Validation of Mandarin Speech Audiometry
Materials in Singapore
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Background

- Speech audiometry is not routinely conducted in Singapore clinics due to a lack of
suitable speech audiometry materials. Literate Resident Populationin 2015 (215 y.o.)

/

- Asignificant portion of Singapore population, especially the elderly, is monolingual
in Mandarin.

English Only

* Mandarin-speaking population: 471,861 (in 2015)
* 418,400 are > 45 years old Chinese Only

15% Malay Only
- Speech audiometry materials developed in Standard Mandarin and Taiwan g

Mandarin are unsuitable Tamil Only
0%
» Lexical and pronunciation differences from Singapore Mandarin (Chua, 2003;
Bilingual Non-Official
Lee, 2010; LOCk, 1989; Ng, 1985). 68% Language Only

0%
» Heavy influence of other languages and dialects on Singapore Mandarin (Chen,

1986).

» Speech audiometry scores can be adversely affected if it is not conducted in
the native language or accent of an individual (Nissen et al., 2011; Weisleder & u
Hodgson,1989).

/
Locally developed Mandarin speech audiometry materials (Lce, Lee, Lim, Chang, & \ /
Lu, 2007) for speech recognition testing in Singapore clinics.

« 10 lists of 10 disyllabic words recorded into a CD o\ ) & ) Q) [ )



Objective of Study

To validate the locally developed Mandarin speech audiometry materials
on normal hearing and hearing impaired native speakers of
Singapore Mandarin.




\_/ N Methodology ®

« 29 normal hearing participants - AC thresholds <25 dB HL
* 23 hearing impaired participants

- Recognition Test
« ASHA method « SRT )

Basic Hearing PTA / Fletcher

—

Test Average (2FA)

« Otoscopy « PTA = Average of
e Tympanometry 500Hz, 1kHz & 2kHz (1988) in 5 dB *SRT-10dB
«Pure tone threshold§ steps *SRT-5dB }
audiometry « 2FA used in steeply «SRT+5dB | X2
sloping losses «SRT+10 dB
» Average of best 2 «SRT+20 dB
thresholds at SRT+30 dB
500Hz, 1kHz & el
2kHz « SRT+40 dB
\_ y \_ _/ \_ y \ y




Results - Hypothesis #1

—

~  Hypothesis #1: PTA ~ SRT ~ dSRT

Pure Tone Average Speech Reception :
(PTA) Threshold (SRT) SEGIVEE] S )

e Obtained from audiogram o ASHA Method (1988) e Derived from 50% SRS

 Average of 500Hz, 1kHZ & point on P-I| curves
2kHz AC thresholds
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Hypothesis #1: PTA = SRT =~ dSRT

- Strong correlation and good agreement between PTAs

and SRTs
* rs=.84

» Mean difference of 6.03 dB across all participants

= Within 10 dB and hence unlikely to falsely trigger

suspicion of NOHL.

- Strong correlation and very close agreement between

SRTs and dSRTs
s rs=.95

» Mean difference of 2.98 dB across all participants

=>» SRT can be confidently used to predict intensity level

at which 50% SRS will be scored.

Results - Hypothesis #1

N’
PTA and SRT
Correlation, r .40 .83
Paired t-test of PTA and SRT
Mean Difference, M 6.17 dB 5.85dB
95% Cl 4.47-7.87 3.40-8.29
SRT and dSRT
Correlation, r .85 .94
Paired t-test of SRT and dSRT
Mean Difference, M 2.97 dB 2.98 dB
95% Cl 2.20-3.73 1.51-4.45
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~  Hypothesis #2: The 10 word lists are perceptually equivalent.

SRS

—
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P-1 Curves of All 10 Word Lists
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Sensation Level (dB SL)
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Results - Hypothesis #2

dB Sensation Levels Required for Selected SRS

20% 30% 40% 50% 60% 70% 80% 90%
List 1 -1.40 0.60 2.24 3.76 5.27 6.92 8.93 11.95
List2 | -0.71 0.78 2.00 3.1 4.23 5.46 6.94 9.17
List3 | -0.07 1.37 2.57 3.65 4.74 5.91 7.36 9.55
List4 | 0.79 2.24 3.43 4.52 5.60 6.79 8.24 10.43
List 5 0.63 1.56 2.32 3.02 3.73 4.49 5.43 6.83
List6 @ -1.71 -0.54 0.41 1.27 2.14 3.09 4.26 5.98
List7 | -0.51 0.99 2.24 3.39 4.52 5.77 7.28 9.56
List8 | -1.00 0.87 2.40 3.81 5.22 6.74 8.63 11.45
List9 | -2.53 -0.92 0.41 1.61 2.83 4.15 5.76 8.18
List 10/ -2.33 -0.82 0.44 1.60 2.74 3.99 5.52 7.81

ANOVA on dB SL required to score selected SRS on each of the 10 word lists.

Source of

variation F P-value F crit
Between Groups 97.79 9 10.86

Within Groups 791.11 70 11.30

Total 888.84 79
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| : Results - Hypothesis #3 ®)

9, Hypothesis #3: Repeatability of Results (Test-retest reliability)

- Strong correlation between first and retest SRS across all participants

» Spearman’s rank correlation, r; = .93

- Critical ranges calculated to determine if a retest SRS is really different from the first SRS

Critical Ranges for Repeatability of Results Critical Ranges for Repeatability of Results
(Normal Hearing Participants) (Hearing Impaired Participants)

100 100

I 90 II
II : III
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40
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r/ Results - Hypothesis #3

~'  Hypothesis #3: Repeatability of Results (Test-retest reliability)

- List combinations with poor repeatability of results

Second List

1 2 3 4 5 6 7 8 9 10

1 30 (1) | 20 (1) 21.7.(3)| 25 (1)

2 20(1) 35 (1)

3 25 (1) 22.5 (2) 25 (1) 25 (2)
. 4 25 (1) 43.8 (4) 15 (1)
J] 5 37.5 (2) 17.5 (2) 20 (1)
£ 6 25 (1) | 10 (1) 10 (1)
=17 250 26.3 (4)

8 35 (1) 50 (1)

9 | 25 (1) 20 (1) 32.5(2) 32.5(2)

10 20 (1) 35 (1) | 45 (1)

Cases where retest SRS exceeded critical range of first SRS. Values within the cells
indicate the average difference between first and retest SRS, while numbers in
parentheses show the number of such occurrences for the particular list combination.

> A\

Mean (dB SL)
List4| ) 5.26
List 1 4.78
List 8 4.76
List 3 4.39
List 7 4.16
List 2 3.87
List 5 3.50
List 9 2.44
List 10 2.37
List6| ) 1.86
Mean dB SL required to be
perceived
N/ -

=
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— Results - Hypothesis #4
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~  Hypothesis #4: Maximum SRS decreases with increased severity of sensorineural hearing loss.
- 22 out of 23 hearing impaired participants achieved 100% SRS within the tested intensity ranges
- The remaining hearing impaired participant achieved a maximum of 95% SRS.

- Possible reasons:
* SNHL not severe enough to impact speech discrimination - highest PTA52.5 dB HL

* Good low-mid frequency hearing - good perception of Mandarin finals (vowels and/or nasals) = additional cues from

tone

Mild 17.2
Mild to Moderate 19.5
Mild to Moderately-Severe 26

Mild to Severe 26 e’

= Testing at SRT+30 dB or SRT+40 dB would be appropriate for determining optimal speech recognition /
performance of someone with such a hearing profile.

—
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~_“ Results - Commonly Misheard Words

Jik La % you
i (7)
4% bian {t hua
dian (29)
ai 14 shang
an (7)
#H zhong AL didn
zheéng (8)
K fa J& zhan
zhang (7)
Eeén A rén
an (8)
5% chéng 17 shi
shi (8)

Wrong responses provided by participants >10% of
the time. Numbers in parentheses indicate number
of times the particular response was given.
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— Issues in Scoring

~—

1. Responses influenced by Chinese dialects

2. Word pairs containing double third tones
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=
Issues in Scoring

Responses influenced by Chinese dialects

Example:

Hokkien as first acquired dialect
Difficulty pronouncing /u/, tendency to replace it with /i/

H =% (moon) yue liang - ye liang
* Non-existent word pair in Mandarin
JicifE (travel) G you > | you B (reason)
« Perceived Jikiif correctly, but unable to pronounce accurately?

« Perceivedincorrectly as #H1, responded exactly what s/he heard?

Not useful to provide forced choice (“was it /i or EH"?)
» Repeating the stimulus
» Might suggest the correct response to them

» They might tell you the same thing again because they cannot pronounce it properly

= Requested them to express the meaning in another language / dialect (which | understand).

> A\



- Issues in Scoring
- 2. Word pairs containing double third tones
Example:

Stimulus: 7=/ chan3 pin3 (pronounced as “chan2 pin3”)

Response: chan3

- Perceived “chan2” wrongly as “chan3”, and responded with what was wrongly heard?
- Perceived i* correctly, pronounced it in its original third tone?

= Asked them to repeat what they heard

=>» Benefit of doubt given. Scored as 5%.



-~/
— Summary & Recommendations

-

Hypothesis #1: PTA ~ SRT ~ dSRT ./
Hypothesis #2: The 10 word lists are perceptually equivalent. ./

Hypothesis #3: Repeatability of Results (Test-retest reliability) «/
Hypothesis #4: Maximum SRS decreases with increased severity of SNHL. X
Recommendations:

- Do a retest to check reliability of obtained SRS against the critical range
- Avoid using Lists 4 and 6 in conjunction on the same individual

=

- Leave out the word lists with word pairs that both bear the third tone
(Lists 2, 5, 6 and 10) -7,

- N/ - 4



-/ Conclusion

-

- Appropriate for use on native speakers of Singapore Mandarin who have
 Normal hearing; or

« SNHL that is not worse than mild to severe downward sloping presbycusis

- The materials from List 1, 3, 4, 7, 8 and 9 have been deemed suitable
for obtaining both SRT and SRS in the clinic.

- Testers need to be fully aware of the limitations in testing, scoring and
interpretation of results before using the materials.



) Future Studies

~—

~—

- Patients with conductive hearing loss

- Patients with more severe SNHL (higher PTAs and flatter
audiograms at severe or profound HL ranges)

- Patients already diagnosed with retrocochlear lesions to test
for rollover effect

- Development of Mandarin sentence tests and speech in noise
tests
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