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How does prosodic deficit impact naive listeners recognition of emotion?
An analysis with speakers affected by Parkinson’s disease

This study aimed to understand the impact of the prosodic deficit in Parkinson's disease
(PD) on the communicative effectiveness of vocal expression of emotion. Fourteen patients
with PD and 13 healthy control subjects (HC) uttered the phrase “non ¢ possible, non ora”
(“It is not possible, not now”) six times reading different emotional narrations. Three experts
evaluated the PD subjects’ vocal production in terms of their communicative effectiveness.
The PD patients were divided into two groups: PD+ (with residual effectiveness) and
PD— (with impaired effectiveness). The vocal productions were administered to 30 naive
listeners. They were requested to label the emotion they recognized and to make judgments
about their communicative effectiveness. The PD speakers were perceived as less effective
than the HC speakers in conveying emotions (especially fear and anger). The PD— group
was the most impaired in the expression of emotion, suggesting that speech disorders impact
differently at the same stage of the disease with varying degrees of severity.
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A Concise Framework of Speech and Voice Disorders in
Parkinson's Disease

Idiopathic Parkinson’s disease (PD) is a slow, chronic neurodegenerative disorder
caused by a basal ganglia circuitry control dysfunction characterized by motor and
nonmotor clinical manifestations. Vocal impairment due to hypokinetic dysarthria
is a motor disorder that affects between 75% and 90% of patients during the disease
(Defazio et al., 2016). The Parkinsonian syndrome motor symptoms may impair
all dimensions involved in spoken production, including respiration, phonation,
articulation, and prosody (Gillivan-Murphy et al., 2019; Defazio et al., 2016).
In individuals with PD who have dysarthria, six out of ten of the most deviant
speech features are associated with prosody: low speech intensity (hypophonia
or mono loudness), flat speech melody (flat pitch), short rushes of speech, altered
rate, inappropriate silence, reduced stress (Galaz et al., 2016; Mahler et al., 2015).
These vocal dysfunctions should be analyzed not only as motor problems related to
single patients, but also as a multidimensional impairment that affects interpersonal
interaction, emotional well-being, and, as a result, the patients’ social context and
their quality of life. Consequently, it is important to explore the perception and
the subjective experience of such communication deficits from the listeners’ point
of view to better understand the barriers to successful communication it poses
(Miller, 2017). Communication decline in PD is perceived as dysphonia, which
is often described as harshness and breathiness by listeners (Gillivan-Murphy
et al., 2019; Mahler et al., 2015). Listeners also perceive distorted or omitted
sound and/or syllables and words slurred together, which may give the impression
that the patient is speaking too fast (Harris et al., 2016) and may prevent the
comprehension of the verbal content (Tjaden & Wilding, 2011). The increased
number of pauses is also dysfunctional in comparison to those of control speakers
(Miller, 2017; Tjaden & Wilding, 2011).

Emotional Prosody Impairment and its Consequences on the
Effectiveness in Conveying Emotions

Under normal circumstances, listeners can adapt to relative changes in pitch,
duration, and loudness, or speech prosody, to infer emotion or the affective state
of a speaker, and in order to resolve syntactic ambiguities (Anolli & Ciceri,
1992). Indeed, prosody has several functions related to emotion expression and
to pragmatics, and has an impact on the naturalness and intelligibility of speech,
being ”the music of everyday speech” (Wennerstrom, 2001). When listening to
the impaired speech of patients with PD, the listeners cope with some difficulties
in understanding the tone, implications, and emotional flavor of an utterance
that are signaled by the prosodic content. Analyzing the speech of PD patients,
Cheang and Pell (2007) showed abnormalities in their ability to acoustically
emphasize specific words within an utterance to underscore the salience of these
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word meanings in the verbal context. Speakers affected by PD are also restricted
in their ability to modulate fundamental frequency (FO) and intensity in an
emotional intonation task but not in a nonemotional phonation task, suggesting
an emotional disturbance in addition to the motor impairment (Mobes et al.,
2008). Furthermore, some studies highlighted different levels of effectiveness in
the vocal emotion expression of different emotions. Borod et al. (1990) showed
that negative emotions are better expressed by PD patients than positive ones,
while Pell et al. (2006) found that PD patients are interpreted by listeners with
greater difficulty compared to control speakers, particularly for the expression
of anger and disgust. In this last study, the exception is utterances of sadness
produced by PD speakers, which are frequently characterized as sounding either
sad (in this case with a correct attribution) or neutral. Such data highlight how
easy it is to wrongly attribute an emotional label to the vocal production of a
subject affected by PD. In partial contrast with these studies, other studies on
emotion expression by patients with PD suggest an arousal modulation deficit
both in emotion expression and in emotion recognition processes rather than an
impairment regarding a specific emotion. Namely, some findings argued that the
arousal dimension (the level of autonomic activation that varies from low to high)
proves to be a more relevant variable than the valence dimension (the level of
pleasantness in a continuum from negative to positive) in discriminating the area
of preserved effectiveness and the area of impairment. Research about emotion
expression in healthy speakers revealed that the expression of high-arousal
emotion is characterized by higher mean FO and amplitude, with greater FO and
amplitude variation than in emotionally neutral utterances (Anolli & Ciceri,
1992). Interestingly, the same distinction between the arousal and the valence
dimension needs to be taken into account when analyzing PD patients’ ability
to recognize emotional states from the facial expression (Wieser et al., 2006).
In fact, patients with PD reported a lower level of physiological arousal than
healthy subjects in the recognition of emotional stimuli demonstrating a reactivity
reduction to highly arousing stimuli (Miller et al., 2009). As a proof of the arousal
modulation deficit in the emotional prosody of patients with PD, it can be noted
that dysarthria associated with PD may cause deficits in the suprasegmental
production that further reduces the range of FO variability and consequently
the high arousal emotions expression, so the speech turns out monotonous. The
monotonous and hypophonic nature of PD patients' speech erroneously suggests
that they are aloof and emotionally detached (Benke et al.,1998; Pitcairn et
al.,1990), as well as depressed, unmotivated, reluctant to engage in conversation
(Jaywant & Pell, 2010), and also pragmatically “inappropriate.” Blind analyses
of speech samples from patients with PD and healthy subjects, where listeners
were unaware who was or was not affected by PD, show that these patients were
judged to be introverted, withdrawn and anxious, alongside other negative social
characteristics (Jaywant & Pell, 2010; Pitcairn et al., 1990; Pell et al., 2006). Pell
et al. explored how dysprosody altered a PD patient’s overall communicative
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intent and indicated that dysprosody can lead to negative social relationships,
as unfamiliar listeners had greater trouble identifying the intended meaning
(Pell et al., 2006). Harris et al. (2016) showed that the negative effects of PD
dysprosody on fruitful communication were reported by unfamiliar listeners.
It has been suggested that, while having the capacity to produce the same
sentences, speakers with PD are perceived to be less “intense” by naive listeners
during a spontaneous language generation task (Blonder et al., 1989). Previous
studies also suggest a possible distorted perception of their own vocal abilities
by the patients themselves (Kwan & Whitehill, 2011) and their frustrations
in failing to convey their affective intentions (Gillivan-Murphy et al., 2019).
Collectively, these findings consolidate that “disprosody is intrinsic to Idiopathic
Parkinson’s disease” (Darkins et al.,1988) and that this phenomenon could act
as a serious relational and social barrier for these individuals. It also means
that negative stereotyping may take place due to the patients’ speech patterns.
Despite a consensus that dysprosody is a persistent symptom, few studies have
investigated how effectively the voice of patients affected by PD communicates
emotion. Such studies also usually take into account expert assessment (Benke
et al, 1998; Blonder et al., 1989, Caekebeke et al., 1991; Pell et al., 2006; Penner
et al., 2001). For example, in Martens et al. (2011), according to the judgement
of professional listeners no difference was found between the samples of healthy
participants and those with PD in terms of emotional prosody.

The Present Study

The present study is part of a recent trend to investigate the emotional expression
domain through prosody in the clinical population of patients with PD (Benke et
al., 1998; Blonder et al., 1989; Caekebeke et al., 1991; Hsu, 2016; Miller, 2017;
Penner et al., 2001). It adds to literature by providing data about the perception
by naive listeners of the effectiveness of PD patients expressing five different
emotions: fear, anger, happiness, disgust, and sadness. Specifically, the present
study aimed at adding to previous research in the field of the effectiveness of vocal
emotional expression by PD patients in three ways. First, previous studies have
highlighted the limitations of the instrumental (acoustic) measurement of voice,
showing that the auditory perceptual assessments are more relevant in describing
voice quality (Gerratt et al.,, 1991). The perceptual descriptions are part of the
classical and traditional evaluation of voice quality, also used with patients with
PD (Santos et al., 2010). According to such an approach (Oates, 2009), global
perceptive evaluation involves higher cognitive mechanisms and consolidated
emotional scripts. Therefore, perceptual evaluation comprises important elements,
such as pragmatic functions and emotional meaning, that are not attainable
through acoustic analysis. For this reason, in the present study, we chose to ask
listeners to provide a global perceptual evaluation of the proposed stimuli. Second,
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the auditory rating has often been used to investigate dysphonic voices (Oates,
2009), but few studies have applied auditory perceptual judgements to collect a
global evaluation of effectiveness in the vocal expression of emotions. Moreover,
the present study involved naive listeners. Indeed, if the goal is to evaluate the
"hoarseness" or “breathiness” of a voice (auditory ratings), an expert listener should
be questioned. Instead, when exploring the effectiveness of vocal expression in
conveying an utterance’s emotional flavor and in conveying a specific emotion
distinguished from other ones, naive listeners are the privileged interlocutors, and
global evaluation is the elective procedure, as showed by Scherer (1995). In a
domain as complex as prosody, the global evaluation provides a powerful method
within which to explore the perceptual patterns as perceived by nonexpert listeners
who are not influenced by theoretical bias. Therefore, each vocal emotional profile
should be analyzed through perceptual evaluations that rate the global effectiveness
of emotion expression rather than specific variations in one acoustic parameter
or another (such as the FO variability or the rate of the speech). Such evaluation
complements the accounts of the acoustic differences provided by expert auditory
analysis. Third, in the present study, we described the global perceptual evaluation
in terms of three properties of the stimuli: expressiveness, that is, the ability to
convey an emotional flavor, the ability to discriminate between different emotions,
and communicative effectiveness, that is, the ability to disclose a communicative
intention (Sperber & Wilson, 2002). Furthermore, it has been noted that most
studies aiming to investigate vocal emotional recognition have considered raw
hit scores (Lima et al., 2013; Sauter et al., 2010; Schroder, 2003), which mainly
fail in measuring accuracy. As a fourth element of innovation to this study and to
overcome such a limitation, we chose to use the unbiased hit rate (Wagner, 1993)
which takes bias and response habits into consideration.

Objectives

The current study aimed to understand the impact of the prosodic deficit associated
with PD on the effectiveness of expressing emotions via the vocal channel,
measured through naive listeners' assessments. The emotional expression ability
has been analyzed with regards to two components: the competence in conveying
the emotional flavor and denotation of an utterance, and the ability to express
different emotions in a distinguishable manner. The two components are reflected
in the chosen measures: not only the degree of discrimination of different
emotions, but also the global subjective evaluations (about expressiveness,
ability to discriminate, and communicative effectiveness) by naive listeners.
Moreover, the present study builds upon the idea that the prosodic deficit
related to PD dysphonia represents a complex pattern of deficient components
involving different acoustic parameters and their combination, which are shaped
in different ways. Hence, a second objective of the present study was to verify
that perceptual evaluation by naive listeners distinguishes two different patterns
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of acoustic parameters (named PD+ and PD-), previously identified through
the perceptual analysis of expert listeners. Namely, the present study aimed at
verifying that such different patterns of acoustic parameters are perceived as
different in their effectiveness of expressing emotions when assessed by naive
listeners in a perceptual evaluation task, analogously to what is highlighted by
the expert listeners’ assessments.

Hypotheses

Two hypotheses served as the basis of the present study. The first hypothesis is
that, starting from a proven vocal emotional expression deficit in PD, PD speakers’
utterances, compared to a healthy control (HC) group (a) will be decoded less
accurately in terms of the emotion they express, and (b) will be perceived as less
effective in expressing emotions according to a global evaluation.

Moreover, since the motor symptoms in PD affect the expression of typical
emotion acoustic-perceptual characteristics, we assumed that the high arousal
emotions (anger, fear, happiness) will be the most impaired (Wieser et al., 2006)
and therefore less frequently recognized. In particular, in relation to anger, this
study referred to hot anger, which is characterized by an intense outward display
of anger and higher FO and F0 variability, higher intensity, and increased speech
rate (Johnstone et al; 200; Biassoni et al; 2016)

The second hypothesis was that within the domain of deficient patterns of
acoustic parameters characterizing the emotional vocal expression of patients with
PD, two different patterns can be distinguished with regard to their effectiveness
in conveying emotions.

Method

Ethical Approval

The study was approved by the IRCCS Don Carlo Gnocchi Foundation Ethics
Committee, and it was performed in accordance with the principles of the Helsinki
Declaration. All the participants provided their written and informed consent.

Stimuli Production and Selection

Speaker Sample

Fourteen subjects with idiopathic PD were recruited (seven females and seven
males, age: 69,93 = 7,12) and 13 healthy control speakers (seven females, six
males, age: 68,13 £ 8,27).
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Subjects in the PD group were recruited from the Don Carlo Gnocchi
Foundation Neurological Unit (Milan, Italy). Participants in the control group
were recruited among healthy familial members or caretakers of patients from
the neurology outpatient clinic. None of the participants had any previous
neurological or psychiatric disorders. All subjects were native Italian speakers.
Participants had an education threshold of eight years. All patients fulfilled the
clinical diagnostic criteria of PD according to the United Kingdom Parkinson’s
Disease Society Brain Bank (Hughes et al., 1992) and a positive DATscan imaging.
The PD severity was rated by the Modified Hoehn and Yahr (H&Y) Scale (Goetz
et al, 2004), and the scoring for all participants was in the mild to moderate stages
of the disease, with a scoring between Stages 1 and 2.5. The PD patients also
underwent an examination of movement disorders with the Unified Parkinson
Disease Rating Scale (UPDRS) — part III (Goetz et al; 2008). The absence of
dementia in all speakers was confirmed, as PD and HC speakers underwent a
series of neuropsychological tests to assess cognitive functioning. Specifically,
the neuropsychological assessment of PD patients included: the Mini-Mental
State Examination (MMSE) (Folstein et al; 1975), object and action oral naming,
phonological fluency, semantic fluency, immediate and delayed recall of 15 words,
free and cued selective reminding test (Frasson et al; 2011), The Rey-Osterrieth
Complex Figure (copy and immediate recall (Caffarra et al., 2002), verbal span
and Corsi’s test (Monaco et al., 2013), Raven Colored Matrices (Raven, 2003),
Trail making test (Reitan, 1971), attentional matrices (Spinnler & Tognoni,
1987), Stroop test (Stroop, 1935), and the modified Wisconsin Card Sorting test
(Caffarra et al., 2004). Neuropsychological assessment and experimental tasks
were administered in two different sessions so as not to strain the participants.

Neuropsychological assessment of the healthy control group was limited to
the MMSE. All PD participants had regular, stable drug therapy with L-Dopa
(alone or in association with dopamine agonistics, catechol-O-methyltransferase
inhibitors, monoamine oxidase inhibitors, and anticholinergic drugs,
anticholinergic drugs). Exclusion criteria for potential participants were: clinical
signs satisfying the criteria of other neurological disorders, including possible
atypical PD, secondary or iatrogenic PD, and major psychiatric illnesses,
excluding the presence of mild-moderate depression and claustrophobia.

Two subjects were excluded because of the acoustic echo that may have been
caused by the reflection of sound waves and acoustics between the loudspeaker
and the microphone. All procedures were carried out with the adequate
understanding and informed consent of the subjects. Each selected subject was
then identified with an anonymous ID.

Stimuli Production Task

Regarding the elicitation of emotional prosody, all subjects (PD and HC)
read six emotional texts, each one depicting a scenario representative of a
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Table 1. Demographic and Clinical Features of Speakers with Parkinson's Disease (PD) and Healthy Control
(HC) Participants (M = SD)

Variable PD (n=14) BC (n=13)
Age 69.93+£7,12 68.13 + 8,27
Sex (M+F) 7+7 6+7
Education (years) 12.20 £ 3.99 13.20 + 3.69
UPDRS motor score 27.80 = 10.60
Disease duration (years) 41.80 + 21.37
LEDD 174.31 £ 159.18
MMSE 27.64 £ 1.79 27.85+1.32

Note. UPDRS = Unified Parkinson Disease Rating Scale; MMSE = Mini-Mental State Examination; LEDD = levodopa
equivalent daily dose.

prototypical situation, selected from actual situations reported by a large number
of respondents in response to the request to recall a specific emotion category
(Scherer et al., 2001). Each text contained the same standard sentence that,
when considered out of context, is not endowed with any emotional meaning or
connotation. According to the emotion elicitation procedure (Anolli & Ciceri,
1992; Scherer et al., 1991), the sentence acquires specific emotional value thanks
to the interaction with the context (pragmatic function of the context, Fatigante
et al., 2016). The target utterance “non ¢ possible, non ora” (“It is not possible,
not now”) appeared in five different emotional contexts: fear (F), anger (A),
happiness (H), disgust (D), and sadness (S), and in one neutral expression (N).
This sentence has already been used in previous research (see Anolli & Ciceri
1992; Anolli et al., 2008). The decision to employ a single standard sentence was
motivated by the need to control for any possible influence or interference of
segmental phonemic differences. Indeed, this emotion elicitation methodology,
compared to that of spontaneous speech collection which is more sensitive to
prosodic abnormalities, is more reliable precisely because it is standardized. The
participants (both PD and HC) were asked to read the whole text, to identify with
the main character, and then to speak the target utterance as they would speak in
the depicted scenario. The same procedure was followed for the six scenarios (five
emotional scenarios and one neutral situation). All utterances (total number: 162,
six utterances for each one of the 27 speakers) were audio recorded (participants
wore an AKG C 520 head-worn condenser microphone, selected for its ability to
collect accurate speech signals). Recordings were obtained in a quiet room, and
the presented emotional texts were administered in a randomized order.

Experts’ Perceptual Evaluation and Selection of Stimuli

Perceptual evaluation is defined as the set of procedures that refer to the expert
listener’s ability to determine the quality of the voice, regardless of instrumental
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measurements (De Almeida et al., 2019). To reduce or eliminate biases, three
experts listened to the sentences without knowing the speakers’ diagnosis. The
experts took part in two distinct tasks:

Emotion recognition task

The experts listened to the audio tracks of the utterances produced both by PD
patients and HC subjects. Each expert assigned a label to the expressed emotions,
choosing one from a list of eleven labels (including nostalgia, compassion, doubt,
irony, and jealousy, which had been added to the list as distractor categories, in
addition to the five targeted emotions and the neutral condition). According to
Russell (1993), such a procedure prevents a forced-choice response format).

Global perceptual evaluation task

Three criteria were identified to evaluate the vocal performance in reference to

the expression of emotion:

* expressiveness: the ability to use prosody and rhythm to convey an emotional
flavor to the listener;

» ability to discriminate: competency in the use of a specific nonverbal vocal
pattern to express a specific emotion and therefore to discriminate between
different emotions. While expressiveness refers to the ability to be expressive,
ability to discriminate refers to the ability to effectively use vocal features in
order to distinctively express different emotions.

* communicative effectiveness: an overall judgment about the ability to realize
the communicative intention in expressing a certain emotion. It comprises
and integrates the global ability to communicate emotions, to distinguish
between different emotions, as well as the ability to integrate the expression
of emotion with individual intentions, will, and needs, and to engage in
successful interactions with others (Hustad, 1999; Dykstra et al., 2015).

For every utterance, each expert rated the three criteria scoring on a 5-point
Likert scale. All ratings (from the emotion recognition task and from the global
perceptual evaluation task) and each emotional utterance were considered.
Inter-rater reliability between the three independent judges was calculated using
Krippendorff's a (see Tables 2 and 3).

Based on the ratings by the three experts, PD patients were assigned to two
profiles on the basis of the patterns of acoustic parameters and related perceptual
features characterizing their utterances. Hence, each profile corresponded to a
low or high level of the perceived communicative effectiveness assessed by the
expert listeners, and to a specific acoustic profile:

The first profile (PD—) was characterized by a feeble voice, lacking in
modulation, tonality, expressiveness, and "sound body." Regarding the expert
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evaluation, the average score for communicative effectiveness is 1.

The second profile (PD+) was characterized by a more modulated voice, with
a wider range of sonic nuances (as well as superior expressive and communicative
power). Regarding the expert evaluation, the average score for communicative
effectiveness is 2.25. The most and the least effective utterances in each category
(PD+ and PD—) were selected as stimuli for the experiment with the naive listeners
together with an utterance from a healthy subject (HC). A total of 36 utterances
were selected: six utterances per scenario (the most and least effective produced by
PD+, the most and least effective produced by PD—, and the most and least effective
produced by HC), for each one of the six scenarios (five emotional scenarios and
a neutral one). For HC subjects, the average score of communicative effectiveness
was 4. By way of example, Figure 1 shows the graphic representation of the
pitch contour of the target utterance “non ¢ possible, non ora” when produced
by a healthy speaker, a PD+ patient, and a PD— patient. It shows that the first and
second are more varied than the third, which appears flattened, suggesting one
element of the different perceptual experience by the listeners.

Figure 1. Pitch Contours of the Same Utterance Produced by Healthy Speakers (Upper Left), PD+ Patients
(Upper Right) and PD- Patients (Bottom). The intonation Contours Were Extracted Using the PRAAT Software
(Boersma & Weenink, 2018)
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Naive Listeners’ Perceptual Evaluation

Listeners’ Sample

The sample was composed of 30 listeners, 15 men and 15 women. Their mean
age was 24.2 years (SD = 5.8) and their mean number of years of education
was 15.7 (SD = 2.1). All listeners were native Italian speakers and self-reported
normal hearing. All listeners were university students, recruited through an
announcement, and they took part in the research voluntarily. None of them knew
the PD patients personally.

Naive Listeners’ Perceptual Evaluation

For the emotion recognition task, each participant listened to 36 audio tracks,
previously selected through the experts’ evaluation. Each track expressed a
specific emotional state (or no emotion state): anger, happiness, fear, sadness,
disgust, and neutral, and has been uttered by a PD patient with a PD+ profile,
or by a PD patient with a PD— profile, or by a HC participant. The listeners
were unaware of the speaker’s condition (PD or HC). Participants were told
that they would hear a total of 36 utterances, each expressing an emotion (or no
emotion). Then they were asked to indicate the expressed emotion from a list of
11 labels (anger, fear, happiness, disgust, sadness, and the distractor emotions
that included nostalgia, compassion, doubt, irony, and jealousy).

Moreover, the participants were requested to express a global judgement
about expressiveness, ability to discriminate, and communicative effectiveness
on a 5-point Likert scale (same as for the expert listeners). Each utterance was
played up to two times. Participants were tested individually in a quiet setting
and listened to the stimuli over headphones at a comfortable volume. Stimuli
were presented randomly, and the speaker’s identity was anonymized. Before the
test session began, one practice trial was performed.

Design and Statistical Analysis

For the emotion recognition task, the main investigation consisted of a 3 % 6
mixed-design analysis of variance (ANOVA), with two independent variables:
speaker’s profile (PD+, PD—, and HC) as the between-subjects factor and emotion
(happiness, sadness, fear, anger, disgust, and neutral) as the within-subject factor.
The main dependent variable was recognition accuracy for each emotion. Each
answer was coded as correct (in case the emotion was recognized correctly)
or incorrect (in case the emotion was not recognized, both when the listener
indicated a different emotion or provided no answer). To account for possible
stimulus or response biases, emotion recognition performance was assessed
using the unbiased hit rate (Hu, Wagner, 1993) prior to statistical analysis. The



113 BIASSONI ET AL.

term unbiased hit rate refers to a precise measure of classification performance
that accounts for false alarms and biases in the use of response categories by
multiplying the raw hit rate by the positive predictive value (PPV, Wagner, 1993).
The PPV is calculated as a proportion of predictions of a situation that correctly
forecast the situation (Armistead, 2013). The Hu score varies between 0 and 1
(0 = no correct responses; 1 = perfect performance). The converted scores were
entered into a mixed-design ANOVA. A pairwise multiple comparison procedure
using Tukey’s honestly significant difference (HSD) test to control for experiment-
wise error rate was also conducted. The IBM SPSS Statistics 25.00 (SPSS, Corp.,
USA) software package was used for statistical analyses. Significant interactions
were examined using Tukey’s HSD (Tukey a = 0.05). The global error rate for
each speaker’s profile (PD—, PD+, and HC) was also calculated. It consistsed of
a percentage of the listeners’ errors in the emotion recognition task regardless of
the specific emotion. It was the ratio of the total of recognition errors committed
for each group and the maximum number of possible errors.

The selection rate (both correct and wrong answers for each emotion) in the
three different speaker profiles (PD—, PD+, and HC) was provided. For the global
perceptual evaluation, the main investigation consisted of a 3 x 6 mixed-design
ANOVA with two independent variables: speaker’s profile (PD+, PD—, and HC)
as the between-subjects factor and emotion (happiness, sadness, fear, anger,
disgust, and neutral) as the within-subject factor. The main dependent variables
were expressiveness, ability to discriminate, and communicative effectiveness,
each one measured through a 5-point Likert scale. For each statistical analysis, a
p value of < .05 was considered statistically significant.

Results

The results from the experts’ perceptual evaluation and from the naive listeners
perceptual evaluation are reported in succession.

Table 2. Means, SDs, and Krippendorff's o. of Unbiased Hit Rate (Hu) for Emotion Recognition by the Experts

Emotions PD- PD+ He
Hu (M, SD) o Hu (M, SD) o Hu (M, SD) o
Anger 0.08 (0.07) 0.1 0.27 (0.02) 0.47 0.88 (0.03) 0.9
Disgust 0.01 (0.02) 0.1 0.04 (0.1) 0.1 0.3 (0.05) 0.5
Happiness  0.09 (0.01) 0.1 0.09 (0.0) 0.1 0.28 (0.2) 0.48
Neutral 0.18 (0.08) 0.3 0.21 (0.02) 0.33 0.36 (0.5) 0.56
Fear 0.07 (0.02) 0.1 0.23 (0.01) 0.41 0.86 (0.4) 0.86
Sadness 0.27 (0.04) 0.47 0.29 (0.07) 0.49 0.36 (0.07) 0.6

Note. Krippendorff’s a benchmarks: > 0.67 (acceptable) and > 0.80 (adequate).
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Table 3. Means, SDs, and Krippendorff's a of the Global Perceptive Expert's Evaluations

‘ ] PD- PD+ HC
Global perceptive evaluations M(SD) . M(SD) o M (SD) o
Expressiveness 1.64 (0.5) 0.68 2.76 (0.18) 0.63 4.1(0.8) 0.68
Ability to discriminate 1.49 (0.3) 0.61 2.61(0.8) 0.59 4.12(0.4) 0.69
Communicative effectiveness  1.53 (0.7) 0.68 2.72 (0.4) 0.69 4.03 (0.8) 0.69

Note. Krippendorff’s a benchmarks: > 0.67 (acceptable) and > 0.80 (adequate).

Emotion Recognition by Experts

The Hu for each emotion were calculated. Krippendorft’s o scores were generated to
assess the agreement among the three experts on the evaluations related to each emotion.

Global Perceptive Evaluations by Experts

Means, SDs, and Krippendorf’s o scores were estimated for the the experts’
global perceptive evaluations (see Table 3).

Emotion Recognition by Naive Listeners

Although the Hu was lower for all the considered emotions when the speaker was
a PD patient (both PD+ and PD—) compared to HC (see Table 4 for descriptive
data), statistical significance was present only for anger and fear (see Table 5).
Tukey’s HSD test was used to probe the differences between the groups and
showed that the mean in the HC group was statistically different from the mean
of both the PD+ and PD— groups, but there was no significant difference between
the latter two groups. The difference between the HC and PD+ groups was
significant (p <.001). Similarly, the difference between the HC and PD— groups
was significant (p < .001), whereas the difference between the PD+ and PD—
groups was not statistically significant (p = .887). The main effects of the type
of emotion (F[5] = 15.13, p <.05; n*>=0.36, npz = (.84, observed power = 0.99)
and of the speaker profile (F]2] = 50.24, p < .05, n* = 0.48, npz = 0.84, observed
power = 1) were observed. Moreover, an interaction effect between the type of
emotion and the speaker profile was observed (F[10] = 5.43, p < .05, n? = 0.25,
n,’ = 0.75, observed power = 0.94).

Data showed that the effect of the speaker profile on the degree of emotion
recognition was registered only for two emotions: anger and fear. Moreover,
a significant difference in the degree of emotion recognition distinguished PD
patients (both PD+ and PD—) from healthy controls but did not distinguish
between PD+ and PD— patients (see Figure 2).

Noticeably, the global error rate, regardless of individual emotions, was
significantly higher for the PD+ (76.94%) and PD— (79.72%) groups than it was
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Table 4. Means and SDs of Unbiased Hit Rate (Hu) for All Emotions

. PD- PD+ HC
M (SD) M (SD) M (SD)
Anger 0.07 (0.07) 0.21 (0.01) 0.59 (0.05)
Disgust 0.03 (0.02) 0.11 (0.0) 0.11 (0.03)
Happiness 0.09 (0.04) 0.03 (0.04) 0.28 (0.1)
Neutral 0.12 (0.08) 0.20 (0.03) 0.27 (0.2)
Fear 0.01 (0.00) 0.06 (0.04) 0.66 (0.1)
Sadness 0.10 (0.04) 0.06 (0.02) 0.25 (0.08)

Table 5. ANOVA Comparing PD+, PD- and HC Groups

Hu F p
Anger 14.47 .02
Disgust 2.99 .19
Happiness 1.915 29
Neutral 5.44 .10
Fear 114.42 .001
Sadness 4.86 0.11

for the HC group (48.33%). There was a statistically significant difference between
the three groups (F[2,27] = 4.467, p = .021). Tukey’s post hoc test revealed that
the errors committed when the speaker was in the HC group were statistically
significantly lower than when the speaker was a PD+ group (p = .016) or a PD—
group (p = .04) patient. There was no statistically significant difference between
the two PD groups (p = .75). Indeed, the global error rate distinguished between
PD speakers and HC speakers but not between the two PD profiles (PD— and PD+).

Table 6 shows the descriptive data for the selection rate for each emotion.
A statistically significant difference emerged only for the neutral condition (F =
18.79, p = 0.01). Tukey’s HSD test showed that the PD— group was statistically
different form the other two groups (p =.01). For the three criteria used to rate the
global perceptive evaluations, namely, expressiveness, ability to discriminate,
and communicative effectiveness, a significant difference between patients with
PD and HC participants emerged (expressiveness: F[3] = 35,699, p < .05, n?
= (.55, observed power = 1; ability to discriminate: F = 43.169, p < .05, n* =
0.59, observed power = 1; communicative effectiveness: F = 35.37; p < .05,
eta squared = 0.550; observed power = 1). Tukey’s post hoc test revealed that
when the speaker was a HC subject, the score for the three perceptive evaluations
(expressiveness, ability to discriminate, and communicative effectiveness) was
significantly higher than for PD+ (p <.05 ) and PD— (p <.05) patients. There was
a statistically significant difference between the two PD groups as well (p <.05).
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Figure 2. Interaction Graph Showing the Unbiased Hit Rate (Hu) for Each Emotion Based on the Three
Identified Profiles

Table 6. Selection Rates (Both Correct and Wrong Answers for Each Emotion)

Emotion PD- PD+ HC
Anger 13% 14% 19%
Disgust 9% 8% 7%
Happiness 3% 3% 5%
Neutral 20% 7% 8%
Fear 8% 10% 15%
Sadness 15% 14% 14%
Distractor emotions 32% 44% 32%

Table 7. Means and SDs of Global Perceptive Evaluations

Global perceptive evaluations PD- PD+ HC
Communicative effectiveness 1.65 (0.94) 2.6 (0.76) 3.8(0.92)
Discriminative ability 1.6 (0.77) 2.5(0.90) 3.8(1.04)

Expressive capacity 1.75 (1.01) 2.75 (0. 94) 3.95(1.11)
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Table 7 shows that the three variables displayed a very similar trend. With regard
to the decoding task, there was a difference based only in terms of diagnosis (HC vs.
PD), while the results in the global perceptive evaluation task highlighted a difference
between all three vocal profiles (HC, PD+, and PD—). This result is consistent with the
results of the expert evaluation by the three judges. Finally, the Pearson correlation
coefficient showed a positive linear relation (» = 0.88, p = <.05) between the Hu and
the scores from the evaluation of the communicative effectiveness.

Discussion and Conclusion

The present study investigated the experience of 30 naive subjects listening
to the emotional vocal expression of speakers affected by PD compared to the
emotional vocal expression from HC speakers. PD patients were grouped into
two profiles (PD + and PD—) depending on the communicative effectiveness of
their vocal expressions as rated by three expert judges.

The results showed that the recognition of the emotions from the perspective
of naive subjects was significantly impaired when the speaker was a PD patient
(regardless of the classification as PD+ or PD—) compared to HC participants.
Such results are consistent with our hypothesis and with the literature highlighting
the role of hypokinetic dysarthria in PD vocal impairment.

Though the expert listeners recognized differences between the two PD
profiles (as the Hu and inter-rater agreement showed), these were not perceptible
to the naive listeners. We assume that the experts’ professional background made
them more prepared to grasp a wealth of emotionally relevant information from
the perceptual clues in vocal expression. Indeed, it is possible that the expert
listeners, through a perceptual evaluation, were able to better distinguish the
acoustical properties (pitch, time patterns, etc.) they know are typical of the
patterns featuring various emotions expression.

Instead, in the global evaluation task, the naive listeners distinguished the two
profiles (PD + and PD—). We assume that in the global evaluation task, the naive
listeners performed innate gestalt-oriented processing rather than an analysis of
the single components, where the whole is phenomenologically more than its
parts (Town et al., 2020). Moreover, the wider range of scores used in the global
evaluation task (rated using a Likert scale) guaranteed a better differentiation of
the different speakers’ profiles.

The collected data are consistent with the literature as well (Caekebeke et al.,
1991; Defazio et al., 2016; Harris et al., 2016; Schroder et al., 2010), namely,
that the PD voice is devoid of an efficient “prosodic scaffold” and, therefore, the
vocal emotional expression by PD patients is similar, as far as prosody is regarded,
to neutral speech, since it is characterized by unmodulated rhythmic and pitch
patterns. That is to say, the voice of PD patients is perceived as monotonous, static,
lacking in expressiveness, and analogous to neutral speech. Such a similarity is
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confirmed by another result from the present study: that when listening to the
speech expressed by a PD patient, participants selected the "neutral" labels with a
higher frequency, often even when this label was incorrect. This data shows how
easy it is to wrongly attribute an emotional label to the vocal production of PD
patients. Noticeably, although the overall results suggest a general vocal emotional
expression deficit involving all the examined emotions, especially anger and
fear, it is possible to assume that the most preserved encoding patterns cover the
expression of emotions defined by the combination of negative hedonic valence
and low arousal, namely, sadness and disgust. Indeed, the expressions of these two
emotions were not statistically different between HC and PD participants, although
PD patients were not completely perceptually comparable to HC participants.

Pell et al. (2006) found that patients with PD have selective difficulties in
expressing anger and disgust. The present study adds to the previous results
supporting the hypothesis that the emotional states for which expression proves
to be more difficult for PD patients are those featuring a combination of high
arousal and negative valence, namely, anger and fear.

A possible explanation for these findings claims that the motor limitations
in PD cause a distortion in the production of some typical acoustic-perceptual
attributes essential to distinguishing different vocally expressed emotions. In
this sense, the motor limitations of PD speech account for their greater prosodic
inability to express sounds/acoustic features usually associated with fear and anger
(e.g., the higher mean F0). However, perceptual analysis by the expert listeners
highlighted a deficient vocal expression of happiness, too. The label “happiness”
was rarely selected for any of the three conditions (HC, PD+, and PD—), and
such a result seems to be consistent with the claim by Ekman (1994), that this
emotion is poorly discriminated based on vocal parameters. Instead, it is more
commonly recognized if expressed through the facial channel. Interestingly, even
when uttered by HC speakers, the emotion of happiness was still recognized less
frequently than other emotions. Therefore, arousal appears to perform a primary
function in this emotional prosodic dysfunction, while the valence dimension
may interact with arousal in different and independent ways. In conclusion, as
far as emotion recognition is concerned, the results of the present study do not
support the hypothesis of a specific emotion expression deficit, but rather support
the hypothesis of an arousal-modulated deficit (Miller et al., 2009), according to
which the dimension of valence intervenes in an interdependent way.

The judgments by naive listeners about expressiveness, ability to discriminate,
and perceived communicative effectiveness showed a significant difference
between HC participants, whose utterances achieved the highest scores, he PD+
participants, and finally he PD— participants. This data is fully consistent with
previous research on this topic, highlighting the speech of PD patients as largely
intelligible and ineffective in terms of expressive and communicative competence
(Dykstra et al., 2015; Gillivan-Murphy et al., 2019). In this sense, HC subjects
were perceived to be more expressive, precise, and effective in communicating
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emotions than PD+ patients, and considerably more so than PD— patients. This
data demonstrates how PD can result in a significant impairment in communicative
processes. In particular, these impairments harm the ability to express emotions
in a competent and effective way, thus increasing the risk of relational and social
barriers from both the perspective of the patient and that of their conversational
partners, which can exacerbate the patient’s withdrawal from the relational
and social dimension (Gillivan-Murphy et al., 2019; Miller, 2017). Measuring
expressiveness added some meaningful data to the results from the emotion
recognition task. Indeed, it allowed to expand the knowledge on the prototypical
“lack of expressiveness” characterizing the emotional speech production in PD
and to distinguish different levels of expressiveness within PD patients. This
outcome is consistent with the hypothesis that the PD— group’s vocal expressions
can be described as feeble, without tone modulation, and void of sound nuances.
In summary, though some evidence already showed the differences of emotional
speech production between HC and PD speakers in terms of acoustic patterns
(Caekebeke et al.,1991; Cheang & Pell, 2007; Benke et al.,1998; Pell et al.,
20006), the present study explored the diversity between HC and PD speakers and
highlighted the existence of differences within the field of PD—impaired speech in
terms of communicative effectiveness from the perspective of listeners.

Study Limitations and Future Directions

The main limitation of this study was the relatively small sample size. A larger
sample size would allow a deeper and more precise understanding of the research
topic. A second limitation concerns some characteristics of the listeners that were
not controlled for. For example, there is a possibility that the listeners were driven in
their emotional decoding processing by some specific characteristics related to the
speakers, such as vocal style. In addition, each listener may exhibit different cognitive,
emotional, and decoding processing abilities which could impact their emotion
recognition performance. Finally, the sets of utterances judged by the experts and
naive listeners differed, as out of the initial 162 utterances (judged by the experts),
only 36 were chosen for the second part of the study (playing all the audio tracks in
the naive listeners task would have been too time-consuming for the participants).
Future studies may widen the knowledge on this topic by examining
the relationship between communicative effectiveness and communicative
participation, a social construct that refers to the nature (and the quality) of
an individual's involvement in life situations (World Health Organization,
2001). Furthermore, future research on Parkinson’s disease may benefit from
investigating emotional speech in a natural context and from analyzing other
emotions in addition to the fundamental ones considered in the present study.
Finally, in the wake of recent research focusing on prosody in communication
disorders (see Phi et al., 2019), future studies may also provide further emotional
acoustic metrics to classify PD. The impact of impaired communication in PD,
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specifically the impairment affecting the prosodic dimension, is worthy of further
investigation given the early overall impact that prosodic abnormalities have on
PD patients’ quality of life. The results of perceptual analysis from the present
study may represent an initial baseline measure to guide the clinical understanding
of the emotional voice characteristics of patients affected by PD and to track their
vocal differences in terms of communicative effectiveness. By shedding light on
the possibility of different degrees of impairment in communication effectiveness
among PD patients, the present study opens up questions about the possible
causes (excluding phonetic dysarthria) of such impairment. Since the subjects
of the present study were all at the same stage of progress of the disease, these
differences were evidently attributable to other factors, whose investigation is
certainly one of the possible future directions for research.
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