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KEYWORDS Abstract Objective: The aim of this study is to develop and evaluate a set of psychometri-
Speech audiometry; cally equivalent disyllabic wordlist (SC-10) in Singapore Mandarin for clinical use.
Word recognition Study design: A preliminary set of 1000 words were obtained from a dictionary of frequently
score; used words by Singapore students. Ten native judges rate the familiarity level of each word.
Disyllabic word list; This is followed by a face-to-face public survey to rank the shortlisted word set from most
Mandarin; to least familiar. The final 108 disyllabic words were recorded by a native female talker. 20
Chinese; normal hearing subjects were used to obtain the percentage of correct word recognition at
Singapore; 24 intensity levels (—10 dB HL to 26 dB HL in 2 dB increment). Psychometric function slopes
SC-10 were calculated for each word. 100 words were eventually chosen and assigned into ten 10-

word lists based on a psychometric balancing protocol. Minor digital adjustments were made
to the intensity of each wordlist to improve their auditory homogeneity.

The developed SC-10 wordlists were validated by a separate group of 25 normal hearing sub-
jects. Test-retest reliability was carried out on 20 out of 25 participants at the selected inten-
sity levels (SRT-5, SRT, SRT+5).

Results: The calculated regression slopes in the psychometric functions for the ten lists are be-
tween 8.0 and 9.8%/dB. Single factor ANOVA analysis showed no significant difference in both
the mean intensity required to obtain 50% recognition score (f = 0.109, df = 9, p = 0.999) and
the slopes of the psychometric functions (f = 0.078, df = 9, p = 0.999) between the ten word
lists. List validation on 25 normal hearing participants (PTA = 11.0 dB HL, SD = 4.3) showed a
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mean speech recognition threshold (SRT) of 9.3 dB HL (5D = 3.5)and regression slope of
8.395%/dB. Quadratic regression analysis showed a positive correlation (> = 0.923) between
presentation level and word recognition score (WRS). The difference between PTA and SRT of
each subject all fall within the clinically acceptable difference of 10 dB HL. Test-retest reli-
ability, carried out on 20 subjects at three levels (SRT-5, SRT, and SRT+5 dB), showed no sig-
nificance difference between word recognition score when the same participant is tested again
at the same intensity level using a different wordlist.

Conclusion: All in all, it shows that the SC-10 speech materials are valid for clinical use for
Mandarin speech audiometry in Singapore.

Copyright © 2020 Chinese Medical Association. Publishing services by Elsevier B.V. on behalf of
KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Speech audiometry uses speech stimuli to assess speech
recognition as a means to evaluate hearing ability." Besides
assessing speech recognition, speech audiometry in quiet
can be used to confirm pure tone audiometry thresholds,’
to identify the site of lesion along the hearing pathway,?
to evaluate hearing aid benefits and to assess cochlear
implant candidacy.” Speech audiometry in quiet forms an
integral part of diagnostic audiology test battery and is
routinely conducted in audiology clinics in North America,
Europe and Australia.”® However, speech audiometry is not
routinely conducted in Singapore due to the lack of suitable
speech audiometry materials for the diverse languages
being spoken in Singapore.

Speech audiometry materials have been developed in
various languages including Mandarin. Mandarin is spoken
not only in People’s Republic of China (where it is the offi-
cial language), but also in countries with substantial Chinese
populations, such as Malaysia and Singapore.” Mandarin is a
tonal language that contains 23 initial consonants, 38 finals
and four tones with each of the four suprasegmental tones
carries meaning.® The 38 finals consist of 9 monophthongs,
13 diphthongs and triphthongs, with the remaining 16 being
nasals.” Mandarin speech audiometry materials have been
developed in China since the 1950s. The history and devel-
opment of Mandarin speech audiometry materials are well
documented in literature.’® However, there has not been
any mandarin speech audiometry materials developed for
the Singapore population to date.

Among the older generation in Singapore, a substantial
percentage of its population is only literate in only one
language; it is estimated that there are 472,200 individuals
literate in only Mandarin.""'? Given that the prevalence of
hearing loss amongst the elderly in Singapore is high at
63.7%,"® appropriate speech audiometry materials need to
be developed to support the hearing diagnosis and reme-
diation of this population group.

Singapore Mandarin has been found to differ from
Standard Mandarin in terms of pronunciation and
tone.”""*"> Ng'® found that the lip rounding required in
producing/ii/is often omitted in Singapore Mandarin. As a
result, some words which can be clearly distinguished in
Standard Mandarin pronunciation may not be easily told
apart in Singapore Mandarin. Chen also observed that there

is a tendency to replace palatals with dentals in Singapore
Mandarin, wherein the palatals “j, g, x” in Hanyu Pinyin are
more often pronounced similarly to the dentals “z, c, s”
instead. In addition, Ng'> found that the retroflex/sh/,
which is constantly preserved when used as a consonant in
Standard Mandarin, is uncommon in Singapore Mandarin.
These differences have the potential to affect what a
listener expects to hear and how his or her response is
scored in speech audiometry, therefore motivates the ne-
cessity of a Singaporean Mandarin speech test material.

Other than pronunciation differences, there exist sub-
stantial lexical differences between Singapore Mandarin
and Mandarin spoken in China. Mandarin is being referred to
as Putonghua (3%7i@i%) (Standard Mandarin) in mainland
China and Huayu (4£i%) (Singapore Mandarin) in Singapore.
"sk& chéng ké” (passenger) and “&% jido lud” (corner) in
Standard Mandarin would likely be expressed differently in
Singapore Mandarin as “#&% da ke” and "3 jido tou”
respectively.'® Chua'® noted that this could be attributed
to the "borrowing” of vocabulary or transliterations from
other dialects and languages spoken in the multi-racial
society of Singapore. Word familiarity is an important
consideration in designing speech audiometry mate-
rials,"”"'® as studies have found this makes it easier for the
words to be correctly identified."

The unavailability of Singapore Mandarin Speech mate-
rials has resulted in no consistent approach towards speech
audiometry across clinics in Singapore. With different
clinics and clinicians adopting either Standard Mandarin or
Malaysian Mandarin and presenting them over live voice or
in the recorded accent of origin, it becomes difficult to
compare outcomes across different clinics. This study aims
to address the development of linguistically appropriate,
valid and clinically efficient Singapore Mandarin Audio-
metric test materials for clinical use.

Disyllabic words were chosen for the development of the
Singapore Mandarin speech audiometry materials as Man-
darin words are seldom monosyllabic with over four-fifths
of Mandarin words appearing in disyllabic form.?° The word
lists were formulated based on word familiarity rather than
phonological balance. The importance of having a phonet-
ically balanced word list for speech audiometry materials
remains disputed, both in English and other languages.?' %
However, to maintain phonological balance, each wordlist
has to be 50 words long to accurately represent the
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occurrences of the various phonemes in everyday speech,
which makes it less practical for clinical use. The authors
have decided to construct, produce and validate ten psy-
chometrically equivalent wordlists, each consisting of ten
familiar Singapore Mandarin disyllabic words (SC-10 list) for
use for the local population.

Material and methods
1 Words selection

The development of the wordlist was carried out at
Temasek Polytechnic, a tertiary educational institution in
the Republic of Singapore. The project scope and method
was approved by the institution through the Head of
Biomedical Informatics diploma unit. A preliminary set of
1000 commonly-used Mandarin disyllabic words were ob-
tained from The Frequency Dictionary of Daily Chinese
Words Encountered by Singapore Students.”* A two-stage
elimination process was used to shortlist the word list.
First, ten native speakers of Singapore Mandarin were
chosen as judges to rate each of the 1000 words accordingly
to the familiarity level on a scale of 1—5 (1 = extremely
familiar, 2 = very familiar, 3 = familiar, 4 = unfamiliar,
5 = rarely used). Words that were perceived to be inap-
propriate in meaning or possibly misunderstood as another
homophonic word were also flagged as unsuitable. From the
collated results, 700 words were eliminated if they rated
(4) and (5) by at least two judges or flagged as unsuitable by
any judge. With the remaining 300 words, a public face-to-
face survey was administered at five community centres
throughout the country. 25 randomly recruited public par-
ticipants aged between 16 and 80 years of age were asked
to rank the remaining word list from the most familiar to
the least familiar. A final 108 mandarin disyllabic words,
representing the list of most commonly used Singaporean
mandarin words were shortlisted for recording.

2 Digital recording and production

One female speaker was selected from a group of four
native Singapore-accented Mandarin speakers to record the
word lists. The speakers were recruited from an adver-
tisement posted via the toastmasters club at Temasek
Polytechnic. An audition was carried out with the speakers’
recorded voices evaluated by three judges. The speaker
with the highest score based on voice quality, standard
accent and pronunciation was selected as speaker for the
recording of the word list.

The final speech material recording was conducted in a
double-walled sound proof recording studio at the com-
munications department at Temasek Polytechnic. A
MD421U Sennheiser microphone, positioned about 6 cm
from the talker at a 0° azimuth and covered by a 20 cm
windscreen, was utilized for all recordings. The signal was
digitized using a Yamaha audio capture card with a 44.1 kHz
sampling rate with 24-bit quantization. During the
recording sessions, the speaker was asked to pronounce
each disyllabic word four times. The first and last repetition
of each word was excluded to avoid any possible list ef-
fects, with the best production of the word selected. The

intensity of each disyllabic word was then digitally adjusted
to yield the same average Root Mean Square (RMS) power as
that of a 1 kHz calibration tone to equate test word
threshold audibility.?® This entailed the use of the adobe
soundroom software. Each recorded word was then saved in
a discrete.wav file and used for subsequent testing.

3 Formulation of the SC-10 wordlist

Twenty native Singaporean Mandarin users (9 male and 11
female) were recruited for a first audiological evaluation of
all words, aimed at constructing the word lists. The sub-
jects’ ages ranged from 18 to 25 years (M = 21.2 years). All
of the participants in this study had no reported otologic
conditions and exhibited PTA thresholds <15 dB HL at
octave frequencies from 250 to 8000 Hz. The mean arith-
metic average of PTA thresholds at 500, 1000, and 2000 Hz
for the 20 subjects was 10.2 dB HL(Table 1).

The tests were performed by three tertiary students
from Temasek Polytechnic, who have undergone supervised
training in basic audiometry. Subjects were tested in a
double-walled sound booth at the Biomedical Informatics
Diploma Unit, Temasek Polytechnic which met ANSI S3.1
standards. The testing of the word list as well as pure-tone
audiometry was conducted using a Siemens SD28 diagnostic
audiometer. The audiometer had undergone acoustic cali-
bration by an external vendor one month prior to the study
to ensure that its accuracy is within the limits set by the
American Standard Specification for Audiometers, S3.6-
1969. A biological calibration was carried out at the start
of each day before tests to ensure that the audiometer to
be functioning properly. As the results of the biological
calibration were always within the 5 dB of the testers own
known threshold on every occasion, no changes in calibra-
tion were necessary throughout the course of data collec-
tion. Speech stimuli were routed via a single TDH-50P
headphone from the audiometer to the subject.

Each subject was given three test sessions on different
days. For each session, the subject listened to word re-
cordings of 36 words in a randomly-determined sequence,
hence, all 108 words will be measured within the three

Table 1  Descriptive statistics for age (in years) and pure-
tone thresholds (dB HL) for the 20 Singapore Mandarin
speakers used for list development.

Characteristic  Mean Minimum Maximum Standard
Deviation
Age(years)
19.9 19 25 1.8
Pure Tone Threshold (dB HL)
250 Hz 12.0 5.0 15.0 3.4
500 Hz 11.8 5.0 15.0 3.4
1000 Hz 7.3 0.0 15.0 4.4
2000 Hz 4.0 -5.0 15.0 6.8
4000 Hz 3.3 -5.0 15.0 6.1
8000 Hz 12.0 5.0 15.0 3.4
PTA® 10.3 3.3 15.0 3.1

@ PTA arithmetic average of thresholds at 500, 1000 and
2000 Hz.
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sessions. Each disyllabic word was presented at 24 different
intensity levels, beginning at —10 dB HL and ascending to
26 dB HL in 2 dB increments. There was a practice list in the
beginning of the session in order to allow subjects to
become familiar with the test. Prior to evaluation, the
following instructions were given in Singaporean Mandarin:

You will hear disyllabic words presented at varying
loudness. At the very soft levels it may be difficult for
you to hear the words. Please repeat the words that you
hear. If you are unsure of a word, you are encouraged to
guess. Do you have any questions?

Subjects repeated words verbally which were scored as
being correct or incorrect by a native judge who spoke
Singaporean Mandarin. Two native judges were present at
the test as to verify that the subject’s response was cor-
rect. A word is deemed correct only if he/she was able to
completely correctly identify both syllables of the disyl-
labic word. Each subject was allowed to have rest periods
during each test session.

After the raw data were compiled, logistic regression
was used to obtain regression slopes for each of the 108
disyllabic words. The 108 words were then ranked from
steep to shallow slopes. The 100 words with the steepest
logistic regression slopes were then arranged into ten
balanced lists of 10 words each. Each of the lists was
counterbalanced by random block assignment. Thus the
first 10 words from the rank-ordered list of 100 words were
randomly assigned, each to one of the ten lists. This process
was repeated until each list contained 10 words. The eight
words that were left out not only had relatively shallow
slopes, three of them also had mean thresholds that were
considerably different from the selected 100 words. Single
factor ANOVA analysis was carried out to check for list
equivalency across the ten word lists before subjecting the
words to intensity level adjustments using Audacity.?® To
ensure greater homogeneity across the lists, the intensity
of each disyllabic list was digitally adjusted so that the 50%
threshold of each list was equal to the mean threshold of
the participants (10.3 dB HL).

The complied wordlists were saved onto 10 separate
tracks on the CD. A 1000-Hz calibration tone was inserted at
the beginning of the recording with duration of 30 s. At the
start of each track, a pre-recorded message introducing the
wordlist number in mandarin was inserted. A 3 s interval
between words was inserted with no carrier phase before
each word. The presentation level of speech materials via
the headphone from the audiometer was calibrated at
20 dB SPL, which equates to 0 dB HL for speech according to
ANSI, 1989."7

4 Performance-intensity (Pl) function of SC-10
wordlist on normal-hearing subjects

The wordlist was tested on 25 young, normal hearing adults
who are native users of Singapore Mandarin. Diagnhostic
audiometric tests, consisting of pure tone audiometry,
tympanometry and otoscopy, were performed on the par-
ticipants. These subjects all have hearing sensitivity less
than or equal to 20 dB HL at 500, 1000 and 2000 Hz, and
normal middle ear function. Testing was done in a sound

treated room having ambient noise levels within the pre-
scribed limits (ANSI, 1996) and calibrated audiometer
(Madsen Itera Il) with TDH-49 earphones.

Speech recognition threshold (SRT) and word recognition
scores (WRS) were measured on the 25 subjects based ASHA
guidelines.? The order in which wordlist were used to test
individual subjects is balanced to ensure equal distribution
of the wordlists at different testing intensity levels. The
sequence in which the word lists were presented to each
subject was predetermined. Subjects were allocated a
particular sequence based on their unique sequence num-
ber, i.e., the 5th subject in the study would be allocated the
5th sequence. This is also to ensure that each wordlist was
used the same number of times for the speech test among
subjects. As much as possible, subjects were not tested on
the same list more than once, except for reusing the lists
that were presented sub-threshold at SRT—5 dB and SRT—10
dB to test for SRT+30 dB and SRT+40 dB respectively.

The first word was presented at 30 dB above the sub-
ject’s PTA threshold of 500, 1000 and 2000 Hz. Presentation
level was reduced by 10 dB for every correctly repeated
word. For incorrectly repeated word, the subsequent word
was presented at the same level, and presentation level
increased by 10 dB after two consecutive incorrectly
repeated words. The lowest presentation level that can be
correctly repeated was taken as the "base level”which was
used in the second part to determine the Speech Recogni-
tion Threshold (SRT). Using the same list, 5 words were
presented at this base level to record the number of
correctly repeated words. Another 5 words were presented
at 5 dB softer and scored according to the number of cor-
rect repetitions.This step was repeated until no more words
could be repeated correctly. SRT was calculated using the
Spearman—Karber equation.?

SRT(dBHL) =i—r+45

In this equation,i refers to the base level and r is the
number of correct response obtained in total.

PTA (0.5, 1 and 2 kHz) and the SRT calculated was sub-
jected to Shapiro—Wilk test to check for normal distribu-
tion, before Pearson correlation coefficient test to examine
the correlation between PTA and SRT.

Word recognition score were computed at 6 levels (SRT-
10, SRT-5, SRT, SRT+5, SRT+10, and SRT+20 dB) using a
word list each. All 10 words within each list were presented
at the same level and the percentage of correctly repeated
words was recorded to obtain word recognition score to
plot a performance-intensity (P—I) curve for each subject,
using the following Sigmoid function,

1
1 + e—k(x—x0)

f(x)

In this equation, x refers to the intensity level, k refers
to the steepness of the curve, and x, refers to the curve’s
mid-point intensity level.

To investigate the validity of the wordlists in speech
audiometry, the presentation level at which the subject
obtained a WRS of 50% and the gradient of linear portion of
the curve can be obtained for comparison with mean SRT
and slope of other wordlists of other languages (English and
Standard mandarin) respectively.
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Test-retest reliability was carried out on all subjects at
three levels (SRT-5, SRT, and SRT+5 dB) using a different
word list each. Shapiro—Wilk test was carried out to
establish normality. Paired T-test was carried out to
compare if there is significance difference between word
recognition score when the same participant is tested again
at the same intensity level using a different wordlist.

Results

Phase 1: Equivalence analysis of Singapore
Mandarin disyllabic word list

With the use of equation (1), the regression slope and
intercept for each of the 108 disyllabic words can be
calculated.

ma{%§=a+bi (1)

In Equation (1), P is the proportion of participants who
correctly identify the word at any given intensity level, a is
the regression intercept, b is the regression slope, and i is
the intensity level in dB HL. These values are used to derive
a prediction on the theoretical percentage of correct
recognition at any specified intensity level. Using equation
(2), the percentage of correct recognition was calculated
for each disyllabic words for a range of —15dB HL to 23 dB
HL in 1 dB increment.

P(iy=P=——x100 (2)

In Equation (2), P is the percentage of correct recogni-
tion at intensity level i in dBHL, a is the regression inter-
cept, b is the regression slope.

The 108 words were ranked from steep to shallow slopes
before arranging the top 100 words with the steepest

Table 2

logistic regression slopes into ten 10-words word lists. The
ten equivalent SC-10 disyllabic word lists are shown in Table
2 with the same ten lists in Hanyu Pinyin Romanization are
presented in Table 3 and English definition in Table 4. The
data for the threshold, slope at threshold, and slope from
20 to 80% for each list are presented in Table 5. The means
for the slopes in the psychometric functions for the ten lists
are between 8.0%/dB and 9.8%/dB.

The single factor ANOVA analysis results showed no sig-
nificant difference in both the mean thresholds (f = 0.066,
df = 9, p = 0.99) and regression slopes (f = 0.0077,
df = 9, p = 0.99) between the ten word lists. Although
there was no statistically significant difference among the
ten lists, intensity level adjustments were digitally
completed using Audacity in order to further improve the
auditory homogeneity of the lists.?® It should be noted that
only minor (—0.7 to 0.2 dB) adjustments to the words in the
lists were required to equate the lists. The intensity ad-
justments made to each wordlist are presented in Table 5.

The psychometric functions for each disyllabic word
before intensity adjustment are presented in Fig. 1; the
mean psychometric functions for the disyllabic lists are
presented in Fig. 2. Fig. 3 contains mean psychometric
functions of the disyllabic lists after intensity adjustments
were made to equate performance. The predicted psy-
chometric functions were very similar after making in-
tensity adjustments to equate performance. From the
developed speech material, a masking noise with the same
word frequency was produced.

Performance-intensity (PI) function of normal-
hearing subjects

The performance of the SC-10 was validated with a group of
young normal hearing subjects. The details (age, gender,
PTA, SRT and PTA-SRT) of the participants can be found in
Table 6. From Table 6, it can be seen that there is a very

Singaporean Mandarin disyllabic lists in rank order from steepest to shallowest slope.

List 1 List 2 List 3 List 4 List 5

List 6 List 7 List 8 List 9

Zm | e | EE | BR[| BEE

L[ HsE | mBE | A | WhHE

A WA | RZ | Hizn

Hoe | &A1 | 8 | J7E | RA

LT 1 17 O S 41

R | HEWE | BT | EME | HON

| OHE | R | %3 | ne

B | MRk [ gRA

BE | WA | E=A | RN | FE

FRUL | A | 534 | e | MR

iR | A | AR | A | EERE

| BN | @

K| TR | RZ

FEH | wE | % | Hll

AE | & | RE | P | BUE

Ez | & [ g | WGl | R

RE | BE | 3ME | LF [ RE

R | = | B | AR | HIE
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Table 3  Singaporean Mandarin disyllabic lists in Romanised Hanyu pinyin form.
List 1 List 2 List 3 List 4 List 5 List 6 List 7 List 8 List 9 List 10
canjia cunzai jiaoyu tebié suizhe keéyt yuéliang zhidao péngyodu kénéng
anquan renwéi yinggai shijian mubiao érdud women suiran guanggao  tiangi
Ouxiang wenti ragud ouqi tigao zaochéng  nénggou chéngshi  fall chéngwéi
gaosu kaishi pingguo XUéxi wanquan bijiao outu tiaojian gongzuo caiqu
zZiji neiréng  zhongdidn  yuanjia jiating sudyt youxie lingwai zuihou dianhua
Llyéu sudyou jintian Xuésheng  yiyuan l&orén difang shihou erén pinpai
yulé liaojie hénduo bangzhu caifang feichang zhonggué  xtduo nuli chtixian
shenghué  bianhua  fazhan xiawl qudé guojia mingxian  néngli huanying ouzhou
yuanyin chanpin  méishi dianying enrén méiguo huozhé zérén shangwl giche
qilai aishang  baokuo rényuan zhenzhéng  qishi érzi yihou wénzhang  anzhao
Table 4 Singaporean Mandarin disyllabic lists in English.
List 1 List 2 List 3 List 4 List 5 List 6 List 7  List 8 List 9 List 10
Attend Exist Education Special  With Can Moon Know Friends Maybe
Safety Believe Should Time Goal Ear We Although Advertisement Weather
Idol Question  If Helium Improve Cause Able City Law Become
Tell Start Apple Learn Complete Comparison Vomiting Terms Jobs Take
Myself Content Focus Original  Family And so Some In addition  Lastly Phone
price
Holiday All Today Student Hospital Elderly Place Time Wicked person Brands
(moment)
Entertainment Understand Many Help Interview Very China A lot of Word hard Appear
Life Change Progression Afternoon Obtain Country Obvious Ability Welcome Europe
Reason Product Delicacies Movie Benefactor America Or Responsibility Noon Car
Wake up Sad Including  Staff Real Actually Son After Article According to
Table 5 Mean performance of Singaporean Mandarin disyllabic lists.
List Regression  Regression  Slope at 50% SD of slope Slope from SD of slope from Threshold AdB (dB HL)
intercept slope at 50% 20% to 80%  20% to 80% (dB HL)
1 3.5099 —0.3468 8.7 2.66 7.5 2.30 10.5 0.2
2 3.5238 —0.3782 9.5 2.16 8.2 1.87 9.6 -0.7
3 3.2744 —0.3224 8.1 2.00 7.0 1.73 10.5 0.2
4 3.6219 —0.3556 8.9 1.86 7.7 1.61 10.5 0.2
5 3.3296 —0.3388 8.5 2.1 7.3 1.83 10.0 -0.3
6 3.7780 —0.3624 9.1 2.62 7.8 2.27 10.3 0.0
7 3.6596 —0.3787 9.5 1.97 8.2 1.71 10.0 -0.3
8 3.7096 —0.3932 9.8 5.09 8.5 4.41 10.3 0.0
9 3.1271 —0.3201 8.0 2.08 6.9 1.81 10.0 -0.3
10 3.0797 —0.3210 8.0 1.91 6.9 1.66 9.8 -0.5
Mean 3.4614 —00.3517 8.8 2.45 7.6 2.11 10.2 -0.1
Range 0.6983 0.0731 1.8 3.23 1.6 2.80 0.9 0.9
SD 0.245608 0.026407 0.7 NA 0.6 NA 0.3 0.3
good agreement between the SRT and PTA threshold. The strong positive linear relationship (f = 0.00 < 0.01,

difference between PTA and SRT of each subject is within
the clinical acceptable difference of 10 dB HL. Using
Shapiro—Wilk and bivariate Pearson correlation coefficient
test, it was found that the PTA and SRT obtained from the
participants did not differ significantly from the normal
distribution (PTA: f = 0.596, SRT: f = 0.110) and have a

r> = 0.889) respectively.

The average word recognition scores for this group of
subjects at each presentation level are summarized in
Table 7. Curve estimation using the sigmoid function were
carried out to plot the P—I curve (See Fig. 4). Regression
analysis was used to calculate the mean slope. Linear
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Fig. 1  Psychometric functions for the 10 Mandarin disyllabic lists.

regression analysis shows a 8.395% increase per dB in word
recognition at the linear slope of the function. Quadratic
regression analysis showed a high correlation coefficient
(r* = 0.923) between correct score and presentation

level. The mean sound pressure level of speech for 50%
word recognition score was calculated to be 9.34 dB HL.
This corresponds to the mean PTA of 11 dB HL of the

25 ears.
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Fig. 2 Mean psychometric functions for the disyllabic lists

before intensity adjustment.

Paired T-test results for test-retest reliability carried out
on 20 out of 25 young participants at selected intensity
levels (SRT-5, SRT, SRT+5) showed no significant difference
between WRS when the same participant is tested at the
same intensity level using a different word list (sig = 0.631,
0.982,0.074) (See Table 8).

Discussion

1 Clinical efficiency

It was the aim of this study to develop psychometrically
equivalent word lists in Singapore Mandarin that can be
used for clinical speech audiometry. With the typical time
allocated for speech audiometry being 30 min or less, the
SC-10 wordlist created to maximise clinical efficiency and
keep test time to a minimum. It was found that a complete
speech audiometry test using SC-10 word list takes
approximately 15 min to test one ear and 30 min to test
both ears using two SC-10 word lists per ear. On the con-
trary, the Standard Mandarin list of 50 monosyllabic words
may take at least an hour for one ear and two hours for both
ears.”” This is too time consuming to be used in our local
clinical setting.
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Fig. 3 Mean psychometric functions the disyllabic list after
intensity adjustment.

Table 6 Descriptive statistics for age, gender, PTA, SRT
and PTA-SRT for 25 normal hearing participants.

S/No Age Gender Ear PTA SRT PTA-SRT
(years) (dB HL) (dB HL) (dB HL)

1 21 F R 6.7 4.5 -2.2
2 23 F R 15.0 11.5 -3.5
3 23 F R 10.0 7.5 -2.5
4 23 F R 15.0 12.5 -2.5
5 32 F R 5.0 6.5 1.5
6 29 F R 3.3 4.5 1.2
7 21 F R 15.0 15.5 0.5
8 23 M R 1.7 7.5 —4.2
9 23 M L 20.0 16.5 -3.5
10 23 F R 83 7.5 -0.8
11 23 F R 13.3 9.5 -3.8
12 23 F R 11.7 11.5 -0.2
13 23 F R 11.7 6.5 -5.2
14 32 M L 6.7 5.5 -1.2
15 23 M R 11.7 10.5 —-1.2
16 21 M L 8.3 9.5 1.2
17 23 F L 1.7 10.5 -1.2
18 21 M R 6.7 6.5 —0.2
19 21 M R 16.7 15.5 -1.2
20 21 M R 83 5.5 -2.8
21 23 F R 18.3 13.5 —4.8
22 21 F R 6.7 7.5 0.8
23 22 F L 15.0 12.5 -2.5
24 23 F L 10.0 6.5 -3.5
25 36 M R 83 8.5 0.2
Mean 23.4 11.0 9.3 -1.7
SD 4.5 4.3 3.5 2.00

2 Homogeneity of wordlist

The steeper the mean linear slope of the psychometric
curve, the more homogeneous the psychometric charac-
teristics of words.?® The slopes at 50% of the psychometric
curve of the 10 word lists ranged between 8.0%/dB and
9.8%/dB, with the mean slope being 8.8%/dB. Results from

Table 7 Word recognition scores at each presentation
level for 25 normal-hearing subjects (25 ears).

Presentation level in relation Mean SD
to SRT (dB HL)

-10 0.02 3.57
-5 0.29 19.19
0 0.69 15.62
5 0.88 13.47
10 0.98 3.88
15 1.00 0.00
20 1.00 0.00
25 1.00 0.00
30 1.00 0.00
35 1.00 0.00
40 1.00 0.00
45 1.00 0.00
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P—I curve for 25 participants involved in the validation

the single factor ANOVA also indicated no significant dif-
ferences among the 10 word lists, in terms of both mean
thresholds and regression slopes. After digital adjustments,
the wordlist was validated clinically on 25 normal hearing
subjects and yielded a slope of 8.4%/dB.

It is noted that the mean slope at 50% for the Standard
Mandarin disyllabic word list, was 6.4%/dB.%° This corrob-
orates the validity of the developed SC-10 word lists, and
that the optimisation and digital adjustment were suffi-
cient. However, when compared to the English spondees
with the mean slope at 50% of the P—I function for CID W-1
at 10.0%/dB,* it indicates that further optimisation can be
conducted, such as at a word level instead of a word list
level. Since the SC-10 developed for Singapore Mandarin
speech audiometry tests is comparable to other disyllabic
Mandarin word lists developed for speech audiometry, the
current optimisation is considered sufficient and this word-
basis optimisation can be considered for future work.

The results on 25 normal hearing subjects showed a very
good agreement between the PTA thresholds and the SRT,
as well as good test-retest reliability, showing that the re-
sults obtained are accurate and reliable. The authors
acknowledge that making the speech discrimination lists
homogeneous for normally hearing subjects does not insure
that list equivalency will be maintained for hearing-
impaired subjects. Therefore, future research with vary-
ing types and degrees of hearing impairment the need to
validate the word lists on a larger population of Singapore
Mandarin speakers, including those with various types and
configurations of hearing impairments.

Table 8 Paired T-test results of test-retest reliability for
20 out of 25 young participants recruited for validation of
SC-10, over selected levels (SRT-5, SRT, SRT-+5).

Characteristic Mean Paired T-test
Df Sig. (2-tailed)

SRT-5 27.25 19 0.632

SRT-5 (retest) 28.75 19

SRT 67.75 19 0.682

SRT (retest) 66.00 19

SRT+5 89.25 19 0.074

SRT+5 (retest) 85.75 19

Conclusion

To address the current lack of suitable Mandarin speech
audiometry materials in Singapore clinics, the authors have
developed 10 lists of 10 disyllabic words that have been
found to be familiar to native Singapore Mandarin speakers.
These words have been digitally recorded into individual
tracks within a CD, and the lists have been designed to be
psychometrically equivalent and homogeneous. The mate-
rials are the first of its kind in Singapore, and would enable
Mandarin speech audiometry to be conducted in Singapore
clinics. The materials also constitute an important first step
towards the development of other speech tests, such as
sentence tests and speech-in-noise tests, in order to ulti-
mately achieve a comprehensive battery of Mandarin
speech audiometry tests locally.
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