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Background: Perceptual evaluation is a means of assessing speech disorder severity in clinical practice.
Although limited in reliability and reproducibility, its ease of application makes it very widely used.
Choice of assessment criteria and type of speech sample are key points.

Objective: To compare a panel’s perceptual evaluations on two tasks with different criteria.

Material and method: The corpus comprised 87 samples from patients treated for oral cavity or orophar-
ynx cancer, assessed by 6 experts on two criteria (impairment of intelligibility and of speech signal) and
two kinds of speech sample (semi-spontaneous versus reading speech)

Results: Although strong correlations were found between tasks (r>0.8), the speech signal criterion gave
a score distribution providing a better metric. Severity was greater in oral cavity (mean, 5.44 + 2.47) than
oropharyngeal cancer (6.46 + 2.24). Semi-spontaneous speech tended to show less severity score ceiling
effect than reading speech (mean, 6.06/10 for picture description and 6.51/10 for reading).

Conclusion: Speech signal impairment in semi-spontaneous speech seems to be the best clinical measure

to assess speech disorder following treatment of oral cavity or oropharynx cancer.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

The difficulty of making a quantitative assessment of speech
sequelae after head and neck cancer hinders the integration of func-
tional risk in treatment protocols, while recent developments in
telecommunication have made oral language essential in interper-
sonal communication.

Head and neck is the fifth most frequent cancer region in
France (HAS 2009), and often impacts oral communication capac-
ity, impairing the vocal signal or articulation and thus quality of life
[1].

Intelligibility is essential to communication, and impairment
diminishes the capacity to interact [2]. It represents the degree to
which the speaker’s message can be understood by the listener:
“proportion of speech understood” or, in the assessment context,
“proportion of words correctly transcribed” [3-5]. It is thus a mat-
ter of perception by others, which makes it difficult to quantify,
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due to human compensation strategies enhancing signal decoding
by cues relying on language structure and meaning [6].

Speech disorder severity is therefore an alternative index in clin-
ical contexts. It is based on degree of intelligibility impairment
associated to other speech signal variables such as acoustic-
phonetic code emission quality, speech speed and other temporal
and/or prosodic parameters relevant to the perceived difficulty
[7-9]. Disorder severity is a broader concept, including intelligi-
bility plus compensation strategies.

Speech disorder assessment by speech therapists is based on
perceptual evaluation. One of the most widely used instruments in
France is the BECD clinical dysarthria assessment battery (Batterie
d’Fvaluation Clinique de la Dysarthrie) [10]. Perceptual assessment
may be made at two levels [11]:

e phoneme emission: is the phoneme perceived by the listener the
intended one? This concerns acoustic-phonetic coding, or intel-
ligibility;

e oral communication, or “running speech intelligibility”, which
involves top-down mechanisms.
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Speech assessment needs to be two-fold: qualitative, to
determine the mechanisms underlying the impairment, and quan-
titative, to score the degree of impairment. Thus two strategies may
be used: a grading scale such as a visual analogue scale (from per-
ceived severe disorder to no disorder), or measurements (e.g., rate
of error between intended and perceived phonemes).

All such perceptual tests, however, have a drawback: reliabil-
ity and reproducibility are listener-dependent [11]. The listener’s
familiarity with the patient or with the task increases predictabil-
ity, and results may differ between panels of experts and of naive
observers. Reproducibility is likewise subject to variation. Even so,
these are the most widely used clinical tests, mainly for reasons of
ease of use.

We therefore sought to identify the most useful tests, feasible
in everyday clinical practice, for perceptual evaluation of speech to
provide reference values for progression assessment.

The aim was to compare results on perceptual tests of disor-
der severity and intelligibility impairment between two situations:
reading, and semi-spontaneous speech.

The study hypothesis was that severity assessed on semi-
spontaneous picture description is more clinically relevant than
intelligibility assessed on reading.

2. Material and methods
2.1. Corpus

The study protocol was designed as part of the Carcinologic
Speech Severity Index (C2SI) project [12], the aim of which is to
measure the impact of head and neck (oral and pharyngeal) cancer
treatment on speech production by automated speech processing
compared to perceptual methods.

The corpus was built up from patients seen in follow-up after
oral cavity or oropharyngeal cancer treatment in 2015 and 2016
at the Institut Universitaire du Cancer Oncopole cancer center in
Toulouse, France.

Inclusion criteria comprised: 6 months post-treatment, and
clinical remission so that speech disorder would be as stable as pos-
sible, whether perceptible to the naked ear or not (so as to include
the mildest deficits). The study was thus conducted in a context of
chronic speech disorder.

Exclusion criteria comprised speech disorder potentially associ-
ated with some other pathology such as stroke or fluency disorder
(stammering).

2.2. Tests

Patients’ speech was recorded on a reading task (READ) and a
picture description task (DESC).

All recordings were made in the oncorehabilitation unit of
the Institut Universitaire du Cancer Toulouse - Oncopole. During
follow-up consultation, patients entered a soundproof recording
booth for speech assessment tasks. Audio files were recorded in
WAVE format on a digital recorder with microphone and popshield
filter, to optimizer recording quality and minimize measurement
bias (misassessment due to recording issues).

2.2.1. Reading task (READ)
Patients read aloud the first paragraph of La chévre de Monsieur
Seguin by Alphone Daudet:

“Monsieur Seguin n’avait jamais eu de bonheur avec ses chévres.
Illes perdait toutes de la méme fagon. Un beau matin, elles cas-
saient leur corde, s’en allaient dans la montagne, et la-haut le
loup les mangeait. Ni les caresses de leur maitre, ni la peur du

loup, rien ne les retenait. C'était, parait-il, des chévres indépen-
dantes voulant a tout prix le grand air et la liberté”.

This text was chosen for its length and balanced phonetic make-
up; it is widely used in clinical assessment in France [6].

2.2.2. Picture description task (DESC)

Patients randomly chose one out of several photographs, all
showing a sea-front with boats.

They were asked to describe the picture so that a listener some
distance away could copy it. The description task lasted at least
1 minute, to give the listening panel sufficient material.

2.2.2.1. Listening panel. The completed corpus of recordings was
analyzed by a listening panel comprising 6 speech therapists, work-
ing in the ENT department and thus considered to be experts.

2.3. DESC task analysis

Individual recordings were rendered anonymous and presented
to the panel, who listened to them via headphones in a calm setting.

Panelists were informed that they would hear recordings of sub-
jectsdescribing a photograph related to the sea. After listening, they
were to make two assessments:

e impairment of intelligibility and of speech signal, on a 0-10
scale (the lower the score, the greater the perceived disorder) by
unit steps (discrete scoring). The two terms were defined in the
instructions as follows: “Intelligibility is the comprehensibility of
the message carried by the signal; signal impairment severity is
the degree of overall vocal signal impairment.”;

the degree of difficulty of understanding the information given by
the speaker, on a visual analogue scale (VAS), placing a bar along
a line going from “I understood nothing” to “I understood every-
thing”, via “I understood some words but not the message” and
“I understood the message as a whole but not all of the words”.
From this, a continuous quantitative score was derived.

Thus, on the DESC task, there were 3 global scores per patient:
signal impairment (“sig”), intelligibility (“intell”), and degree of dif-
ficulty of understanding (“intelldeg”).

2.4. READ task analysis

The reading task was analyzed 6 months after the picture
description task. The perceptual assessment procedure was similar
except for the absence of “Inteldeg” assessment on VAS.

For the READ task, there were thus 2 scores per panel per
patient; signal impairment and intelligibility.

2.4.1. Data analysis

Description of distributions, correlations between variables and
differences in score shed light on the metric quality of the various
parameters.

Population characteristics were described. Perceptual assess-
ment results were panel-dependent, and inter-observer reliability
was assessed on interclass correlation coefficients (ICC), cor-
responding to the proportion of variance associated with
inter-patient variability free of measurement error: i.e., the pro-
portion of variance accounted for by a given factor. In the present
case, ICC assessed the proportion of variance in perceptual score
due to inter-observer variability compared to overall variation in
perceptual score: ICC=(inter-observer variation)/(inter-observer
variation + random error). Thus, the higher the ICC, the lower
the random error and the more homogeneous the inter-observer
scores. Normal values for interpretation purposes have been
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Table 1
Interclass correlation coefficients per test.
ICC 95% confidence interval
Signal impairment (DESC) 0.69 0.62-0.77
Intelligibility (DESC) 0.77 0.70-0.83
Degree of intelligibility (DESC) 0.74 0.67-0.82
Signal impairment (READ) 0.69 0.61-0.77
Intelligibility (READ) 043 0.32-0.55

reported, indicating moderate reliability for ICC values between 0.5
and 0.75, and good reliability for values>0.75 [13].

Panel scores were reported as mean per panel. Normal
distribution was checked on Shapiro-Wilk test, and residual
homoscedasticity on Breusch-Pagan test. The various test results
were reported on box-plots. Comparisons and correlations used
non-parametric tests as appropriate: Wilcoxon and Spearman cor-
relation tests, respectively. Bonferroni correction was applied on
multiple tests, to take first-order risk inflation into account.

Analysis used Stata 14.2 software.

3. Results
3.1. Population

Eighty-seven patients treated for oral cavity or oropharyngeal
cancer had voice recordings: 51 male, 36 female; mean age, 65.8
years (range, 36-87 years).

Thirty-five patients (40.2%) had oral cavity cancer: 16 oral floor,
8 tongue, 6 retromolar and 5 mandibular. Fifty-two (59.8%) had
oropharyngeal cancer: 26 tonsillar, 13 tongue-base, 4 velar and 9
unspecified oropharyngeal.

Tumor stages were predominated by T2 and T4: respectively, 33
and 31 (38% and 35%). Twelve were T3 (14%), and 11 T1 (13%) (The
higher the T stage on the TNM classification, the greater the tumor
volume).

Seventy-three patients (83.9%) underwent surgery with associ-
ated radiation therapy, chemotherapy or neck dissection. Fourteen
patients received either exclusive radiation therapy (n=5) or
chemoradiotherapy (n=9).

Mean treatment-to-recording time was 64.2 months (range,
6-239; median, 39).

3.2. Inter-observer reliability

Table 1 shows ICC values for perceptual evaluations.

Agreement was moderate to good (>0.69) on all tasks except
reading intelligibility (0.43).

The panel of 6 speech therapists was thus homogeneous.

3.3. Results per score

Table 2 shows mean score results.

Table 3 shows mean scores according to tumor size and location.

Mean scores were lower for signal impairment than for intelli-
gibility. There was also a tumor size effect, with lower scores on all

Table 2
Scores attributed by panels.

tests in advanced (T3, T4) than early tumor (T1, T2: Dwivedi, 2012).
Scores were higher in oropharyngeal than oral cavity cancer.

Distribution analysis showed a ceiling effect for no or slight dis-
order, which was stronger on intelligibility than signal impairment
scores. Scatter was greater for signal impairment than intelligibility
(Fig. 1).

Results for “degree of intelligibility” (on picture description,
with continuous values) and for “intelligibility” (discrete values
from O to 10) were similar. Even so, comparison of means for
matched series on non-parametric Wilcoxon test showed a signif-
icant difference (P=0.001), with a higher mean value for degree of
intelligibility than for intelligibility (7.96 vs. 7.61).

3.4. Correlations between mean signal impairment and
intelligibility scores

Correlations between scores were very high, with Spearman
rho systematically >0.72, and P-values systematically < 0.001 after
Bonferroni correction.

For a given task, correlations between signal impairment and
intelligibility were at least 0.90 (DESC: 0.91; READ: 0.90).

Signal impairment on READ and DESC showed 0.89 correlation,
and intelligibility 0.88.

On different tasks, correlations between signal impairment and
intelligibility were between 0.80 and 0.87.

Degree of intelligibility on picture description showed 0.81
correlation with signal impairment on description and 0.89 with
intelligibility on description. Correlations were slightly lower but
still strong between intelligibility and signal impairment on reading
(between 0.73 and 0.74).

3.5. Comparison between READ and DESC task scores

Although signal impairment scores were close in absolute terms
between the two tasks (Fig. 2), the differences were significantly
different.

Mean scores were significantly higher on READ than on
DESC, both for signal impairment (P=0.014) and for intelligibility
(P<0.001): 6.51 vs. 6.06 and 8.69 vs. 7.61, respectively.

4. Discussion

There have been few studies of intelligibility and speech dis-
order severity in oral cavity and oropharyngeal cancer [14,15].
The present results confirm impact on speech production, notably
related to initial tumor size and location: oral cavity location and T4
stage were associated with greater signal impairment and poorer
intelligibility. However, data are still lacking to predict treatment
impact, and notably on speech-related quality of life.

Regarding speech production disorder severity assessment in
clinical practice, the present results showed that all test results,
whether reading or semi-spontaneous, correlated in terms both of
signal impairment and of intelligibility.

On the other hand, inter-observer reliability was a limita-
tion, better for picture description than reading, and better for

Mean Median Minimum Maximum Interquartile range
Signal impairment (DESC) 6.06 6.33 0.58 9.67 4.2-8
Intelligibility (DESC) 7.61 8.67 1.2 10 6.83-9.5
Degree of intelligibility (DESC) 7.96 9.26 1.16 10 6.7-9.9
Signal impairment (READ) 6.51 7.02 1.03 10 5.03-8.1
Intelligibility (READ) 8.69 9 3.5 10 8.4-9.5

Standard deviation not shown, as none of the distributions were normal: P-value (Shapiro-Wilk test) <0.01.
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Table 3
Mean scores according to tumor size and location, with standard deviations in brackets.
T stage (TNM classification) Tumor location
T1 T2 T3 T4 ocC oP
Signal impairment (DESC) 6.77 (1.71) 6.95(2.01) 5.62(2.83) 5.02 (2.39) 5.44 (2.47) 6.46 (2.24)
Intelligibility (DESC) 8.71(1.03) 8.55(1.85) 6.95 (3.14) 6.47 (2.71) 6.83 (2.70) 8.12 (2.23)
Degree of intelligibility (DESC) 9.13(1.04) 9.05 (1.40) 7.62 (3.29) 6.49 (2.86) 7.35(2.78) 8.36(2.31)
Signal impairment (READ) 6.67 (1.79) 7.53 (1.69) 5.88(2.64) 5.62(2.16) 6.10(2.31) 6.77 (2.03)
Intelligibility (READ) 8.99 (0.56) 9.23 (0.60) 8.15(1.56) 8.21(1.71) 8.40 (1.60) 8.87(1.10)

T: T stage on TNM classification; OC: oral cavity; OP: oropharynx.

1 1

0 2 4 6 8 10

[ sigread [ sigdesc
[ inteldeg [ | inteldesc
[ | intelread

Fig. 1. Box-plot of scores. Sigread: signal impairment on reading; sigdesc: signal impairment on picture description; inteldeg: degree of intelligibility on picture description
on visual analog scale; inteldesc: intelligibility on picture description; intelread: intelligibility on reading.

o
ho—

sigread

® sigdesc — Fitted values

Fig. 2. Scatter diagram of results for signal impairment on picture description (sigdesc) versus signal impairment on reading (sigread): r=0.89 (P<0.001).
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intelligibility than signal impairment severity on picture descrip-
tion (0.77 vs. 0.69).

That mean scatter was wider for signal impairment than intel-
ligibility, whether on discrete or continuous variables, argued for
use of signal impairment assessment.

The picture description test involved semi-spontaneous speech,
directed only by the picture and the instructions, and gave percep-
tual scores with less ceiling effect for absence of disorder than the
reading test. Mean scores were lower for semi-spontaneous speech,
as seen in Fig. 1, and scatter was less.

The use of a graduated intelligibility scale, unlike in previous
studies by the same team in a population with more varied pathol-
ogy including neurologic dysarthria, has not been validated [16];
the ceiling effect was greater, with less scatter.

Thus, the presentresults as a whole confirmed the study hypoth-
esis: assessing speech disorder severity from semi-spontaneous
speech based on picture description is more clinically contributive
than from reading.

Although the correlations between the various perceptual
scores for head and neck cancer patients showed that their mean
values all represent the same information, intelligibility showed a
ceiling effect, increasing the scores by more than 1.5 points com-
pared to signal impairment scores. Inter-observer reliability was
better for intelligibility on the picture description task, but this
was the only exception to the general superiority of measuring sig-
nal impairment rather than intelligibility in description tests. The
higher ICCs associated with intelligibility assessments may be due
to the ceiling effect, with panelists tending more readily to give a
maximum score of 10/10. Moreover, an ICC value of 0.69 for per-
ceptual scores of speech signal impairment on picture description
is enough for this parameter to be chosen [17].

5. Conclusion

Speech disorder is a frequent sequela in oral cavity and oropha-
ryngeal cancer. Measurement is a challenge to be faced in seeking
to improve management. The instruments used in everyday clinical
practice are inherently subjective, depending on a listener’s percep-
tion in assessing speech production deficit. The present results are
in favor of using a measurement of signal impairment in a semi-
spontaneous speech task, with severity defined as the degree of
overall impairment of the vocal signal and the speech sample being
based on a photograph randomly chosen from a set of 10 pictures
all showing sea-fronts with one or several boats. The inter-observer
reliability and metric properties of this parameter are compatible
with clinical application in consultation for persons with experi-
ence of this kind of disorder. Its limitations, however, argue for
developing a disorder index based on automated speech analysis,
to avoid intra- and inter-individual measurement variability.
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