trail-making test B (seconds to complete) 115.7 52.4 93.4 23.8 NS

Emotion processing abilities
Identify emotions from verbal scenarios (/10) 7.4 1.6 7.9 1.6 NS
Identify emotions from static faces (%) 81.3 21.3 87.3 15.3 NS

NS: Non significant, pN0.05. Group differences were always PDbHC.
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57% or greater) were considered candidates for the ex-
periment, although most items were identified by the pilot
group at levels greater than 80% correct target identification
(see Table 3). To categorize the stimuli as “high” and “low”
intensity, the distribution of intensity ratings for items within
each category was examined since this distribution is known
to vary naturally among emotion categories (e.g., surprise or
anger tend to be rated as more intense in general when
compared to disgust; see Russell, 1980). On the basis of the
distribution of responses obtained from the validation study,
stimuli were categorized as having “high” intensity for a given
emotion when the mean pilot ratings for an item fell in the
upper end of the rating distribution, whereas stimuli were
categorized as having “low” intensity when ratings fell in the
lower end of the distribution for that emotion. A summary of
the perceptual characteristics of stimuli presented in ourmain
tasks and major acoustic features of the selected items are
provided in Table 3.

4.4. Prosody tasks

Three central tasks evaluated emotional processing for pro-
sodic features alone and a control task evaluated emotional
processing when semantic cues further biased an emotional
response. The control task (prosody-semantic emotion identifica-
tion) presented the semantically well-formed sentences and
required participants to identify the emotion of the speaker
followingeachutterance fromoneof sevenalternatives (anger,
disgust, fear, sadness, neutral, happiness, pleasant surprise).
This task was included to isolate possible effects due to
prosody versus semantic cues in speech and to facilitate com-
parisons with previous research (Pell, 1996; Pell and Leonard,
2003).

The three central tasks were constructed from a unitary set
of emotionally-inflected pseudo-utterances which were pre-
sented in each task but judged differently in each case. A total
of eight utterances representing each of the seven emotions
were presented in each task; half of the items representing
each emotion had obtained relatively “low” intensity ratings
for that category and half of the items had obtained relatively
“high” intensity ratings for stimuli within that category. Half
of the items representing each emotion/intensity level had
been produced by a male versus a female speaker to regulate
possible gender effects at the stage of encoding specific
emotions. As well, individual speakers were always repre-
sented within each emotion category with approximately the
same frequency. In the pure prosody emotion identification
task, participants listened to each utterance and then
identified the emotion of the speaker based on their prosodic
features in a seven forced-choice response format (alternati-
ves=anger, disgust, fear, sadness, neutral, happiness, pleas-
ant surprise). In the affective valence rating task, participants
listened to the utterances on a different occasion and rated
how positive or negative the speaker sounds in reference to a
continuous scale (where −3=very negative and +3=very posi-
tive). In the affective intensity rating task, participants rated the
strength of the emotion produced by the speaker following
each of the utterances (where 1=not at all strong and 5=very
strong). When the valence and intensity rating tasks were
administered, participants were never instructed to rate
utterances in reference to specific emotion qualities of the
stimuli and no mention of specific emotions was made by the
examiner in these contexts.

4.5. Procedure

The neuropsychological background testing was always
completed first during two 1-h sessions, followed by a 30-
min testing session to administer the prosody comprehension
tasks (each testing session was separated by a 1-week
interval). PD patients were tested at their home at a time of
a day at which their motor symptoms were typically least
severe, while HC participants were tested in a laboratory at
McGill University. For the prosody comprehension tasks,
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stimuli were presented by a portable computer controlled by
SuperLab 2.0 software (Cedrus corporation, USA). Affective
valence and intensity rating task were always presented in the
first session and the two identification tasks (pure prosody
and prosody-semantic) were presented in the second session.
All tasks were fully counter balanced for presentation order
between participants within each session. Stimuli within each
prosody task were separately randomized and then played
over high-quality, volume-adjustable headphones at a com-
fortable listening level. Participants were seated approximate-
ly 60 cm from the computer screen; they were instructed to
listen closely to each utterance and then make a decision
about the emotion of the speaker (i.e., category or rating
judgement) by pressing a button on a Cedrus 730 response box.
The response alternatives (emotion labels or numerical scale)
were clearly marked both on the response box and on the
computer screen. Testing always began with a verbal expla-
nation of the task requirements and a brief practice block (8
trials) followed by two experimental blocks of 28 trials each
(7 emotions×8 tokens=56 total trials). No time limitations
were imposed and there was no predecided ISI; the next trial
was presented only once the participant had provided a
response. Participants were paid a nominal fee at the end of
testing to cover travel-related expenses and the inconve-
nience of testing.

4.6. Statistical analyses

Data analysis compared howparticipants with andwithout PD
judged emotional utterances in each prosody task using anal-
ysis of variance (ANOVA). In each of the four tasks, a 2×7
mixed ANOVA was performed to establish how the indepen-
Table 3 – Perceptual and acoustic features of pseudo-stimuli p
intensity level

Emotion
target

Intensity
level

Target
recognition

(%) a

Emotion intensity
(1 to 5) a

Anger High 86.8 3.78
Low 80.0 2.77

Disgust High 90.0 3.45
Low 68.3 2.43

Fear High 83.3 3.62
Low 84.3 3.19

Sadness High 96.8 3.89
Low 82.5 2.35

Happiness High 86.8 3.62
Low 78.5 2.29

Surprise High 69.8 4.18
Low 81.3 3.20

Neutral Neutral 80.4 1.95

a Reflects the consensus of a pilot group of young listeners who first pe
where chance=14.3%, followed by an emotional intensity judgement of
b Data for each speaker were normalized to adjust for interspeaker differe
where f0i is the observed f0mean of the utterance, f0mean is themean f0 o
deviation (Pell, 2001).
c The impact of interspeaker differences in pitch height on f0 variation du
utterance by the corresponding mean f0 for that item, per speaker.
d Potential differences in recording levels and microphone distance fo
amplitude of the utterance by the mean amplitude of all neutral utte
dent groups (PD, HC) judged utterances as a repeated measure
of the seven emotion categories investigated (anger, disgust,
fear, sadness, happiness, pleasant surprise, neutral). For the
three main prosody tasks (i.e., those involving pseudo-
utterances), a secondary analysis tested the general effects
of prosody valence and intensity on group performance by
focusing on data for the six basic emotion categories,
excluding neutral, which could be further differentiated by
the perceived intensity of the emotion target (high, low). For
these analyses, negative emotions (anger, disgust, fear, sad-
ness) and positive emotions (happiness, pleasant surprise)
were each averaged according to the level of emotional
intensity (high, low) and then submitted to a 2×2×2 ANOVA
involving group, valence, and intensity. A final analysis
directly compared performance across prosody tasks with
the neuropsychological variables. Significant main or interac-
tive effects, whenever warranted, were examined post-hoc
using Tukey's HSD procedure (pb0.05). A correlation (r-type)
estimation of effect size was computed as prescribed by
Rosnow and Rosenthal (2003).
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Mean f0
(Hz) b

f0 variation
(S.D.) (Hz) c

Mean
amplitude

(dB) d

Speech rate
(seconds/syllable)

1.67 0.31 1.09 0.22
2.58 0.16 1.07 0.23
2.57 0.21 1.04 0.39
1.47 0.22 1.02 0.27
7.25 0.14 1.06 0.21
5.06 0.10 1.07 0.19
2.40 0.27 0.97 0.27
1.39 0.13 0.95 0.27
4.89 0.33 1.06 0.22
2.58 0.19 1.04 0.22
6.68 0.33 1.11 0.23
4.36 0.32 1.11 0.22

−0.12 0.11 1.00 0.19

rformed a seven choice forced-response emotion identification task,
the identified target (Pell, 2002; Pell et al., in review).
nces in voice pitch using a z score transformation, f0i= (f0i− f0mean)/s,
f all neutral utterances recorded by that speaker, and s is the standard

e to emotion was normalized by dividing the observed f0 S.D. of each

r multiple speakers were corrected by dividing the observed mean
rances recorded for that speaker.
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