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Abstract 

Speech disorders in general, and dysarthria especially, lead to 
decreased speech intelligibility. This can have a severe impact 
on the patients' quality of life because they can lose social 
contact and eventually become isolated from society. Most of 
the time, degraded speech intelligibility can be improved 
through speech therapy. However, monitoring the effectiveness 
of speech therapy requires clear definition and 
operationalization of speech intelligibility. Until now, little is 
known about which deviations in pathological speech most 
affect intelligibility, and how intelligibility can best be 
improved. Furthermore, measuring intelligibility is complex, 
and it is time-consuming as it requires a lot of manual work. 
Therefore, I will study the following novel aspects in this 
project: which deviations in pathological speech have the most 
impact on intelligibility, what are good procedures for 
measuring intelligibility, and how can the workload in 
measuring intelligibility be reduced by making use of software 
tools. 

Index Terms: speech intelligibility, speech disorder, acoustic 
features, automatic speech recognition 

1. Introduction 

Speech disorders in general, and dysarthria especially [1], lead 
to decreased speech intelligibility. This can have a severe 
impact on the patients' quality of life because they can lose 
social contact and eventually become isolated from society. 
Most of the time, degraded speech intelligibility can be 
improved through speech therapy. However, the effects of 
intensive therapy are not always evident. Therefore, it is 
necessary to monitor a possible evolution, pre- and post-therapy 
evaluations in which intelligibility scores play an important 
role. Thus, intelligibility requires a clear definition and a robust 
operationalization.  

A clear definition has been proposed by Hustad [2] 
“Intelligibility refers to how well a speaker’s acoustic signal can 
be accurately recovered by a listener”. In line with this 
definition, intelligibility can be measured in various subjective 
ways. One of them is based on orthographic transcriptions 
[1,3,4]. The percentage of words or phonemes correctly 
identified is employed as a measure of intelligibility [4]. 
Besides, intelligibility has also been measured by collecting 
scalar ratings from human judges [7, 8, 9] through an equal-
appearing interval scales like the Likert scale [9], or by placing 
a point on a horizontal line like the Visual Analogue Scale 
(VAS) [10]. 

Since subjectively measuring intelligibility is very time-
consuming, several investigations have been carried out to 
develop methods for the objective measurement of speech 
intelligibility. These investigations are normally based on 

Automatic Speech Recognition (ASR) or machine learning 
algorithms and have been shown to produce outcomes that 
correlate with subjective human ratings [14-18]. So far, the 
relation between the automatic approaches’ outcomes and the 
properties of pathological speech is far from clear. The question 
of the possibility of using the measures as easy-to-use tools for 
clinical practice has not been well addressed.  

Therefore, in this project, I want to study the following 
novel aspects: which deviations in pathological speech have the 
most impact on intelligibility in terms of acoustic features, what 
are good procedures for measuring intelligibility, and how can 
the workload in measuring intelligibility be reduced by making 
use of software tools. 

2. Acoustic correlates of speech 
intelligibility of phonemes 

To explore what deviations in pathological speech have the 
most impact on intelligibility, I studied the relation between 
acoustic features and intelligibility for pathological and control 
speech [5], specifically using a standardized feature set called 
eGeMAPS [20] and complementary features related to speech 
rate. The eGeMAPS feature set has 88 acoustic features related 
to e.g. loudness, fundamental frequency, and formant 
frequencies, which might be correlated with intelligibility. 

In this study, the COPAS database [19] was involved and 
the included phoneme intelligibility obtained by the Dutch 
Intelligibility Assessment (DIA) task was used as the subjective 
speech intelligibility [6]. The database contains speech samples 
collected from a large number of control speakers and 
pathological speakers with different speech disorders. The 
contained speech materials include isolated words used in the 
DIA task, isolated sentences and short passages such as a 
commonly used phonetically-balanced Dutch text “Papa en 
Marloes” (TM). To explore the relation using different speech 
materials, i.e. isolated words and passages, speakers were 
selected based on participation in both the DIA and TM tasks. 
In total, 49 dysarthric and 81 control speakers were selected 
with 20 female and 29 male dysarthric speakers, and 48 female 
and 33 male control speakers.  

The correlation between the features and the phoneme 
intelligibility was studied. The highest ten correlates for the 
dysarthric, control and combined speech on two tasks varied 
and the strengths were from 0.21 to 0.53. The moderate to 
medium correlations between phoneme intelligibility and the 
acoustic features in the eGeMAPS seems promising for 
automatic speech intelligibility prediction. A stepwise linear 
multiple regression (SLMR) algorithm was applied for 
predicting phoneme intelligibility using the eGeMAPS features 
on different tasks and different speech, i.e. dysarthric and 
control. The analyses revealed important differences between 



dysarthric speech and control speech, and between different 
types of speech material (isolated words and running text).  

In conclusion, this study has shown that speech 
intelligibility is a complex construct. Further research is needed 
to get a better understanding of both the human-generated 
measures of intelligibility and their more objective acoustic 
correlates. Besides, it is important to include different types of 
speech materials, to explore the substantial differences between 
pathological and control speech in more detail, and to employ 
various rating procedures (i.e., Likert, VAS, and orthographic 
transcriptions). The important insights that derive from this 
more comprehensive research will not be limited to the clinical 
domain but may help us analyze speech intelligibility in the 
field of e.g. second language pronunciation.  

3. Towards a comprehensive 
assessment of speech intelligibility 

To explore the relation between measures obtained from 
various intelligibility measurement procedures, a semi-
automatic approach was proposed in [11]. In this study, a set of 
intelligibility ratings of disordered speech assigned by lay 
listeners were investigated to obtain measures at three different 
levels of granularity: utterance, word, and subword level 
(grapheme and phoneme). Utterance level evaluations were 
obtained using subjective rating scales (i.e. VAS and Likert 
scale) while the word and subword-level evaluations, i.e. 
distance scores, were obtained automatically from human-
generated orthographic transcriptions using automatic 
alignment and grapheme-phoneme conversion algorithms. The 
results indicated that the distance measure at the phoneme level 
was feasible and reliable. 

Therefore, my colleagues and I extended this semi-
automatic approach and its automatically derived metrics as 
measures of pathological speech intelligibility on several 
important points [24]. We collected measures for a larger 
number of samples, including both pathological and control 
speech, covering different speech materials, i.e. meaningful 
sentences from TM, word lists in DIA and semantically 
unpredictable sentences (SUS). Intelligibility measures were 
collected from experts as opposed to lay listeners. The experts 
were asked to provide two types of transcriptions, ‘Word’ in 
terms of existing words and ‘Literal’ in terms of literal or 
perceived segments. More detailed automated measures were 
explored concerning speaker types, speech materials and levels 
of granularity. The reliability and validity of measures obtained 
from transcriptions are evaluated in relation to other measures 
such as VAS and severity level of dysarthria.  

In the end, eight measures were calculated for each speech 
sample: VAS at the utterance level, accuracy (Acc) at the word 
level (W), and accuracy (Acc), distance (Dist) and the number 
of changes (Ch) at the grapheme (G) and phoneme level (P). 
The reliability and validity of the measures of intelligibility 
were investigated for both control and pathological speech. The 
analyses reveal that for the eight measures we acquired, the 
reliability coefficients were very high using different speech 
materials. This supports the usability of these measures since a 
limited number of raters might be sufficient to obtain highly 
reliable ratings, which is very important in a clinical setting.  

At the subword level, the mean values of Acc at the 
phoneme-level results always slightly lower than those at the 
grapheme level, which showed a similar pattern to Dist and Ch. 
This is understandable because a phoneme may be associated 

with more than one grapheme and then its overall correctness 
requires correctness in its associated graphemes. The six 
automatically calculated subword-level measures are strongly 
correlated with each other, which could be explained by the fact 
that they are all based on the same orthographic transcriptions. 
However, it is worth noting that they are strongly related and 
that using one or the other does not make much difference. For 
instance, a grapheme-level measure may be easier to apply than 
a phoneme-level one in clinical practice, but both will yield 
accurate results. 

To test the external validity of the subword-level measures, 
we included the independent measure VAS, the accuracy at the 
word level (Acc-W) and the severity level of dysarthria (SL) at 
the speaker level as evaluation criteria. The correlations 
between the three evaluation measures are moderate to strong, 
presumably showing that evaluative components involved in 
estimating intelligibility are different.  

Concerning the correlations between these three measures 
and the six subword-level measures, the Acc measures 
outperform the Dist and Ch measures. Within the Acc 
measures, Acc at phoneme level (Acc-P) performs better than 
Acc at grapheme level (Acc-G). More detailed results can be 
found in [24] in Table 3. The results indicate that the phoneme 
measures outperformed the grapheme measures and that the 
best phoneme measure seems to be accuracy. This suggests that 
the investigated orthography-based subword-level measures are 
not only reliable indicators of speech intelligibility but that they 
can also be considered as valid descriptors of speech 
intelligibility in pathological speech.  

In conclusion, the results show the possibility of using 
orthographic transcriptions and the automated phoneme 
measures to determine which mispronounced phonemes cause 
decreased speech intelligibility comparing with other automatic 
measures [14, 21]. In other words, these measures have 
potentially additional diagnostic value and can, therefore, be 
applied in speech therapy.  

4. Future work 

Again, as I mentioned above, further exploring how the acoustic 
features are correlated with speech intelligibility is needed and 
may help researchers to understand the underlying processes 
and mechanisms that affect speech intelligibility. Future work 
will also explore the possibility to fully automate intelligibility 
evaluation without any human-generated orthographic 
transcriptions. This could be achieved with the help of 
Automatic Speech Recognition (ASR) technology and the 
increasing availability of dysarthric speech data [12, 13, 22, 23]. 
Another option for prompted speech would be to use ASR in 
forced alignment mode, which is one of the methods I intend to 
investigate in future research. 
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