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Background 1 After laryngectomy, although esophageal speech has been the most
frequently advocated method of vocal rehabilitation, a number of the
laryngectomized patients failed to achieve (achieve what;) because
of the speech therapy time and their own attention. So a specific
system for esophageal speech training to increase the intelligibility

and decrease the therapy time for the Thai laryngectomees is needed.

Objective : To evaluate the speech intelligibility of 9 Thai laryngectomized
speakers, who received speech therapy and used esophageal speech
in daily living.

Setting ¢ Speech and Language Pathology Unit, Department of Rehabilitation

Medicine, King Chulalongkorn Memorial Hospital, Thai Red Cross
Society, Bangkok 10330, Thailand

Researchdesign : Confusion Matrices
Subjects * -9 laryngectomized patients, 8 males and 1 female ; age range 28-
Patients 74 years (mean age 52 years). These patients had received speech

therapy by speech and language pathologists at the King
Chulalongkorn Memorial Hospital and the Rachavithee Hospital. The
speech training was systematically based on the “Esophageal voice

and speech systematic training for Thai laryngectomees®,

* Speech & Language Pathology Unit, Dept. of Rehab. Med., King Chulalongkorn Memorial Hospital.
** Speech Clinic, Institute of Otolaryngology, Rajvithi Hospital
*** Department of Otolaryngology, Faculty of Medicine, Chulalongkorn University
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Listeners - @ group of 6 normal hearing listeners, 1 male and 5 females, age
range 20 - 38 years (mean age 28 years)

Materials : A list of 36 two Thai syllable words was selected from the bisyllabic
lists used in audiometric test. According to this bisyllabic word
list, it dose not includ of all the Thai phonemes. Some words are
added using a linguistic approach, based on the stressed and
unstressed syllables. Each word was printed in A4 paper, these
word cards were randomly presented to the subjects.

Methods : (intervention / measurement / statistics)

Audio and visual-audio recording of 36 two syllables Thai words,
produced by each laryngectomees, were presented to a group of 6
normal hearing listener who orthographically transcribed their response.
Listeners’ responses were registered in confusion matrices and
considered phoneme types.

Results : Results indicated that the difficulty in producing the aspirated -
voiceless distinction appeared in Thai esophageal speakers. For
examples in the voiceless stop group included the confusions of /p/
with /ph/ (2.9%), t/ with th/ (3.7%), and /k/ with /kb/ (4.3%) ; and
also in the voiceless affricated phoneme /c/ with /ch/ (6.8%). The
voiced alveolar stop phoneme /d/ showed the lowest percentage of
correct identification (73.5%). When considering the manner of
production, the type of liquid had the highest number of confusions
with the other phoneme class (79.1%).

Conclusions : The finding may be used as guideline for developing the esophageal
speech training system for the Thai laryngectomees. The specific
phoneme selecting system for the Thai language could increase

intelligibility and reduce training time.

Key words : Intelligiblility, Esophageal speech, Thai laryngectomees.
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Benalwwe (voiceless phonemes) Aantaidudeninuuye luwe
(voiceless stop) /p/ QRUNWAIL /ph/ ( 2.9%), // Qnunusiae /th/
(3.7%) URE /k/ QnuNUAIE /kh/ (4.3%) uasmisenRenfiaden
ungnuuueluwe (voiceless affricated phonemes) /c/ gnuny
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After laryngectomy, one of the most important
objectives is voice restoration. But the a low number
of Thai laryngectomized patients (49 %) received
advice from the otolaryngologists and speech and
language pathologists and 13 % of these patients
did not know about the voice restoration.” Three
methods have been used to achieve voice rehabili-
tation in the laryngectomy: artificial larynx, esophageal
voice, and tracheaesophageal voice. The artificial
laryngeal consists of an external mechanism that acts
like a voice source. Esophageal and tracheaesopha-
geal speechs are similar with respect to the source
vibration mechanism but the methods are dissimilar
with respect to air supply.?

This study aimed to evaluate the speech
intelligibility of Thai Iaryngectomized speakers, who
use esophageal speech. Although this method is
widely employed, it takes time for speech training : 3-
12 month for English® and 1 - 3 months for Thai.”
The more attention and the longer training time than
other methods are barriers to acquiring the functional
communication of this kind of speech. Besides,
characteristically the voices of the patients who are
able to use esophageal speech are limited with
respect to intensity, pitch, and rate.” Many studies,
therefore have focused on acoustic analysis and the
voice characteristics. In Thailand there have been few
studies on the Thai alaryngeal speech, for example,
the rhythm in Thai esophageal and tracheaesophageal
speech,” and the study on vowel length in Thai
alaryngeal speech.® The functional communication
or percentage of words correctly identified as a
measure of intelligibility have not been studied with
Thai speakers. The Thai consonants in initial positions,

produced by esophageal patients were considered.
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Analysis in terms of phonetic dimensions can be
useful in treatment programs because the errors would
indicate specific phoneme production problems on
which speech-language pathologists can focus their

attention.

Materials and methods
Stimuli and subjects

A List of 36 two Thai syllable words was
selected from the bisyllabic lists used in audiometric
test. According to the bisyllabic word list it did not
include all of the Thai phonemes. Some words are
added using a linguistic approach, based on the
stressed and unstressed syllables.” Each word was
printed on A4 paper and these word cards were
randomly presented to the subjects.

The list of 36 two syllables was pronounced
by 9 laryngectomized patients, 8 males and 1 female,
age range 28 - 74 years (mean age 52 years). These
patients had received speech therapy by speech and
language pathologists at the King Chulalongkorn
Memorial Hospital and the Rajvithi Hospital. The
speech training was based on the “Esophageal
voice and speech systematic training for Thai
laryngectomees".®’ The data collection began when
these patients were valged to be abie to use
esophageal speech in daily living.

The list of words produced by the laryngec-
tomees was recorded and presented to a group of 6
normal hearing listeners, 1 male and 5 females, age
range 20 - 38 years ( mean age 28 years) in a word-
recognition task using an open response paradigm.
The errors were registered in confusion matrices and
were analyzed in tefms of phonetic dimensions. We

assumed that the errors commitied by the listeners
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reflect production difficulties of the speakers. A control
group of 9 normal voiced subjects produced and
recorded that same list of words. The subjects were

matched by sex and age to the patients.

Procedure

Recording. A National Model No. RQ. 2102
tape recorder and a Sony Model No. VCCD-TRV
11E. video recorder were used in this study. The
laryngectomized patients made the recording
individually in a quiet room. Both recordings were
synchronized. The patients sit at the distance of 30
cm. from the tape recorder and 1.50 m. from the video
recorder. The patients were instructed to read the list
of words at their normal intensity with an interval of
approximately 3 seconds between two consecutive
words. Each word was randomly presented by the
examiner behind the video recorder.

Perception task. A group of 6 normal hearing
listeners carried out the perception task in the quiet
room. The stimuli were presented on a Stereo Denon
Model. D-08 tape recorder and on a Sony Trinitron
Model. KV-G21P1 television. The perception tasks
were divided into 6 times 3 stimuli each presented
(randomly from the tape recorder or video recorder).
Because there were 9 laryngectomees, so we had 2
series of word lists: the 9 from tape recorders and the
other 9 from viedo recorders. The listeners adjusted
the playback level to a comfortable intensity level,
and ali the other conditions were consistent for all the
listeners. Before the recognition task the listeners were
presented with a short self-introduction for each
laryngectomee so that they could become familiar
with the task. After this, the stimuli were presented,

and the listeners transcribed orthographically their

Chula Med J

responses. An interval of a week was used between

listening sessions in order to minimize memory effects.

Confusion Matrices

We had 2 data sets of 36 word lists for the
listeners: one set from the tape recorder and the other
set from the video recorder. The listeners’ responses
provided the data to be analyzed. We considered a
response to be an error whenever the listener did not
write the word that was the intended production. For
example, if the intended word was / jot sak / (rank )
andthe listener wrote / ton sak/ (teak tree), a confusion
of /j/ with / t / was recorded. Omissions were also
scored as errors.

These errors were arranged in two separate
phoneme confusion matrices. Table 1 is the confusion
matrix of the esophageal speech from the audio
recording, and Table 2 is the confusion matrix from
the video recording. The left column represents the
phonemes given as stimuli, and the rows represent
the responses of the listeners. The diagonal gives
the percentage of correct identifications. All the values -
were expressed in percentages because the number
of occurrences of each phoneme was not balanced.
In the right column, omission data is given. The
confusion matrix from the control group of speakers
is not given because of the absence of such

confusions. Normal speakers had 100 % intelligibility.

Results

The most satient result shown in the confusion
matrices of table 1 is that the voiceless sounds were
substituted by the aspirated sounds. For instances,
the bilabial voiceless stop / p / with the bilabial

aspirated / ph / (2.9 %) , the alveolar voiceless stop
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Table 1. Phoneme confusion matrix ( in percent) in the esophageal speech from audio-recording.

Relplt]k|o|ldlphlth]kn|[m] n flslr|lilclen] sl wl] 2] n|oms
[E:

p 1926/ 06 29 03102 0.7 07 432
t 85 066203 37060304 04109 11109 72777 19 86
K T 1839 127 43 04 75133 8
b 90.7 19 K 37
d 12 74703 0603 04 |37 0919 1.1
ph | 190606 06804 19 16106 00(04[09]09 37 71
th 06 90.7 7956
kh |06 3109 13 76.6 0700809 19 92
m 06 12|12 28 12 45 12881116 0.4 52 12 69|
n 0.9 03 138538 04 19 06 8%
n %6 37
f | | 0.6 0.3 25 0.6 85.9/ 0.9 1.1 090607 93
s 06 0605 06 02 56 90 06104 69
r 79 1903 05176 9.8 0.9 93
i 12106 04 07 |74 3.9
c 3.7 03 917|681 2.2 56
ch 04 8211041 0.9 55
] | 03 1146 771 6.3
w 92.6 5.5
7 19 05 944

h ] | 03 | | 0.7 526 19

/ t / with the alveolar aspirated / th / (3.7%) and the
velar voiceless stop / k / with the velar aspirated /
kh /(4.3 %) and also the voiceless affricated sound /
c / with the aspirated affricated / ch / (6.8 %)

The voiced alveolar stop / d / was the most
confused phoneme (73.5 %). It was also the only
voiced phoneme that was substituted with a voiceless
1t1(6.2 %)

Forthe 3 nasal phonemes, the alveolar nasal/
n/was the most confused (85.5 %). The bilabial nasal/
m / was confused and substituted with bilabial
aspirated / ph /(4.5 %) . The velar nasal / N/ was not

confused with other phonemes but was omitted (5.6%).

The most substituted and confusing phoneme
with the other correct phonemes was the palatal semi-
vowel phoneme /j/i.e., /t/with/j/ (7.7 %),/ k/with/
j1(3.3%)and/c/with/j/(2.2 %)

Table 2 shows the confusion matrices of the
esophageal speech from the video recorder. The
characteristics of the confusion agree with the one
from the audio recorder and the correct value of
phonemes was higher. Only the lateral phoneme was
the least corrected value (78.7 %)

Taking into account the group of the phoneme
class, we considered and divided the types of

phonemes into 9 groups. Table 3 shows the confusion
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Table 2. Phoneme confusion matrix (in percent) in esophageal speech from audio-visual recording.

Rl plt|k|[b|ld]ph|th]|kh]|m]|[n]n|s]s|[r] 1 {clech] j|w]2]|n |oms
E
p 975 05 05 04 19
| |
t 87 49 \ 04 0.9 1944 , 86
K 907/ 09 1.2 25 j 0.7 15 37 74
b 88.9 03 05 65
d 06 82 03 05 37 06 55
ph 06 06826 0610802 05 3819 79
th 94.4 05 0906 37
kh 1.2 06 85.1] 0.3 0.7 0.9 1.9 93
m | 0612 280656 1.2[91.8] 0.6 04 0.4 0.7 53
n 06 | 0.3 [90.1 1.1 78
n 926 56
f 03 88.9 04 06 78
s 1.1(90.3 38 74
r 1.2 06 0304 04 82.2 38 10.4
) 06 12713 06 04 29787 93
c 19 0.7 0.4 98268 2.9
ch 12 82.7 0.9 68
i 0.9 83 82.2 6.7
w 06 944 19
7 19 1.9 9.2
h 04 38 98.1] 1.9

Table 3. Confusion matrix (in percent) by type of phoneme in esophageal speech from audio-recording.

Stops-VL| Stops-VD |Stops-ASP|Affricat-VL|Affricat_VD| Fricatives | Nasals | Liquids | Glides |Omissions
Stops-VL 88.1 48 5.1 25 1.1 0.3 1.9 7.9 6.3
Stops-VD 04 80.4 0.8 0.1 1.3 0.8 8.1
Stops-ASP 22 0.7 81.6 1.9 04 0.7 1.3 7.6
Affricat-VL 2.2 91.7 6.8 01 1.6 5.6
Affricat_VD 82.1 0.2 0.3 5.6
Fricatives 0.4 0.4 1.3 0.9 1.2 89.8 0.1 0.8 1.3 7.6
Nasaps 0.9 2.2 34 1.9 04 87.8 2.9 7.5
Liquides 1.1 1.1 0.2 0.2 79.1 10.6
Glides 21 | 815 61 |

stop-vl = voiceless stop, stop-vd = voiced stop, stop-as = aspirated stop

affric-vl = voiceless affricate, affric-vd = voiced affricate
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Table 4. Confusion matrix (in percent) by type of phoneme in esophageal speech from audio-visual

recordering.
Stops-VL | Stops-VD | Stops-AS |Affricat-VL| Affricat_VD|Fricatives| Nasals | Liquids | Glides | Omissions
Stops-VL 92.6 44 1.9 25 0.4 0.5 1.3 4.5 54
Stops-VD 0.2 84.8 0.2 0.6 0.2 0.3 1.1 5.9
Stops-AS 0.6 04 86.4 1.9 0.6 0.4 0.5 0.5 1.1 7.9
Affricat-VL 1.1 98.2 6.8 0.4 0.3 2.1
Affricat_VD 0.7 82.7 0.3 6.8
Fricatives 0.2 911 0.3 0.3 7
Nasals 0.7 1.5 3.9 0.2 914 1.1 0.5 6.6
Liquides 0.6 1.1 1 0:2 0.5 81.2 0.3 10
Glides 0.4 0.2 24 857 53
stop-vl = voiceless stop, stop-vd = voiced stop, stop-as = aspirated stop
affric-vl = voiceless affricate, affric-vd = voiced affricate
audio audi - visu

st-vi 88.1 82.6

st-vd 80.4 84.8

st-as 81.6 86.4

aff- vl 91.7 98.2

aff-vi 82.1 82.7

fricative 89.8 91.1

nasat 87.8 91.4

liquide 79.1 81.2

glide 81.5 85.7

100
[ audio
M audi-visu

st-vi

st-vd

st-as aff-vi

affvl  fricative

nasal

liquide

glide

audio = audio recording, audi - visu = audio - visual recording

st - vl = voiceless stop, st - vd = voiced stop, st - as = aspirated stop

aff - vl = voiceless affricate, aff - vd = voiced affricate

Figure 1. Comparison types of phonemes from autio recording to autio-visual recording.

959
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matrices of the manner of types of articulation from
the audio recorders, and Table 4 shows the ones from
the video recorders. The findings point out that the
group of phonemes that were well-recognized, giving
the highest-scores of correct identifications was
the voiceless affricated group (91.7 % ; table 3) and
(98.2% ; table 4), and that the group of liquid phoneme
was the most confused (79.1 % ; table 3) and (81.2%;
Table 4). The confusion values of the manner types
from the audio and video recorders showed agreement:

the latter was the higher score in every types.(figure 1)

Discussion

Perceptual errors allowed us to differentiate
certaincommon characteristics of esophageal speech
when considered with linguistic aspects; the specific
characteristics resulting from the method of voice
production. The findings show that the Thai esophageal
speakers could not produce the aspirated- voiceless
distinction. It is possible that at the beginning of the
esophageal speech training, the patients try to bring
out the amount of air from the esophagus for voice
production. Therefore, If the speakers can not control
the air - (articulator co-ordination), the exaggerated
air spontaneously comes out. This is important
because the aspirated phoneme is the specific
characteristic of the Thai language, but there has not
been any studies to compare. However, these two,
esophageal English speakers, had a similar problem:
they could not pronounce the voiced - voiceless
distinction because they could not close the pharyn-
goesophageal while the air stream passing. ©

From a perceptual point of view, a portion of
the errors could be considered as predictable, such

as the confusions between phonemes sharing place

Chula Med J

of articulation. ™ The most difficult phoneme for the
Thai esophagea! speakers was the voiced alveolar
stop / d /. This phoneme was confused with the
voiceless alveolar stop / t/ which shares the place of
articulation. When there a limitation on articulation, the
phonemes, which have the similar articulation
placement, are selected to substitute."” Forinstance,
the liquid manner type/ 1/ and / r,which were the most
difficult type for the speakers, were substituted with
other phonemes, which similar articulation placement
(alveolar) such as the phoneme /| /with /t/, /n/,
and /r/, and the phoneme /r/with/t/,/d/,/n/,
and/1/.

Itis not surprising that the study showed that
the semi- vowel phoneme /w/was not confused with
other phonemes and at the same time the semi-vowel
phoneme / j / substituted for others phonemes with
the high confusion scores. These findings agreed with
the studies on English esophageal speech, which
found that the vowel phonemes were well recognized.
When we pronounce the vowels, the air stream
passes the vocal tract without articulator closure.® '?

The confusion matrices of esophageal speech
showed the high‘score of phoneme identification
(> 70 %) and the highest score was phoneme /?/
(94 % from audio recorder and 96.2 % from video
recorder). It is possible that this group of speakers
received speech therapy from the speech and
language pathologist and that the training was also
based on the Thai linguistic system. Also, the scores
of the confusion matrices from the video recorder were
higher than the one from the audio recorder. Thus, the
intelligibility of the esophageal speech would increase
when we pay attention to the esophageal speakers

and look at their face.
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In this study, we collected the data from the
two syllable words. Sometimes the listeners could
repeat the correct word but they hesitated to write it
down. They thought of the meanings of the words
before transcribing. This made the word different from
the correct word that they perceived and repeated.
This problem occurred because during the perception
process, besides acoustical information, listeners
make use of phonological and semantic knowledge
to improve the recognition process. ™ The passage
with the intended word reading is recommended for
further study on intelligibility of Thai esophageal
speech.

From this study we learned the characteristics
of the Thai esophageal speech, and also the problems
which are the cause of Thai esophageal speakers’
unintelligibility. These may be a guideline for
developing the effective esophageal speech system
in order to increase the intelligibility and decrease the

training time for the Thai laryngectomees.
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