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ABSTRACT

DEVELOPMENT OF THAI SPEECH AUDIOMETRY MATERIALS FOR

MEASURING SPEECH RECOGNITION THRESHOLDS

Lauren Alexandra Hart
Department of Communication Disorders

Master of Science

Speech audiometry materials are essential for thorough audiological testing. One
aspect of speech audiometry is evaluating an individual's speech recognition threshold
(SRT). Recorded materials for SRT are available in many languages; however there are
no widely published recorded SRT materials available in the Thai language. The goal of
this study was to develop relatively psychometrically equivalent SRT materials for
evaluating the hearing abilities of native speakers of the Thai language. To accomplish
this, 90 commonly used bisyllabic Thai words were digitally recorded by a male and a
female talker and evaluated by 20 native Thai listeners. Twenty-eight words with
relatively steep and homogeneous psychometric function slopes were selected and
adjusted to reduce threshold variability. These 28 selected words were digitally recorded

onto compact disc to facilitate SRT testing for native Thai speakers.
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Introduction

A commonly used diagnostic element of a hearing evaluation is pure-tone
audiometry, where a series of sinusoidal tonesis presented at a variety of frequencies and
intensities. However, in conversation people do not communicate through sinusoidal
tones, but often through the production and perception of speech in the form of ahighly
complex acoustic signal. Therefore, a comprehensive hearing evaluation should include
an assessment of hearing that uses test stimuli similar to the auditory information
conveyed during speech communication. The speech recognition threshold (SRT), atype
of speech audiometry testing, is a common technique used by audiologists to estimate an
individual’s ability to perceive speech (Ramkissoon, Proctor, Lansing, & Bilger, 2002).

High-quality digital speech audiometry materials have been available in English
for many years. However, there is an increasing need of materialsin other languages.
When an individual is tested in alanguage other than his or her native language, the test
score may not accurately represent their speech perception abilities. For thisreason it is
important to administer speech audiometry tests in the native language of the listener.
Currently high-quality digitally recorded SRT materials are not widely available in the
Thai language. Thus, the aim of the present study isto create linguistically appropriate

SRT materiasto be used to evaluate the hearing abilities of native Tha speakers.



Review of Literature
Speech Audiometry

Pure-tone testing is acommonly used method of audiometric evaluation because
itis highly reliable and simple to administer. However, the diagnostic information
provided by pure-tone thresholds does not provide a comprehensive assessment of an
individual's ability to perceive speech in everyday settings. The most common burden of
hearing impairment is the struggle to understand speech, particularly in noisy
environments (Wilson & McArdle, 2005). Thus, speech audiometry is often used by
audiologists to validate an individual's performance with pure-tone testing (American
Speech-Language-Hearing Association [ASHA], 1988) and as a diagnostic tool to
quantify an individual’s ability to perceive speech (Bell & Wilson, 2001). One type of
speech audiometry attempts to determine the nature and extent of a possible hearing
impairment by comparing an individual's SRT to those of typical listeners (Epstein,
1978).

Foeech Recognition Threshold

ASHA has defined SRT as “the minimum hearing level for speech at which an
individual can recognize 50% of the speech material” (1988, p. 86). The SRT method has
been found to be useful in part because the measure often corresponds with an
individual's ability to hear pure-tone frequencies common to speech (Epstein, 1978). Any
discrepancy between an individual’s pure-tone and SRT results may be attributed to an
acoustic neuroma or perhapsto the client attempting afalse profile (Van Dijk, Duijndam,
& Graamans, 2000). Although avariety of stimuli can be used in SRT testing, English
test materials are typically composed of bisyllabic spondaic words, in which both

syllables have relatively equal emphasis, such as baseball or hotdog (ASHA, 1988).



When Hudgins, Hawkins, Karlin, and Stevens (1947) recorded SRT materials for the
English language, they proposed that the test stimuli used should be familiar, phonetically
dissimilar, represent English speech sounds, and audibly homogeneous. A study by
Ramkissoon (2001) supported these claims for suprathreshold tests, such as word
recognition testing, but found that only familiarity and homogeneity in audibility are
essential aspects of SRT test stimuli. It isimportant that the individual is ableto
understand the test stimuli in an ideal listening environment and in the absence of any
hearing impairment. Creating SRT materials from words that are familiar and used
commonly in alanguage helps ensure that a hearing evaluation is atest of hearing acuity
and not atest of receptive vocabulary. It is aso important that the words are
homogeneous with regard to audibility. The amplitude, test difficulty, and intelligibility
of thetest stimuli can al influence homogeneity (Dillon, 1983). Thus, if an individua is
not familiar with atest word, or if the word is not audibly homogeneous to the other
words, it should be removed from the test stimuli.

There are anumber of methods for presenting SRT test stimuli, such as the use of
live voice monitoring, phonographic recordings, commercia tape recordings, and digital
materials stored on compact disc (CD) media. Martin, Armstrong, and Champlin (1994)
conducted a survey of audiologists across the United States and found that 90% of
respondents used monitored live voice for SRT. ASHA (1988) guidelines for SRT do not
reguire one form of input over the others. However, they do note that recorded materials
are preferred, due to increased reliability and flexibility during testing. The use of
recorded materials ensures that the intensity and speech patterns of each stimulus

presentation are reliable across clients, and from one clinic to the next. Although



recorded stimuli are more consistent, some types of recordings also have drawbacks.
Phonographic and tape recordings may become damaged after prolonged use. Such
damage may result in distortion and extra noise not previously present in the recording.
These recordings may also need an occasional replacement. Digital recordings not only
alleviate many of the problems encountered with tape recordings, but aso alow the
audiologist to more easily customize word presentation for an individual client, aswell as
possibly reducing the overall test time.

Non-English Speech Audiometry Materials

A variety of digitally-recorded speech audiometry materials are available for SRT
testing in English. However, English SRT materials may not be linguistically appropriate
for people who are not native speakers of English. Ramkissoon, Proctor, Lansing, and
Bilger (2002) suggested that stimuli used to measure SRT should be linguistically
familiar to the listener.

Thereis aneed for speech audiometry materials in languages other than English
to evaluate the hearing of individuals worldwide, yet there is also an increased need for
such materials within the United States as well. In 1985, Martin and Sides conducted a
survey in which American audiologists reported administering 37% of speech audiometry
evaluations in languages other than English. It is extremely important to administer a
speech audiometry test in the listener’ s native tongue in order for it to be avalid
assessment.

Even if non-English speakers speak English as a second language, thereis
evidence that SRT testing in an individual's non-native language is inaccurate, especially
at low-intensity levels. Weiss and Dempsey (2008) investigated speech perception in

native Spanish speakers who were bilingual with English. They found that all of their



participants perceived Spanish speech better than English speech. Padilla (2003) used
English SRT materials to test native Spanish speakers who spoke English as a second
language. Their SRT scores were compared with those of native English-speakers tested
under the same conditions. Padillafound that the non-native listeners experienced
difficulties in speech perception comparable to the perception difficulties commonly
experienced by cochlear implant patients.

It may be important to not only assess an individual in their native language, but
also to use materias created for their specific regional dialect. Weisleder and Hodgson
(1989) tested native Spanish speakers from different countries using speech audiometry
materials recorded by a native Spanish speaker from Mexico. They found that the
listeners from Mexico scored better than the listeners from other countries at lower
presentation levels. These differences in scores decreased as the presentation level
increased. They suggested that the differences in scores were attributed to the varying
regiona dialects of the listeners. On the other hand, differences between test stimuli for
some regional dialects that have a high degree of mutual intelligibility may be clinically
insignificant. Richardson (2008) compared the SRT scores of native Mandarin speakers
from Taiwan and mainland China as they were tested with materials recorded in the main
dialects of both regions. Although thresholds were statistically higher when listening to a
non-regional dialect of Mandarin, on average the differences were only about 1-2 dB.
Although it would be ideal to create speech audiometry materials for every dialect of a
language, it may not be practical, nor necessary. Nevertheless, it isimportant to be aware

of dialectical variations when creating SRT materials.



Recently, efforts have been made to create high-quality materials for SRT, and
other types of speech audiometry, in avariety of languages including Spanish
(Christensen, 1995), Arabic (Ashoor & Prochazka, 1985), Danish (Elberling, Ludvigsen,
& Lyregaard, 1989), Italian (Greer, 1997), Brazilian Portuguese (Harris, Goffi, Pedalini,
Gydgi, & Merrill, 2001; Harris, Goffi, Pedaini, Merrill, & Gygi, 2001), Polish (Harris,
Nielson, McPherson, & Skarzynski, 2004a, 2004b), Japanese (Mangum, 2005), Korean
(Harris, Kim, & Eggett, 2003a, 2003b), French (Nelson, 2004), Russian
(Aleksandrovsky, McCullough, & Wilson, 1998; Harris, Nissen, Pola, McPherson, &
Tavartkiladze, 2007), Mandarin Chinese (Nissen, Harris, Jennings, Eggett, & Buck,
2005a, 2005b), Greek (Iliadou, Fourakis, Vakaos, Hawks, & Kaprinis, 2006), Cantonese
(Lau & So, 1988), and Afrikaans (Theunissen, 2008). Materials in these various
languages have been very helpful in meeting the needs of audiologists' clientelein the
U.S. and in other countries. However, there are still many languages for which there are
no materials widely available, such asthe Thai language.

Nature of the Thai Language

The Thai language, formerly know as Siamesg, is the official language of
Thailand. In 1991, Campbell reported that it was spoken by approximately 40 million
people. More recent surveys have reported the population of Thailand to be nearly 65
million, with the majority of its inhabitants speaking standard Thai, also called Central
Thai (Gordon, 2005). In addition to standard Central Thai there are numerous other
diaects found throughout Thailand. The most common of these dialects are Northeastern
Thai, Northern Thai, and Southern Thai. These dialects generaly vary in tone and
phonology (Campbell, 1991). The predominant dialect of Northeastern Thailand is the

Isaan dialect. Although similar to Central Thal, the Isaan dialect is more akin to standard



Lao, often varying by a single change in phonology or tone. In Isaan the /r/ sound in

many Central Thai words is changed to /h/ or /I/. For example, in Central Thai the word

for we or us (+31) is pronounced /rau/ with a middle tone, whereas in Isaan the same word

is changed to w&n, pronounced /hau/, also with a middle tone. In addition, the Central

Thai word au pronounced /kon/ with a middle tone means person, while the same word
in Isaan may be pronounced with a high tone or a falling tone depending on the region.

Some Isaan words are completely dissimilar to their Thai equivalents. For example, the

Thai word for what is a¥'ls pronounced /srar/ with a low tone and a middle tone, while

its Isaan counterpart is 81€V is pronounced /+yan/ with a middle tone and a rising tone.
Thai is the most prominent member of the Tai language family, which also
includes the Lao, Shan, and Yuan languages (Campbell, 1991). Central Thai is
considered to be the main language for public education and literature in Thailand. Much
of spoken and written Central Thai is derived from Sanskrit and Pali. However, there are
many orthographic distinctions that set Thai apart from Sanskrit. For example, some
vowels are spoken in both Thai and Sanskrit, however they may be written explicitly in
Thai while they are only implied between consonants in Sanskrit. The Thai script was
influenced to some extent by the Khmer version of a South Indian script, in that Thai is
read from left to right, and top to bottom. Written Thai consists of 44 symbols that serve
to represent 21 consonantal phonemes, due in part to the fact that multiple consonants
may represent the same phoneme. For example, the Thai consonants @, &, &, and 4 all
represent the phoneme /s/. There are 14 symbols, or combinations of symbols, to
represent over 30 vowel sounds. In some cases these vowels are written preceding a

consonant even if the consonant is pronounced before the vowel. The word Tu meaning



in is pronounced /nai/ with a middle tone, with T representing the vowel phoneme /a1/

and U representing the consonant phoneme /n/. Spaces are not included between words in
connected text. Although Thai can be expressed in a Romanized form, pronunciations
according to Romanized Thai may differ from standard English (Wei & Zhou, 2002). For
example, ph in Romanized Thai is pronounced /p/, and p is pronounced as a voiceless,
unaspirated bilabial plosive (sounding like a hard /b/ or an unaspirated /p/).

Vowels in Thai can be short or long in duration (Campbell, 1991). The Thai word
for rice (411) is pronounced /kau/ with a falling tone, and is spoken with an elongated
vowel. However, if this same syllable is pronounced with a shortened vowel, it then
becomes the word +Zin which means to enter. There are 14 diphthongs and three
triphthongs. The 21 consonant sounds consist of 11 stops, one affricate, three fricatives,
three nasals, two laterals, and two glides. Among these types of sounds, the bilabial,
lingual-alveolar, and lingual-velar stops can each be produced with three different types
of voice onset. For instance, a Thai bilabial stop may be voiced, voiceless and
unaspirated, or voiceless and aspirated. Only the consonants /p, t, k, r, I, m, n, n/ are
permitted as final consonants. Under these circumstances, however, the finals /p, t, k/ are
unaspirated, and /r/ and /I/ become /n/. The Thai glottal stop a (/?/) is also considered a
consonant.

Thai syllables are pronounced with one of five lexical tones: middle, low, falling,
high, and rising (Campbell, 1991). The tone of each Thai word, with consideration to its

particular vowel length, determines its meaning. For example, the Thai word 3u,

pronounced /man/ with the middle tone, translates to the English word for it. However,


http://www.thai-language.com/id/131074

Ty, pronounced /man/ with the falling tone, means to be firm. If this same word is said

with a long vowel it becomes 31U, which refers to a curtain, veil, or screen.

The sentential word order used in Thai is subject, verb, and then object
(Campbell, 1991). Unlike English, adjectives follow nouns and plural markers are not
distinguished except for numerals or particles such as in the word for the concept of
many. Verbs in Thai are not conjugated for tense, so in addition to context, Thai words
equivalent to English words such as will and did can be added to provide clues about the
tense. In addition, there are no gender distinctions for the singular or plural forms of the
third person. The use of pronouns is socio-linguistically based on the formality of the
relationship between the speaker and the intended listener or audience. In common
conversation, men typically use the polite particle @5y, pronounced /krab/, with the high
tone at the end of each statement or question. Women typically use the polite particle A,
pronounced /ka/, with a falling tone at the end of each statement or question. When
speaking about or addressing royalty and religious personages, it is culturally appropriate
to speak in a special lexicon of nouns and verbs. These linguistic characteristics are
intrinsic to Central Thai, and were taken into consideration when designing the materials
in the present study.

The majority word type in Thai is monosyllabic in nature, especially for nouns
and verbs. Bisyllabic words are often created by combining two monosyllabic words or
one monosyllabic word with a prefix or suffix. For instance, the word for refrigerator is
giLfiu, literally translated as cabinet cold. However, some bisyllabic words have no
meaning when their syllables are isolated. The word ngLa means sea, but the syllables

g and ta mean nothing when isolated. Polysyllabic Thai words are also created by


http://www.thai-language.com/id/132504
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adding multiple prefixes and suffixes to monosyllabic or bisyllabic words. Some of the
Thai vocabulary consists of loanwords borrowed from other languages. For example,
Thai speakers use a Thai pronunciation of the English words computer and technology,
which carry the same meaning in English (Gordon, 2005).

Hearing Impairment in Thailand

Prevalence and incidence of hearing disability in Thailand. With nearly 65
million people in Thailand, hearing impairment takes atoll on many lives. Severa studies
have been conducted to investigate the magnitude and impact of hearing impairment in
Thailand. The World Health Organization (n.d.) reported that the prevalence rate for
hearing impairment in Thailand is 13.3%. A summary review of demographic data and
findings on hearing impairment in Thailand (Prasansuk, 2000) revealed that 13.6% of
people tested in 17 provinces demonstrated hearing impairment. This review aso showed
that out of 32,000 individuals tested in Thailand, 4.3% demonstrated a sensorineural loss
in at least one ear. If this rate of incidence is an accurate reflection of the general Thai
population, nearly 3 million people in Thailand suffer from sensorineural hearing
impairment alone. This estimate does not account for those who suffer from other types
of hearing impairment.

Burden of disability from hearing impairment. In Thailand, education and work
opportunities are limited for those with hearing impairment and other types of
disabilities. Both public and private programs in Thailand provide some education for the
disabled (Wahab, 1997). However, as of 1997 there were no facilities for the education of
children with multiple disabilities. The biggest dilemmaregarding education for the

disabled in Thailand is the lack of funds.
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The burden of disability caused by hearing impairment is compounded by the
inability of many hearing impaired individuals to receive a public education. Some deaf
individualsin Thailand receive aformal education by learning Thai sign language,
however Thai sign languageis still relatively new as it wasfirst developed in the 1950s
(Nimkannon, 2005). Although sign language is beneficial, those who depend on it can
only use it to communicate with others who understand it. Many deaf people who are less
fortunate depend on natural gestures to communicate. These often underprivileged and
uneducated individuals frequently have no choice but to work as street vendors (Wahab,
1997). If they do not find employment they become a burden to their families and to their
communities. In additions to these disadvantages, people in Thailand are generally poorly
informed about the causes of disabilities, and therefore underestimate the capabilities of
disabled individuals, thus creating social and cultural barriers which further restrict the
opportunities available to the disabled.

Etiology and treatment of hearing impairment in Thailand. Otitis mediais among
the most prevalent causes of hearing impairment in Thailand (World Health
Organization, n.d.). Perforation of the tympanic membrane, displacement of the ossicles,
and excessive middle ear fluid are al complications of otitis media which may result in
hearing impairment (Klein, 2001). A child who acquires otitis media and doesn't receive
timely medical treatment is commonly at risk for amild to moderate hearing impairment,
which may also result in an inability to develop the speech and language skills necessary
for effective communication.

Otitis media may not be easily prevented, but it can often be treated successfully

with antibioticsif available (Dodet, 2001). In developed countries, vaccines are more
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readily available to protect against the types of viruses and bacteria that commonly cause
acute otitis media. If treated early, hearing damage caused by otitis media can often be
prevented. In addition, the insertion of tympanostomy tubes, often combined with
antibiotics, are effective methods of preventing recurrent otitis media and its effects on
hearing (Rosenfeld, 2001). People in developing countries such as Thailand have limited
access to medical treatment for otitis media, however even if individuals have access to
such services, they may not be able to afford them.

Asindustry growsin Thailand, so does the noise levels that individuals are
exposed to at work. Many people from rural Thailand have been migrating to Bangkok in
search of better work opportunities. With the ever-increasing population, traffic,
construction, and factories in Bangkok, noise levels have become a health concern
(World Health Organization, 1997). A basic strategy for preventing noise-induced
hearing impairment is to avoid extended exposure to high sound levels, by avoiding a
loud environment or by wearing hearing protection. However, many citizens of Bangkok
are uneducated about the risks of sound exposure and consequently do not protect their
hearing. It is likely that the issue of noise-induced hearing impairment in Thailand will
not be resolved until the public has a greater awareness of the risks involved.

Furthermore, exposure to ototoxic drugs along with high levels of noise can have
amore dangerous affect on the human cochlea than exposure to either one independently
(Brown et a., 1981). Much like with noise exposure, people using ototoxic drugs may not
be aware of the risksinvolved. Ototoxic drugs are often used to treat health problems that
are considered to be more harmful than the potential side effects of the drugs on an

individual's hearing.
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In Thailand, hearing impairment has also been found to result from nutrient
deficiencies. lodine deficiency is especialy prevalent in northern Thailand (Rajatanavin
et a., 1997). A severelack of iodine, referred to as endemic cretinism, may cause serious
neurological problems to an unborn fetus, including sensorineural hearing impairment.
Endemic cretinism, and its subsequent effects, is preventable with iodine supplements.
However, the lack of available iodine supplements and the lack of education about its
necessity seem to sustain this cause of hearing impairment.

Prevention and proper treatment of the conditions that most commonly cause
hearing impairment would preserve the quality of life for many Thai people. However,
treatment or rehabilitation of already-existing hearing impairment is also an important
step in addressing the burden of disability caused by hearing impairment. The efficacy of
rehabilitation often depends on accurate diagnostic information provided by afull
audiometric evaluation; and evaluation which would most likely include speech
audiometry testing.

Purposes of the Study

Although SRT materials have been developed for many languages, there are no
known digitally recorded SRT materials available to be used to assess the hearing acuity
of native speakers of Thai. Thai listeners should be assessed for SRT using familiar
words in their native language. Thus, the purpose of this study is to address this need by
devel oping psychometrically equivalent bisyllabic words that can be used for SRT testing
in the Thai language. In order to accomplish this goal, this study will (a) develop alist of
familiar bisyllabic Thai words, (b) select amale and afemale native speaker of standard
Centra Thai to record the materials to be evaluated, (c) make high-quality digital

recordings of the selected words, (d) evaluate the psychometric performance of each
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word by collecting normative data from twenty listeners with normal hearing, (e) utilize
logistic regression to create alist of relatively familiar and psychometrically equivalent

words, and (f) create a CD of the Thai SRT materials that will be available upon request.
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Method

Participants

A total of 20 native speakers of Central Thai participated in evaluating the
materials developed in this study, 10 male and 10 female. The participants ages ranged
from 19 to 33 years (M = 24.2 years). They had resided in the United States from one
week to 4.5 years; and reported that they speak Tha on adaily basis. All of the
participants in this study had pure-tone air-conduction thresholds <15 dB HL at octave
and mid-octave frequencies from 125 to 6000 Hz and <20 dB HL at 8000 Hz. Each
participant had static acoustic admittance between 0.3 and 1.4 mmhos with peak pressure
between -100 and +50 daPa (ASHA, 1990; Roup, Wiley, Safady, & Stoppenbach, 1998).
In addition, each participant passed a screening exam, which included detecting the
presence of an ipsilateral acoustic reflex of 95 dB HL or better in the test ear at 1000 Hz,
and signed an informed consent form. The mean pure-tone average (PTA) for the 20
participants was 6.25 dB HL. Table 1 displays a statistical summary of participant
thresholds.

Materials

Word lists. A preliminary word corpus of 250 frequently used bisyllabic words
was drawn from an unpublished Thai frequency dictionary by Doug Cooper (R. Dockum,
personal communication, July 10, 2006). These words were then rated by 3 native judges
on ascale of 1to 5 based on how familiar aword would be to a Thai speaker from
Thailand (1 = extremely, 2 = very, 3 = average, 4 = seldom used, and 5 = rarely used). Of
the 250 original bisyllabic words, 160 words were eliminated from final evaluation for

the following reasons: (a) the word received a mean familiarity rating of < 2 from the
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Table1
Pure Tone Threshold (dB HL) Descriptive Satistics for 20 Normally

Hearing Thai Subjects

M Minimum Maximum D
0.125 kHz 7.3 -5 15 55
0.25 kHz 6.0 -5 15 6.6
0.5kHz 7.3 0 15 5.3
0.75kHz 6.8 -5 15 5.9
1.0kHz 6.3 -5 15 4.6
1.5kHz 7.3 0 15 5.3
2.0kHz 5.3 -5 15 5.7
3.0kHz 3.0 -5 15 5.7
4.0 kHz 4.3 -5 15 6.9
6.0 kHz 3.8 -10 15 6.5
8.0 kHz 45 -5 20 8.1
PTA? 6.3 -3.3 13.3 4.3

®PTA = arithmetic average of thresholds at 0.5, 1.0, and 2.0 kHz
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native judges, (b) the word was thought to represent inappropriate or culturally
insensitive content, or (¢) two words had the same pronunciation but different meanings.

Talkers. Initial test recordings were made using 8 native talkers of Tha (5 females
and 3 males). All talkers originated from the country of Thailand, who self-reported
speaking a standard diaect of Thai. After theinitia recordings were made, a panel of 4
native speakers evaluated the speech of each of the 8 talkers. The native judges were
asked to rank order the talkers from best to worst based on vocal quality, standard dialect,
and pronunciation. The highest ranked male and femal e talkers were selected as the
talkersfor al subsequent recordings.

Recordings. All recordings were made in an anechoic chamber, with
approximately a 65 dB signal-to-noise ratio with the sound floor measuring 0 dB SPL,
located on the Brigham Y oung University campus in Provo, Utah, USA. A Larson-Davis
model 377B41, 1.27 cm microphone, positioned approximately 15 cm from the talker at a
0° azimuth and covered by a 7.62 cm windscreen, was utilized for all recordings. The
microphone signal was amplified by a Larson-Davis model PRM 902 microphone
preamp, which was coupled to a Larson-Davis model 2221 microphone preamplifier
power supply. The signal was digitized using an Apogee AD-8000 analog-to-digital
converter and subsequently stored on a hard drive for later editing. A 44.1 kHz sampling
rate with 24-bit quantization was used for all recordings, and every effort was made to
utilize the full range of the 24-bit analog-to-digital converter.

During the recording sessions, each talker was instructed to use normal vocal
effort and to pronounce each bisyllabic word at least four times. A native judge then rated

the second and third repetition of each word for perceived quality of production, and the
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best production of each word was then selected for inclusion in the evaluation portion of
the study. Thefirst and last repetitions of each word were excluded to avoid possible list
effects. Any words that were judged to be poorly recorded were rerecorded or eliminated
from the study prior to listener evaluation. After the rating process, the intensity of each
bisyllabic word to be included in the listener evaluation was edited as a single utterance
using Sadie Disk Editor software (Studio Audio & Video Ltd., 2004) to yield the same
level equivalent (Leq) as that of a1 kHz calibration tone.

Procedure

Custom software was used to control the randomization, presentation, and scoring
of the bisyllabic words evaluated in the study. This software was a so used to record the
performance data. The signa was routed from a computer hard drive to the external input
of a Grason Stadler model 1761 audiometer. The stimuli were then routed via TDH-50P
headphones from the audiometer to the participant, who was seated in adouble-walled
sound suite meeting ANSI S3.1 standards (American Nationa Standards Institute, 1999)
for maximum permissible ambient noise levels for the ears not covered condition using
one-third octave-band measurements. Prior to testing each participant, the inputs to the
audiometer were calibrated to 0 VU using the 1 kHz calibration tone through customized
computer software. In addition, the audiometer was calibrated weekly during and at the
conclusion of data collection. Calibration was performed in accordance with ANS| S3.6
standards (American National Standards Institute, 2004). No changesin cdibration were
necessary throughout the course of data collection.

Each participant evaluated the test stimuli in two test sessions after passing a
hearing screening exam. Participants were allowed to have several rest periods during

each test session. A randomized list of the recorded 90 bisyllabic words was initialy
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presented to each listener at a sound level 6 dB below the listener’s PTA. If the listener
repeated any words correctly during the initial presentation, the list intensity was
decreased in 2 dB increments and played again until the listener repeated none correctly,
or until the list had been played at -10 dB. After the lowest intensity had been played, a
randomized presentation of the list of words was presented at 2 dB above the initial
intensity. Randomized lists were presented at increasing intensities of 2 dB until the
listener repeated all 90 words correctly, or until the list was presented at 16 dB. Each
participant listened to the male and femal e talker recordings of the bisyllabic wordsin a
sequence determined randomly. Participants repeated words verbally; which were scored
as being correct or incorrect by a native judge who spoke Thai. Thus, the potential
influence of learning effects was reduced by (@) the relatively large number of words
evauated by listeners, (b) the stimuli were presented from low to high amplitude, and (c)
the presented stimulus items were randomized at each intensity level. Prior to the
evauation of the bisyllabic words, instructions were given to the participantsin Thai. An
English trandation of the instructionsis listed below:
Y ou will hear bisyllabic words which may become louder or softer in intensity. At
the very soft loudness levelsit may be very difficult for you to hear the words.
Please repeat the word that you hear. If you are unsure of the word, you are
encouraged to guess. If you have no guess, please be quiet and listen for the next

word. Do you have any questions?
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Results

After raw data were collected, logistic regression was used to obtain the
regression slope and intercept for each of the 90 bisyllabic words. These values were then
inserted into a modified logistic regression equation that was designed to calculate the
percent correct at each intensity level. The original logistic regression equation is as

follows:

|ogli=a+bxi 1)

In Equation 1, p is the proportion correct at any given intensity level, a is the
regression slope, b is the regression intercept, and i is the intensity level in dB HL. When
Equation 1 is solved for p and multiplied by 100, Equation 2 is obtained:

exp(a+bxi) *10

P=(1- -
1+exp(a+bxi)

()

In Equation 2, P is percentage of correct recognition, a is the regression intercept,
b is the regression slope, and i is the presentation intensity in dB HL. By inserting the
regression slope, regression intercept, and intensity level into Equation 2, it is possible to
predict the percentage of correct recognition at any specified intensity level. Percentage
of correct recognition was calculated for each of the bisyllabic words for a range of —10
to 16 dB HL in 1 dB increments.

In order to calculate the intensity level required for a given proportion, Equation 1
was solved for i (see Equation 3). By inserting the desired proportions into Equation 3, it
is possible to calculate the threshold (intensity required for 50% intelligibility), the slope
(%/dB) at threshold, and the slope from 20 to 80% for each psychometric function. When

solving for the threshold (p = 0.5), Equation 3 can be simplified to Equation 4:
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Iog_pp—a

= (3
. —a
IZT (4)

Calculations of threshold (intensity required for 50% correct perception), slope at
50%, and slope from 20 to 80% were made for each bisyllabic word using the logistic
regression slopes and intercepts.

Thresholds for 50% intelligibility for the 90 bisyllabic words ranged from 0.5 dB
HL to 14.3dB HL (M = 6.7 dB HL) for the male talker words, and from -2.2 dB HL to
12.3dB HL (M = 3.8 dB HL) for the femal e talker words. Psychometric functions for
each bisyllabic word were calculated with Equation 2 using the logistic regression
intercept and slope values. The slopes at 50% ranged from 2.9 %/dB to 11.6 %/dB (M =
8.2) for the male talker and from 3.4 %/dB to 11.0 %/dB (M = 7.3) for the female talker.
The slopes from 20-80% ranged from 2.5 %/dB to 10.1 %/dB (M = 7.1) for the male
talker and from 2.9 %/dB to 9.5 %/dB (M = 6.3) for the female talker. In comparison, the
slopes at 50% were consistently steeper than the slopes from 20-80%. These thresholds
for the 90 bisyllabic words, and their psychometric function slopes at 50% and from 20-
80% are presented in Table 2 (maletalker) and Table 3 (femal e talker).

In order to reduce test time, as well asimprove reliability, it is recommended that
words used to measure SRT have relatively homogeneous and steep psychometric
function slopes (Wilson & Strouse, 1999). Thus, the 36 words that had the steepest
psychometric function slopes for both the male and female talker recordings (> 7.5 %/dB

for both male and femal e talkers) were selected as candidates for the final list of
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Table 2

Mean Performance for 90 Thai Male Bisyllabic SRT words

Slope Slope
# Word Romanization at bP at50%° 20-80%° Threshold® AdB'
1 iy prapprung 0.90624  -0.31703 7.9 6.9 2.9 -3.4
2 s a-kat 2.51956 -0.29467 7.4 6.4 8.6 2.3
3 awn sa-nuk 3.19537 -0.27221 6.8 5.9 11.7 55
4 5 fa-rang 1.81933 -0.38761 9.7 8.4 4.7 -1.6
5 Toums doitrong 1.45483  -0.31918 8.0 6.9 4.6 -1.7
6 7% wi-thi 2.77202 -0.37885 9.5 8.2 7.3 11
7 A champen 2.36928 -0.35055 8.8 7.6 6.8 0.5
8 A khaochai 1.59421 -0.32405 8.1 7.0 4.9 -1.3
9 iy koetkhaen 247442  -0.37137 9.3 8.0 6.7 0.4
10 Tseu rongngan 1.80923 -0.27508 6.9 6.0 6.6 0.3
11 gl phayai 2.40926  -0.32510 8.1 7.0 7.4 1.2
12 Faau chatchen 1.41959 -0.29948 7.5 6.5 4.7 -1.5
13 nszanw kra-dat 2.45299 -0.37417 9.4 8.1 6.6 0.3
14 speus rot-yon 1.03661 -0.24859 6.2 5.4 4.2 2.1
15 qp ri-du 2.50099  -0.32290 8.1 7.0 7.7 15
16 nguwane kodmai 2.42452 -0.40882 10.2 8.8 5.9 -0.3
17 fndn phoemtoem 1.46533  -0.29511 7.4 6.4 5.0 -1.3
18 e kam-lang 2.76088 -0.36665 9.2 7.9 75 13
19 adls a-rai 1.69852 -0.32272 8.1 7.0 5.3 -1.0
20 finsie titto 1.16738 -0.20610 5.2 45 5.7 -0.6
21 wiisde nang-stie 3.10336  -0.35109 8.8 7.6 8.8 2.6
22 nnyus kun-chae 497260  -0.34830 8.7 75 14.3 8.0
23 {win chang-wat 1.72419 -0.35437 8.9 1.7 4.9 -14
24 wmnzan mosém 2.36928 -0.35055 8.8 7.6 6.8 0.5
25 duiiu chénkan 2.57593 -0.39852 10.0 8.6 6.5 0.2
26 wnuna méakmai 2.27898 -0.46593 11.6 10.1 4.9 -1.4
27 vua tha-le 3.74252 -0.39570 9.9 8.6 9.5 3.2
28 1Tnd ban-chi 3.59386 -0.43963 11.0 9.5 8.2 1.9
29 [ khunkha 2.75600  -0.31052 7.8 6.7 8.9 2.6
30 ewns a-hdn 2.76674 -0.33797 8.4 7.3 8.2 1.9
31 wihi nathi 2.52996  -0.29185 7.3 6.3 8.7 2.4
32 W bo-ran 1.97293  -0.32528 8.1 7.0 6.1 -0.2
33 sy dairap 2.19408  -0.31532 7.9 6.8 7.0 0.7
34 sy pra-tu 2.76674 -0.33797 8.4 7.3 8.2 1.9
35 i faifa 0.15102 -0.31896 8.0 6.9 05 -5.8
36 el topai 0.51725 -0.29895 7.5 6.5 1.7 -4.5
37 aun kha-ném 3.37387 -0.33075 8.3 7.2 10.2 4.0



Slope Slope
# Word Romanization a bP at50%° 20-80%" Threshold® AdB'
38 weuiu yomrap 158314 -0.39350 9.8 8.5 4.0 -2.2
39 #n richak 2.56604  -0.37869 9.5 8.2 6.8 0.5
40 ayn sa-mut 2.85482  -0.33512 8.4 7.3 8.5 2.3
41 g3z thi-ra 2.28203 -0.25439 6.4 55 9.0 2.7
42 szne pra-thét 2.82556 -0.25847 6.5 5.6 10.9 4.7
43  fumn khonha 2.79665 -0.34636 8.7 7.5 8.1 1.8
44  F3g chi-wit 3.21483 -0.36866 9.2 8.0 8.7 25
45 iz thdeching 1.85648  -0.35643 8.9 7.7 5.2 -1.0
46 ouu tha-ndn 3.54805 -0.29973 7.5 6.5 11.8 5.6
47  wanzdn phréwa 157221 -0.33381 8.3 7.2 4.7 -1.5
48 Fnw stiek-sd 2.04984  -0.25624 6.4 5.5 8.0 1.7
49 ynau thukkhon 1.37456 -0.27943 7.0 6.0 4.9 -1.3
50 gnsies thukténg 1.63506 -0.28894 7.2 6.3 5.7 -0.6
51 semdna ra-wang 3.21031 -0.29491 7.4 6.4 10.9 4.6
52 nan we-la 1.88315 -0.31701 7.9 6.9 5.9 -0.3
53 1fedu bang-khap 1.28650  -0.34835 8.7 7.5 3.7 -2.6
54 frauth kaona 1.45768 -0.28208 7.1 6.1 5.2 -1.1
55 &unm s&ng-keét 2.58015  -0.36922 9.2 8.0 7.0 0.7
56 ania chattang 2.22205  -0.32430 8.1 7.0 6.9 0.6
57 sfun méan-khong 0.63504 -0.27934 7.0 6.0 2.3 -4.0
58 ilasasiy plotphai 0.87075 -0.33878 8.5 7.3 2.6 -3.7
59  uuzin nae-nam 1.35712 -0.35462 8.9 7.7 3.8 -2.4
60 e thangssng 433114  -0.32071 8.0 6.9 135 7.3
61 deenns téngkan 1.57046 -0.35603 8.9 7.7 4.4 -1.8
62  wzwin ma-phrao 1.36456 -0.30926 7.7 6.7 4.4 -1.8
63 aula s6n-chai 2.38167  -0.33123 8.3 7.2 7.2 0.9
64 el raidai 156426  -0.31229 7.8 6.8 5.0 -1.2
65 thangmot 3.03101 -0.32981 8.2 7.1 9.2 2.9
66 d1wna am-nét 3.46761 -0.35286 8.8 7.6 9.8 3.6
67 510 ra-kha 2.45238 -0.42054 10.5 9.1 5.8 -0.4
68 1nnsas pokkhrong 0.79997 -0.27536 6.9 6.0 2.9 -3.3
69 s rak-séd 2.81557  -0.29352 7.3 6.4 9.6 3.3
70 uila kaekhdi 1.16479  -0.30636 7.7 6.6 3.8 -2.4
71 nszmih kra-p&o 1.81993 -0.35708 8.9 7.7 51 -1.2
72 pmn pha-sd 1.92460 -0.31784 7.9 6.9 6.1 -0.2
73 adnals yangrai 2.04232 -0.34795 8.7 7.5 5.9 -04
74 funeu khanton 1.45483  -0.31918 8.0 6.9 4.6 -1.7
75 dyan san-ya 3.44834  -0.34666 8.7 7.5 9.9 3.7
76 ldld maichai 1.67496 -0.34544 8.6 7.5 4.8 -1.4
77 wineu née-non 2.22538  -0.32998 8.2 7.1 6.7 0.5

23
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Slope Slope

# Word Romanization at bP at50%°¢ 20-80%° Threshold® AdB'
78 wvnaau thotsop 1.83379 -0.32667 8.2 7.1 5.6 -0.6
79 man ta-lat 2.71354 -0.30966 1.7 6.7 8.8 2.5
80 rag¥e kosang 1.12402 -0.11637 2.9 2.5 9.7 3.4
81 wdan l&ngchak 2.16761 -0.34350 8.6 7.4 6.3 0.1
82 Gudu réem-t6n 0.46507 -0.34958 8.7 7.6 1.3 -4.9
83 gave sutthai 2.02775 -0.38624 9.7 8.4 5.2 -1.0
84 ¥l thamhai 1.67685 -0.36857 9.2 8.0 45 -1.7
85 @ sd-mat 2.04771 -0.29966 7.5 6.5 6.8 0.6
86 anaunu wang-phden 2.05859 -0.34443 8.6 7.5 6.0 -0.3
87 fAwm phi-sét 3.20647 -0.37239 9.3 8.1 8.6 2.4
88 ynna buk-khon 2.24630 -0.30798 1.7 6.7 7.3 1.0
89 ayn cha-muk 3.97564 -0.28942 7.2 6.3 13.7 7.5
90 Tenna o-kat 1.56426 -0.31229 7.8 6.8 5.0 -1.2

M 2.17715 -0.32877 8.2 7.1 6.7 0.4

Min 0.15102 -0.46593 2.9 2.5 0.5 -5.8

Max 4,97260 -0.11637 11.6 10.1 14.3 8.0

Range 4,82158 0.34956 8.7 7.6 13.8 13.8

SD 0.88130 0.04820 1.2 1.0 2.7 2.7

%a = regression intercept. °b = regression slope. “Psychometric function slope (%/dB) at 50% was
calculated from 49.999 to 50.001%. “Psychometric function slope (%/dB) from 20-80%. °Intensity
required for 50% intelligibility. ‘Change in intensity required to adjust the threshold of a word to the
mean PTA of the subjects (6.25 dB HL)



Table 3

Mean Performance for 90 Thai Female Bisyllabic SRT words

Slope Slope
# Word Romanization a® b° at50%° 20-80%" Threshold® AdBf
1 iy prapprung 0.71354  -0.26742 6.7 5.8 2.7 -3.6
2 s a-kat 0.14835 -0.21375 53 4.6 0.7 -5.6
3 awn sa-nuk 3.60078 -0.29235 7.3 6.3 12.3 6.1
4 o5 fa-rang 0.37405 -0.28274 7.1 6.1 1.3 -4.9
5 Tnamw doitrong 0.63221 -0.28405 7.1 6.1 2.2 -4.0
6 7% wi-thi 3.04701 -0.42847 10.7 9.3 7.1 0.9
7 A champen 2.05242 -0.36936 9.2 8.0 5.6 -0.7
8 hla khéochai 0.45828 -0.13558 34 2.9 34 -2.9
9 ifniu koetkhiien 0.39609 -0.25347 6.3 5.5 16 -4.7
10 Tseu rongngan 1.75530 -0.31717 7.9 6.9 55 -0.7
11 4y phayai 131914  -0.25118 6.3 5.4 5.3 -1.0
12 douau chatchen -0.14967 -0.24282 6.1 5.3 -0.6 -6.9
13 nszanw kra-dat 0.69590 -0.23007 5.8 5.0 3.0 -3.2
14 soeus rot-yon 1.04377 -0.29808 7.5 6.5 3.5 -2.7
15 o ri-du 1.51592 -0.33631 8.4 7.3 4.5 -1.7
16 ngwuna kodmai 0.99957  -0.34672 8.7 7.5 2.9 -34
17 fndn phéemtoem 0.89673 -0.23438 59 51 3.8 -2.4
18 e kam-lang 2.31462 -0.37825 9.5 8.2 6.1 -0.1
19 adls a-rai 0.42626 -0.25235 6.3 55 1.7 -4.6
20 Finsie titto 0.85298 -0.28607 7.2 6.2 3.0 -3.3
21 wilde ndng-stie 1.15775 -0.29949 7.5 6.5 3.9 -2.4
22 noyua kun-chae 2.19409 -0.25509 6.4 55 8.6 24
23 dwdn chang-wat 1.79033 -0.35142 8.8 7.6 5.1 -1.2
24 wmnzan mosém 0.86377 -0.23380 5.8 51 3.7 -2.6
25 duiiu chénkan 2.18732 -0.35115 8.8 7.6 6.2 0.0
26 wnana méakmai 1.92331 -0.32688 8.2 7.1 5.9 -0.4
27 vua tha-le 0.74078 -0.28448 7.1 6.2 2.6 -3.6
28 1Tnd ban-chi 2.35982 -0.44015 11.0 9.5 5.4 -0.9
29  fuAn khunkh& 2.05392 -0.34225 8.6 74 6.0 -0.2
30 awns a-hdn 0.33484 -0.29691 7.4 6.4 11 5.1
31 wihil nathi 2.11399 -0.28966 7.2 6.3 7.3 1.0
32 Tusw bo-ran 0.45385 -0.28503 7.1 6.2 1.6 -4.7
33 s dairap 0.30246 -0.31733 7.9 6.9 1.0 -5.3
34 sy pra-tu 2.82630 -0.37322 9.3 8.1 7.6 1.3
35 lulin faifa -0.29125 -0.31986 8.0 6.9 -0.9 -7.2
36 el topai -0.16815 -0.23283 5.8 5.0 -0.7 -7.0
37 aun kha-ném 1.81730 -0.25116 6.3 5.4 7.2 1.0
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Slope Slope
# Word Romanization a bP at50%° 20-80%" Threshold® AdB'
38 wewiu yomrap 0.59636  -0.29572 7.4 6.4 2.0 -4.2
39 #n richak 1.89226  -0.30955 7.7 6.7 6.1 -0.1
40 ayn sa-mut 2.64365  -0.25765 6.4 5.6 10.3 4.0
41 g5 thi-ra 1.38400  -0.21629 5.4 4.7 6.4 0.1
42 sz pra-thét 0.92348  -0.30457 7.6 6.6 3.0 -3.2
43 Fum khonha 0.48066  -0.32386 8.1 7.0 15 -4.8
44 Hin chi-wit 146051  -0.34114 8.5 7.4 4.3 -2.0
45 a3 thdeching 1.82036  -0.37288 9.3 8.1 49 -1.4
46 ouu tha-ndn 2.71994  -0.26644 6.7 5.8 10.2 4.0
47  waedi phrowa 0.04651 -0.17132 4.3 3.7 0.3 -6.0
48 Fnw stiek-sd 1.05464  -0.27631 6.9 6.0 3.8 -2.4
49 ynau thitkkhon 2.06962  -0.33847 8.5 7.3 6.1 -0.1
50 qnsias thukténg 1.07286  -0.25207 6.3 5.5 4.3 -2.0
51 sewdn ra-wang 0.23012  -0.30235 7.6 6.5 0.8 -5.5
52 e we-la 1.07790  -0.32493 8.1 7.0 3.3 -2.9
53  1fedu bang-khap 0.50118  -0.24504 6.1 5.3 2.0 -4.2
54 fnawih kaona 0.58342  -0.30392 7.6 6.6 1.9 -4.3
55 &unm s&ng-keét 0.97218  -0.30759 7.7 6.7 3.2 -3.1
56 ani chattang 0.94619  -0.28305 7.1 6.1 3.3 -2.9
57 ifuns man-khong 0.64677  -0.33994 8.5 7.4 1.9 -4.3
58 1aans plotphai -0.49770  -0.23084 5.8 5.0 2.2 -8.4
59 uuwih nde-nam 2.16052  -0.32299 8.1 7.0 6.7 0.4
60 iaes thangssng 1.40477  -0.24981 6.2 5.4 5.6 -0.6
61 esnns téngkan 1.34072 -0.27320 6.8 59 4.9 -1.3
62 wzwin ma-phrao 0.08521  -0.26989 6.7 5.8 0.3 -5.9
63 aula s6n-chai 0.70784  -0.25700 6.4 5.6 2.8 -3.5
64 el raidai 1.36297  -0.34601 8.7 7.5 3.9 -2.3
65 thangmot 0.77246  -0.25674 6.4 5.6 3.0 3.2
66 d1una am-nat 2.23385  -0.26029 6.5 5.6 8.6 2.3
67 an ra-kha 0.49110  -0.27326 6.8 5.9 1.8 -4.5
68 1nasaq pokkhrong 0.71522  -0.30952 7.7 6.7 2.3 -3.9
69 s rak-séd 0.59636  -0.29572 7.4 6.4 2.0 -4.2
70 uila kaekhdi -0.09929  -0.29864 7.5 6.5 -0.3 -6.6
71 nszmih kra-p&o 0.82113 -0.33007 8.3 7.1 25 -3.8
72 nwn pha-sd 0.98816  -0.23454 5.9 5.1 4.2 -2.0
73 atdls yangrai 0.54496  -0.33296 8.3 7.2 1.6 -4.6
74 funeu khanton 1.44529 -0.35541 8.9 1.7 4.1 -2.2
75 dyan san-ya 1.36878  -0.27225 6.8 5.9 5.0 -1.2
76 ‘il maichéi 1.36297  -0.24790 6.2 5.4 5.5 -0.8
77 wineu née-non 1.23029  -0.31588 7.9 6.8 3.9 -2.4



Slope Slope

# Word Romanization a® hP at50%°¢ 20-80%° Threshold® AdBf
78 wegeu thotsop 0.86671 -0.32023 8.0 6.9 2.7 -3.5
79 mam ta-lat 0.59456 -0.27269 6.8 5.9 2.2 -4.1
80 reads kosang 0.30893 -0.17597 4.4 3.8 1.8 -4.5
81 wdsan l&ngchak 1.22712 -0.33288 8.3 7.2 3.7 -2.6
82 Gudu réem-tén 0.05770 -0.22751 5.7 4.9 0.3 -6.0
83 gave sutthai 1.56567 -0.32333 8.1 7.0 4.8 -1.4
84 il thamhai 2.24850 -0.30386 7.6 6.6 7.4 1.1
85 awnm sd-mat 0.60762 -0.20209 51 4.4 3.0 -3.2
86 anaunu wang-phéen 0.29569 -0.28098 7.0 6.1 1.1 5.2
87 faw phi-sét 1.88015 -0.35320 8.8 7.6 53 -0.9
88 ynna buk-khon 1.04751 -0.23437 5.9 51 4.5 -1.8
89 ayn cha-muk 3.14774 -0.25858 6.5 5.6 12.2 5.9
90 Tena o-kat 0.93608 -0.30790 7.7 6.7 3.0 -3.2

M 114107 -029012 73 63 38 24

Min -0.49770 -0.44015 34 2.9 -2.2 -8.4

Max 3.60078 -0.13558 11.0 9.5 12.3 6.1

Range 4.09848 0.30457 7.6 6.6 14.5 14.5

SD 0.84283 0.05221 1.3 1.1 2.8 2.8

%a = regression intercept. b = regression slope. “Psychometric function slope (%/dB) at 50% was
calculated from 49.999 to 50.001%. “Psychometric function slope (%/dB) from 20-80%. °Intensity
required for 50% intelligibility. ‘Change in intensity required to adjust the threshold of a word to the
mean PTA of the subjects (6.25 dB HL)
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bisyllabic words. In addition, based on the overall degree of digital intensity adjustment
necessary to make the list of words homogeneous, eight more words were eliminated,
resulting in afinal list of 28 bisyllabic words. Table 4 (male talker) and Table 5 (femae
talker) present the threshold, the slope at 50%, and the slope from 20-80% for the 28
selected bisyllabic words. The psychometric function slopes for the 28 selected words
shown in Figure 1 (C-D) demonstrate less variability than the slopes of all 90 words (A-
B). Figure 2 (maletalker) and Figure 3 (female talker) display the psychometric functions
for each of the 28 words and the data points used to fit the data. The combined
psychometric functions for the 28 selected words are shown in the middle panels (C-D)

of Figure 1.

Aspresented in Tables 4 and 5, the thresholds for 50% intelligibility for the 28
selected words ranged from 3.8 dB HL t0 8.9 dB HL (M = 6.5 dB HL) for the male talker
and from 1.6 dB HL to 7.6 dB HL (M = 4.7 dB HL) for the female talker. The
psychometric function slopes at 50% threshold, ranged from 7.8 %/dB to 11.6 %/dB (M =
9.0 %/dB) for the male talker and from 7.5 %/dB to 11.0 %/dB (M = 8.6 %/dB) for the
female talker. In order to decrease the variability that still existed across the thresholds of
the final 28 words, the intensity of each of these words was digitally adjusted so that the
50% threshold of each word was equal to the mean PTA of the subjects (6.25 dB HL).
The necessary adjustments for each of the 28 selected words for the male and female
talker recordings are also presented in Tables 4 and 5, respectively. The bottom panels of
Figure 1 portray predicted psychometric functions for the 28 selected words following the
intensity adjustment to equate 50% thresholds for the male (E) and female talker (F). The

mean psychometric functions for the selected 28 words for both male and female talkers



Table 4

Mean Performance for28 Selected Thai Male Bisyllabic SRT words

Slope Slope

# Word Romanization a bP at50%°¢ 20-80%° Threshold®  AdB'
1 uuwh nae-nam 1.35712 -0.35462 8.9 1.7 3.8 -2.4
2 dumeu khan ton 1.45483 -0.31918 8.0 6.9 4.6 -1.7
3 Swin chang-wat 1.72419 -0.35437 8.9 1.7 49 -14
4 ynane mak mai 2.27898 -0.46593 11.6 10.1 4.9 -14
5 suald rai dai 1.56426 -0.31229 7.8 6.8 5.0 -1.2
6 Tena o-kat 1.56426 -0.31229 7.8 6.8 5.0 -1.2
7 naudh kra-pdo 1.81993 -0.35708 8.9 1.7 51 -1.2
8  uiase thae ching 1.85648 -0.35643 8.9 1.7 5.2 -1.0
9 gafe sut thai 2.02775 -0.38624 9.7 8.4 5.2 -1.0
10 wnaeu thot sop 1.83379 -0.32667 8.2 7.1 5.6 -0.6
11 adls yang rai 2.04232 -0.34795 8.7 7.5 5.9 -0.4
12 nguwang kod mai 2.42452 -0.40882 10.2 8.8 59 -0.3
13 e we-la 1.88315 -0.31701 7.9 6.9 59 -0.3
14 wisann l&ng chak 2.16761 -0.34350 8.6 7.4 6.3 0.1
15 duriu chén kan 2.57593 -0.39852 10.0 8.6 6.5 0.2
16 wiveu nae-non 2.22538 -0.32998 8.2 7.1 6.7 0.5
17 &ndu cham pen 2.36928 -0.35055 8.8 7.6 6.8 0.5
18 3an ru chak 2.56604 -0.37869 9.5 8.2 6.8 0.5
19 danm sdng-ket 2.58015 -0.36922 9.2 8.0 7.0 0.7
20 7 wi-thi 2.77202 -0.37885 9.5 8.2 7.3 1.1
21 s kam-lang 2.76088 -0.36665 9.2 79 7.5 1.3
22 g ri-du 2.50099 -0.32290 8.1 7.0 1.7 15
23 13 ban-chi 3.59386 -0.43963 11.0 9.5 8.2 1.9
24 s pra-tu 2.76674 -0.33797 8.4 7.3 8.2 1.9
25 fAw phi-sét 3.20647 -0.37239 9.3 8.1 8.6 2.4
26 Tm chi-wit 3.21483 -0.36866 9.2 8.0 8.7 2.5
27 wilsde n&ng-stie 3.10336 -0.35109 8.8 7.6 8.8 2.6
28  fuAn khun kha 2.75600 -0.31052 7.8 6.7 8.9 2.6

M 2.32111 -0.35850 9.0 7.8 6.5 0.2

Min 1.35712 -0.46593 7.8 6.7 3.8 2.4

Max 3.59386 -0.31052 11.6 10.1 8.9 2.6

Range 2.23674 0.15541 3.9 3.4 5.0 5.0

SD 0.58095 0.03760 0.9 0.8 15 15

%a = regression intercept. "b = regression slope. “Psychometric function slope (%/dB) at 50% was
calculated from 49.999 to 50.001%. “Psychometric function slope (%/dB) from 20-80%. ®Intensity
required for 50% intelligibility. ‘Change in intensity required to adjust the threshold of a word to the
mean PTA of the subjects (6.25 dB HL)
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Table 5

Mean Performance for28 Selected Thai Female Bisyllabic SRT words

Slope Slope

# Word Romanization a bP at50%° 20-80%" Threshold® AdB'
1w nae-nam 2.16052 -0.32299 8.1 7.0 6.7 0.4
2 dumeu khéan ton 1.44529 -0.35541 8.9 1.7 4.1 -2.2
3 dwin chang-wat 1.79033 -0.35142 8.8 7.6 5.1 -1.2
4 ynune mak mai 1.92331 -0.32688 8.2 7.1 5.9 -0.4
5 suald rai dai 1.36297 -0.34601 8.7 7.5 3.9 -2.3
6 Tenna o-kat 0.93608 -0.30790 1.7 6.7 3.0 -3.2
7  nsuih kra-pdo 0.82113 -0.33007 8.3 7.1 2.5 -3.8
8  uffass thae ching 1.82036 -0.37288 9.3 8.1 4.9 -14
9 gaie sut thai 1.56567 -0.32333 8.1 7.0 4.8 -14
10 weaeu thot sop 0.86671 -0.32023 8.0 6.9 2.7 -3.5
11 edels  yangrai 054496  -0.33296 8.3 7.2 1.6 4.6
12 nguwane kod madi 0.99957 -0.34672 8.7 7.5 2.9 -3.4
13 1 we-la 1.07790 -0.32493 8.1 7.0 3.3 -2.9
14 wdsan l&ng chak 1.22712 -0.33288 8.3 7.2 3.7 -2.6
15 duiu chén kan 2.18732 -0.35115 8.8 7.6 6.2 0.0
16 wiueu nae-non 1.23029 -0.31588 7.9 6.8 3.9 -2.4
17 awdu cham pen 2.05242 -0.36936 9.2 8.0 5.6 -0.7
18 3an ru chak 1.89226 -0.30955 1.7 6.7 6.1 -0.1
19 danm sdng-ket 0.97218 -0.30759 1.7 6.7 3.2 -3.1
20 7 wi-thi 3.04701 -0.42847 10.7 9.3 7.1 0.9
21 Ands kam-lang 2.31462 -0.37825 9.5 8.2 6.1 -0.1
22 g ri-du 1.51592 -0.33631 8.4 7.3 4.5 -1.7
23 1yd ban-chi 2.35982 -0.44015 11.0 9.5 5.4 -0.9
24 1z pra-tu 2.82630 -0.37322 9.3 8.1 7.6 13
25 e phi-sét 1.88015 -0.35320 8.8 7.6 5.3 -0.9
26 m chi-wit 1.46051 -0.34114 8.5 7.4 4.3 -2.0
27 wilde nadng-stie 1.15775 -0.29949 7.5 6.5 3.9 -2.4
28  fuAn khun kha 2.05392 -0.34225 8.6 7.4 6.0 -0.2

M 1.62473 -0.34431 8.6 7.5 4.7 -1.6

Min 0.54496 -0.44015 7.5 6.5 1.6 -4.6

Max 3.04701 -0.29949 11.0 9.5 7.6 1.3

Range 2.50205 0.14066 3.5 3.0 5.9 5.9

SD 0.62052 0.03300 0.8 0.7 15 15

%a = regression intercept. °b = regression slope. “Psychometric function slope (%/dB) at 50% was
calculated from 49.999 to 50.001%. “Psychometric function slope (%/dB) from 20-80%. ®Intensity
required for 50% intelligibility. ‘Change in intensity required to adjust the threshold of a word to the
mean PTA of the subjects (6.25 dB HL)
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Figure 1. Psychometric functions for Thai bisyllabic words for male talker (Ieft panels)
and female talker (right panels) recordings. All 90 unadjusted words (top panels A-B),

28 selected unadjusted words (middle panels C-D), and 28 selected adjusted words
(bottom panels E-F). The 28 selected adjusted words were digitally adjusted to have 50%

thresholds equal to the mean PTA (6.25 dB HL) for the 20 normally hearing subjects.
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Figure 2. Psychometric functions for the 28 selected unadjusted Thai bisyllabic words
spoken by amaletalker. The functions were calculated using logistic regression; the
symbols represent mean percentage of correct recognition calculated from the raw data

for 20 normally hearing subjects.
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Figure 3. Psychometric functions for the 28 selected unadjusted Thai bisyllabic words
spoken by afemale talker. The functions were calculated using logistic regression; the
symbols represent mean percentage of correct recognition calculated from the raw data

for 20 normally hearing subjects.
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are shown in Figure 4. Thisfigure illustrates the slightly steeper mean slopes for the male

talker recordings (9.0 %/dB) compared to the femal e talker recordings (8.6 %/dB).
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Figure 4. Mean psychometric functions for 28 selected Thai male and femal e talker
bisyllabic words after intensity adjustment to equate 50% threshold performance to the

mean PTA (6.25 dB HL) for the 20 normally hearing subjects.
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Discussion

The am of the present study was to create and digitally record alist of
psychometrically equivalent bisyllabic Thai words to be used for SRT testing of native
Thai speakers. Originally, 90 commonly used bisyllabic Thai words were digitally
recorded by a male and female talker. After the words were evaluated by 20 native Thai
listeners, 28 of the words were selected to be included in afinal SRT list based on their
relatively steep and homogeneous psychometric function slopes. Finally, the 28 words
were digitally adjusted to reduce intensity threshold variability.

For the Thai SRT materials developed in this study, the psychometric function
slopes at 50% threshold were found to have a mean of 9.0 %/dB for the male talker and a
mean of 8.6 %/dB for the female talker. SRT materials for English have been reported to
have mean slopes between 7.2 %/dB and 10 %/dB (Hirsh et a., 1952; Hudgins et al.,
1947), and sometimes as high as 12 %/dB (Beattie, Svihovec, & Edgerton, 1975;
Ramkissoon, 2001). Thus the mean slopes at 50% threshold of the 28 selected Thai words
in this study were found to be within these ranges for both talker genders.

When comparing these Thai SRT materials to materials developed in other Asian
languages, such as Japanese, Korean, and Mandarin, similarities were also found in the
mean psychometric slope values at 50% intelligibility. Japanese SRT materials (Mangum,
2005) have been reported to have slope values of 10.3 %/dB for amale talker and 8.7
%/dB for afemale talker. Korean male and female talker words were shown to have
dlightly higher slope values of 11.9 %/dB and 10.4 %/dB, respectively (Harriset a.,
20034a). For Mandarin Chinese, the mean slopes were even higher at 11.3 %/dB for the

male talker and 12.1 %/dB for the female talker (Nissen et a., 2005b). The Mandarin
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Chinese and Thai were similar in that both languages use suprasegmental tone to mark a
lexical contrast. However, it isimportant to note that the Mandarin Chinese materials
described in Nissen et a. (2005b) were trisyllabic words, whereas the Thal words
developed in this study were bisyllabic. This difference in word syllabic structure may
explain the slightly higher values obtained for the Mandarin materials.

As previously discussed there were slight differences in slope values between the
male and femal e recordings. There were a so differences in the mean threshold required
for 50% intelligibility. The mean thresholds for the male and female recordings were 6.5
dB HL and 4.7 dB HL, respectively. These values correspond to anecdotal reports from
several of the listeners who reported that they could understand the female talker
somewhat better than the male talker, and that the male talker’ s rate of speech was faster
than that of the female talker. Although this study did not control for speech rate, this
may be an important factor to control for in the development of future materials.

Both talkers were natives of Bangkok, however the individual manner or style of
their speech could have influenced listeners’ perception of the words. As previously
discussed, research with native Spanish-speakers has demonstrated that listeners from a
similar region as the talker scored better on SRT measures at |lower intensities than those
who came from other regions (Weisleder & Hodgson, 1989). On the other hand, the
results from SRT research with native Mandarin-speakers from Taiwan and mainland
China has shown that listeners from both regions scored better at lower intensities when
listening to a speaker from mainland Chinathan a speaker from Taiwan (Richardson,
2008). Although the results of both of these studies could be attributed to similarities or

differencesin regional dialect, they could also have been influenced by the talkers
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individual accents or styles of speech. Thai is another such language with various
diaects, accents, and styles of speech. Even though the more rural areas of Thailand are
distinguished by the country’ s different dialects, the metropolis of Bangkok has a variety
of cultura and linguistic influences. Although both talkers used in the present study were
natives of Bangkok, they may have demonstrated some regional or individua speech
differences that could have had a slight influence on the perception of the listeners.

Bilingualism may also have been afactor in the results of this study. Many of the
listeners who participated in this study came to the United States to study at an English-
speaking university or language program, thus the majority of subjectslikely had a
relatively high degree of English proficiency. Thislevel of Thai-English bilingualism
could have affected the perception of materialsin their native language. In arecent study,
Weiss and Dempsey (2008) administered both the English and Spanish versions of the
Hearing in Noise Test (HINT) to bilingual Spanish-English speakers. They found that
although all participants showed lower thresholds with the Spanish version, those who
learned English after early childhood showed lower thresholds for both languages than
those who learned English during early childhood. Weiss and Dempsey also suggested
that the longer a person has been exposed to a second language, the more difficulty he or
shewill have in processing his or her first language. In the current study the listeners
ability to perceive words in their native language of Thai may have been negatively
affected by their bilingual experience with English.

Another factor that may have influenced the development of these materials was
the age of the participants. Due to the limited Thai population available for this study, the

age range of the participants was somewhat limited, with listeners being 19 to 33 years of
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age (M = 24.2). Because the elderly tend to have a greater incidence of hearing
impairment than younger individuals (Committee on Hearing, Bioacoustics, and
Biomechanics [CHABA], 1988), it islikely that these materials will be used more
commonly to assess the hearing acuity of elderly Thai individuals. By devel oping these
materials with much younger listeners, factors relative to older individuals may not have
been assessed. In addition, these materias have been evaluated by listeners with normal
hearing, thus the performance described in this study may change when presented to
listeners with hearing impairment. Because Thai is atonal language (the suprasegmental
toneis primarily carried by the fundamental frequency of the vowel) with avast array of
vowel combinations, the acoustic cues vital to word identification are likely contain
relatively lower frequency spectral energy. Considering the linguistic characteristics of
Thai, it is unknown how the SRT words evaluated in this study will perform when used
with individuals with high-frequency hearing impairment. Further research using these
materials to assess Thai speakers with different types of hearing impairment would shed
more light on these speculations.

Another extension of this study may be an evaluation of the reliability of these
materials under different test conditions. It is unclear if the performance of these
materials will be similar across administrators with different levels of proficiency in the
Thai language. The judge employed in this study was a native Thai speaker from
Bangkok. However, if these SRT materials were to be used in countries other than
Thailand, would non-Thai speaking audiol ogists be able to accurately administer and

score the results? It may be the case that an audiologist would need to at least be familiar
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with the Thai language and the pronunciations of Romanized Thai, or be assisted by a
Thai-speaking trandator in order for the results to be reliable and valid.

An additional aspect of reliability to consider with these materialsis test-retest
reliability. Are these materials reliable across multiple test sessions and locations?
Although familiarization is an essential part of an SRT assessment (ASHA, 1988), could
there be atest practice-effect because the listener would be even more familiar with the
test stimuli when being retested a second time? Perhaps the participants would feel more
comfortable and confident in aretest situation because they would know what to expect.

To ssimulate more natural listening situations, it would also be valuable to evaluate
these materials in the presence of background noise. Elderly listeners have been found to
have relatively more difficulty understanding speech accompanied by background noise
(CHABA, 1988). Wilson and MacArdle (2005) suggested that audiological evaluations
should include a speech-in-noise task. They claimed that the results of such atask would
be beneficial because most patients’ primary complaint is that they have difficulty
hearing speech in listening situations where background noise is present. Although
evaluating test stimuli in the presence of background noise may compromise the
development of equivalent materials (Stockley & Green, 2000), using test stimuli to
evaluate each patient’s ability to hear speech with background noise may better address
their hearing needs and complaints.

It isalso unclear if these materials are appropriate to assess the SRT of children
who speak Thai. The test stimuli developed in the present study were evaluated using
only adult Tha speakers. It may not be appropriate to compare a Thai child's

performance to the performance of the 20 adult subjects used in this study. Children
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could differ from adultsin their extent of language exposure and vocabulary. Also, using
children’ s voicesto record SRT materials may be more appropriate for children listeners
than adults' voices. Asthere are no known published SRT materials for testing Thai
children, this should be a consideration for future development. However, the materials
developed in this study may be used to obtain normative SRT datafor Thai children until
child-specific stimuli are developed (Palva & Jokinen, 1975).

Despite the need for additional research in the area of Thai speech audiometry, it
is hoped that this study will serve as an important first step in creating speech audiometry
materials to evaluate Thai speakers. Many people in Thailand are disadvantaged in
education and work opportunities due to the burden of treatable hearing impairment.
Their overall quality of lifeis affected when they have difficulty communicating with
others. The aim of this study was to develop SRT materialsin the Thai language that will
aid in aleviating the burden of disability caused by treatable hearing impairment by
providing away to more fully and accurately assess individuals' hearing acuity and
communication abilities.

Asaresult of this study, psychometrically equivalent SRT materials for the Thai
language were developed. A list of relatively familiar 90 bisyllabic Thai words was
digitally recorded by amale and afemale talker. After these words were evaluated by 20
Thai listeners with normal hearing in aquiet listening environment, 28 words with
relatively steep and homogeneous psychometric function slopes were selected to be
included in afinal SRT word list. The words in thislist were then digitally adjusted with
regard to intensity to reduce threshold variability between words. These 28 selected

words were then digitally recorded onto compact disc to facilitate SRT testing for native
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Thai speakers. A description of the materials contained on the CD can be found in

Appendix C.
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Appendix A

Informed Consent

RESEARCH PARTICIPATION FORM

Participant: Age:

You are asked to participate in a research study sponsored by the Department of
Audiology and Speech Language Pathology at Brigham Young University, Provo, Utah.
The faculty director of this research is Richard W. Harris, Ph.D. Students in the
Audiology and Speech-Language Pathology program may assist in data collection.

This research project is designed to evaluate a word list recorded using improved
digital techniques. You will be presented with this list of words at varying levels of
intensity. Many will be very soft, but none will be uncomfortably loud to you. You may
also be presented with this list of words in the presence of a background noise. The level
of this noise will be audible but never uncomfortably loud to you. This testing will
require you to listen carefully and repeat what is heard through earphones or
loudspeakers. Before listening to the word lists, you will be administered a routine
hearing test to determine that your hearing is normal and that you are qualified for this
study.

It will take approximately two hours to complete the test. Testing will be broken up
into 2 or 3 one hour blocks. Each subject will be required to be present for the entire
time, unless prior arrangements are made with the tester. You are free to make inquiries
at any time during testing and expect those inquiries to be answered.

As the testing will be carried out in standard clinical conditions, there are no known
risks involved. Standard clinical test protocol will be followed to ensure that you will not
be exposed to any unduly loud signals.

Names of all subjects will be kept confidential to the investigators involved in the
study. Participation in the study is a voluntary service and no payment of monetary
reward of any kind is possible or implied.

You are free to withdraw from the study at any time without any penalty, including
penalty to future care you may desire to receive from this clinic.

If you complete your participation in this research project you will be paid the amount
of $ for your participation.

If you have any questions regarding this research project you may contact Dr. Richard
W. Harris, 131 TLRB, Brigham Young University, Provo, UT 84602; phone (801) 422-
6460 or Dr. Shawn L. Nissen, 138 TLRB, Brigham Young University, Provo, UT 84602,
phone (801) 422-5056. If you have any questions regarding your rights as a participant in
a research project you may contact Dr. Renea Beckstrand, Chair of the Institutional
Review Board, 422 SWKT, Brigham Young University, Provo, UT 84602; phone (801)
422-3873, email: renea_beckstrand@byu.edu.

YES: I agree to participate in the Brigham Young University research study
mentioned above. I confirm that I have read the preceding information and disclosure. I
hereby give my informed consent for participation as described.

Signature of Participant Date

Signature of Witness Date

APPROVED EXPIRES
SEP 21 2007 - S£P 20 2008



Appendix B

o1

Selected Bisyllabic Word Definitions

Thai word Romanization  Part of speech  Definition
1 Lugn nae-nam verb to advise; to introduce
2 dunau khah ton noun procedure; method
3 AININ chang-wat noun province; township
4 UnfabUpld] mak mai adjective very much; many; several
5 el rai dali noun income; earnings
6 Tan& 0-kat noun opportunity; chance
7 nseLin kra-pao noun bag; pocket
8 LWARZY thae ching adjective inherent; real; genuine
9 gavine sut thai adjective final; last; ultimate
10 nagay thot sop verb to test; to examine; to quiz
11 aene'ls yang rai adverb how; in what way; anyhow
12 NHMUE kod mai noun law; statute; rule
13 LA we-la noun time
14 wdvan lang chak adverb after
15 LA UAY chen kan adverb also; as well; likewise
16 Uuau nae-non adverb certainly; surely; of course
17 anflu cham pen adjective necessary; essential
18 530 ra chak verb to know; to be acquainted with
19 fonm sang-ket verb to observe; to notice
20 31 wi-thi noun method; way; means
21 A kam-lang noun energy; strength
22 06 ri-du noun season
23 Teyd ban-chi noun accounting
24 5e6 pra-tu noun door; gate
25 LA phi-sét adjective special; extraordinary
26 viplo) chi-wit noun life
27 nilvda nang-sue noun book
28 AOLAN khun kha noun value; worth
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Appendix C
BYU Thai CD Contents

1 kHz calibration tone.

Bisyllabic words for use in measuring the SRT in alphabetical order for
familiarization purposes.

Bisyllabic words for use in measuring the SRT in random order, repeated in blocks.
Word recognition List 1- 50 monosyllabic words in ranked order (difficult to easy).
Word recognition List 2— 50 monosyllabic words in ranked order (difficult to easy).
Word recognition List 3— 50 monosyllabic words in ranked order (difficult to easy).
Word recognition List 4— 50 monosyllabic words in ranked order (difficult to easy).
Word recognition List 1- 50 monosyllabic words in random order.

Word recognition List 2— 50 monosyllabic words in random order.

Word recognition List 3— 50 monosyllabic words in random order.

Word recognition List 4— 50 monosyllabic words in random order.

Word recognition List 1A— 25 monosyllabic words in ranked order (difficult to easy).
Word recognition List 1B— 25 monosyllabic words in ranked order (difficult to easy).
Word recognition List 2A— 25 monosyllabic words in ranked order (difficult to easy).
Word recognition List 2B— 25 monosyllabic words in ranked order (difficult to easy).
Word recognition List 3A— 25 monosyllabic words in ranked order (difficult to easy).
Word recognition List 3B— 25 monosyllabic words in ranked order (difficult to easy).
Word recognition List 4A— 25 monosyllabic words in ranked order (difficult to easy).
Word recognition List 4B— 25 monosyllabic words in ranked order (difficult to easy).
Word recognition List LA— 25 monosyllabic words in random order.

Word recognition List 1B— 25 monosyllabic words in random order.

Word recognition List 2A— 25 monosyllabic words in random order.

Word recognition List 2B— 25 monosyllabic words in random order.

Word recognition List 3A— 25 monosyllabic words in random order.

Word recognition List 3B— 25 monosyllabic words in random order.

Word recognition List 4A— 25 monosyllabic words in random order.

Word recognition List 4B— 25 monosyllabic words in random order.

AMAIAVAL LABUNFUAINTITTALAIIUNGIUDILRENGIAY 5
Wuinaa'ldguidavaiya nsanyaaua1ilu draaliuvulasiiu
ALEINNTaAIALAN 1A

Instructions for speech recognition threshold-verbal response: “You are going to hear
a series of words that may vary in volume. Please repeat each word as soon as you
hear it. If you are not sure of the word that you heard, you may guess.”

aniseavduasnsnadausIud
azthalunisdaluinaadianudilanaudluu
Tudyanfissauanuavaadiasviniianiu iuinaaldbuldasdrya
Asaya2Atu daarlinuladlu aadusanatale

wednaaligsanazaiaa’la nsandaaa’ly udrsadsa’ld
Instructions for word recognition-verbal response: “The purpose of this test is to
determine how well you can understand words when they are presented at a constant
listening level. Each time you hear a word, just repeat it. If you are unsure of what



Track 30

Track 31

Track 32

Track 33

Track 34

Track 35
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the word was you may have to guess. If you did not understand the word, and you are
not able to guess, please remain silent and wait for the next word.”

Tunsnadauaiudl aaazladuldassuniuluydnonii
suyandwnilvnarsladudiye uinaalabduldasdryen
ATUIWAMUATUY wazweneuanldladut&avsuniu

Instructions for speech audiometry-masking in nontest ear-verbal response: “During
this part of the test you will hear a noise in one ear and words in the other. Ignore the
noise and repeat each word when you hear it.”

AMAIAVAL LABUNFUAINTIsTAUAIUNGIUDILREILVINLAENAY
unnaaladuldevmine nsantdiauda1iu drqarlinulasiduy
ALEINTaAIALA LA

Instructions for speech audiometry-written response: “You are going to hear a series
of words that will be given at a constant volume. Please write each word as soon as
you hear it. If you are not sure of the word you heard, you may guess.”

Tunsnegauaiud aaasladuigassuniuluydionil
fundndwnilinaazladudiye uinaaladuldasdiya
AsauLZiauAtY wazweneuadnldladui&avsuniu

Instructions for speech audiometry-masking in nontest ear-written response: “During
this part of the test you will hear noise in one ear and words in the other. Ignore the
noise and write each word when you hear it.”

AARYAY L BunquLRavniiscauLdavgusnuaneiaiu

3
o a

Wurinaalaguies naananiialiu . 5
fowdiiaaaybinulainaarldaudasiuian alasiuauad
nAsauLviialy

Instructions for pure-tone audiometry-hand raising: “You are going to hear a series of
sounds which will vary in pitch. When you hear the tone, immediately raise your
hand. Put your hand down as soon as the sound goes off. Raise your hand if you think
you hear the tone, even if you are not sure.”

Tunmsneaausiud aaasladugassuniuluydioni 5
frundndrantivaatazladudasdnd uiinaalatuldas nsannaniialiu
wazgweneuad I’ laduiassuniu

Instructions for pure-tone audiometry-masking in nontest ear-hand raising: “During
this part of the test you will hear noise in one ear and tones in the other. Ignore the
noise and raise your hand when you hear the tone.”

AV A BuNFUIRHINTTEAULREVFIAULANGIIAY
unnaaladulies nyaunaily } . 5
dowlidnauazbivilanaalddudasiuianu Waldasiuduae
nAsaaninaananily

Instructions for pure-tone audiometry-button pressing: “You are going to hear a
series of tones which will vary in pitch. When you hear a sound, immediately press
the button. Stop pushing the button when the tone goes off. Push the button if you
think you hear the sound, even if you are not sure.”


http://www.thai-language.com/id/131407#def2
http://www.thai-language.com/id/131407#def2
http://www.thai-language.com/id/134977
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Track 36

Track 37

Track 38

Tunsneaauaiud aaasladuigassuniuluydioni
frundndrantivaatazlafudeavdnd iuinaalatiuldas nsannnailu
wazwenenuadtdladuieassuniu

Instructions for pure-tone audiometry-masking in nontest ear-button pressing:
“During this part of the test you will hear noise in one ear and tones in the other.
Ignore the noise and press the button when you hear a tone.”

Tunmsneaauaiud aaasladuiassuniuluydioni
sruyaninenilvnaazladudasdiye uvinaaladuldasdiine
nzanyaaA1ly wenenuadinlgladu&assuniu dnarlinilasiu
AaEINTamIaa e uadiaa liguisanazaatan’la ngaudaan’ls
walsadsa’ly

Instructions for speech audiometry-masking in nontest ear-verbal response: “During
this part of the test you will hear a noise in one ear and words in the other. Do your
best to ignore the noise and listen only to the words. Each time you hear a word,
please repeat it. If you are unsure of what the word was you may have to guess. If
you did not understand the word, and you are not able to guess, please remain silent
and wait for the next word.”

FndseavAzaInITnagaudIull
asthalunisaaluitaafianudilanaudiuu
Tudyandiszauanudvzadaavinviauiu Muinaaladulasdiyn
Az liguAluaILUnTEIENgALesaNl] draalinuladiu
AaFIsaMIAelE wadinarlisnusanazaiaala
njanliatduludasnesaulivassarisa’ly

Instructions for word recognition-written response: “The purpose of this test is to
determine how well you can understand words when they are presented at a constant
listening level. Each time you hear a word, please write it down on the paper
provided. If you are unsure of what the word was you may have to guess. If you did
not understand the word, and you are not able to guess, please draw a line in the
space provided and wait for the next word.”
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