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Abstract

The study aimed at developing a Thai version of monosyllable word lists and picture lists to provide clinical
hearing evaluations for pre-school children and to validate the reliability of the Thai version of the monosyllable
word lists for two different age groups (2-3 years vs. 4-5 years). The monosyllable word lists and picture lists
were developed in accordance with the following steps: 1) the familiarity of 100 words was chosen; 2) the pictures
that represented the meanings of the matched 80 words were developed; 3) both the receptive and expressive
vocabulary were evaluated in 62 children 2-3 years of age (Group 1) and in 62 children 4-5 years of age (Group
2); 4) monosyllable words were analyzed using a computerized speech lab and were arranged into sets of word
lists (Khon Kaen University (KKU) kid word lists-A for Group 1 and KKU kid word lists-B for Group 2) with
phonetically balanced fundamental frequency, the Thai five tones, and the initial consonants; 5) the word lists
were recorded; and 6) The KKU kid word lists-A & B were validated with 31 children from each group,
respectively. KKU kid word lists-A had word recognition scores (WRS) with a mean of above 90% for each list
in passing and referring to the hearing screening ears. KKU kid word lists-B had a WRS of over 92% for each
list. The development of the Thai monosyllable word lists was determined to be appropriate for assessing the
WRS of pre-school children for conducting clinical hearing evaluations.
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1. Introduction

Speech audiometry is part of the clinically standard audiological testing and is composed of speech recognition
thresholds (SRT) and word recognition scores (WRS) [1]. SRT refers to the minimum hearing level at which a
responder can detect the spondee words (dichotomous words) and can correctly repeat at least 50 percent of the
words on the test. SRT is displayed in decibels (dB) and is considered in combination with the pure tone average
threshold to confirm the accuracy of the audiometry results. Furthermore, the SRT level is the reference value of
the presentation level in a word recognition test. WRS is used to determine hearing ability at an optimal level
(approximately 30—40 dB above the SRT level) or at an uncomfortable listening level (minus 5 dB) in cases of
mild to moderate hearing loss and steeply sloping hearing loss [2]. The results are presented as a percentage of
the corrections' responses.

WRS is one of the battery tests that can be used with pure-tone audiometry results to differentiate between a
cochlear lesion and a retro-cochlear lesion. WRS ranges from 90 to 100% in those with normal hearing; 80 to
100% in those with conductive hearing loss, such as otitis media with effusion or otosclerosis; and 0 to 100% in
those with sensorineural hearing loss, depending on the underlying causes and the remaining degree of hearing
loss [3]. WRS is one of the informative components that is utilized in the process of selecting an appropriate
hearing aid or is one of the criteria that is used to determine whether a cochlear implant procedure is required.
WRS is one method, which can be used to predict a patient’s communication success while wearing a hearing aid



or cochlear implant [4]. Also, WRS is used to advise patients about hearing loss and communication difficulties
in noisy environments [5].

Materials for WRS testing consist of both a closed set and an open set. The selection of materials depends on
the patient’s age and his or her abilities. Closed-set materials are appropriate for young children with limited
receptive and expressive language skills, delayed speech and language, and articulation issues [6]. Closed-set
materials include words that are suitable for children's speech and language development and represent both
receptive and expressive languages. Most of the words in the closed-set materials are related to the organs of our
bodies, animals, toys, or things. The child needs to point to the corresponding picture after hearing the sound.
Examples of WRS assessments in the English language are the Northwestern University Children's Perception of
Speech (NU-CHIPS) [7] for children 3 to 5 years of age, the Pediatric Speech Intelligibility Test (PSI) [8,9] for
children 3 to 6 years of age, and Word Intelligibility by Picture Identification (WIPI) [10] for children 4 to 6 years
of age. Open-set materials consist of monosyllable word lists of 25 or 50 words each. The concept of open-set
materials is that the word lists that are appropriate for assessing children should not be limited to receptive and
expressive languages. Therefore, there are more numbers and types of words in each list, including verbs and
adjectives.

An example of WRS assessments for children in another language is the Standard-Chinese version of the
Lexical Neighborhood Test (LNT) [11], which was designed for children from 4 to 6 years of age. On the other
hand, there is another type of Thai speech material, which was recently developed. It was reported for Thai children
in 2022 and is used for SRT testing [12]. In audiological clinics, only adult word list materials Ramathibodi-Speech
Discrimination Test No.1 (RAMA.SD-1) [13] and Ramathibodi-Speech Discrimination Test No.2 (RAMA.SD-2)
[14] are currently being used. Other research on the creation of Thai monosyllable word lists for adults was
uncovered in 2014-2015. The criteria for the construction of Thammasat University Phonetically Balanced Word
Lists 2014 (TU PB'14) [15] and Thammasat University — Ramathibodi Hospital Phonetically Balanced Word Lists
2015 (TU-RAMA PB'l5) [16] include phoneme distributions, word familiarity, and good distribution across
categories. Nevertheless, numerous words in both the TU PB'14 and the TU-RAMA PB'l5 materials cannot be
represented by using pictures and are unfamiliar to children.

For many years, Thai pediatric audiologists have used adult WRS word lists to assess the speech audiometry
of pre-school children due to a lack of standardized tests. Issues arise when children are unable to repeat the exact
pronunciation of the words and are unable to recognize the true meaning of the words. The objectives of this study
were as follows: 1) to develop a Thai version of monosyllable word lists and picture lists for clinical hearing
evaluation and 2) to validate the reliability of the Thai version of monosyllable word lists for two different age
groups (2-3 years of age vs. 4-5 years of age).

2. Materials and methods

The study consisted of six sequential stages. The details of the development of the Thai monosyllable word
lists are provided below. Figure 1 shows the flowchart of the methodology.

2.1 The selection of words

The researchers selected 100 monosyllable words from three best-selling pre-school books, the fundamental
pre-school vocabulary lists, and from the Thai Speech and Language Norms for Children 2% to 4 Years of Age:
TSLT2',-4. The selected words appeared in four or more of the five references cited above. The nouns and verbs
were mainly selected due to their uncomplicated illustrations. Five teachers and five parents (or guardians), who
were looking after children 2 to 5 years of age rated the 100 familiar words. Therefore, this section consisted of
80 words with a high degree of familiarity.

2.2 Pictorial representations
The entire set containing 80 words was digitally drawn by experienced artists without backgrounds. The

researchers re-adjusted any ambiguous or unclear images until all the items had been deemed appropriate for
young children. All images were then systematically arranged in groups of four per page.
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Figure 1 A flowchart of the methodology.
2.3 Receptive vocabulary evaluation

A total of 124 pre-school children, comprised of 62 children (2 to 3 years of age) and 62 children (4 to 5 years
of age), completely validated all 80 words and pictures. In each age group, there were two kindergarten school
areas: one area represented urban schools situated within the Nai Mueang Khon Kaen District and the other area
represented rural schools located outside the Nai Mueang Khon Kaen District. Before starting the evaluation
method, informed consent was obtained from the parents of the 124 children. In addition, all children were tested
for hearing ability at a conversational level by asking several short questions that were used to confirm normal
speech and language development.



2.3.1 The testing procedures

The testing procedures were divided into four sessions, with each session comprising 20 words. The children
were allowed to take a break for 5—10 min between the testing sessions, and engagement was reinforced by giving
both appreciation and prizes. The testing materials were presented at a normal conversational level in a quiet room
at school. Each participant was randomly asked to point to the picture that corresponded to what he or she had
heard, while the tester recorded the results in the case record forms. After finishing all the pictures, the tester
showed them again, and one by one, asked the children "What is the picture?" and recorded the children’s answers.

2.4 Monosyllable word arrangement

Using a Computerized Speech Lab (CSL), Model 4500, a professional female announcer (with over 30 years
of experience) recorded all the included words. The microphone was positioned approximately 4 to 6 inches from
the level of the speaker’s mouth and at a 45° azimuth. The speaker’s pitch ranged from 163.99 to 241.14 Hz.
Subsequently, the recorded words were analyzed in terms of fundamental frequency (Fo), spectrogram, and pitch
contours. The criteria for arranging monosyllable words are explained below:

1. The distribution of the fundamental frequency in each word within the list and inter-list.

2. The distribution of the Thai five tones within the list and inter-list.

3. The distribution of the initial consonant phonemes covering low, mid, and high frequencies within the
list and inter-list.

The Thai monosyllable word lists, which were employed to determine WRS in the group of children 2 to 3
years of age, consisted of KKU kid word lists-A and picture materials. Table 1 shows the KKU kid word lists-A
which are comprised of four lists, each consisting of 10 words, and Figure 2 shows the WRS picture materials,
which consisted of 40 sets with four color pictures per page. Each picture set contained a different set of initial
consonants.

Table 1 KKU kid word lists-A.

List 1A IPA List 2A IPA List 3A IPA List 4A IPA
e (turtle) taw 1n (chicken) kaj wuan (cap) mu:ak  1n (mouth) pak
fiu (eat) kin as (monkey) lip a1 (fish) pla: sa (car) rot
win (dog) mi: e (kick) t&? Wu (teeth) fan thu (house) ba:n
o (shirt) sura ny (pig) mu: & (wash) la:n uw (cat) me:w
vea (ball) bon n (legs) khy: mi (mother) mé: 1w (plate) teamn
iie (hand) mur; 1 (crab) pu: 4 (rice) kha:w  wwe (doctor) mJ:
ifla (duck) pét # (horse) ma: du (fall down) 16m ndw (banana)  klaj
ha (elephant)  teha:n W (sit) nin iia (bite) kat s (rain) fon
un (bird) nok %oa (cry) el vweu (pillow) md:n 14 (eggs) khaj
ve (father) pha: fia (knife) mi:t ullss (toothbrush)  prem uou (sleep) no:n
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Figure 2 An example of the KKU kid word lists-A consisting of 40 sets with four color pictures per page.
Each picture set contained a different set of initial consonants.



The open set of Thai monosyllable word lists was used to determine the WRS in the group of children from 4
to 5 years of age. Table 2 represents KKU kid word lists-B, which is composed of two lists, each consisting of 25
words.

Table 2 KKU kid word lists-B.

List 1B IPA List 2B IPA
wy (milk) nom ifla (duck) pét
fiu (eat) kin nna (sweep) kwa:t
i (horse) ma: 31 (run) wip
naos (box) kld:g mn (cat) me:w
ay (hair) pidm vea (ball) bo:n
thu (house) ba:n o1 (cry) o
14 (eggs) khaj 1n (chicken) kaj
weu (sleep) no:n fia (knife) mi:t
4 (elephant) tehd:n wh (foot) tha:w
nin (dog) ma: y (ear) hu:
uilse (toothbrush) prem da1 (fish) pla:
& (smile) jim wi (mother) mé:
i (turtle) taw un (bird) nok
ny (pig) mul: a1 (eyes) ta:

du (fall down) 16m naae (banana) kliaj
wuan (cap) mu:ak iie (hand) mur;
as (monkey) lin Wiy (teeth) fan
» (medicine) ja & (wash) la:y
nwe (doctor) md: nueu (pillow) md:n
w3 (comb) wi: thu (rain) fon
we (father) pha: ithn (mouth) pak
iz (kick) te? 50 (car) rot
o (shirt) stra we (grandmother) jaj
$1 (rice) kha:w #u (rock) hin

1| (crab) pu: s (sit) nén

2.5 Sound recording

A professional female announcer with over 30 years of experience had a normal articulator and recorded at a
sampling rate of 44.1 kHz. For the KKU kid word lists-A, the speaker recorded each word with 10 seconds of
pause time, while for the KKU kid word lists-B, there were 3 seconds of pause time. Both an audiologist and a
speech-language pathologist verified the sound quality, accent, and the spelling of the words during the recording
process. All recording materials were produced in a standard sound-proof room at a music studio. A high-
sensitivity condenser microphone (iTrack studio model CM25S) was covered with a pop filter microphone, 15
cm in diameter. The microphone was positioned approximately 20 cm from the speaker at an azimuth of 0°. The
signal from the linear-weighted AC output was converted from analog to digital by using a Mackie ONY X-1640i
with a sampling frequency of 44.1 kHz and a 24-bit amplitude resolution. The sound intensity of each word was
edited so that it exhibited the same average intensity as that of a 1000-Hz calibration tone. Eventually, all word
lists were kept in MP3 files.

2.6 The validity of the KKU kid word lists
2.6.1 The participants

This section included two groups of 62 pre-school students from Khon Kaen Province and the region of
Northeastern Thailand. All of those participants, who had not previously participated in the receptive vocabulary
evaluation section, were included in this final evaluation. The first group (2 to 3 years-old) was examined in WRS
by using the KKU kid word lists-A. The second group (4 to 5 years-old) was assessed in WRS by using the KKU
kid word lists-B.



Before the hearing evaluations, informed consent was obtained from the parents of the 62 children. The
inclusion and exclusion criteria were the same. The inclusion criteria were having an understanding of standard
Thai, being able to communicate, and having the ability to cooperate with a hearing evaluation. During the test,
the volunteers were excluded if they had been uncooperative or if they had been unable to complete the testing.
The researcher interviewed the parents of the children to access general information about each child, and then
recorded the obtained information in the case record form. An otolaryngologist examined each child’s ears without
intervening to clean the external ear. The researcher performed the tympanometry testing at a 226 Hz probe tone
and an ipsilateral acoustic reflex at a frequency of 1,000 Hz.

2.6.2 The testing procedures for Group 1

Transient evoked otoacoustic emissions (TEOAEs) screening was performed separately in each ear. The
children received the speech awareness threshold (SAT) testing. Additionally, the recorded KKU kid word lists-
A were presented at 30-40 dB SL in an audiometric booth at Srinagarind Hospital using DD45 headphones. The
order of the presentation of the testing materials was random. The participant was instructed to point to the picture
that corresponded to what he or she had heard. If the participant was unable to point at the target picture, no score
was given. At the time of testing, the results for each participant were recorded.

If TEOAESs were present, the hearing screening was passed, while the absence of TEOAEs suggested hearing
loss beyond 30 dB HL or signs of abnormalities in the middle ear.

2.6.3 The testing procedures for Group 2

Air-conduction thresholds were obtained at 500, 1000, 2000, and 4000 Hz in each ear using the conditioned
play audiometry (CPA) method. The pure tone and the recorded KKU kid word lists-B were presented in an
audiometric booth at Srinagarind Hospital using DD45 headphones. The WRS were performed at 30-40 dB SL,
and the recorded KKU kid word lists-B were presented. The order in which the list was presented was randomly
assigned. The subjects repeated the words that they had heard. If the subjects did not recognize the word, then
they had to attempt to guess it. The results were recorded at the time of testing.

The hearing test results were considered to be normal if the air-conduction threshold at all frequencies across
500-4000 Hz, pure tone average (PTA), and SRT had been at 25 dB HL or lower. Conversely, the hearing test
results were considered to be abnormal if the air-conduction threshold at any frequency across 500-4000 Hz or
pure tone average (PTA) or the SRT had been greater than 25 dB HL.

2.7 The statistical analysis

A two-way ANOVA was used to determine the effects of the hearing results and word lists on the WRS.
3. Results
3.1 Word selection

Five teachers and five parents (or guardians), who were looking after a child (2 to 5 years old) rated the
familiarity of the 100 monosyllable words on a scale of 1 to 4 based on the familiarity of each word. (4 = very
familiar, 3 = moderately familiar, 2 = somewhat familiar, and 1 = unfamiliar). Only 80 words, which had shown
a percentage of familiarity ranging from 95-100%, were included in this process. Of these, 59 were nouns and 21
were verbs. The selected noun words were related to family and occupation, the organs in our bodies, food,
animals, things, and nature. In addition, the selected verbs were related to simple actions, such as sitting, eating,
and sleeping. All 80 words were drawn and arranged in the format of four pictures per page.

3.2 Receptive vocabulary evaluation

The development of picture sets was tested for receptive and expressive language by 2 pre-school groups with
62 children per group. Group 1 was composed of children between the ages of 2 to 3 years, while Group 2 was
composed of children between the ages of 4 to 5 years. Table 3 presents the demographic data of the children who
participated in the process.



Table 3 The demographic data of the children who participated in the process.

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
2t03 4t05 2t03 4t05 2t03 4t05
years-old years-old years-old years-old years-old years-old
Urban schools Rural schools Both urban and rural schools
Genders Genders Genders
Males 15 (48%) 13 (42%)  Males 12 (39%) 15 (48%) Males 27 (44%) 28 (45%)
Females 16 (52%) 18 (58%)  Females 19 (61%) 16 (52%) Females 35 (56%) 34 (55%)
Total 31 people 31 people  Total 31 people  3lpeople  Total 62 people 62 people
Ages Ages Ages
Mean 3.5 years 4.2 years Mean 3.4 years 4.4 years Mean 3.4 years 4.3 years
Min. 2.8 years 4 years Min. 2.2 years 4 years Min. 2.2 years 4 years
Max. 3.11 years 4.7 years Max. 3.11years 4.11 years  Max. 3.11 years  4.11 years

3.3 The final evaluation

There were 2 groups of children involved in this process: 31 pre-school children between the ages of 2 to 3
years (Group 1), and 31 pre-school children between the ages of 4 to 5 years (Group 2). Table 4 shows the
demographic data of the participants, and Table 5 shows the results of otoscopy, audiometry, and tympanometry
in the final evaluation process.

Table 4 The demographic data of the participants in the final evaluation process.

Genders Ages Physical development Speech &
language
development
Male Female  Mean Min. Max. Sit Crawl Stand Walk First spoken
(years) (years) (years) (months) (months) (months) (months) meaningful
word
(months)
Group 1 15 16 3.2 23 3.11 6 7 12 12 13
(2 to 3 years)
Group 2 13 18 44 4 5 6 8 10 12 14

(4 to 5 years)

Table 5 The results of otoscopy, audiometry, and tympanometry in the final evaluation process.

Group 1 Group 2
(2 to 3 years) (4 to 5 years)
Otoscopy
Normal 47 ears (76%) 49 ears (79%)
Impacted cerumen 15 ears (24%) 13 ears (21%)
Audiometry
In terms of the number of people
TEOAES: passed both ears 21 (68%) Audiometry: normal both ears 23 (74%)
referred 1 ear 7 (22%) abnormal 1 ear 3 (10%)
referred both ears 3 (10%) abnormal both ears 5 (16%)
In terms of the number of ears
TEOAES: passed 49 (79%) Audiometry: normal 49 (79%)
referred 13 (21%) abnormal 13 (21%)
Tympanometry
Type A 44 ears (71%) 50 ears (81%)
Type B 11 ears (18%) 7 ears (11%)
Type C 7 ears (11%) 5 ears (8%)
Group 1

There were 31 participants (15 boys and 16 girls), with a mean age of 3 years and 2 months. All participants
showed normal physical, speech, and language development. Twenty-one children had bilateral pass otoacoustic
emissions (OAEs), 7 had unilateral refer OAEs, and 3 had bilateral refer OAEs. All referred results indicated
abnormalities in the external and/or middle ear. In terms of the number of ears, 49 were found to pass OAEs,
while 13 were referred for OAEs with abnormal external and/or middle ears.



Group 2

Thirty-one children (13 boys and 18 girls) with a mean age of 4 years and 4 months participated in the final
evaluation. No evidence of delayed physical, speech, or language development was discovered. Twenty-three
children had normal hearing levels, while three had unilateral hearing loss and five had bilateral hearing loss.
Focusing on the number of ears, 49 had normal hearing and 13 had hearing loss with abnormal external and/or
middle ears, of which 12 had mild hearing loss and 1 exhibited moderately severe hearing loss.

The results of KKU kid word lists testing in the two groups of children.

Group 1

The mean of the percentage of correct responses for passing and referring to the hearing screening test was
above 90% for each list of KKU kid word lists-A. Table 6 and Table 7 show the mean percentage of the correct
responses with standard deviation (SD) and a 95% confidence interval (CI) for the normal hearing group and the
hearing loss group, respectively.

A two-way analysis of variance (ANOV A) was performed in order to analyze the effects of the hearing results
and the word lists on WRS. A two-way ANOVA revealed that there had been no statistically significant interactions
between the effects of the hearing results and the word lists (F (3, 54) =.499, p =.685). A simple main effect
analysis showed that the hearing results and word lists had not had a statistically significant effect on WRS.

Table 6 The mean percentage of correct responses with standard deviation (SD) and a 95% confidence interval
(CD) for the normal hearing group.

List 1A List 2A List 3A List 4A
(n=15 ears) (n=11 ears) (n=12 ears) (n=11 ears)
Mean + SD 91.33+7.43 95.45+522 96.67 +£6.51 95.45 +6.88
95% CT Lower Bound  87.22 91.95 92.53 90.84
Upper Bound  95.45 98.96 100.81 100.07

Table 7 The mean percentage of correct responses with standard deviation (SD) and a 95% confidence interval
(CI) for the hearing loss group.

List 1A List 2A List 3A List 4A
(n=1 ear) (n=4 ears) (n=4 ears) (n=4 ears)
Mean + SD 90+ 0 97.50 £ 5.00 95.00 £ 10.00 100+ 0
Lower Bound - 89.54 79.09 100
0,
93% CI Upper Bound - 105.46 11091 100
Group 2

The mean percentage of the correct responses for normal hearing was above 92% for each list of KKU kid
word lists-B. For the group with hearing loss that was due to external and/or middle ear conditions, the mean WRS
was more than 86% with list 1B but was greater than 90% with list 2B. Table 8 and Table 9 show the mean
percentage of the correct responses with SD and a 95% confidence interval (CI) for the normal hearing group and
the hearing loss group, respectively.

A two-way ANOVA was performed to analyze the effects of the hearing results and word lists on WRS. A
two-way ANOVA revealed that there had been no statistically significant interaction between the effects of the
hearing results and the word lists (F (1, 58) = .853, p =.359). A simple main effect analysis showed that hearing
results had had a statistically significant effect on WRS (p =.014). While in contrast, the simple main effects
analysis showed that the word lists had not had a statistically significant effect on WRS (p =.284).

An independent-sample t-test compared the mean scores of the WRS from the normal and hearing loss groups,
and a significant difference was found (t(60) = 2.622, p =.011). The mean of the WRS from the normal group
(m = 92.82, sd = 5.476) was significantly different from the mean of the WRS from the hearing loss group
(m = 88.00, sd = 7.303).

Table 8 The mean percentage of correct responses with standard deviation (SD) and a 95% confidence interval
(CI) for the normal hearing group.

List 1B List 2B
(n=24 ears) (n=25 ears)
Mean + SD 92.67 £5.36 92.96 +5.69
Lower Bound 90.40 90.61

0,
93% Cl Upper Bound 94.93 95.31




Table 9 The mean percentage of correct responses with standard deviation (SD) and a 95% confidence interval
(CI) for the hearing loss group.

List 1B List 2B
(n=7 ears) (n=6 ears)
Mean + SD 86.29 £ 6.47 90 + 8.29
Lower Bound 80.30 81.30
0,
95%Cl Upper Bound 92.27 98.71

4. Discussion

It was discovered that the knowledge of the number of nouns among the pre-school children had been greater
than the number of verbs. In particular, the largest number of nouns focused on things, which was followed by
animals, the organs in our bodies, food, and nature, respectively. Considering the exclusion of nouns in terms of
things, some words from the list of 100 words, such as “xw” (teta:m)—a round, deep dish or basin used for food
or liquid—were rated as ‘least familiar’ by the teachers and parents/guardians. Animal words, e.g., wildlife (tiger,
snake, and bear), were rated lower than other kinds of animals due to the fact that they are considered uncommon
and cruel. Furthermore, it was expected that the word “a3” (khru:) or teacher in English would be difficult to

represent using a picture since teachers do not wear uniforms like other occupations, such as doctors. Due to the
limitations of picture representation, the pre-school children were able to recognize and communicate the nouns
with greater frequency than the verbs that were included in this study. The authors discovered that the types of
selection words had been consistent with a previous study [8], which included simple nouns, such as animals,
food, or toys, and the earliest verbs that children are able to use, such as action, process, or spontaneous verbs.
The results contradicted the claims of another study in which it was stated that only nouns should be chosen for
receptive and expressive language testing [10].

The evaluation of the receptive and expressive vocabulary indicated that the mean scores of recognition words
in Group 2 (4 to 5 years of age) had been higher for almost all words when compared to Group 1 (2 to 3 years of
age). Consequently, the results supported the theory that the age factor can directly affect speech and language
development [17]. The older the children, the more opportunities there are to share their communications and
experiences. As a result, all selected words should be recognized by pre-school children in order to improve the
quality of the words related to the pre-school children's speech and language development.

The fundamental frequency (Fo) of monosyllable words from the KKU kid word lists-A and KKU kid word
lists-B had been between 163.99 and 241.14 Hz. The mean of Fowas 197.45 Hz (SD = 18.96), which was found
to be higher than in other studies conducted both in Thai and in foreign languages [18-20]. Differences in the
vocal fold length and mass, as well as the type of speech task, would result in fundamental frequencies that were
both higher and lower than the average [21].

Tonal sounds are one of the factors that contribute to the meaning of each word in Thai. In this study, the
fundamental frequency contour of the tones of each word had similar characteristics to another study [22]. For
example, the word "is" (nan) represents a falling tone that has the starter Fo contour slightly rising and then
suddenly falling. Conversely, the rising tone has a different Fy pattern that reverses the falling tone, such as the
words "ny" (mil:), "»" (kP:), and "nuen" (m3:n).

From this study, we found that the prevalence of hearing loss in 62 pre-school children between the ages 2 and
5 years had been 29.03% (18 children). Bilateral hearing loss was found to be at 12.90% (8 children), while
unilateral hearing loss was recorded at 16.13% (10 children).

According to the limitations in terms of the different audiometric criteria used to diagnose hearing loss, the
prevalence of hearing loss in the group of children 4 to 5 years of age in this study had been 25.80%, which was
higher than a previous study in which a 22.22% hearing loss prevalence had been reported [23]. This study
demonstrated mild hearing loss, which resulted from impacted cerumen, ear infections, and Eustachian tube
dysfunction. Meanwhile, the prevalence of hearing loss in children 2 to 3 years of age had been 32.26%.

The Thai versions of monosyllable word lists and picture lists were determined to be appropriate for the speech
and language development of pre-school children. All monosyllable inclusion words were assessed by the pre-
school children for both receptive and expressive language, which is related to another study, in which the WIPI
test revisited for children was developed [24].

It was reported that the results of the final evaluation of the WRS using the KKU kid word lists-A had been
above 90% for each list when performed in both passing and referring to the hearing screening ears. Because the
receptive language skills are developed faster than the expressive language skills in young children, there were no
statistically significant differences in WRS between the two groups. Furthermore, it could not be assumed that the
participants had had actual hearing outcomes due to the presence of impacted cerumen.

Regarding the KKU kid word lists-B, the mean scores of WRS had been above 92% for each list in normal
hearing ears but had been 88% in those ears with hearing loss. In this study, the results of WRS were not found
to be different from another study, which revealed that the WRS of those with normal hearing had between 90
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and 100% [3]. There were statistically significant differences in WRS between the two hearing groups, which had
most likely caused mixed hearing loss. However, due to the time-consuming nature of the evaluation, the
procedure did not cover pure-tone bone conduction audiometry in order that those children with mixed hearing
loss could be included. For this reason, a statistically significant difference between the normal and the hearing
loss groups with regard to WRS was evident.

In the current study, due to the lack of intervention regarding the cleaning of the ears following the ear
examination, the hearing results could not differentiate the causality. Earwax was identified in 15 out of 62 (24%)
of the children in Group 1 (2-3 years) and in 13 out of 62 (21%) of the children in Group 2 (4-5 years).
Additionally, it was found that there had been a high prevalence of hearing loss in the two groups of pre-school
children. Furthermore, the 95% confidence interval of the word recognition scores in several of the word lists had
been broad, which was the result of only a small percentage of hearing-impaired volunteers being included in this
study.

5. Conclusion

The Thai monosyllable word lists for pre-school children were developed in accordance with the phonetically
balanced fundamental frequency, the Thai five tones, and the initial consonants.

The future aspects of this work include using the KKU kid word lists-A & B with larger numbers of children,
including children from different regions of Thailand, as well as assessing other types and levels of hearing loss,
especially hearing levels that exceed 40 decibels.
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20220430003). Prior to participating in the trial, full written informed consent was provided for all subjects.

7. Acknowledgements

Funding for this study was granted by the Faculty of Medicine at Khon Kaen University (grant number
IN65228), and the study was partially funded by the Khon Kaen Ear, Hearing, and Balance Research Group of
Khon Kaen University in Thailand. The authors would like to sincerely thank the staff of the Department of
Otorhinolaryngology at Khon Kaen University’s Srinagarind Hospital, and the master’s degree students in
communication disorders. Without their assistance and cooperation in recruiting participants, collecting data, and
performing the audiological evaluations, this study would not have been possible.

8. References

[1]  Prakunhungsit S. Textbook of otorhinolaryngology. 1% ed. Bangkok: Holistic Publishing; 2007.

[2]  Guthrie LA, Mackersie CL. A comparison of presentation levels to maximize word recognition scores.
J Am Acad Audiol. 2009;20(6):381-390.

[3] Bess FH. Clinical assessment of speech recognition. In: Konkle D, Rintelmann W, editors. Principles of
speech audiometry. Baltimore: University Park Press; 1983. p. 127-201.

[4] Katz J. Speech audiometry. In: Chasin M, English K, Hood LJ, Tillery KL, editors. Handbook of clinical
audiology. 7" ed. Philadelphia: Wolters Kluwer Health; 2015. p. 71-72.

[5] Wilson RH, McArdle R. Speech signals used to evaluate functional status of the auditory system.
J Rehabil Res Dev. 2005;42(4 Suppl 2):79-94.

[6] Roeser RJ, Valente M, Hosford-Dunn H. Audiology diagnosis. 2™ ed. New York: Thieme Medical Publishers; 2007.

[7] Elliott LL, Katz DR. Northwestern university children’s perception of speech (NU-CHIPS). St. Louis:
Auditec of St. Louis; 1980.

[8] Jerger S, Lewis S, Hawkins J, Jerger J. Pediatric speech intelligibility test: I. Generation of test materials.
Int J Pediatr Otorhinolaryngol. 1980;2(3):217-230.

[91 Jerger S, Jerger J. Pediatric speech intelligibility test: performance-intensity characteristics. Ear Hear.
1982;3(6):325-334.

[10] Ross M, Lerman J. A picture identification test for hearing-impaired children. J Speech Hear Res.
1970;13(1):44-53.

[11] LiuC, Liu S, Zhang N, Yang Y, Kong Y, Zhang L. Standard-Chinese lexical neighborhood test in normal-
hearing young children. Int J Pediatr Otorhinolaryngol. 2011;75(6):774-781.

[12] Dermtoranin K, Lertsukprasert K, Lao M, Maroonroge S. Development of Thai Spondee Words for SRT
Measurement in Children. Chiang Mai Med J. 2022;61(1):16-24.



[13]
[14]
[15]

[16]

[17]
[18]
[19]
[20]
(21]
[22]

(23]

[24]

11

Amatayakul P. Introduction to audiology (hearing sciences). Bangkok: Mahidol University; 1968.
Komalarajun S. Development of Thai discrimination materials. [thesis]. Bangkok: Mahidol University; 1979.
Munthuli A, Sirimujalin P, Tantibundhit C, Onsuwan C, Klangpornkun N, Kosawat K. Constructing Thai
phonetically balanced word recognition test in speech audiometry through large written corpora.
Proceedings of the 2014 17 Oriental Chapter of the International Committee for the Co-ordination and
Standardization of Speech Databases and Assessment Techniques (COCOSDA); 2014 Sep 10-12; Phuket,
Thailand: IEEE; 2015. p. 1-5

Poonyaban S, Aungsakulchai P, Tantibundhit C, Onsuwan C, Tiravanitchakul R, Kosawat K, et al.
Phonetically balanced and psychometrically equivalent monosyllabic word lists for word recognition
testing in Thai. J Acoust Soc Am. 2015;138(3):1831-1831.

Prathanee B. Normal speech and language development in childhood. In: Prathanee B, editor. Cleft lip and
palate 1. Khon Kaen: KKU Learning and Teaching Innovation Center; 2014. p. 151-180.

Russell A, Penny L, and Pemberton C. Speaking fundamental frequency changes over time in women:
a longitudinal study. J Speech Hear Res. 1995;38(1):101-109.

Kanchanantawan W. A study of fundamental frequency characteristics in speech of normal Thai adults
[thesis]. Bangkok: The Graduate School, Mahidol University; 1999.

Leung Y, Oates J, Papp V, Chan SP. Speaking fundamental frequencies of adult speakers of Australian
English and effects of sex, age, and geographical location. J Voice. 2020;36(3):434.e1-434.e15.

Raphael LJ, Borden GJ, Harris KS. Speech science primer: physiology, acoustics, and perception of speech.
6Med. Philadelphia: Lippincott Williams and Wilkins; 2011.

Satravaha N. Tone classification of syllable-segmented Thai speech based on multilayer perceptron
[Dissertation]. West Virginia: West Virginia University; 2002.

Yimtae K, Israsena P, Thanawirattananit P, Seesutas S, Saibua S, Kasemsiri P, et al. A tablet-based mobile
hearing screening system for preschoolers: design and validation study. JMIR Mhealth Uhealth.
2018;6(10):1-17.

Cienkowski KM, Ross M, Lerman J. The word intelligibility by picture identification (WIPI) test revisited.
J Educ Audiol. 2009;15:39-43.



