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ABSTRACT

Background: Perceptive analysis of voice represents a basic and fundamental early step in the process of evaluating
voice quality. Several factors seem to affect the results. Prominent among them is bilingualism, a common occurrence
among Lebanese youths who frequently speak a second or third language in addition to their native tongue Arabic.
Methods: This study aims to find pertinent information for the characterization of the severity of dysphonia
depending on the language spoken by Lebanese bilingual subjects. The intent is to try to appreciate if voice seems
more dysphonic in the Lebanese language compared to French and English. The sample comprises twenty-two
Lebanese dysphonic women, aged between twenty and sixty years. They all read a text in Lebanese Arabic and
another one in French or in English, depending on the languages that they use on a regular basis. VVoice recordings are
rated by four expert listeners. Two listening sessions are organized using the G, R and B criteria of Hirano’s GRBAS
scale.

Results: Results show that the voice appears more dysphonic with a more pronounced roughness when reading in
French for bilingual French/Arabic subjects than it is for English/Arabic persons reading in English. However, the
patients speaking French and Arabic appear to be more dysphonic as a group compared to the patients speaking
English and Arabic.

Conclusions: It is important to enlarge the number of participants to get more accurate results. However, the
suggested corpus in Lebanese Arabic seems to be adapted for the evaluation of voice quality.

Keywords: Dysphonia, Bilingualism, Perception, Voice quality, Lebanese Arabic

INTRODUCTION This vocal dysfunction can be easily diagnosed.

However, the evaluation must be multidisciplinary,
Dysphonia is the most frequently encountered vocal including a phoniatric assessment and a speech-language
dysfunction.” In general; it is considered a manifestation evaluation." In this context, perceptual judgment remains
of a biomechanical, physiological or dysfunctional essential. It reflects the awareness that the patients have
problem.? of the changes in vocal characteristics that prompt them

to consult.® The dysphonic voice is generally rough,
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breathy and hoarse.* These characteristics are well
defined in the Hirano GRBAS scale,® known for its
reliability and validity. This scale reduces the subjective
character of perceptual evaluation of voice.® It is an
available resource that allows quantification of the
alteration of voice characteristics and is used worldwide.
™8 It is concise, easy to use and gives reproducible
results. Moreover, it remains valid in the presence of
most laryngeal abnormalities.” However, several studies
suggest a biased assessment affected by several factors,
such as the language used by the patient and the language
skills of the evaluator.?

The Lebanese population is deeply concerned by
language as the Lebanese live in a multilingual society. In
Lebanon, the use of at least two languages, including
Lebanese Arabic, French and English, is an integral part
of the culture and the educational system.

Bilinguals use different phonetic systems. In fact, French
is considered as an anterior language because of the large
number of lower vowels compared to the reduced number
of posterior consonants.’® English has a high density
vocal system and a complex index system for the
characterization of vowels (duration, accentuation).™
Lebanese Arabic is a language with poor vocalism. It is
rich in consonants, most of which are posterior.’® The
exposition of the different vocal systems accounts for the
articulatory antagonism that bilingualism illustrates.
These observations led us to suppose that if the
articulatory constraints have an influence on the vocal
production (fundamental, usual frequency and timbre),
then audible differences would be noticed in the
perception of the severity of dysphonia.’?

Since the Lebanese dysphonic patient is part of this
multicultural environment, it would seem reasonable to
assume that the perception of dysphonia might change
depending on the spoken language. It is from this
postulate that this research topic emerged.

This study aims to search for relevant information to
characterize dysphonia depending on the spoken
language. It attempts to explore potential links between
the perceptual criteria, bilingualism in Lebanon, and their
possible effects on the voice in the context of dysphonia.
Its hypothesis was that voice seems more dysphonic
when the Lebanese bilingual patient speaks Lebanese
Avrabic.*

METHODS

The study was conducted from September 2015 till May
2016.

Population
Thirty dysphonic patients were invited to participate.

They were all existing patients at ENT (Ear, Nose and
Throat) or speech therapy clinics. The etiology of their

dysphonia was not taken into consideration. However, the
clinical diagnosis had to be documented through a
laryngofiberoptic examination.

The age of the patients varied from twenty to sixty years.
Candidates were recruited from different regions in
Lebanon, knowing that the regional accent does not have
an influence on the perception of dysphonic voices.’

The participants had to speak and read two of these three
languages fluently: Lebanese Arabic and French or
Lebanese Arabic and English. The level of knowledge of
the language was determined through the completion of a
questionnaire specifically developed for the study. It was
inspired by the QPEB (Parental Questionnaire for
Bilingual Children, QPEB, COST ISO 804) and the
Quebec scale of French proficiency levels for adult
immigrants.**4

Description of the population

The initial sample consisted of twenty-eight Lebanese
dysphonic patients, twenty-six of whom were women and
two men. However, men were eliminated in order to have
a more homogeneous sample. Four women were later
excluded as they did not fulfill all the criteria necessary
for language knowledge. The final sample consisted of
twenty-two women. They had different laryngeal
disorders. The anonymity of patients was maintained in
the collection of information and the coding of sound
files.

Table 1 shows the distribution of patients according to
their laryngeal pathology.

Table 1 : Distribution of patients according to their
laryngeal pathology.

Patholog Number of patients
Kissing nodules 10

Unilateral nodule 3
Acute laryngitis 4
Hematoma on the left vocal 1
cord

Polyp 4

Among the twenty-two patients speaking Lebanese
Arabic fluently, thirteen could speak and read French
very well. The nine remaining patients were able to speak
and read English appropriately.

Presentation of the phonetic material

Phonetic research clearly indicates the need for
standardized language material in voice assessment.’® As
such standardization is non-existant in Lebanese Arabic,
we set out to select a standardized corpus for the
Lebanese Arabic language before proceeding with the
study.
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Corpus in French

A passage from the story of "Mr. Seguin’s goat” by
Alphonse Daudet was chosen. It had been reported as the
most used phonetic material in the assessment of voice in
the French language.® The sentences chosen for the
perceptual analysis “He left them all (...) retained them”
were selected because they include a succession of
voiced/unvoiced transitions and vocalic continuums.
Moreover, their prosodic structures induce a natural
accentuation, especially on the word "all”.*®

Corpus in English

The "Rainbow Passage" is the most used text by native
English speakers for the evaluation of voice.® It was
authored by Fairbanks G. in 1960. The selected passage
goes from “the rainbow (...) horizon” since it follows the
same criteria as in the French selection.

Corpus in Lebanese Arabic

In Lebanon, there is no consensus on the use of a
reference text for voice assessment. Therefore, we wanted
to propose a text with the same linguistic and prosodic
characteristics as those which are mainly used in French
and English. However, finding the appropriate one was a
real challenge for two main reasons:

(a) Lebanese is considered a language that cannot be
written.'® Thus; the use of a text written in literary Arabic
does not give the right clues as the patient does not
practice it on a daily basis unless there is an academic or
official obligation to do so.

(b) The selection or development of such phonetic
material is essential as it will be used systematically as a
reference for the evaluation of voice quality; allowing a
more rigorous assessment.

Different criteria were taken into consideration in
selecting the corpus. As a first step, the passages
presented in French and English were analyzed. The
following criteria were found to be common to both
selected texts:

e They do not have an affective burden.

e They are characterized by a situation of departure
and a problem situation.

e They contain long sentences.

e There is a moral in both the French and English
texts.

e The intonation is well marked in both the French and
English texts. This led to foresee a question in the
corpus in Lebanese Arabic.

One text seemed to fit expectations. It was taken from the
book entitled “dot after dot (...) make a sea” by Nadine
Touma.™

We wanted the Lebanese Corpus to be phonetically
balanced so it can be used as a reference corpus to
evaluate the language of people who stutter or people
having dyspraxia for example.

Following the advice of the first phonetician consulted,
the whole story was phonetically transcribed. Then, the
number of voiceless consonants (such as [t] and [p]) was
counted as well as the number of consonants and the
number of vowels. When a text is phonetically balanced,
the number of sound consonants added to the number of
vowels has to be about twice the number of deaf
consonants.?’ The presence of deaf consonants is of great
importance as these consonants are difficult to vocalize
by dysphonic patients.? Indeed, a study on the analysis of
the different phonemes related to several languages,
including French, emphasizes the role of deaf consonants
in the perception of dysphonia.

This phonetic analysis allowed us to identify the part of
the story that was the most phonetically balanced. The
passage chosen in Lebanese Arabic had two hundred
seventy-five deaf consonants, four hundred fifty-one
sound consonants and four hundred ninety-three vowels.

Two phoneticians validated the selected text in Lebanese
spoken Arabic.

Four non-dysphonic adults (two men and two women)
read the text in order to test its flow and the time needed
to complete the reading.

After these factors were checked, the part that had to be
read by the patients was chosen. It was neither at the
beginning nor at the end of the story. It was composed of
fifty syllables and could be read in about two minutes. It
stretched from “One of these days (...) accompanies
him”. Moreover, the selected sentence meets the same
criteria as the French sentence and the English sentence
(Annex 1).

Table 2 summarizes the characteristics of the three
extracts:

Table 2: Characteristics of the three extracts.

Number of Average reading
Corpus .

syllables time
French text 52 20 seconds
English text 49 20 seconds
Lebanese
Arabic text 50 20 seconds

Recordings

The same instructions were given to all patients by the
same speech therapist (researcher). Every text had to be
read at a comfortable speed and intensity as if it was
spoken orally.
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Before starting the recording, the speakers were able to
get familiarized with the text as long as they wanted.
Moreover, the order of the presentation of the texts was
randomized.

The patient was seated. The voices were recorded using a
Logitech Headset H600 (wireless and noise-filtering) to
keep the mouth-to-microphone distance at three
centimeters for all speakers.

Voices were recorded in real-life speech therapy practice.
Recordings were made at non-extreme times, as morning
or evening hours are known to have an effect on the
voice.” A short break (not more than five minutes) was
offered on demand following the reading of a text.

Goldwave software was used for data recording as it
partially isolated background noise (www.goldwave.
com).

The data was collected and arranged on the Praat
software as Wav files per patient and per language. This
software was chosen because of its availability and its
wide use in phonetic and acoustic studies.?

Listening panel
Composition of the panel

The listening panel consisting of four expert listeners
performed the perceptual evaluation of voice and speech.
Kreiman et al. (1990) have shown that expert jury
possesses a rich palette of internal referents and auditory
perception. This led us to select a group of expert
listeners who were speech-language pathologists with at
least three years of experience in voice rehabilitation.
Moreover; the listeners were fluent in the three targeted
languages: Lebanese Arabic, French and English.?

Role of the jury

Each member of the jury completed the evaluation grid
and judged the quality of voices separately. The jury had
to analyze the recorded voices by quoting the criteria G,
R and B of the GRBAS scale.*

Listening protocol

The listening sessions were carried out individually in
order to eliminate the chance of influence between the
auditors. These were held in a quiet room. The jury was
informed that forty-four recordings will be presented
randomly in three different languages: French, Lebanese
Arabic and English.

Each listener was allowed to rerun the recording that was
just listened to, but could not play back any previous
recording. Two listening sessions were scheduled one
week apart to avoid memorization. However, members of
the jury were not informed in advance of the existence of

two separate listening sessions. This allowed better
evaluation of intra-judge reliability. To be consistent, the
procedure for each listening session was strictly
standardized, including instructions given to members of
the jury. It was presented to them in the following way:
“You are invited to listen to different voices presented in
three different languages, French, Lebanese Arabic and
English in order to make a perceptual evaluation of
voices. Recordings are separated by ten seconds. This
time is reserved for the quotation of the G, R and B
criteria of the GRBAS scale. We remind you that
criterion G refers to the overall grade of dysphonia.
Criterion R grades roughness of the voice. Criterion B
refers to the breathy character of the voice. These three
parameters are graded in four levels (from zero to three
where zero corresponds to a normal voice and three
corresponds to severe alteration). You can play back the
recording if it was not well heard the first time.”

Editing voice samples

The speech samples were digitized and mounted on
iTunes (www.itunes.com). The presentation of sound
stimuli was randomly performed to avoid possible bias
generated by a logical link between voices.?® The order
and the patient code were modified at each listening
session.

Evaluation scale
Choice of scale

The HIRANO GRBAS (1981) was chosen as a perceptual
evaluation scale as it is the most used tool, regardless of
language. The criteria G, R and B were selected because
of their high reliability."

The European Laryngological Society (ELS) indicated
that the three parameters G, R, and B were sufficiently
reliable to assess dysphonia in a clinical setting.”®

Evaluation grid

Each listener had the same computer with an Excel sheet
containing the forty-four recordings that had been
anonymized according to the order and the parameters of
the used scale. No auditor was able to use the previous
evaluation sheet.

Presentation of the statistical tools used

For statistical analysis, the PASW version 22 software
was used. Since the scores obtained do not have a normal
distribution and the population is small, nonparametric
tests were used.

In order to verify the hypotheses related to the study, the
Kappa coefficient was used to compare the answers given
by the different judges. The Pearson correlation was used
to estimate the consistency of each individual judge. The
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Wilcoxon or Mann Whitney U test was used to determine
statistical significance (p<0.05).

RESULTS

The results showed that the voice of the dysphonic
patients tended to appear more dysphonic, rougher and

Table 3: Scores G, R, et B according to languages.

breathier when they speak French compared to English
and Lebanese Arabic.

Table 3 unveils the G, R and B scores according to
languages: Lebanese Arabic, French and English.

| L anquage G R B
guag Mean (Std. dev) Mean (Std. dev) Mean (Std. dev)
Lebanese Arabic 1.56 (0.7) 1.33 (0.6) 1.18 (0.7)
French 1.88 (0.7) 1.44 (0.6) 1.19 (0.8)
English 1.39 (0.8) 1.31 (0.8) 1.14 (0.9)
Related samples Wilcoxon P value Lebanese Arabic 0.33 0.99 055
signed rank test vs French
R_elated samples Wilcoxon P value.Lebanese Arabic 0.23 0.34 027
signed rank test vs English
Independent samples Mann PR (Freel 0.16 053 082
Whitney U test Vs : : '
English

The results show that the voice appears more dysphonic
with a more pronounced roughness when reading in
French for bilingual French/Lebanese Arabic. That,
however, was not the case for bilingual English/Lebanese
Arabic. These differences were not significant which
suggests that the findings need to be corroborated with a
study involving a larger number of participants in order
to verify this hypothesis.

In order to better understand the preliminary results
obtained, the sample was divided into two groups. Group

1 included the Lebanese Arabic speakers who also speak
French fluently (n=13). Group 2 included the Lebanese
Arabic speakers who are also fluent in English (n=9). A
comparison of the Lebanese Arabic language was made
between group 1 and group 2 as any differences could
potentially impact interpretation of the results.

Table 4 shows the results obtained for each criterion G, R
and B.

Table 4: Comparison of scores in Lebanese Arabic language between group 1 and group 2.

Mean (Std. dev)

Mean (Std. dev)

Mean (Std. dev)

p value

L . 1.77 (0.6) 1.44 (0.57) 1.31 (0.72)
Group 1 : n=13, Lebanese Arabic/French 188 (0.7) 144 (0.6) 119 (0.8)

L . . 1.25 (0.75) 1.17 (0.63) 1.00 (0.71)
Group 2 : n=9, Lebanese Arabic/English 139 (0.8) 1.31(0.8) 114 (0.9)
Independent samples Mann Whitney U test 0071 0.235 0.324

Group 1=French speaking group ; Group 2=English speaking group.

There were no statistically significant differences
between the two groups. However, the p value for the
overall score was close to 0.05. This suggests that group
1 has an overall Arabic language score that is higher than
group 2. Coding was set as follows: 0 for absent, 1 for
light, 2 for medium and 3 for severe. The score thus
increases with severity. By comparing two means on
criterion G, 1.88 (table 3) and 1.77 (table 4), we found
that dysphonia tended to be more severe among women
speaking French and Lebanese Arabic than those
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supported by comparing the two averages on criterion G

1.39 (table 3) and 1.25 (Table 4).

As the coherence difference was not significant, a
separate inter- and intra-judge coherence study was

suggested by the experts.

Table 5 shows agreement of the expert auditors on the

evaluation of the G, R and B criteria by language.
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Table 5: Inter-judges concordance among experts.

A
0.44*
0.45*
0.36*
0.3
0.3
0.35%
0.64*
0.64*
0.54*

Lebanese Arabic

French

English

0 OWOOWIoO

B C D)
0.39* 0.53* 0.56*
0.10 0.25 0.68*
0.19 0.35* 0.54*
0.53* 0.09 0.44*
0.11 0.26 0.24
0.47* 0.15 0.69*
0.52* 0.49 0.8*

- 0.04 0.67* 0.65*
0.10 0.33 0.8*

*Kappa statistically significant with alpha = 0.05 bilateral. Note: non-significant concordance = no concordance or discordance (as if the

choice made by the judge was random).

Concordance for each expert judge (all languages):

For judge a: the significant Kappa agreement fluctuated
between 0.44 and 0.64 which indicates moderate
concordance. It should be noted that for the French
language, concordance was very low, almost non-existent
(especially for the G and the R).

For judge b: the significant Kappa agreement fluctuated
between 0.39 and 0.53 which indicates moderate
concordance. However, this judge had five items out of
nine where concordance was not statistically significant
(all R and B in Arabic and English).

For judge c: the significant Kappa agreement fluctuated
between 0.35 and 0.67 which indicates moderate
concordance. This judge had six out of nine items where
concordance was not statistically significant.

For judge d: the significant Kappa agreement fluctuated
between 0.44 and 0.8 which indicates moderate to good
concordance. This judge had only one item that was not
significant (the R in French). He was considered the most
consistent.

Concordance for each expert judge according to each
language

For Lebanese Arabic

Kappa fluctuated moderately between 0.36 and 0.56.
Three measurements out of twelve did not have a
significant kappa; two of these three measurements were
from judge b. This suggests that for the Arabic language,
a judge could be moderately concordant with himself.

For the French language

Kappa fluctuated between 0.35 and 0.69. French was the
language with the most measurements not reaching
significance (7 out of 12); especially for judge ¢ who
practically showed no concordance at all as if his score
was random.

For the English language

kappa fluctuated between 0.52 and 0.8 suggesting
moderate to good concordance. The number of non-
significant measurements was four. So, overall, it could
be implied that English was the language where the
experts tended to be most consistent with themselves.

A comparison of the choices between the judges is
presented in table 6. It shows the correlation coefficients
obtained following the application of the Spearman
correlation test.

The correlation coefficient for the judges’ choices
fluctuated between 0.513 and 0.930. Such correlation
ranged from moderate to very good (especially judges a
and d). The English language had the highest coefficients,
followed by Lebanese Arabic and lastly French. The
number of measurements with no significant correlation
totalled eighteen: six for Lebanese Arabic, eight for
French and nine for English. While it was difficult to
conclude with certainty in which language the expert
judges’ choices correlated the most, it seemed that such
correlation was best for the English language where
almost all of them agreed on the judgement of voice
quality.

As the results were not statistically significant, and
because the number of patients and the number of judges
were small, we decided to focus on three specific cases.
We chose three patients who speak Lebanese Arabic and
French and who have three different levels of dysphonia:
mild, moderate and severe. We selected Lebanese Arabic
and French because their correlation coefficient ranges
were similar. We compared the results given by the
experts who assessed the voices of these three patients.

The patient with mild dysphonia appeared to be more
dysphonic when speaking Lebanese Arabic according to
all experts except one who believed that the voice tended
to be more dysphonic in French. The patient with
moderate dysphonia seemed more dysphonic in French
with unanimous agreement by the judges. The patient
with severe dysphonia was more dysphonic in Lebanese
Arabic according to all expert judges except one.
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Table 6: Comparison of the choices between the judges.

a-b a-c
G 0.680° 0.635
Lebanese Arabic R -0.11 0.410
B 0.559" 0.595"
G 0.743" 0.746
French R -0.04 0.602"
B 0.681 0.580"
G 0.803" 0.737"
English R 0.60 0.641
B 0.49 0.387

*Statistically significant correlation with alpha= 0.05 bilateral.

DISCUSSION

The perceptual assessment of dysphonia remains the gold
standard for evaluating voice quality, and the GRBAS
scale by Hirano is one of the most well-known methods
used for this purpose.

Continuous speech recording is a method that reliably
reproduces the natural use of voice. Compared to
sustained vowels, it is more suitable for the perceptual
evaluation of dysphonia. However, the evaluation of
dysphonic voices in continuous speech could be
influenced by the linguistic features of both speaker and
examiner.?

The results revealed that voice tended to be more
dysphonic, rougher and more breathy in the French
language (Table 3). However, and according to the
literature, a bilingual French/Lebanese Arabic subject
would appear more dysphonic when reading Lebanese
Avrabic. Indeed, Al-Makarem et al. in 2007 showed that
Arabic speakers had a tendency to speak with a higher
intensity.”” This would therefore affect the fundamental
frequency that would increase in Arabic when compared
to French for example.”® Nevertheless, that study was
conducted on a text in standard Arabic and not in
Lebanese Arabic. It could then be assumed that the
assessment of dysphonia might not be the same when
patients express themselves in standard Arabic as
compared to Lebanese Arabic.

In order to shed more light on this result, patients were
divided into two groups (Table 4). Patients in group 1
who speak Lebanese Arabic and French appeared to be
more dysphonic when speaking Lebanese Arabic than the
patients in group 2 who speak Lebanese Arabic and
English. This finding seems to correlate with the results
showed in table 3 where patients appeared to be more
dysphonic in French, and could be related to the choice of
sample. It is possible that patients from group 1 might
have a more pronounced dysphonia than patients in group
2. This leads us to suggest repeating the same evaluation
on a more homogeneous sample with patients having the
same severity level of dysphonia. Doing so would ensure

a-d b-c b-d c-d

0.695" 0.513" 0.548" 0.653"
0.584" 0.263 0.129 0.533"
0.594 0.337 0.415 0.576
0.529 0.683" 0.514 0.313
0.602" 0.431 -0.309 0.350
0.681 0.515 0.668" 0.515
0.939° 0.756 0.855 0.785"
0.923" 0.312 0.537 0.772
0.930 0.383 0.585 0.436

a more objective judgment of the severity of dysphonia as
it relates to the subject’s spoken language.

As the results between Lebanese Arabic and French were
very close for criteria G, R and B, we attempted to
understand why voice tended to appear more dysphonic
in French contrary to expectations. We tried to analyze
the results given by experts on six different corpuses
relative to three dysphonic patients each having a
different degree of severity. We noted that the expert jury
was concordant in cases of mild and severe dysphonia.
However, the experts were more discordant when the
dysphonia was moderate. This observation is in
agreement with the literature that describes the ease of
rating such voice categories.*

These results underscore the need to further study the
effect of change of language on the characteristics of
dysphonia in bilingual patients. It would first be
necessary to obtain a greater variety of speech samples in
order to standardize the perceptual evaluation of voice.
Additional studies on the objective evaluation of voice
while using the same phonetic material would also be
needed. More specifically, voice intensity should be
considered in French and Lebanese Arabic for each
bilingual Lebanese subject in this population. This would
allow us to factor in the intensity aspect which, according
to research, seems to be higher in Arabic than in
French.?” It would also be interesting to study Lebanese
Arabic in two contexts, reading and spontaneous speech,
or according to the specific pathology underlying the
dysphonia as the results may also differ.*°

CONCLUSION

The idea for this preliminary study emerged from a
specific need to evaluate voice in the context of society as
is the case for Lebanon.

The results we have gathered have allowed us to suspect
that patients tend to appear more dysphonic when
speaking the French language. However, a firm
conclusion is not possible at this stage due to the study
limitations and the small sample size.
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The suggested corpus in Lebanese Arabic seems to be
adapted for the evaluation of voice quality as well as
other types of language and communication disorders
such as stuttering.

This work raises various suggestions that could have
important clinical implications in a speech therapy
practice. In fact, it would be important to prove to what
extent the voice reflects a cultural marker. 1t would also
be useful for the voice therapist to understand and
evaluate the patient’s perception of their own voice
quality according to the languages used in their daily life.
This would help the clinician set appropriate objectives in
voice evaluation. It will also help him judge which
language should he prioritizes in vocal therapy when it
comes to a multilingual patient.

These suggestions provide starting points for designing
additional research projects that address cultural and
multilingual concerns that impact the delivery of care.
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