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ABSTRACT

Introduction: Speech assessment methods used in clinical practice are varied and mainly perceptual
and motor. Reliable assessment of speech disorders is essential for the tailoring of the patient’s treat-
ment plan.

Objective: To describe current clinical practices and identify the shortcomings and needs reported by
French-speaking clinicians regarding the assessment of speech disorders in adult patients.

Methods: Data were collected using an online questionnaire for French-speaking speech and lan-
guage pathologists (SLPs) in Belgium, France, Switzerland, Luxembourg, and Maghreb. Forty-nine ques-
tions were grouped into six domains: participant data, educational and occupational background,
experience with speech disorders, patient population, tools and tasks for speech assessment, and pos-
sible lacks regarding the current assessment of speech disorders.

Results: Responses from 119 clinicians were included in the analyses. SLPs generally use “a la carte”
assessment with a large variety of tasks and speech samples. About one quarter of them do not use
existing assessment batteries. Those who do mostly use them partially. Pseudo-words are rarely used
and are absent from standardized batteries, in contrast to the major use of words and sentences.
Perceptual evaluation largely prevails (mainly overall ratings of speech “intelligibility”, “severity,” and
“comprehensibility” and percent-correct phonemes), whereas the recording equipment for acoustic
measures is not standardized and only scarcely described by the SLPs. The most commonly used ques-
tionnaire to assess the functional impact of the speech disorder is the Voice Handicap Index; one quar-
ter of the SLPs does not use any questionnaire. Overall, the available tools are considered only
moderately satisfactory. The main reported shortcomings are a lack of objectivity and reproducibility
of speech measures; exhaustiveness and consideration of specific speech parameters (prosody, speech
rate, and nasality); practicality of the assessment tools.

Conclusion: This study highlights a lack of standardization of the speech assessment in French-speak-
ing adults and the need to offer new reliable tools for an optimized, accurate speech assessment. The
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automation of these tools would allow for rapid, reproducible, and accurate measures.

Introduction

Speech disorders (SD) in adults can be caused by various
pathologies. These difficulties may be functional, of neuro-
logical origin such as in motor speech disorders (dysarthria
and apraxia) or result from structural deficits' such as mal-
formations of the oral/pharyngeal apparatus, after-effects of
radiotherapeutic and/or surgical treatment of ENT cancer,
and velar insufficiency [1]. They can be either congenital or
acquired [1,2].

SDs can have a significant impact on the patients’ daily
life and on their communication, affect psychosocial dynam-
ics, and reduce their quality of life [3-12]. This underlines
the importance of an accurate assessment of the underlying
deficits for targeted care.

The speech assessment is aimed at evaluating several
dimensions of the speech disorder, which can be grouped -
according to the ICF classification [13] - into three levels.

The first level of analysis is the body structure and func-
tions, where the clinician needs to integrate information
about the pathological context, about structural deficits/
modifications, and their stable or evolving nature. This level
includes the examination of each of the three main speech
subsystems: respiration, phonation, and articulation. The
clinician assesses the patient’s posture, breathing at rest and
during speech, pneumo-phonic coordination, phonatory
function, resonance, motricity and sensitivity of the articula-
tors, and coordination, programming, and planning of
articulatory movements [14,15]. The second level, activities,
concerns the limitations that the impairment induces on the
patient’s communication, on his/her ability to share infor-
mation with a listener. At this level, two dimensions have to
be distinguished: intelligibility and the functional communi-
cation ability. Intelligibility can be defined as the accuracy
with which the acoustic signal produced by the speaker is
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decoded by the listener [2,16-18]. It is an analytical acous-
tic-phonetic decoding concept, which refers to the pronunci-
ation quality of “low-level” units (phonemes/phonemic
groups/syllables). It should be distinguished from compre-
hensibility, which can be defined as “the ability of the lis-
tener to interpret the meaning of the oral message produced
by a speaker without regard to phonetic or lexical accuracy
or correctness” [2]. Comprehensibility is therefore a signal-
independent, more functional concept, complementary to
intelligibility in the “activities” level of the speech assess-
ment. It takes into account many factors in the communica-
tion context (semantic, syntactic and discursive context,
situational clues, gestures...) [16-19], which can help the
listener to compensate a possible degradation of the speech
signal [20]. Note that while the underliers of speech intelli-
gibility (respiration, phonation, articulation) can be analyzed
at the “body structures and functions” level, the construct of
intelligibility per se is considered as pertaining to the use of
the body structure and functions to produce intelligible
speech, and is thereby included in the “activities” level of
the ICF framework [15,18]. To assess intelligibility, both
perceptual and acoustic measures can be used. Perceptual
methods include the transcription and percent-correct stim-
uli score from repetition or reading aloud of isolated pho-
nemes, syllables, pseudo-words or words in unpredictable
sentences, or the use of minimal word pairs (i.e. any speech
material that does not involve top-down processes that
could compensate for a degraded speech signal). Acoustic
methods include low-level segmental acoustic measures
[21,22], which allow for a stable and reliable outcome meas-
ure [23] - provided the clinician uses the exact same
recording parameters and conditions as for the initial assess-
ment. These analytical measures can for example allow the
clinician to target specific speech sounds, sound categories,
or speech parameters (e.g. increase lip tension in plosives)
during therapy. Therapy goals aiming to reduce the speech
deficits, along with compensatory approaches, will subse-
quently contribute to improving the patient’s comprehensi-
bility and functional communication [18,24-26].

At the third level of the ICF framework, the clinician
needs to assess the participation level, namely the ability of
the patient to interact with his/her environment and the
restrictions the speech disorder will induce in his/her psy-
chosocial context.

For each of these different levels, speech assessment
methods used today are varied [27], mainly perceptual [28]
and subjective: Clinicians can use visual analog scales, Likert
scales, or direct magnitude estimation [29-32] to assess dif-
ferent concepts, both global (e.g. disorder severity, natural-
ness, speech clarity) or more specific (e.g. prosody, voice
quality, speech rate). This can be done at different levels of
granularity: on isolated phonemes, syllables, (pseudo-)words,
sentences, reading passages, or conversations. Furthermore,
the speech assessment usually includes orthographic stimuli
transcriptions (usually of words or sentences) [17,20,33], but
also assessment of the word/sentence comprehensibility by
the use of closed sets of items [29,33] and assessment of
narrative comprehensibility using questions [17]. Last but

not the least, self-rated questionnaires are sometimes used
to assess the patient’s perception of the speech disorder, as
well as the functional impact and the speech-related quality
of life. In French, the most commonly used standardized
speech assessment battery is the Batterie dEvaluation
Clinique de la Dysarthrie (BECD) [34], or its older version,
the Evaluation Clinique de la Dysarthrie (ECD) [35]. This
battery includes the Test Phonétique d’Intelligibilité, a
French version of Kent’s Single Word Intelligibility test
[29,36,37]. Other available tests are the French version of
Voier’s diagnostic rhyme test [38] (mainly used in research
because of its length [20]), the Test quantitatif d’intelligibilité
[39], the French version of the Frenchay Dysarthria
Assessment-Second Edition (FDA-2) [40], and the MonPaGe
protocol [41]. To assess the functional impact of the speech
disorder, two specific tools exist in French: the French ver-
sion of Rinkel et al.’s Speech Handicap Index [8,42] and the
Phonation Handicap Index (PHI) [11,12]. Furthermore, the
Carcinologic Handicap Index (CHI) was specifically created
for head and neck cancer patients [43,44]. An extensive
description of these assessment tools is beyond the scope of
this work.

In light of the diversity of speech assessment methods,
but also of the international variability of the SLP training,
assessment practices have to be explored across countries
and linguistic communities. Gaining a better insight into
this topic allows for the development of clinical guidelines
and new clinical tools and to inform the education systems
training future SLPs [27].

While surveys have been carried out in different coun-
tries and linguistic communities [27,45-48], the current lit-
erature does not provide data on speech assessment
practices in French-speaking countries. Therefore, by means
of a survey for French-speaking SLPs/phoniatricians, a first
aim of this study was to provide an overview of current
clinical practices regarding the assessment of speech disor-
ders in adult patients. This overview will then allow to
address the second objective of this study, and to identify
the shortcomings and needs reported by these clinicians
regarding speech assessment in adults.

Materials and methods
Study design

Both qualitative and quantitative data for this cross-sectional
descriptive mixed-method study were collected using an
online survey. It was registered with the data protection offi-
cer of the Center National de la Recherche Scientifique
(CNRS) and was also approved by the computer science
ethics advisory board (Comité consuLtatif d’Ethique concern-
ant la Recherche en Informatique de Toulouse - CLERIT)
under the accreditation number 2018-11-30-10.

Participants

Recruitment
The online questionnaire targeted French-speaking clinicians
(SLPs and phoniatricians) treating SDs in adults, as



previously defined, in Belgium, France,
Switzerland, and Maghreb.

Recruitment was carried out throughout the period dur-
ing which the questionnaire was online via:

Luxembourg,

e National professional associations (Fédération Nationale
des Orthophonistes, Union Professionnelle des Logopedes
Francophones, Association Romande des Logopédistes
Diplomeés ... );

e Social networks, where private groups dedicated to the
targeted professions were also solicited;

e Other means, such as word-of-mouth and mailing lists
of other organizations (e.g. the list of participants in a
conference related to the topic).

While the overall number of active SLPs was approxi-
mately known (e.g. 25,607 active SLPs in France on 1
January 2019 [49], 6392 in the French-speaking regions of
Belgium on 31 December 2018 [50], 105 in Luxembourg on
31 December 2017 [51], 76 in latin Switzerland hospitals in
2014 [52]), the hypothetical number of clinicians meeting
the inclusion criteria as well as the sample size of the SLPs
eventually contacted by the professional associations was
not known to the authors. No hypothesis could thus be
made on the expected number of responses. For comparison
purpose, the sample sizes for other surveys targeting speech
and language pathologists in the field of dysarthria were as
follows: 296 in the USA [48], 80 in the Republic of Ireland
[46], 146 [47] and 119 [45] in the UK, and 56 in Australia
[27]. The only survey addressing SLPs working in the field
of dysarthria in France targeted the north-western part of
the country as well as Paris, and only obtained 20
responses [53].

Ethical considerations

An information notice describing the purpose of the ques-
tionnaire, the participant’s rights, and the data privacy pol-
icy was provided to all participants prior to the survey. In
order to avoid duplicates and to be able to contact partici-
pants if and only if they explicitly agreed, the questionnaire
was not anonymized.

The questionnaire

Design and construction of the questionnaire
The online survey was carried out using the LimeSurvey
platform. The questionnaire was open access, with built-in
duplicate checking and security procedures. Two “filter”
questions were used to check for compliance with the inclu-
sion criteria and to terminate the participation in the event
of a negative response. The first referred to the profession
(SLP or phoniatrician), and the second to the treatment of
adult patients with speech disorders as defined in the intro-
duction (Yes/No).

The questionnaire consisted of 49 questions: eighteen
open-ended (digital inputs, short texts and long texts) and
31 closed-ended (single and multiple choice, binary
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responses, rankings, Likert scales), grouped into six main
categories:

1. Participant information

2. Data on the participant’s educational and professional
background and current practice, in order to be able to
analyze assessment practices according to different clin-
ician profiles

3. Information regarding professional experience in the
field of SDs, in order to estimate the respondent’s level
of expertise

4. Questions about the patient population, to describe the
target group for speech assessments

5. Data on hard-/software equipment and the speech
assessment carried out for SDs, to review current
practices

6. Information about any potential shortcomings in speech
assessment

A few questions were optional, to avoid dropping out of
the questionnaire in case of answering difficulties. A
“comment” box was provided to allow the participants to
supplement their answers if needed.

The questionnaire was piloted in order to get an estimate
of the response time and to detect possible execution prob-
lems. A panel of eight clinicians was selected on the basis of
their experience with adult speech disorders. The comple-
tion time was estimated to be about 35min, and some
glitches and logical structure problems were corrected.

The final questionnaire was launched on 25 January 2019
and was available until 31 May 2019. It is still available
online for the reader’.

Statistical data analysis
The data were analyzed using Stata/MP software (version
14, StataCorp, College Station, TX).

The Shapiro-Wilk test, recommended for small samples,
was first used to test for normality of the data distributions
in quantitative variables and led to the choice of nonpara-
metric analyses.

Descriptive statistics were performed on all quantitative
and qualitative data and served as the basis to describe the
clinical practices of French-speaking clinicians, as well as
the reported needs and shortcomings.

The exact Fisher’s test, suitable for small samples and
categorical qualitative data, was used to investigate possible
differences in self-assessed level of expertise in speech
assessment and sufficiency of assessment tools among the
clinicians:

e The relationship between the proportion of SDs in the
patient group and the level of expertise in the assessment
of SDs. The corresponding research question is “Do
clinicians with a higher proportion of SD in their patient
group report a higher level of expertise in the assessment
of SDs?”
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o The relationship between the perceived sufficiency of
assessment tools and the number of SD assessments per-
formed per quarter. The corresponding research question
is “Do clinicians who carry out a high number of SD
assessments feel differently about the sufficiency of
speech assessment tools?”

Logistic regressions were used in order to investigate
whether the self-assessed level in the assessment of SDs is
related to the number of years of SD treatment and to the
number of speech-related continuous training courses,
adjusting for the total number of SD-related training courses
and for the number of years of SD treatment, respectively.
The odd ratios (OR) allow for the study of the link between
a quantitative variable of interest (here the self-assessed
level) and one or more other explanatory variables.

The Mann-Whitney U-test was used to investigate the
difference between satisfaction with quantitative and qualita-
tive assessment tools.

Lastly, the Kruskal-Wallis test was used to analyze the
influence of the number of years of experience in SD treat-
ment as well as of the number of SD-related continuous
training courses on the perceived sufficiency of the assess-
ment tools.

To illustrate the shortcomings and possible solutions
mentioned by the clinicians with regard to speech assess-
ment tools, clinicians’ open-ended answers were first ana-
lyzed by two independent raters blinded to the identity of
the participants. This content analysis sought to identify
patterns and recurring themes, in order to define seman-
tic groupings. After a consensus meeting, the frequencies
with which these categories were mentioned by the clini-
cians were then used to build a graph on diagrams.net, as
follows: For the shortcomings (circles), the starting diam-
eter (1 mention) was 80pt, which was incremented by
15pt for each additional mention. The solutions (clouds)
started at a width of 120pt, with an incrementation step
of 22.5pt.

Results

Before addressing the second aim of this study - the
description of shortcomings and clinicians’ needs in the
assessment of SDs — we will briefly report on the findings
regarding the participants (demographics, initial and con-
tinuous training, and characteristics of the SD patient
population) and describe the speech disorder assessment
practices.

Two hundred and seventy-seven replies were submitted.
After a database clean-up (removal of duplicates, of entries
in the event of dropping out before the first questions
regarding the professional activity, and of those with a nega-
tive answer to one of the two filter questions), 119 entries
were retained.

The median time for completion of the questionnaire
was 20 min.47 s. (interquartile range [IQR]: 14 min.23s.).

Description of the population

SLP participants
Detailed data for the 119 clinicians whose responses were
included in this study are available in Table 1.

The participants, all SLPs, had a median age of 39years
(IQR: 20). Eighty-five percent practiced in France, with a
fairly balanced distribution. Most of them practiced as pri-
vate practitioners (74%), with a median of 13.5years in
practice (IQR: 18). Seventy-two percent reported that they
had not attended any continuous training in SDs.

SLPs generally considered their level of expertise in SD
assessment as “intermediate” (60%).

This self-assessed level of expertise is related to the pro-
portion of SDs in the overall caseload (Fisher’s exact tests:
p=.003). It is, furthermore, influenced to a greater extent by
the number of years of experience than by the number of
SD-related training courses: The probability of considering
themselves experts in speech assessment is no greater
according to the total number of SD-related training
courses, taking into account the years of experience in SD
treatment; this is also true for the probability of considering
oneself a novice. On the other hand, the probability of con-
sidering themselves novice is significantly lower for SLPs
with more than 10years of experience with SDs, compared
to those with less than 5years of experience (logistic regres-
sion: OR = 0.06 i.e. 94% less likely; 95% CI=[0.01; 0.32]),
when adjusting for the total number of SD-related continu-
ous training courses.

Patients with SDs
Detailed data for patients with SDs are shown in Table 2.
The proportion of patients with SDs in the overall patient
population does not exceed one quarter in 62% of cases.
The majority of the affected patients are over 50 years of age
(87%), and most often present with neurological disorders
(99%: neurodegenerative, acquired neurological pathologies,
and neurological tumors). SDs have a variable motor and
functional impact, and in the vast majority of cases (95%)
induce psycho-emotional consequences and restriction of
participation in social activities (92%).

Clinical assessment of SD: current situation

Frequency of assessment sessions

The average number of assessments per quarter (i.e. three
months) is 6.32 per SLP. Nearly half of the clinicians per-
form fewer than three SD assessments per quarter.

Assessment tools

Test batteries. About a quarter of practitioners (26%) do not
use any existing assessment batteries. Those who do use fol-
lowing batteries, either entirely (34%) or partially (40%):
Batterie d’Evaluation Clinique de la Dysarthrie (BECD) [34],
Evaluation Clinique de la Dysarthrie (ECD, old version of
the BECD) [35], Test quantitatif d’intelligibilité [39],



Table 1. Description of SLPs who participated in the survey.
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Age
Median 39
IQR 20
Min-max 24-72
Practice location N(%)
Country
France 101 (85%)
Belgium 12 (10%)
Switzerland 4 (3%)
Algeria 1 (1%)
Tunisia 1 (1%)
Environment?
Urban 64 (54%)
Suburban 29 (24%)
Rural 32 (27%)
Practice type N(%)
Private practice only 76 (65%)
Employed only 30 (26%), of which 21 (70%) public
Mixed 11 (9%)
Initial training
Graduation
Median (year of graduation) 2004
IQR (years) 21
Min-max 1975-2018
2011-2017 (N, %) 35 (30%)
Years of practice
Median 13.5
IQR 18
Min-max 1-44
>20 years (N, %) 38 (32%)
Years of SD treatment
Median 10
IQR 14
Min-max 1-42
Continuous training
Recent non-SD-related training courses (mean number of separate courses, std)® 5+3
Recent SD-related training courses (mean, std) 2+1
No SD-related training courses (N, %) 69 (72%)
Among the SD-related training courses (N, %)
Voice/speech analysis software training courses <3 years 5 (11%)
Voice/speech analysis software training courses >3 years 9 (22%)
Self-assessed level of expertise in SDs N(%)
Assessment
Novice 25 (26%)
Intermediate 57 (60%)
Expert 13 (14%)
Treatment
Novice 22 (23%)
Intermediate 63 (66%)
Expert 10 (11%)

A combination was possible in the event of multiple working places.
PWithin the three years prior to the completion of the questionnaire.

Frenchay Dysarthria Assessment-Second Edition (FDA-2)
[54], or MonPaGe protocol [41].

Speech recording. Only two speech therapists report that
they do not make any recordings. Three of the 76 clinicians
who replied to the question (4%) carry out recordings in a
soundproof room (two employed and one private).

Thirty-five SLPs (29%) answered the question about the
type of microphone used (Figure 1).

Only seventeen participants (14%) answered the question
about the recording mode (mono: 53%/stereo: 29%, “I don’t
know”: 18%), and eight (7%) answered the question about
the sampling frequency of the recordings.

Thirty-two SLPs (27%) provided answers to the question
of the recording/analysis software being used: Praat
(n=17) [55], Vocalab (n=16) [56], Audacity (n=15) [57],

Diadolab [58], and Sound Studio (n=1) [59]. The two
SLPs using no software are the same SLPs who do not use
a microphone.

Tasks and measures. The most frequently used tasks are
word repetition (95%), spontaneous speech (95%), orofacial
motricity and sensitivity tasks (85%), text reading (77%),
and sentence repetition (76%). The other less frequently
used tasks (less than 69%) are, in decreasing order: semi-
directed speech, word reading, pseudo-word repetition, sen-
tence reading, pseudo-word reading, phonation tasks (max-
imum phonation time, voice projection, pneumo-phonic
coordination), diadochokinesis, and prosody.

The main scores obtained from these tasks (Figure 2) are
the global perceptual ratings of “intelligibility” (63%),
“severity” (59%), and “comprehensibility” (45%), followed
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Table 2. Description of the SD patient group.

N (%)
SD-patients caseload percentage
0-25% 55 (62%)
25%-50% 21 (24%)
50%-75% 6 (7%)
75%-100% 6 (7%)
Age
Median 66.75
IQR 125
SD patients >50 years (N, %) 76 (87%)
Pathologies® N (%)
Neurological disorders 85 (99%)
Orofacial motor function disorders 37 (43%)
Communication and language disorders in the context of motor, sensory or mental disabilities 17 (20%)
Motor deficits N (%)
Imprecision of articulatory movements 80 (93%)
Difficulties with rapid sequencing of alternating movements—diadochokinesis 69 (80%)
Slowing of movements 68 (79%)
Muscle tone disorders in the articulators 62 (72%)
Amplitude reduction of simple movements 58 (67%)
Difficulties coordinating simple movements 47 (55%)
Fatigability 43 (50%)
Tremor 32 (37%)
Alteration of the articulators’ sensitivity 31 (36%)
Synkinesis 24 (28%)
Impacts on speech N (%)
Articulatory imprecision of phonemes 85 (99%)
Speech rate impairment (slow, staggered ...) 77 (90%)
Difficulties in phonemic sequencing - in coarticulation 75 (87%)
Rhinolalia aperta 48 (56%)
Phoneme substitutions 40 (47%)
Phoneme deletions 40 (47%)
Phoneme inversions 12 (14%)
Phoneme additions 12 (14%)
Rhinolalia clausa 7 (8%)
Psychosocial impact N (%)
Psycho-emotional (low self-esteem, frustration ...) 82 (95%)
Participation in social activities 79 (92%)
Task execution 34 (40%)
Financial repercussions 16 (19%)

According to the Nomenclature Générale des Actes en Orthophonie, January 1, 2019.

15

10 26%

14%
| .
0

\'\e’clds?"t

Number of answers

c{\O“a\

u\’\'\d‘"e mob'\\e

prone

37%

17%

I 5

0‘\,\9_\"5 T\O“e

Figure 1. Microphone types used for SD assessment. “Other”: standing microphones, dictaphones and lavalier microphones.

by the percentage of errors between expected and perceived
phonemes (41%). Ten SLPs (14%) report that they do not
calculate any scores on the basis of speech tasks.

In the majority of cases (82%), the clinician solely relies
on his or her own judgment. Seventeen percent of the SLPs
combine their rating with that of a second listener.

Functional impact and quality of life. The most com-
monly used speech-related disability/functional impact/qual-
ity of life questionnaire is the Voice Handicap Index (70%)
[60]. The Speech Handicap Index (15%) [42] and the
Phonation Handicap Index (11%) [12] are seldom used.
Nearly 25% of SLPs do not use any questionnaire.



LOGOPEDICS PHONIATRICS VOCOLOGY 7

0 63%

45 59%

40
» 35 45%
o 41%
2 34%
© (]
%5 25 32%  30%
g C 27%
220
2 s 18%

14%
10 I
O —
ey oy Ay es (eS < ces (05 (es ne exs
\a‘e\\\%“" geN® ) ot dpho“e‘“ acy @ o0 oW dsen‘e“ e\,cso\‘”o N s<0 we ot
o " e AT e8P et ed P s
el £ c\e (0 ae! e\ c\a
octes orxo” wat®® e B AN s® ot
“0(5 exp y (,O“ec N % cof o
o) © 9

Figure 2. Scores collected in SD assessment.
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Figure 3. Distribution of satisfaction levels assigned to SD assessment tools.

Assessment duration and patients’ fatigability. The median
duration of the speech assessment is 78 min, with a case his-
tory of 30min (IQR = 20) and a test duration of 48 min
(IQR = 20). Most patients with SD have a moderate to high
level of fatigability (fatigability level > 3/5: 93%).

Shortcomings and needs in SD assessment

Sufficiency of speech assessment tools

Opverall, the available tools are considered only moderately
satisfactory. On a scale ranging from 1 (totally insufficient)
to 5 (fully sufficient), quantitative assessment tools are rated
significantly lower than qualitative assessment tools (2.57 + 1
and 3.14%0.99, respectively; Mann-Whitney U-test:
p=.001). The distribution of allocated satisfaction levels is
shown in Figure 3.

B Qualitative tools

The SLPs’ comments highlight a lack of reliability in the
currently available assessment tools (Appendix A), which
are largely based on subjective ratings.

The perception of the sufficiency of the assessment tools
is neither influenced by the years of experience in SD treat-
ment (Kruskal-Wallis: p>.25), nor by the number of SD-
related continuous training courses (Kruskal-Wallis: p>.46),
nor by the number of assessments carried out per quarter
(Fisher’s exact test: p>.08).

Reported shortcomings and desired solutions

The graph in Figure 4 shows the shortcomings reported by
the SLPs who took part in this survey, regarding speech
assessment tools in adults, as well as desired solutions.
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Three main categories of shortcomings emerge from the
responses:

e The tools’ lack of validity and reliability (upper part in
Figure 4): This mainly refers to the subjectivity of these
tools, leading to a lack of reliability and reproducibility,
as well as a lack of normative benchmarks;

o Difficulties arising from the practical aspects of the use
of the tools (left part in Figure 4): Many clinicians com-
plain, inter alia, about the time-consuming and costly
nature and the complicated access to and use of the
tools;

e Shortcomings in the clinical applicability (right part in
Figure 4): The currently available tools lack exhaustivity,
are insufficient for diagnosis and treatment planning,
and do not allow for the assessment of specific parame-
ters such as prosody, nasality, and speech rate; reliable
quantitative assessment tools appear to be lacking to
date, and therapists are insufficiently acquainted
with them.

Regarding the lack of validity and reliability, according to
the reported desired solutions, clinicians would benefit from
new reproducible measures, as well as from clearly defined
scoring criteria and reference audio databases to improve
subjective ratings, and normative data to benchmark the
patients’ performances.

Still based on the respondents’ comments, the practical
aspects of using such an assessment tool would be improved
by the development of an affordable solution, easy to access
as well as to use, with simplified data recording and storing
conditions. Portability would also be a great advantage in
the clinical contexts.

In order to overcome the lack of exhaustivity of currently
existing tools, our results show that a specific focus should
also be given to certain parameters such as prosody, nasal-
ity, and speech rate. Furthermore, specific tasks, such as the
use of pseudo-words to target low-level speech parameters,
should be combined with more ecological assessment tasks.
In addition, questionnaires addressed to the patient’s entou-
rage could allow to getting a more comprehensive picture of
the patient’s communication.

Finally, clinicians also require better information about
existing speech assessment tools and continuous training
courses, specifically regarding the acoustic assessment of
speech disorders.

Discussion

As developed in the Introduction, several dimensions need
to be addressed in the speech assessment, in order to pro-
vide a therapy plan that is tailored to the patient’s specific
situation (see Appendix B). Our results show that not only
does the overall structure of the speech assessment (i.e. the
evaluated dimensions) differ across clinicians, but also
the assessment tasks used for each dimension, as well as the
audio recording procedure. A second important issue that
arises from our results and will be discussed is the
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subjectivity of most of the assessment tasks and the need for
more reliable measures.

Standardization

Overall, a lack of standardization of the speech assessment
is highlighted. This can mainly be observed at two levels:
the speech production tasks in each dimension of the assess-
ment and the recording conditions.

Regarding the speech production tasks (spontaneous
speech, repetition or reading of words, sentences, texts...),
most often, SLPs create “a la carte” assessments. Assessment
batteries are only used in their entirety by one third of
SLPs, while others only draw a few tests from them (thus
sometimes overlooking some dimensions of the speech
assessment). The preference for this “informal” assessment
over standardized tools has been reported internationally in
several other surveys [27,46,48,61]. Possible causes are the
absence of standardized criteria to choose between assess-
ment tools [61], lack of time and funding, dissatisfaction
with existing tools, and poor ease of access [27,48]. Note
that differences in the health care contexts exist between the
French-speaking countries and might explain some of the
results. In France for example, where the majority of
respondents was practicing, the clinician is given full auton-
omy in the choice of the assessment tools, whereas in
Belgium, more strict guidelines exist that condition the
intervention of the national health insurance.

Furthermore, our results show that the limited satisfac-
tion with currently available assessment tools is independent
of the clinicians’ seniority, of their caseloads and of their
continuous training. The overarching nature of this dissatis-
faction stresses that the root cause of this feeling very likely
comes from the assessment tools themselves and highlights
the need to directly address this issue by providing new
standardized alternatives.

The recording protocol used by the clinicians also varies
widely, which can compromise the reliability of acoustic
measures. First, the instructions the clinicians are given
remain very flexible, which leads to a great variability in the
measurements (e.g. in the BECD, the intensity can be meas-
ured on a simple and short sentence or on a sustained
vowel). Also, although the recording of the speech signal
can affect the measured values, the recording modalities in
speech assessments are very disparate. The devices that are
used are not standardized, as some clinicians use high-qual-
ity microphones, whereas others prefer the use of equipment
that is accessible and does not require an additional invest-
ment (e.g. their mobile phone). Furthermore, many non-
responses to questions about recording parameters indicate
that few SLPs seem to be comfortable with these acoustic
parameters, with a likely limited knowledge of them.

To overcome the overall lack of standardization, respond-
ents suggest better information for practitioners about avail-
able speech assessment tools, and particularly about the use
of acoustic assessment tools, clearer guidelines regarding
speech assessment tasks, as well as continuous training
courses in speech assessment.
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A Detter standardization of the speech assessment, at least
concerning the dimensions to be evaluated, would have two
main benefits. First, it would allow for a repeatable assess-
ment procedure, thus a more reliable gathering of data for
follow-up  assessments  (i.e. intra-rater  reliability).
Comparisons would not only be made more relevant
between the initial and the follow-up assessment for each
patient, but also between patients showing similar clinical
profiles. Furthermore, in the philosophy of evidence-based
practice, homogeneous assessment procedures among profes-
sionals would enable easier pooling and comparison of
results to promote evidence-based interventions, thanks to a
better inter-rater reliability.

Broad recommendations for audio recordings and a
general suggestion of a minimal set of tasks for speech
assessments in adults, in light of the present results, can
be found in Appendix B. These general suggestions are
meant to provide an overall structure of the speech assess-
ment but may need adaptations in case of comorbidities
(e.g. associated cognitive or sensory deficits) and additional
tasks related to specific pathological contexts must be con-
sidered. A comprehensive discussion of this minimal set
goes beyond the scope of this paper. We will therefore
limit our comments to two particular points that were
highlighted in our results.

First, it seems that clinicians make little use of pseudo-
words, probably due to their absence in standard batteries.
Some clinicians feel that this is a shortfall. Indeed, the use
of pseudo-words allows avoiding “top-down” semantic and
syntactic compensation processes [62] and thereby assessing
intelligibility, an essential goal in therapeutic care [63].
However, the predominant use of words and sentences indi-
cates that SD assessment does not focus on intelligibility in
the analytical sense of the term, but rather on speech com-
prehensibility. This approach is quite coherent in a clinical
context, as it best responds to the patient’s complaint, with
clinicians focusing more on functional speech tasks.
However, the terminology used by SLPs seems to reveal a
lack of clarity regarding these concepts: Most say they assess
“intelligibility,” followed by “disorder severity” and - only
in 45% of cases - “comprehensibility,” which, however,
appears to be more in line with the notion assessed on the
field in view of the employed task. Moreover, ambiguity
regarding the definitions of these different terms is not lim-
ited to the use by clinicians but is also found in the user
manuals of existing batteries’, as well as in the scientific lit-
erature [64]. Hence, in the first place, the standardization of
the speech assessment would benefit from a consensus def-
inition of speech-related terms, such as intelligibility and
comprehensibility, to allow for more consistent instructions
to the clinician and to avoid any ambiguities. Even more
importantly than the terminology, a consensus of the con-
ceptual dimensions that need to be assessed to fulfill the
aims of the speech assessment is needed. We believe, for
example, that besides a comprehensibility task and an evalu-
ation of the patient’s ability to act on his/her communica-
tion partners and on the environment, a measure of
intelligibility seems equally relevant in speech assessment.

Indeed, the latter allows for more reliable outcome measures
as well as for a more specific goal setting when planning
therapy. Therefore, our minimal set comprises both “signal-
dependent” intelligibility tasks as well as more functional
comprehensibility assessment tasks.

Second, beyond the symptomatic speech deficit, the
patient’s complaint also involves the functional and psy-
chosocial repercussions. Strictly biomedical pathological
models are not sufficient to describe and understand the
impact of communication disorders [65,66], in living and
working environments that are specific to each patient.
This impact is mostly assessed using questionnaires.
However, it appears that the most widely used question-
naire is the Voice Handicap Index, which has been vali-
dated for voice disorders and not for speech production
disorders. Its use in the context of SDs therefore lacks spe-
cificity. The Speech Handicap Index (SHI) and the
Phonation Handicap Index (PHI), validated for speech dis-
orders, are seldom used. This observation, combined with
the fact that nearly a quarter of speech therapists do not
use any questionnaire, highlights the lack of consideration
of the impact of deficits on patients’ daily lives, despite a
growing interest in the quality of life concepts in the med-
ical and paramedical fields [27,67]. It is worth noting that
the SHI has been included in the new version of the
BECD, on the market since October 2019, demonstrating
the growing interest in assessing the functional impact of
speech deficits. The PHI, which specifically assesses the
speech impairment perceived by the patient, was validated
for French in 2009 in a population mainly suffering from
neurological disorders [12]; a complementary validation
study has then been carried out in 2019, in a population
treated for oral or oropharyngeal cancer [11]. Likewise, the
validation of the French version of the Dysarthria Impact
Profile [68] shows a strong correlation between psycho-
social impact scores and “intelligibility” (sic) scores (per-
centage of correctly transcribed words and sentences).

Last but not the least, we believe that a standardized
reading passage specifically created for the assessment of
speech and voice is needed. Indeed, a plethora of reading
passages exists in various languages, some of which have
been created for a specific aim (e.g. the Zoo Passage in
English [69], which includes only oral consonants and
allows for the assessment of the velopharyngeal closure,
or the reading passages by Kuo and Weismer [70], specif-
ically created for the assessment of vowel reduction).
However, none of these texts seem to really meet the
clinicians and researchers needs for common speech and
voice assessments. A unified text, meeting most required
criteria for standard speech and voice assessment tasks
(e.g. complete phoneme inventory, phonetic balance, pres-
ence of clusters, use of various prosodic contours, pres-
ence of entirely oral, nasal and voiced sentences,
emotionally neutral content/topic...) would therefore be
an interesting option. To this end, a multidisciplinary
working group as well as an international Delphi consen-
sus survey have been set up.



Standardization of the speech assessment—what can we do?

Clear task instructions and guidelines for the clinician
Standardized minimal task set (see Appendix B)

Consensus definitions of speech-related terms

Consensus on the aims and dimensions of the speech assessment
Recommendations for audio recordings (see Appendix B)

Better information about available speech assessment tools

Specific  continuous courses in  (acoustic)

assessment

® Standardized reading passage specifically built for the assessment
of speech and voice

training speech

Reliability and reproducibility

Besides the lack of standardization of the speech assessment,
another characteristic of speech tests performed in current
clinical practice that emerges is their subjectivity, with a
high prevalence of perceptual assessment even in “formal”
test batteries. The BECD, for example, is based exclusively
on perceptual assessment (with the exception of sound pres-
sure level and pitch), which entails an important and widely
discussed bias related to the listener’s subjectivity, especially
since the definitions and rating criteria are prone to a high
degree of interpretative variability. The notions of reliability
and reproducibility of the assessment are thus crucial points
reported by the SLPs who participated in this survey. They
also report greater satisfaction with qualitative assessment as
compared to quantitative tools, regardless of the number of
years of experience with SDs, the number of attended con-
tinuous training courses, and the number of assessments
performed per quarter. The major use of subjective and
qualitative methods highlighted in our data corroborates the
results of previous studies, demonstrating a limited use of
non-perceptual assessment tools, despite the desire for more
reliable means of speech assessment by clinicians given the
present subjectivity of both informal and formal assessment
[46,47,61].

In order to reduce the subjectivity of the perceptual
assessment, several clinicians have expressed the wish for a
reference database with pathological speech recordings of
varying degrees, in order to better calibrate their judgment
of the disorder severity levels. Indeed, numerous studies
have shown the improvement of inter-rater reliability
through the use of auditory and textual anchors in the
assessment of voice and speech samples, in particular
through a better perceptual distinction between “healthy”
recordings and mild severity levels [71,72].

The use of non-perceptual instrumental measures is
another relevant solution to compensate for the lack of
objectivity. To date, few such tools are available, and the
acoustic parameters used in dysarthria assessment are quite
poor. Moreover, they do not focus much on the articulation
of speech sounds. A study describing the instrumental
assessment of dysarthria in France [53] indicates that it con-
sists mainly of acoustic measures of phonation (intensity,
fundamental frequency, jitter, shimmer, vocal range) as well
as of aerodynamic measures (e.g. tidal volume, maximum
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phonation time, duration of sustained /s/ and /z/, intraoral
pressure). The lack of comprehensiveness of the assessment
and of taking into account specific speech parameters (such
as prosody, speech rate, and nasality) were indeed short-
comings pointed out by our participants. For future assess-
ment tools, it would therefore be interesting to introduce
acoustic measures that are more specific to the speech/
phoneme articulation domain, thus allowing the clinician to
obtain an analysis directly related to the speech production
performance of their patients. It is worth noting that acous-
tic speech assessment tools are increasingly being developed.
The Diadolab software version 3, for example, was released
in April 2019, shortly before the end of the online survey
completion period. This software includes an assessment
and a treatment module, and uses various acoustic speech
measures (prosody, phonology, and diadochokinesis). Only
one participant reported using this software. The
Carcinologic Speech Severity Index (C2SI) [73] is an auto-
mated index for the assessment of speech disorder severity
validated on an oncological population, whose score is com-
puted on three tasks (pseudo-word repetition, text reading,
and sustained vowel). Finally, the computerized MonPaGe
protocol, albeit not yet commercialized, seems to be a prom-
ising step toward resolving the two main issues discussed in
this study. It uses a standardized set of both perceptual and
acoustic measures and combines the investigation of analyt-
ical modules such as pseudo-words to assess articulatory
precision, with more ecological tasks such as communicative
interaction situations [41,74]. However, acoustic methods
are still limited to phonation and vowel measures.
Consonants also significantly contribute to speech intelligi-
bility [75-77] and should therefore be further investigated
for future assessment tools.

Opverall, our results show that currently available tools in
French-speaking countries do not seem to meet the clini-
cians’ expectations and needs. Similar to surveys in other
linguistic communities [27,45-48], our study thus empha-
sizes the need for new sensitive, standardized, reliable and
comprehensive tools to assess speech disorders both at the
analytical and at more functional levels. Interestingly, the
identified perspectives are similar to those reported by
Gurevich and Scamihorn in the USA: “There is support for
the need to develop new, cost-effective, useful, efficient, and
simple-to-use formal tools to objectively (sic) assess intelligi-
bility (sic). One method of removing subjectivity from
assessment of intelligibility (sic) is to turn to tech-
nology” [48].

Limits

The characteristics of our sample suggest a good representa-
tiveness of France’s SLPs: the mean age (40.4 vs. 43.4 in
France), the number of private or mixed practice SLPs (74%
in the sample vs. 81% in France), and the number of
employed clinicians (26% in the sample vs. 19% in France).
However, the sample of SLPs who participated in this survey
is limited with regard to the overall population of practicing
SLPs; results should therefore be interpreted accordingly.
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Also, the fact that responses were not anonymized could
have had an effect on the participants’ responses. Indeed,
clinicians were asked to fill in their names and e-mail
addresses, so as to allow the principal investigator to contact
them again if and only if they explicitly agreed. While it
was specified that the participant’s identity was only known
to the principal investigator, would not be divulged, and
would be removed as soon as it was not needed anymore,
this could have induced a response bias. By anonymizing
the questionnaire, not only would the response bias have
been reduced, but also the number of participants would
possibly have been higher, as the non-anonymization seems
to have discouraged several respondents who interrupted
the questionnaire at the very first page. One “midway”
option would have been to only ask for the e-mail address.

It is worth noting that French standardized speech assess-
ment batteries were not available when the survey was car-
ried out: The BECD/ECD was no longer commercially
available?, and the French translation of the FDA-2 [78] was
presented as part of an SLP master’s thesis but is still not
currently available on the market. While this underlines an
inherent lack of standardized speech assessment tools, it has
to be taken into account when considering the fact that
most SLPs prefer informal ways of SD assessment. Both the
availability of speech assessment tools and their limitations
contribute to the clinicians’ dissatisfaction; their respective
contributions, however, remain unknown.

Another limit of this study can be underlined with regard
to the patient-related data (see Table 2), which was reported
by the participating clinicians. In future studies, in accord-
ance with evidence-based practice (EBP) and patient-cen-
tered care (PCC) principles [79], patients’ self-reported data
should be taken into account instead, especially regarding
the psychosocial impact of SDs.

Lastly, no definition of the terms “quantitative” and
“qualitative” tools was provided to the participants. The dis-
tinction between qualitative, quantitative, subjective, object-
ive, perceptual, and instrumental tools clearly remains open
to debate. While the absence of clear-cut definitions should
be kept in mind when interpreting the result regarding the
lesser satisfaction with “quantitative” tools, other unambigu-
ous elements from the survey results contribute to the con-
clusion of a major use of subjective perceptual measures, as
well as a lack of and need for reliable instrumental methods.

Conclusion

The results of this study highlight the need to provide new
tools for SD assessment, particularly in French, that are reli-
able/reproducible, easy to use, and financially accessible.
This would make the assessment simple, accurate, rapid,
ecological, and relevant in the context of the multiple path-
ologies that can affect speech, with clearly defined interpret-
ation criteria and normative benchmarks. The creation of a
new standardized speech assessment tool meeting these cri-
teria, particularly including acoustic measures, would allow
for an optimal adaptation to the needs expressed by
therapists.

For such a new measure to be reliable and valid, and in
view of the limited familiarity of many clinicians with the
detailed recording parameters, a more comprehensive train-
ing of clinicians in the acoustic assessment of speech, as
well as a standardization and simplification of the recording
procedure and data storing conditions seem necessary. In
addition to this, the assessment would also benefit from the
standardization of the dimensions to be assessed and of the
task sets (including both pseudo-words and more
“ecological” tests, as well as more specific tests for speech
rate, nasality, prosody...), as well as of the provided
instructions. Based on these observations, a minimal task set
together with suggestions for the recording conditions is
provided as a guideline for clinicians in Appendix B.

Notes

1. See the ASHA Practice Portal for a classification of speech
sound  disorders:  https://www.asha.org/practice-portal/
clinical-topics/articulation-and-phonology/

2. https://enquetes.univ-tlse3.fr/index.php/622914%lang=fr

3. In the BECD, for example, intelligibility is described as "the
degree of precision with which the message is understood
by the listener" (quoting Yorkston and Beukelman, 1980).
The ‘intelligibility score" task is based on word and
sentence reading, as well as on "spontaneous" speech (sic),
and thus appears to target comprehensibility more closely
(in  addition, the sub-tests are labelled "word
comprehension” and "sentence comprehension").

4. Note, however, that the BECD was available until at least
2012 and has been remarketed in October 2019.

5. It should be noted that the notions of "quantification" and
"objectivity” are sometimes confused. A quantitative
assessment is not necessarily objective.
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Appendix A.

Examples of comments about satisfaction with speech assessment tools

e I have the feeling that 'm making a qualitative rather than quantitative assessment, despite the use of the ECD battery”;

e “The scoring, even if it is meant to be objectiveS, remains a function of the examiner, his/her sensitivity and what he/she considers to be
pathological (experienced SLT vs. trainee or novice SLT for example)”;

e “Longitudinal reliability if we keep the same recording methods and the same judge (however, bias in the evaluation), delicate inter-judge

reliability”;

e “In my opinion, there’s a fair amount of subjectivity of the practitioner when scoring the patient’s performance on certain items”;
e “Absolutely non-reproducible assessment, therefore unreliable!”;
e “Lack of objective tools especially on the overall severity of the speech disorder and on the quantification of segmental alterations”

Appendix B.

Minimal set of tasks and recording requirements for speech disorder assessment in adults

Tasks

Outcome measures

ICF levels Dimensions of analysis
Body structures & Contextual information
functions
Sensitivity and motricity
Phonation
Articulation
Activities Intelligibility
Comprehensibility
Supra-segmental
Participation Psychosocial impact

Guided conversation with the patient
and other stakeholders (peers, health
professionals ... )

Verbal and non-verbal oro-facial
motricity and sensitivity tasks

Respiration at rest and during speech

Posture

Sustained vowels and running speech
samples

Phoneme/syllable repetition

Diadochokinesis (pataka)

Simple vs. complex multisyllabic word
repetition

Automatic speech

Repetition or reading of:

- pseudo-words

- minimal word pairs to test specific
phonetic contrasts (e.g. TPl in French)

- semantically unpredictable sentences

Sentence comprehensibility tasks (e.g.
Sentence Verification Task, picture
selection ... ; ideallystimuli unknown
to the listener)

Text reading

(Semi-)spontaneous speech

Specific prosody-related tasks

syntax/chunking (e.g. Profiling Elements
of Prosody in Speech-Communication,
PEPS-C)

Speech Handicap Index, Phonation
Handicap Index, Dysarthria Impact
Profile or other specific questionnaires
(e.g. Functional Assessment of Cancer
Therapy Head & Neck)

Patient history (medical diagnosis and history, associated
deficits, age, living/working context, communication
partners, main complaints, needs and priorities,
communicational facilitators and barriers ...)

Strength, speed, amplitude, accuracy and coordination of
movements of the tongue, lips, jaw, cheeks, velum, face

Aerodynamic measuresPneumophonic coordination

Objective voice quality measure, sound pressure levels and
pitch, maximum phonation time

Subjective rating of overall voice quality and voice qualities
(e.g. GRBAS-I, CAPE-V)

Phoneme inventory

Motor planning and programming vs. execution

Percent-correct stimuli from transcription (phonemes/syllables/
pseudo-words, words)

N.B. Ideally transcription by a colleague to avoid familiarity
with the stimuli and with the patient’s speech; large sets of
pseudo-words to avoid recognition, with similarities/
minimal pairs

Ratings of speech comprehensibility, severity, naturalness,
nasality (see Darley, Aronson & Brown, 1969 for more
rating criteria)

Deterioration over time/fatigability

Intonation and intentions: use of declarative/interrogative/
exclamatory/imperative sentences

Expression of emotions

Focus/Contrastive stress expression

Syntactic chunking

Speech rate

Overall impact and specific dimensions
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Recording conditions [80-87]

For research purposes, all of the following parameters should be kept constant; for clinical purposes, the parameters should be kept constant for each patient
(e.g. the entry level can sometimes need adaptation with regard to the patient’s profile, such as for singers or for patients with a very low voice level, but
should then be set identically for follow-up recordings).

Microphone:

e head-mounted microphone to allow for a consistent microphone-mouth distance and maximize the signal-to-noise ratio

e cardioid (directional) microphone to limit ambient noise effect and maximize signal-to-noise ratio (for research purposes, omnidirectional microphone for
better SPL and frequency accuracy)

e transducer type (conversion of the acoustic pressure into electric signal): condenser

e frequency response: wide and flat range (i.e. <2 dB variation), ideally 10 Hz-20.000 Hz; at least 50 Hz-8000 Hz to capture the whole speech/voice spectrum

e dynamic range: 15-130dB; the internal noise level of the microphone (see manufacturer’s specifications) should be at least 15dB lower than softest
phonation, i.e. noise level of max. 30 dBA when the microphone is used at a 5cm distance from the mouth

e use foam tips to avoid turbulences on plosives, fricatives or airflow noise

e 4-10cm from the patient’s mouth at a 45-90° angle (try to always use the same distance, as this has a large impact on intensity measures); the optimal
distance for a flat frequency response (necessary for spectral measures) should be provided in the microphone specifications

Preamplifier:

The preamplifier amplifies the low microphone signal amplitude/voltage:

e use a preamplifier that has the same frequency response and dynamic range as the microphone

e check the “minimum terminating impedance” in the microphone specifications

e the condenser microphone needs to be powered through the “phantom power supply”, usually 48V

e entry level: adjust it so that the maximum voice levels are closest to but below the maximum recordable levels of the device (avoid saturation)

Digital recording:

e minimum sampling rate: 44.1 kHz

e minimum amplitude resolution: 16-bit

o file format: .wav file (no compression; do NOT use .mp3)

e recording mode: mono

General suggestions:

e Try stick to a single recording/analysis software: Praat (free), Audacity (free), Computerized Speech Lab (commercial) ...

e (alibrate the microphone for intensity measures: record a stable pure tone from a speaker or a sustained vowel with the head-mounted microphone and
simultaneously use a sound level meter at the exact same distance; compare the intensity measured through the microphone (e.g. using Praat) with the
value on the sound level meter, which gives you the reference value. If for example Praat indicates 65 dB SPL, while the sound level meter reports 60 dB
SPL, for all future measures made with the exact same distance and parameters, subtract 5dB from the computer measure to get the “real” sound pressure
level.

e (Carry out the recordings in a quiet room. If no soundproof room is available, measure the ambient noise using a sound level meter; considering that the
signal-to-noise ratio should be higher than 42 dB for reliable acoustic measures (although >30dB is acceptable), and that the average conversational voice
intensity is about 60 dB, the ambient noise should be less than 18 dB to allow for an optimal signal-to-noise ratio.

e Avoid noise sources such as fan/AC, computer hum, buzzing neon lights ... but also smartphones and other connected accessories like smart watches,
which can induce interference noise
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