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Abstract

Motor speech disorders can often lead to reduced
intelligibility, communication difficulties, ultimately
affecting the person’s quality of life. In recent years,
several initiatives have been launched to improve the
processing of disordered speech [1]. However, these
initiatives differ in their methodology and their degree
of success.

This study focuses on the intelligibility of Hungarian
dysarthric speakers, comparing four perceptual metrics:
speech

intelligibility, = speech speech

naturalness, and listener effort. We invited trained and

severity,

untrained listeners in speech analysis to rate the level
of intelligibility of dysarthric speech samples. We
compared their ratings with the error rates of
(ASR)

discussed automatic

automatic speech  recognition systems.

Previously  [5], we speech
evaluation methods using four ASR systems.

We selected 15 dysarthric speech samples from the
Our dataset

contained recordings from 7 mild, 5 moderate, and 3

Hungarian Dysarthria Database [6].
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severe dysarthric speakers, and 5 healthy controls [7].
Speech samples were evaluated based on the four
metrics using a visual analog scale. The judgements of
human listeners were compared with the error rates of
ASR systems.

Findings showed great variation in the evaluation of
severity, the degree of severity correlates with

intelligibility in both listener groups.
Keywords: dysarthria, ASR, intelligibility,
evaluation, listener effort

speech

1. Introduction

Dysarthria is a medical umbrella term that covers
neurologic-related speech disorders that affect several
aspects of speech (e.g., articulation, phonation,
respiration, resonance, loudness), resulting in impaired
speech intelligibility [2, 8].

We are working on a collaborative project called the
‘Dysarthria’ project at the University of Szeged with
two main goals in mind. First, we conduct detailed
analysis of dysarthric speech while considering
etiological aspects [2, 3]. Secondly, we aim to find
solutions which intend to improve the intelligibility of
dysarthric speech using automatic procedures [4, 5].
This study focuses on the intelligibility of Hungarian
dysarthric speakers, comparing two groups of human
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listeners (trained vs. untrained) with automatic speech
recognition (ASR) systems.

The experiment builds on the results of our previous
work [5], where we tested automatic speech evaluation
methods using four ASR systems.

Hypothesis:

Based on the results of previous outcome measurements
found in the literature [9] we supposed that there would
be a difference between the evaluation of intelligibility
of dysarthric speech across human agents (trained and
untrained) and the ASR systems depending on the
severity of dysarthria.

2. Methods

For the current study, we selected 15 dysarthric speech
samples from the Hungarian Dysarthria Database [6].
Our dataset contained recordings from 7 mild, 5
moderate, and 3 severe dysarthric speakers, and 5
healthy controls [7]. Speech samples were evaluated by
25 listeners: 19 trained and 6 untrained participants.
Trained listeners included people who had a formal
education in speech and language therapy, untrained
listeners included native Hungarian speakers with no
previous experience with speech disorders.

The study was conducted using PsychoPy [10]. Stimuli
were presented on a laptop, participants were asked to
rate speech samples based on the four metrics using a
visual analog scale (see Fig.1.). Their ratings were
stored as numeral values between 0 and 1.

The judgements of human listeners were compared
with the error rates of ASR systems. We compare
recognition results from OpenAT’s Whisper (Large-V3)
[11] and Meta’s Massively Multilingual Speech (MMS)
[12]. We also chose to work with models developed for
Hungarian speech recognition, namely, BEAST2 [13]
and FastConformerHU, developed by the company
SpeechTex [14]. For a detailed account of automatic
evaluation methods used for this study, see [5].

3. Results

The following section discusses the results of the four
perceptual measures. A correlation matrix showing
Spearman correlations between these measures can be
seen in Fig. 5.

3.1. Intelligibility

The main effect of the listener group was not
significant: F(1, 24.6) = 1.56, p = 0.223 (see Table 1.).
That is, there was no difference between intelligibility
evaluation of trained and untrained listeners.
Participants evaluated four types of dysarthria
depending on its severity. Regarding the intelligibility
of dysarthric speech, severity of dysarthria had
significant impact on the evaluation given by listeners:
F(3, 16.4) = 19.19 p < 0.001.

Table 1. The effect of listener group and dysarthria severity
on intelligibility ratings

Fixed Effect Omnibus tests

F Num df Den df P
Listeners 1.56 1 24.6 0.223
Dys_severity 19.19 3 16.4 <.001
Listeners:¥ Dys_severity 2.53 3 468.1 0.057

Note. Satterthwaite method for degrees of freedom

Table 2. ASR error rates (%) for the categories defined by
speech-language therapists. [5]

healthy mild moderate severe
ASR engine WER CER|WER CER|WER CER|(WER CER
Whisper-large-v3 19.3 11.1) 70.8 41.5| 85.1 48.1| 100.8 73.7
MMS-1B-FL102 31.5 89| 89.4 62.4| 94.1 74.0] 98.9 785
BEAST?2 14.3 3.8/ 62.8 36.6] 76.0 49.7| 88.3 65.9
FastConformerHU 6.5 21| 45.2 20.7] 55.8 26.4| 82.7 515

3.2. Speech severity

The main effect of the listener group was significant:
F(1, 24.8) = 5.42, p = 0.028 (see Table 4.). There was
a difference between the judgements of trained and
untrained listeners. Their evaluation was different
depending on the severity of dysarthria: F(3, 16.8) =
44.02, p < 0.001. However, their judgements were not
the same in each subgroup (see also Fig. 2.).

In the case of mild dysarthria, there was a greater
difference between the evaluation of trained and
untrained listeners: Miinea = 0.38, Muntramea = 0.29. In
the case of moderate dysarthria, trained listeners gave
a significantly higher severity score than untrained
listeners: Miined = 0.65, Muntrainea = 0.51, p = 0.045. In
the case of severe dysarthria, there was also a difference
between the evaluation of trained and untrained
listeners: Muained = 0.88, Muntrainea = 0.78.
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Table 3. Mean intelligibility scores of ASR systems compared
to human listeners

Severity ASR  Trained Untrained
Control 0.935 0.977 0.962
Mild 0.596 0.731 0.797
Moderate 0.504 0.520 0.609
Severe 0.325 0.212 0.276

Table 4. The effect of listener group and dysarthria severity

on severity ratings
Fixed Effect Omnibus tests

F Num df Den df p
Listeners 5.42 1 248 0.028
Dys_severity 44.02 3 16.8 <.001
Listeners: Dys_severity 5.50 3 468.1 0.001

Note. Satterthwaite method for degrees of freedom

3.3. Speech naturalness

The main effect of the listener group was not
significant: F(1, 24.8) = 0.80, p = 0.381 (see Table 5.).
There was no difference between the judgement of
speech naturalness given by trained and untrained
listeners.

The severity of dysarthria had a significant effect on
perceived speech naturalness: F(3, 18) = 48.56 p <
0.001. This means that listeners evaluated speech
naturalness differently depending on the severity of the
speech disorder. Differences between the evaluations of
trained and untrained listeners were the same in each
dysarthria subgroup.

Table 5. The effect of listener group and dysarthria severity
on speech naturalness ratings

Fixed Effect Omnibus tests

F Num df Den df o]
Listériars 0.795 1 24.8 0.381
Dys_severity 48.555 3 18.0 <.001
Listeners:# Dys_severity 1.717 3 468.1 0.163

Note. Satterthwaite method for degrees of freedom

3.4. Listener effort

The main effect of the listener group is close to being
significant: F(1, 24.9) = 4.22, p = 0.051 (see Table 6.).
The main effect of dysarthria severity was significant:
F(3, 16.7) = 23.00, p < 0.001. Participants evaluated
listener effort differently depending on the severity of
the speech disorder. The interaction of listener group
and dysarthria severity was also significant: F(3, 468.1)
= 4.04, p = 0.007. This means that differences between
the evaluations of trained and untrained listeners were
not the same in each dysarthria subgroup.

In the case of the control group, the same amount of
mental effort was attributed by both trained and
untrained listeners: Miainea = 0.02, Mintrainea = 0.03.
Considering mild dysarthria, there was a greater
difference between the evaluations of the two listener
groups: Miined = 0.31, Muntrainea = 0.21. As for moderate
and severe dysarthria, trained listeners attributed more
mental effort to speech perceiption: Muanea = 0.54,
Mauntrained = 0.41; Migainea = 0.81, Muntrained = 0.72.
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Table 6. The effect of listener group and dysarthria severity
on listener effort ratings

Fixed Effect Omnibus tests

F Num df Den df p
Listeners 4.22 1 249 0.051
Dys_severity 23.00 3 16.7 <.001
Listeners: Dys_severity 4.04 3 468.1 0.007

Note. Satterthwaite method for degrees of freedom
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Figure 5. Correlation matrix showing Spearman correlations
between the four perceptual measures

4. Discussion

We found a correlation between the severity of
dysarthria and the evaluation of intelligibility, severity,
speech naturalness, and listener effort in both cases.

The performance of automatic speech recognition
(ASR) systems depends on the severity of dysarthria:
as the severity of dysarthria increased, a higher
character error rate was measured. ASR systems gave
lower intelligibility scores than human listeners in all
cases, except for severe dysarthria (see Table 3.).

Human agents’ evaluation also depends on the severity
of dysarthric speech. However, human agents show a
great variability in the evaluation of intelligibility in
mild and moderate cases (see Fig. 2, 3, 4.). Their
performance correlates with the degree of severity.

Trained participants evaluated severity, intelligibility
and listener effort in a more rigorous manner than
untrained participants. The more severe the speech
disorder, the greater the difference between the ratings
of trained and untrained participants.

5. Conclusion

There are only a few papers in the literature dealing
with the evaluation of intelligibility, severity, speech
naturalness, and listener effort in between listener
groups in the case of dysarthria. As it is emphasized in
the main goal of our project, it has great importance in
human interaction to be able to speak in an adequate
manner, which can be quite challenging for people with
dysarthria. The impact of their motor speech disorder
in their everyday language use can cause (severe)
problems in their intelligibility. Depending on their
communication partner’s listener effort, there can be
different types
interactions.

outcomes for these of wverbal
One of our main goals in the framework of the
‘Dysarthria’ project at the University of Szeged is to
improve the intelligibility of dysarthric speech using
automated tools. However, we face both theoretical and
practical problems when talking about intelligibility.
That is, we are working with three different viewpoints
on intelligibility. First, dysarthric speech is evaluated
perceptually by trained clinicians. Second, dysarthric
speech should be understood by a wide range of
listeners, including untrained listeners. Third, we aim
to wuse automated tools to improve intelligibility.
However, these three agents may have a different
understanding of intelligibility itself. That is why we
found it important to explore the differences between
the intelligibility judgements given by these three
groups.
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