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How expertise and language familiarity influence perception of 
speech of people with Parkinson’s disease
V. Verkhodanova a,b, M. Colera, R. Jonkersb,c, and W. Lowieb,c

aCampus Fryslân, University of Groningen, Leeuwarden, The Netherlands; bResearch School of Behavioural and 
Cognitive Neurosciences, University of Groningen, Groningen, The Netherlands; cThe Center for Language and 
Cognition Groningen, University of Groningen, Groningen, The Netherlands

ABSTRACT
Parkinson’s disease (PD) is a progressive neurological disorder char-
acterized by several motor and non-motor manifestations. PD fre-
quently leads to hypokinetic dysarthria, which affects speech 
production and often has a detrimental impact on everyday commu-
nication. Among the typical manifestations of hypokinetic dysarthria, 
speech and language therapists (SLTs) identify prosody as the most 
affected cluster of speech characteristics. However, less is known 
about how untrained listeners perceive PD speech and how affected 
prosody influences their assessments of speech. This study explores 
the perception of sentence type intonation and healthiness of PD 
speech by listeners with different levels of familiarity with speech 
disorders in Dutch. We investigated assessments and classification 
accuracy differences between Dutch-speaking SLTs (n = 18) and 
Dutch/non-Dutch speaking untrained listeners (n = 27 and n = 124, 
respectively). We collected speech data from 30 Dutch speakers diag-
nosed with PD and 30 Dutch healthy controls. The stimuli set consisted 
of short phrases from spontaneous and read speech and of phrases 
produced with different sentence type intonation. Listeners partici-
pated in an online experiment targeting classification of sentence type 
intonation and perceived healthiness of speech. Results indicate that 
both familiarity with speech disorders and with speakers’ language are 
significant and have different effects depending on the task type, as 
different listener groups demonstrate different classification accuracy. 
There is evidence that untrained Dutch listeners classify PD speech as 
unhealthy more accurately than both trained Dutch and untrained 
non-Dutch listeners, while trained Dutch listeners outperform the 
other two groups in sentence type classification.
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Introduction

Since the late 1960s there has been an increasing amount of research targeting speech 
production and speech intelligibility in people diagnosed with Parkinson’s Disease (PD). 
Hypokinetic dysarthria (HD), a speech disorder that is associated with parkinsonism, results 
from disturbances in muscular control over the speech mechanism (Darley et al., 1969a). It is 
considered as an additional marker useful for an early diagnosis of PD (Brabenec et al., 2017). 
It is common to assess and investigate HD based on intelligibility ratings or by means of 
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component-specific auditory perceptual assessments of speech (Sussman & Tjaden, 2012). 
Both methodologies are usually designed for a particular language and utilize language- 
specific protocols. However, studies have demonstrated that people with HD experience 
speech changes and communication difficulties long before impairment of intelligibility 
becomes apparent (Miller et al., 2006). This underscores the need for more ‘global’ perceptual 
assessment that would better reflect such speech changes (Sussman & Tjaden, 2012). 
Moreover, with prolonged longevity and migration, there is an increasing need to assess 
dysarthria in a language unfamiliar to a speech therapist (Näsström & Schalling, 2020).

According to Darley et al. (1969a), the 10 most recognizably affected characteristics of 
speech changes, so-called ‘deviant’ speech dimensions, in speech affected by HD are: 
monotonous pitch or monopitch, reduced stress, monotony of loudness or monoloudness, 
imprecise consonants, inappropriate silences, short rushes of speech, harsh voice, breathy 
voice, low pitch and variable rate. Out of these ten, six are attributed to prosodic insuffi-
ciency – monopitch, reduced stress, monoloudness, inappropriate silences, short rushes of 
speech and variable rate (Darley et al., 1969a; Martens et al., 2011).1 A number of studies 
have also demonstrated that prosody deficits together with harsh voice and reduced 
articulation are among the most prominent changes present in the acoustics of speech 
affected by HD (Anand & Stepp, 2015; Brabenec et al., 2017; Verkhodanova et al., 2019a). 
Some studies even suggested that the prosodic deficits arising from HD are universal for all 
languages (Pinto et al., 2017).

Such affected speech production in PD is related to multiple communication issues and 
changes in how listeners perceive dysarthric speech, with prosody impairment having 
crucial consequences for the speech intelligibility and for daily communication of speakers 
with HD (Anand & Stepp, 2015; Carvalho et al., 2020; Pinto et al., 2017). These speech 
disturbances may affect the quality of life of people with PD. It is reflected in their 
communication problems and a feeling of social isolation. This may result in tension, 
depression, resignation and withdrawal from conversation (Miller et al., 2006).

An increasing number of studies explore the efficiency of speech production in people 
with PD focusing on listeners’ perception. Many researchers have described prominent 
changes in prosodic characteristics of speech affected with HD. For example, when com-
pared to healthy controls, speakers with PD are less efficient at producing question-state-
ment intonation contrasts (Basirat et al., 2018; Pell et al., 2006) or at conveying lexical and 
contrastive stress (Martens et al., 2016; Pell et al., 2006). Overall, in the literature, mono-
pitch and monoloudness are said to have the greatest influence on the perception of speech 
affected by HD and are seen as the most prototypical source of prosodic speech problems 
for speakers with PD (Anand & Stepp, 2015; Duffy, 2012).

Since the publication of the seminal work by Darley et al. (1969a) on deviant speech 
dimensions and perceptual classification of different dysarthrias (Darley et al., 1969b), 
interest in HD production and perception has rapidly grown. According to many studies 
(for instance, Bunton et al., 2007; Näsström & Schalling, 2020; Sussman & Tjaden, 2012), 
the auditory-perceptual evaluation of dysarthria continues to be the ‘gold standard’ for 
clinical decisions. The means of assessment performed by listeners ranges from judging 
vowels (Sapir et al., 2007) to spontaneous conversational speech (Bunton & Keintz, 2008; 

1dimension of imprecise consonants is sometimes considered as a component of prosodic insufficiency in hypokinetic 
dysarthria (Darley et al., 1969b; Duffy, 2012).
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Bunton et al., 2007). One of the common measures of assessment and management of 
speakers with dysarthria is the use of speech intelligibility scores. These scores are com-
monly used as a measure of the severity of the speech disorder (Bunton & Keintz, 2008). 
Another approach to auditory-perceptual assessment of dysarthria is the use of component- 
specific perceptual judgements, first described by Darley et al. (1969a). Both approaches 
have limitations and reliability concerns as summarized in a study by Sussman and Tjaden 
(2012). These authors suggest exploring global perceptual judgments of speech disorder 
severity for individuals with multiple sclerosis and PD. Their idea is related to the approach 
proposed by Weismer et al. (2001) and is in line with the early suggestion by Kreiman et al. 
(1993) who recommended using more global ratings of overall speech competence, such as 
“good/poor voice” or “not impaired/severely impaired”.

Methodologies dedicated to obtaining intelligibility scores, component-specific percep-
tual judgements, and scaled estimates of speech disorder severity are usually developed for a 
specific language. However, there is an increasing need for dysarthria assessment in a 
language unfamiliar to the assessor (Näsström & Schalling, 2020). Näsström and 
Schalling (2020) focused on developing and testing a systematic dysarthria assessment 
method for SLTs who do not speak the language of an individual with dysarthria. Their 
results indicate that an SLT who does not speak the target language and performs the 
assessment according to the method in collaboration with an interpreter shows comparable 
results to an SLT who speaks the language of an individual with dysarthria (Näsström & 
Schalling, 2020). This indicates the potential for generalizing assessment methods to many 
languages providing access to speech-language pathology services to a broader group of 
people.

In addition to the familiarity with the language, an increasing body of evidence suggests 
that listeners’ experience and training can also matter (Carvalho et al., 2020; Kreiman et al., 
1993; Smith et al., 2019; Walshe et al., 2008). There is conflicting evidence regarding the role 
of experience (expert versus the untrained general population) in the assessment of dys-
arthric speech. Work by Walshe et al. (2008) compares the intelligibility rating of (Irish) 
English speech affected by dysarthria from the point of view of dysarthric speakers, speech 
and language therapists (SLTs), and untrained listeners. The authors reported mixed results: 
there were no significant differences between the three groups. However, the intra-rater 
reliability was lower for the trained listeners. This suggests that the way they assessed speech 
could have changed during the task. Similarly, a study by Smith et al. (2019) contributed to 
the understanding of perception of intelligibility of speech affected by PD by comparing 
ratings performed by trained and untrained listeners. Smith et al. (2019) reported no 
significant differences between the trained and untrained groups. However, different results 
can be found in recent studies demonstrating that groups of listeners with different 
expertise rate speech produced by people with PD differently (Verkhodanova et al., 
2019a, 2020). In the longitudinal case study by Verkhodanova et al., (2019a) both trained 
and untrained listeners assess global ‘healthiness’ of a single speaker with PD similarly: both 
groups rated the recordings made at a later stage as less healthy than the earlier ones despite 
the absence of HD diagnosis. However, trained listeners’ ratings showed a steeper trend 
towards the ‘less healthy’ scores for recordings made at a later stage. In another study, 
Verkhodanova et al. (2020) explored the perception of PD speech by Dutch and Czech 
trained and untrained listeners. The authors demonstrated that both expertise and famil-
iarity with the speakers’ language are important factors in listeners’ perception of PD 
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speech. The importance of expertise and experience with PD speech is even clearer in the 
study by Carvalho et al. (2020) who focused on the intelligibility ratings. The authors 
showed that neurologists working with PD demonstrate slightly higher intelligibility scores 
than SLTs working with adult dysarthria, and significantly higher intelligibility scores than 
other listeners familiar with PD, listeners from the general untrained population, and 
listeners with PD. Interestingly, the authors found homogeneity of ratings across the 
untrained listener group with no difference between listeners with PD, relatives of people 
with PD, and the general population group unfamiliar with PD (Carvalho et al., 2020).

This study investigates the ability of listeners to recognize speech of people with PD as 
‘unhealthy’ based on the idea of a more global assessment of dysarthric speech which was 
proposed and discussed in a number of studies (Kreiman et al., 1993; Maryn & Debo, 2015; 
Sussman & Tjaden, 2012; Weismer et al., 2001). We investigate whether the classification of 
speech as ‘unhealthy’ is related to the experience with speech and language disorders as is 
the case for intelligibility in the study by Carvalho et al. (2020). We are interested in whether 
healthiness can be related to the changes in the acoustic characteristics of speech without 
any influence of the semantic content of an utterance. We also explore whether familiarity 
with speech disorders and with speakers’ language affect listeners’ classification of prosody 
in PD speech.

To address these issues, we performed an experiment with three groups of listeners: 
Trained listeners who speak Dutch (hereafter, DT group), Untrained listeners who speak 
Dutch (hereafter, DU group), and Untrained listeners who do not speak Dutch (hereafter, 
nDU group). Following the results of Verkhodanova et al., (2019a), we hypothesized that 
the DT group would most accurately classify PD speech as ‘unhealthy’, and that DT listeners 
would be more accurate than DU listeners (Martens et al., 2011; Pell et al., 2006). We 
expected that the DT group would outperform other listener groups at classifying question/ 
statement intonations, similar to the finding that trained listeners understand speakers with 
PD better than untrained listeners (Carvalho et al., 2020). Given their familiarity with the 
prosodic system of the Dutch language, we expected DU listeners to more accurately classify 
prosodic differences in PD speech relative to nDU listeners. We expected that nDU listeners 
would classify PD speech as ‘unhealthy’ on the basis of their intuition about healthiness – 
though we supposed they would perform with less accuracy than the DT group. This 
expectation follows from our assumption that listeners assessing speech in an unfamiliar 
language are not distracted by the meaning of the speech and accordingly are able to resort 
exclusively to acoustic impressions. This hypothesis is also in line with the observation that 
trained listeners are sensitive to changes in speech of people with PD in an unfamiliar 
language (Näsström & Schalling, 2020). We also hypothesized that the accuracy of 
responses would differ between nDU listeners with Germanic and non-Germanic language 
backgrounds due to the differences in the phonetic systems of the languages (Best & Tyler, 
2007).

Materials and methods

We conducted an experiment with three groups of listeners: the DT group, the DU group, 
and the nDU group with different language backgrounds. We investigated whether the level 
of familiarity with both speech and language disorders and with speakers’ language affects 
listeners’ ability to correctly classify PD speech and speech of healthy controls. We also 
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examined the listener’s ability to correctly identify question/statement intonations from 
audio recordings of control speakers and speakers with PD. The results were subjected to 
cross-comparisons in the subsequent analysis.

Materials

Data collection
Speech recordings were collected from 60 Dutch native speakers: 30 individuals diagnosed 
with PD and 30 healthy controls (HC). The demographics appear in Table 1.

The severity of each speaker’s dysarthria was assessed by four experienced SLTs. Each 
listened to a short sample of spontaneous speech from each speaker and independently 
assigned an estimate of severity to each speaker on a scale of absent, mild, moderate or 
severe dysarthria (Klopfenstein, 2015). Assessors were in excellent agreement, kappa = 0.76 
(Fleiss, 2003).

Speakers reported (corrected-to) normal vision and hearing and signed informed con-
sent. Exclusion criteria for speakers with PD were cognitive problems assessed by Minimal 
Mental State Examination (MMSE < 26), brain damage caused by (a) stroke(s) that inflicted 
aphasia and/or apraxia of speech, and language and/or (motor) speech disorders unrelated 
to PD. Exclusion criteria for HCs were cognitive problems (MMSE < 26), brain damage, 
language and/or (motor) speech disorders. One inclusion exception was made for a speaker 
with PD whose MMSE score was 25 due to the difficulty in the drawing part of the MMSE 
assessment.

The recording protocol included several language tasks: prolonged phonation, free 
speech elicitation (interviews with open questions), picture and short video descriptions, 
reading, diadochokinesis test, and prosody elicitation tasks targeting production of lexical 
stress, boundary marking, sentence type and focus intonations (Martens et al., 2011). The 
recording sessions took place in quiet rooms with the TASCAM DR-100 recorder and an 
external Sennheiser e86 microphone placed at a distance of approximately 40 cm from the 
participant.

All data was anonymized at the stage of data collection, with researchers being blind to 
any personal information of the participants. The data collection was approved by the 
Medical Ethics Committee of the University Medical Center Groningen.

Stimuli
For stimuli creation, we used the recordings of the interviews and reading and the record-
ings of the prosody elicitation exercise on sentence type. We decided on including both 
reading and spontaneous speech as research demonstrated that perception of speech 

Table 1. Speaker demographics. Age and duration of disease are given in years.

Group 
name

Age: Mean/SD 
(range)

Gender: 
%F Diagnosis

Disease 
duration: 

Mean/SD 
(range)

MMSE 
score: 

Mean/SD 
(range)

PD, 
n = 30

65.6/9.8 
(45– 87)

30% Idiopathic PD; mild to severe dysarthria except for 
one speaker

10.8/7.2 
(1– 32)

27.8/1.4 
(25– 30)

HC, 
n = 30)

65.9/7.9 
(45– 79)

40% None none 29.0/1.1 
(26– 30)
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affected by HD differs depending on the speech task with which it was elicited (Kempler & 
Van Lancker, 2002). Sentence type intonation was included because previous studies 
showed that listeners are most sensitive to sentence type intonation compared to other 
linguistic prosody types in the experiment on differentiating between HC and PD speech 
(Verkhodanova et al., 2019b).

For each speaker, we used short fragments of 3–4 seconds from the spontaneous speech 
task and of 2–3 seconds from the reading task. The stimuli from interviews and reading 
were selected according to three criteria: they should not include artefacts or stuttering, they 
should consist of at least four words, and they should be extracted from declarative 
statements. For the stimuli from the sentence type task, we selected one out of five pairs 
of phrases per speaker. The phrases were syntactically identical but different in question or 
statement intonation (e.g., [Heeft hij] de toets gehaald? – ‘[Has he] passed the test?’ and [Hij 
heeft] de toets gehaald. – ‘[He has] passed the test’).

There were 245 stimuli: 58 phrases from the interviews, 59 phrases from the reading task, 
and 120 phrases from the exercise targeting question/statement intonation elicitation. 
There were fewer stimuli from the interviews (58 instead of 60) due to two cases of technical 
issues in the beginning of the protocol leading to two damaged interviews. The lower 
number of stimuli from the reading task (59 instead of 60) was a result of reading difficulties 
of one speaker with PD. All (fully anonymized) speech samples that were used as stimuli in 
the perception experiment were intensity normalized in Praat (Boersma & Weenink, 2020) 
and did not contain any sensitive information.

Participants in the perception experiment

In total, 193 listeners found through convenience sampling took part in the experiment. We 
excluded 24 people who reported hearing loss, were familiar with speech language disorders 
but did not receive SLT training, or who finished the experiment faster than the time of our 
pilot run (18 minutes). The remaining 169 listeners belonged to one of three groups:

(1) The DT group: 18 Dutch-speaking listeners with four years of university level SLT 
training and working experience. Out of these, seven had experience with neurode-
generative disorders, while three listeners had specific experience with PD 
(>12 years).

(2) The DU group: 27 Dutch-speaking listeners, reporting no prior professional experi-
ence with speech disorders;

(3) The nDU group: 124 listeners, reporting no prior professional experience with 
speech disorders or working knowledge of Dutch. Among the diverse linguistic 
backgrounds, the biggest subgroups of nDU listeners were native speakers of 
Germanic (n = 14) or Slavic languages (n = 101).

Participant demographics appear in Table 2.
Before the experiment, all participants signed an informed consent accompanied by a 

short questionnaire on their demographic, language and expertise background.
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Procedure

Participants completed two classification tasks in the experiment implemented in JavaScript 
using jsPsych library (De Leeuw, 2015) and running on the JATOS platform, version 3.5.3 
(Lange et al., 2015), which enabled the online testing procedure. The tasks were organised 
into two blocks. For each block, the procedure consisted of a main part, preceded by a short 
practice session. Stimuli were presented in a randomized order, with each stimulus appear-
ing only once. The language of instruction was either Dutch for the Dutch-speaking 
participants or English or Russian for participants who did not report working knowledge 
of Dutch.

In the first block, participants listened to the stimuli created from the interviews and 
reading material. After listening to each recording, listeners answered the question “Did this 
voice sound healthy to you?” The concept of healthiness was not defined in the experiment 
and listeners had to rely on their own understanding of it. Listeners had three answer 
options to choose from: “Yes”, “No” and “I don’t know”, and for every response they 
specified whether they felt “rather sure” or “rather unsure” about their answer.

In the second block, participants listened to the stimuli created from the recordings of 
the sentence type exercise. Participants were asked to answer the question “was the phrase a 
question or a statement?” by choosing from options “question”, “statement”, or “I don’t 
know”. Just as in the first block, they specified how confident they were of their answer by 
selecting “rather sure” or “rather unsure”.

Results of the experiment were stored in JSON format with participants’ responses 
assigned numerical values. The format was converted to CSV with a Python script. All 
subsequent analyses were conducted only on definitive responses, with all “I don’t know” 
(IDK) responses removed from the dataset (6.6% of all the responses, for the DT group it 
was 2.6% of the responses, for the DU group 2.3%, and for the nDU group 8.5%). The 
distribution of the excluded answers is presented in Figure 1.

Fleiss’ Kappa interrater reliability for multiple categorical variables and multiple raters 
was calculated for different listener groups. The resulting values were between 0.40 and 0.75 
representing fair to good agreement beyond chance (Fleiss et al., 2003) for all answer types. 
Exceptions were poor agreement for classifying statement intonation in case of the nDU 
group. Excellent agreement was found in the DT group when DT listeners classified 
question intonations (see Table 3).

Table 2. Participants demographics. Age is given in years.

Group name
Age: mean/ 
SD (range)

Gender: 
%F Native languages

Trained group, 
n = 18

34/13.2 
(21– 64)

94% Dutch or/and Frisian/German

Dutch  untrained  group, 
n = 27

25.2/8.2 
(18– 60)

63% Dutch and: Arabic, English, Frisian, Polish, Spanish, Turkish

Non-Dutch untrained group, 
n = 124

36.1/13.7 
(18– 79)

73% Adyghe, English, Estonian, Finnish, German, Hebrew, Hungarian, 
Indonesian, Italian, Kabardian, Lithuanian, Portuguese, Russian, 

Turkish, Ukrainian
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Statistical analyses

To analyze how the experience with speech and language disorders and familiarity with 
speakers’ language affect accuracy of listeners’ classification of PD speech, we applied 
bootstrap resampling (R = 1000). To estimate the classification accuracy between PD and 
HC speech groups and between sentence types we compared distribution of answers 
expressed by the statistics (1): 

mean HC scoresð Þ� mean PD scoresð Þj j=mean SD HC scoresð Þ; SD PD scoresð Þð Þ (1) 

We measured the participants’ ability to distinguish speakers with PD from HC speakers 
as the bootstrapped classification accuracy was based on their answers in the healthiness 
classification tasks. To take confidence of the listeners into account, each test was run on a 
second set of scores – with confidence introduced as a weight. The interaction between 
answers and confidence was calculated using the expression (2): 

0:5þ answer � 0:5ð Þ � 1 � conf =2ð Þ (2) 

Figure 1. IDK answers distribution by listener group and by type of speech task.

Table 3. The Fleiss’ Kappa interrater agreement for different listener.

Experiment part/answers DT group DU group

nDU group

Germanic Slavic All

Part 1 Healthy 0.511 0.522 0.504 0.489 0.480
Unhealthy 0.533 0.502 0.526 0.511 0.504

Part 2 Healthy 0.755 0.618 0.425 0.502 0.473
Unhealthy 0.732 0.557 0.325 0.414 0.385
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A similar procedure was applied to measure the participants’ ability to identify question/ 
statement intonations which was based on participants’ answers in the sentence type 
classification task.

The analyses of both healthiness and sentence type classification accuracies were inde-
pendently compared between the three groups using Welch’s F test, a non-parametric 
alternative of one-way ANOVA. The choice of Welch’s F test for statistical analysis was 
motivated by the significantly different variance of data in the bootstrapped groups. The test 
was run twice for each task: first, with the scores only, and afterwards with confidence 
answers used as scores’ weight.

To gain more insight into the influence of familiarity with the language on the accuracy 
of healthiness and sentence type classification, subsequent analyses compared four groups: 
DT, DU, nDU listeners whose native languages were from Germanic language family, and 
nDU listeners whose native languages were from Slavic language family. These two lan-
guage families were better represented in the nDU group, with 14 speakers of German or 
English and 101 speakers of Russian and/or Ukranian. The rest of the nDU group, nine 
listeners, were excluded from this subsequent analysis for the reasons of heterogeneity of the 
language backgrounds.

Results

Healthiness classification

The DU group performed with the most accuracy. The DT group performed with the least. 
With confidence weights introduced, the accuracy scores became higher for every group. 
The comparison of the accuracy scores for three groups is depicted in Figure 2.

Welch’s F test demonstrated the significance of observed differences with and without 
confidence weight; that is, there was a significant effect of the listener group on the 
healthiness classification accuracy (see Table 4). The Tukey post hoc test revealed that all 
the differences between the three groups were significant for both weighted and unweighted 
accuracy scores, p < .001. The largest differences for both unweighted and weighted 
accuracy scores was found between the DT and nDU groups (diff = 0.11 and 0.08, p 
< .001). Therefore, results of the healthiness classification task indicate a negative influence 
of experience and positive influence of familiarity with speakers’ language.

Sentence type classification

For both PD and HC speech, the differences for the three groups were similar. The DT 
group performed most accurately, followed by the DU and nDU groups (see Figure 3). The 
introduction of the confidence weight highlighted the differences for both PD and HC 
speech, showing the rise in the scores boosted by the confidence weight for all the groups 
(Figure 3).

Welch’s F test demonstrated a significant effect of the listener group on the sentence type 
classification accuracy scores for both PD and HC speech with and without confidence 
weight (see Table 4). The Tukey post hoc test revealed that all the differences between the 
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three groups were significant, p < .001. The biggest differences were found between the DT 
and nDU groups, for both PD and HC speech with and without weights (PD diff = 0.92 and 
0.93, HC diff = 1.21 and 1.31, p < .001).

Influence of Germanic and Slavic languages

Healthiness classification results for the nDU subgroups demonstrated the highest accuracy 
scores of the nDU listeners with Germanic language backgrounds (see Figure 4).

Welch’s F test confirmed that these differences were significant both for weighted and, 
with a smaller effect, for unweighted accuracy scores (see Table 5). Subsequent Tukey post 
hoc test showed significance (p < .001) for differences between all the groups except for the 
differences between DU and Slavic nDU (p = .116). The highest scores for Germanic nDU 
subgroup (Figure 4) demonstrate their more accurate classification of PD and HC speech 
based on perceived healthiness.

The analysis of the sentence type classification showed similar results to the trend that 
was earlier outlined for the three groups (see Figure 5).

Figure 2. Accuracy of speech healthiness classification.

Table 4. Welch’s F test results per task, with and without confidence weight.
Task Confidence weight F(2, 2997) p ω2 95% CI

Healthiness Without 
with

1230.36 
516.19

< .001 
< .001

0.49 
0.28

[0.462, 0.507] 
[0.26, 0.311]

Sentence type PD speech Without 
with

27 518.98 
33 817.59

< .001 
< .001

0.95 
0.96

[0.944, 0.949] 
[0.954, 0.959]

HC speech Without 
with

24 052.04 
31 725.97

< .001 
< .001

0.94 
0.95

[0.938, 0.944] 
[0.952, 0.957]
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Similar to the results on speech classification based on healthiness perception, the results 
of Welch’s F test for sentence type classification showed that the found differences were 
statistically significant in both PD and HC speech with and without confidence weight (see 
Table 5).

A Tukey post hoc test demonstrated that in PD and HC speech, with or without 
confidence weights, all the differences between the four groups were significant, p < .001. 
The differences in mean scores for the Germanic nDU group for PD and HC speech (Figure 
5) suggest that the similarity between the Dutch and German phonetic and prosodic 
inventories is not the only factor which impacts identification of a question/statement 
intonations.

Discussion

This study explored the effects of speech and language therapy expertise and familiarity with 
speakers’ language on the classification of PD speech. We investigated the accuracy with 
which different groups of listeners classified the healthiness of speech and the sentence type 
intonation. We found that both expertise in speech and language disorders and familiarity 
with the language have a significant effect on the perception of PD speech.

We found that speakers with PD are perceived as more unhealthy compared to HC 
speakers by both trained and untrained listeners. This finding is in line with the fact that 
speech affected by HD exhibits acoustic pathological symptoms due to prosodic and 

Figure 3. Accuracy of sentence type classification in HC speech (a) and in PD speech (b) for three listener 
groups.
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articulatory deficits (first described by Darley et al. (1969b)). Moreover, listener groups 
accurately classified unhealthiness in speech elicited by both reading and interview tasks, 
suggesting that both interview and reading provide enough cues for listeners to identify 
unhealthiness in PD speech. The accuracy scores differed per speech task for each listener 
group: DT group showed higher accuracy for stimuli from interviews, while DU and nDU 
group were more accurate when they assessed stimuli from the recordings of reading. 
However, the interview elicitation task appears to be potentially preferable, as it is a closer 
approximation of natural spontaneous speech than reading and does not have any restric-
tions for speakers to have normal (corrected-to) vision as in the reading exercises.

Regarding the first research question, whether the familiarity with speech disorders 
affects classification of PD speech into the “unhealthy” category, SLT training proved to 
be a significant factor. Surprisingly, the DT group did not perform most accurately as 
expected because of their training, as Carvalho et al. (2020) demonstrated that SLTs without 
experience in PD outperform the general public and listeners with PD in the intelligibility 
assessment of words and sentences of speakers with PD. Both DU and nDU groups 

Figure 4. Accuracy of speech healthiness classification for four listener groups.

Table 5. Welch’s F test results for the analysis of language background effect. Results are presented per 
task and with and without confidence weight.

Task Confidence weight F(3, 3996) p ω2 95% CI

Healthiness without 
with

1485.27 
991.44

< .001 
< .001

0.51 
0.43

[0.494, 0.534] 
[0.413, 0.454]

Sentence type PD speech without 
with

19 853.92 
24 320.42

< .001 
< .001

0.94 
0.94

[0.934, 0.938] [0.944, 0.948]

HC speech without 
with

21 354.93 
27 644.19

< .001 
< .001

0.94 
0.96

[0.947, 0.945] [0.954, 0.958]
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performed significantly more accurately than the DT group. These findings can be com-
pared to the results of previous studies by Smith et al. (2019) and Walshe et al. (2008), where 
trained listeners did not outperform the untrained listeners. Higher sensitivity of the 
untrained listeners is very likely to arise from a different interpretation of the concept of 
“healthiness”. In other words, group differences might stem from different task interpreta-
tions, as the DT listeners might have approached “healthiness” from a different perspective 
with varying strategies based on their SLT expertise. A similar conclusion was also reached 
by Walshe et al. (2008), who reported a large interrater variability in their trained group.

Following our second research question, we investigated if and how familiarity with a 
particular language relates to the classification of PD speech in that language. Statistical 
analyses revealed that the differences between DT, DU and nDU groups were significant, 
and both expertise and familiarity with speakers’ language affect the ability to classify Dutch 
PD speech into ‘unhealthy’ category. The subsequent analysis of the language backgrounds 
of untrained listeners resulted in the unanticipated findings.

Surprisingly, listeners with a Germanic language background with no working knowl-
edge of Dutch were more accurate at detecting unhealthiness in Dutch speech than Dutch 
trained and untrained listeners. This suggests that being unfamiliar with the speakers’ 
(typologically similar) language, while sharing a number of phonetic and prosodic features, 
is beneficial for detecting unhealthiness related to PD in speech. One possible explanation of 
such difference might be the absence of distractions while processing Dutch speech. That is, 
the influence of the DT group’s experience could have served as a distractor during the 
classification task, thus making trained listeners more sensitive to expertise-specific cues. 
The semantics of the utterances could have been another influencing factor in the 

Figure 5. Accuracy of sentence type classification in HC speech (a) and in PD speech (b) for four listener groups.
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classification task for Dutch listeners, whereas the unfamiliarity and salience of some 
segmental aspects of Dutch phonetic inventory, together with varying prosodic cues, may 
have served as a distractor for untrained listeners with typologically different language 
backgrounds (in this case, Slavic). This highlights the need for further exploration, not only 
of the typological characteristics of the target language spoken by people with PD (Pinto et 
al., 2017), but also of the relationship between the native languages of speakers and listeners 
if they are coming from different language backgrounds. Therefore, further research into 
the acoustic relationships between the native language of listeners and the language spoken 
by people with HD may shed more light on listeners’ perception patterns of non-native 
dysarthric speech (Alispahic et al., 2017; Kim et al., 2012; Näsström & Schalling, 2020).

Our third research question addressed the effects of familiarity with speech disorders and 
with speakers’ language on the prosody classification in PD speech. Our findings demon-
strate that for the sentence type classification task, both language and expertise are impor-
tant. The assessment by the DT group was more accurate than those of the DU and nDU 
groups. This shows that expertise plays a key role in listeners’ ability to correctly identify 
question/statement intonations in PD speech. Therefore, the benefit of SLT training for 
sentence type classification in PD speech goes against findings reported by Smith et al. 
(2019) and Walshe et al. (2008), where trained listeners performed either less accurately or 
similar to untrained listeners. However, this finding is in line with the recent study by 
Carvalho et al. (2020), which demonstrated that healthcare professionals working with HD 
are more likely to understand PD speech than untrained listeners. The different findings for 
the healthiness and for the sentence type classifications in the current study also confirm the 
importance of the task type for assessment of dysarthric speech (Martens et al., 2011).

The expected significance of familiarity with speakers’ language is also apparent, as the 
DU group was more sensitive to the sentence type intonation contrasts than the nDU group. 
It is interesting to see that in the sentence type classification task in the HC speech, listeners 
of Germanic and Slavic language backgrounds performed very similarly. At the same time, 
in the sentence type classification task in PD speech, Germanic listeners outperformed 
Slavic listeners. It is possible that the lack of distraction allows listeners to recognize the 
coping strategies that speakers with PD might use to overcome possible prosodic deficits 
(Pinto et al., 2017). On the other hand, even though many prosodic features are auditory- 
perceptually salient to listeners cross-linguistically, the use of prosodic cues is language 
specific and is modulated by the prosodic phonology of a given language (Kim et al., 2012). 
This could be reflected in language-specific compensatory strategies employed by speakers 
with PD causing Slavic listeners in this study to be less sensitive to compensatory prosodic 
strategies employed by Dutch speakers with PD.

Present findings demonstrate the interconnection between listeners’ perception of healthi-
ness of speech and the acoustic changes in PD speech. The impressions of speech healthiness 
and the judgements about question and statement intonations without any influence of 
semantic content indicate that speech acoustics can be predictive of perceived healthiness. 
Our findings also confirm that trained listeners understand speakers with PD better than 
untrained listeners at the level of prosody. The results of the study highlight the benefits of 
exploring more global perceptual assessments of speech and the importance of training the 
untrained population, providing them with strategies and tools to understand speakers with 
PD more easily, not only on the level of intelligible words and phrases as suggested by 
Carvalho et al. (2020), but also on the level of understanding the linguistic prosody. Our 
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findings underscore the necessity for further research into the language-specific and language- 
universal aspects of HD. It also brings into focus the importance of exploring multilingual 
proficiency of not only dysarthric speakers (Pinto et al., 2017), but also listeners and assessors 
of their speech. Another outcome of this study is the methodological implications accentuat-
ing the need for a broad and rigorous approach towards elicitation methods, task design and, 
more importantly, the concept of expertise and training.

Future research could expand on these results through experiments with SLT listeners 
who explicitly work with dysarthria secondary to PD, and by cross-linguistic experiments 
targeting perception of HD. This will allow one to map which cues and which listener 
groups could be of help in detecting HD and possibly in contributing to early PD diagnosis. 
This knowledge will also provide specific therapeutic targets to enhance communication 
efficiency of speakers with HD and help to work on alleviating the negative attitudes which 
speakers with HD may face (Maryn & Debo, 2015; Miller et al., 2006).

The results of this study have two important outcomes for clinical practice. First, the finding 
that especially inexperienced listeners are good at recognizing unhealthiness in speech of speak-
ers with PD is important, because it implies that family members of people at risk of developing 
PD will be able to detect unhealthiness in the speech of their relatives. Therefore, those who are 
already close to a speaker at risk will be able to recognize one of the early signs of PD. This might 
help with an early diagnosis of PD as well as early detection of speech problems, which in turn 
would allow speakers with PD to start speech therapy at an earlier stage of the disease progres-
sion. The second contribution to clinical practice is related to the finding that non-native listeners 
were better at recognizing unhealthiness in speech affected by PD, as they focused on the 
acoustics of speech rather than on the content of speakers’ message. This finding furthers and 
supports the theoretical underpinning of the possibility to develop language independent 
automatic systems that can detect symptoms of unhealthy speech of a potential speaker with 
Parkinson’s disease.
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