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Foundation of Speech Audiometry: 
Bell Telephone Laboratories!

Western Electric Speech Audiometer!
Bell Labs !

!

Harvey Fletcher!
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Foundation of Speech Audiometry: 
Bell Telephone Laboratories!

q Fletcher H (1929). Speech and 
Hearing. New York: D Van 
Nostrand!

q Fletcher H & Steinberg JC 
(1929). Articulation testing 
methods. Bell System 
Technical Journal, 8, 806-854!



Foundation of Speech Audiometry: 
Articulation Index Research is Applied in the 

“Count-the-Dots” Audiogram!



Foundation of Speech Audiometry: 
Psychoacoustics Laboratory (PAL) 

Harvard University (1940s and 1950s)!
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Foundation of Speech Audiometry  
Psychoacoustics Laboratory (PAL) 

Harvard University (1940s and 1950s)!

q Davis H (1948). The articulation area and the social adequacy 
index for hearing. Laryngoscope, 58, 761-778!

q Egan JP (1948). Articulation testing methods. Laryngoscope, 
58, 955-991!

q Hirsh IJ, Davis S, Silverman et al (1952). Development of 
matierals for speech audiometry. Journal of Speech & 
Hearing Disorders, 17, 321-337!

q Hudgins CV, Hawkins JE, Karlin JE & Stevens SS (1947). The 
development of recorded auditory tests for measuring 
hearing loss for speech. Laryngoscope, 40, 57-89!



Audiology Test Battery: 60+ years Ago!

q  Test battery at the beginning of our 
profession, in order of test administration!
l Air-conduction pure tone audiometry!
l Bone-conduction pure tone 

audiometry!
l Speech reception thresholds!
l Word recognition (PB word lists)!
l Uncomfortable loudness level (UCL), 

i.e., loudness discomfort level (LDL)!

Source: Wiener F & Miller G. Hearing 
aids. In Combat Instruments II. 
Washington, D.C. NDRC Report 117, 
216-232, 1946!

Raymond Carhart!
!



James Jerger!
“Father of Diagnostic Audiology”!

Developed Speech Audiometry Procedures in the 1960s!
 

GSI 162 Speech Audiometer!
 



GSI 61 

Audiometers for Speech Audiometry  
from the 1970s to the Present 

GSI 10 

GSI  
AudioStar GSI 16 
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GSI AudioStar Pro 
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A Modern Audiometer for Speech Audiometry  
GSI AudioStar Pro 



q Historical perspective!
q Speech audiometry is important to evaluate 

communication!
l Types of speech audiometry procedures!
l Advantages of recorded test materials!

q Development of speech audiometry materials in the 
Chinese languages!
!
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Speech Audiometry in Evidence-Based Practice: 
 Categories of Research Evidence (ASHA, 2004) 

 

Outcome!Identification! Intervention!Diagnosis!

•  Screening!
•  History!
•  Self-Referral!
•  Professional 

referral!

•  Hearing aids!
•  Aural Rehab!
•  Counseling!
•  Cochlear 

implant (s)!
•  Vestibular 

rehab!
•  Drugs!
•  Surgery!

•  Effective 
communication!

•  Efficient 
communication!

•  Academic 
success!

•  Quality of life!

•  Immittance 
measures!

•  OAEs!
•  Pure tone 

audiometry!
•  Speech 

audiometry!
•  Special 

Tests !



Speech Audiometry Assessment of the!
 Peripheral Auditory System!



Speech Audiometry Procedures for  
General Auditory Assessment !

q Threshold measures!
l Speech awareness or detection tests (SAT or SDT)!
l Speech recognition threshold (SRT)!

q Word recognition tests!
l Phonetically balanced word lists (> 25 words)!
l Verbal or picture pointing response mode!
l Efficiency is increased with 10 most difficult words first!
l Performance intensity functions are most accurate measure!

q Speech-in-noise tests, e.g,!
l Speech-in-noise (SIN) or QuickSIN!
l Hearing in Noise Test (HINT!



Speech Audiometry Procedures for  
Performance Intensity Functions for PB Words!

Copyright © Pearson 2014 

Copyright Pearson 2014!
Hall JW III. Introduction to 

Audiology Today!



A Modern Audiometer for Speech Audiometry  
GSI AudioStar Pro with QuickSIN 



We Hear with Our Brain!  Speech Audiometry Permits Efficient and 
Sensitive Assessment of the Central Auditory Nervous System!

!



Speech Audiometry Procedures for  
Central Auditory Assessment !

q Behavioral measures!
l Speech-in-noise tests!
l Distorted speech tests!

ü Filtered speech materials!
ü Time compressed speech materials!

l Dichotic listening tests!
q Objective measures!

l Speech evoked auditory brainstem response (ABR)!
l Speech evoked cortical auditory evoked responses!



Dichotic Listening Paradigm!
 

 RIGHT TEMPORAL 
CORTEX 

Association Cortex  
 

Primary Auditory Cortex  
!

Right Ear  
air plane  

1, 3!

Corpus  
Callosum!

 
 LEFT TEMPORAL 

CORTEX 
Association Cortex  

 
Primary Auditory Cortex  

!

Left Ear  
base ball 

5, 9!



q Historical perspective!
q Speech audiometry is important to evaluate 

communication!
l Types of speech audiometry procedures!
l Advantages of recorded test materials!

q Development of speech audiometry materials in the 
Chinese languages!
!
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q Tests consist of carefully selected words spoken by a single 
person without a distinct dialect!

q Materials are available for male or female speakers!
q Speech is professionally recorded in a sound studio with high 

quality equipment!
q Speech intensity level is calibrated with an audiometer and 

presented consistently throughout the test!
q Variability in patient performance is minimized permitting 

comparison of test results over time!
q Speech materials are the same!

l Each time they are used in a clinic!
l From one clinic to the next!

 !

!
!

Global Review of Speech Audiometry Tests: 
Advantages of Recorded Test Materials 
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Global Review of Speech Audiometry Tests: Development of 
Chinese Language Speech Audiometry Materials 

q Cheng JY (1966). Selecting and editing of Chinese speech 
audiometry test lists. Zong Hua Er Bi Yan Hou Ke Za Zhi, 
12, 106-111!

q Shen  Y & Wang SX (1983). Development of a speech 
audiometry testing material. Xin Li Xue Bao, 16, 75-87!

q Zhang et al (2006). Development and equivalence 
evaluation of monosyllabic lists of mandarin speech test 
materials. Zong Hua Er Bi Yan Hou Ke Za Zhi, 41, 341-345!

q Ji F, Chen AT, Zhao Y, Xi X, & Han DY (2010). Development 
of a script of phonemically balanced monosyllabic lists of 
Mandarin-Chinese. J Otology, 5, 8-19!



Acta Oto-Laryngologica, 2011; 131: 962–969

ORIGINAL ARTICLE

Development of a Mandarin monosyllable test material with
homogenous items (I): Homogeneity selection

FEI JI*, XIN XI*, AI-TING CHEN, JUN YING, QIU-JU WANG & SHI-MING YANG

Department of Otolaryngology/Head and Neck Surgery, Chinese PLA Institute of Otolaryngology, Chinese PLA General
Hospital, Beijing, China

Abstract
Conclusion. A homogeneity selection could establish a homogenous resource for Chinese Mandarin monosyllabic test lists.
Objective: This study aimed to develop a set of succinct and phonemically balanced monosyllabic Mandarin recognition test
lists with good item homogeneity, in an effort to meet the need for Chinese Mandarin speech recognition test materials.
Methods: In reference to the Chinese phonemes distribution probability, we developed the Phoneme Allocation Table, which
decided the occurrence of all consonants, vowels, and semantic tones in each list. A total of 489 monosyllables were selected
and organized into 30 lists, with 25 monosyllables in each. A two-factor design was used to screen homogenous items out. Sixty
normal-hearing native Mandarin speakers participated in experiment. The performance-intensity (P-I) function curve of each
test item was fit by logistic regression. Items were screened out as homogenous ones using the following criteria: 1) regression R
value was not <0.9; 2) slope was between 2%/dB and 12%/dB; 3) threshold was between –8 dB HL and 10 dB HL. Results:The
Phoneme Allocation Table was established as a framework of 30 lists, providing a basis on which phonemically balanced
monosyllabic lists can be developed. In all, 342 monosyllables with good homogeneity were screened out and can be
reorganized to establish monosyllabic test lists with good sensitivity.

Keywords: Speech audiometry, psychophysical, speech recognition test

Introduction

The development of Mandarin speech audiometry
can be divided into two stages: pre-cochlear implant
(CI) and post-CI. In the first stage, which covered
from the 1960s to the 1980s, the main aim of speech
audiometry was to diagnose retrocochlear hearing
impairments and to test audio communication sys-
tems [1–4]. In the second stage from the 1990s to
recent years, speech audiometry in mainland China
was given an impetus by the booming audiology [5,6].
There is an urgent need for speech evaluation tools
with the rapid increment of cochlear implantation
and digital hearing aid fitting. However, so far, the
Mandarin evaluation system in mainland China is not

as mature and standardized as in English-speaking
countries. In the USA, for example, the minimal
speech test battery for adult CI patients consists of
the Consonant/Nucleus/Consonant (CNC) Test and
the Hearing In Noise Test (HINT) [7]. This is based
on standardized speech test materials that have not
been established in Chinese Mandarin to date.
The monosyllable recognition test is an important

and efficient approach to evaluating hearing rehabil-
itation efficacy. By implementing monosyllable rec-
ognition tests, we can evaluate the benefit patients
obtained from hearing assistance devices such as
implantation and amplification in daily commu-
nication. In English-speaking nations, a number of
monosyllable recognition lists including PB50 [8],

Correspondence: Prof. Shi-Ming Yang MD PhD or Prof. Qiu-ju Wang MD PhD, Department of Otolaryngology-Head and Neck Surgery and Institute of
Otolaryngology, Chinese People’s Liberation Army General Hospital, 28 Fuxing Road, Beijing, China.
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                        REVIEW ARTICLE    

 Chinese speech audiometry material: Past, present, future      

    XIAORAN     MA  1  ,       BRADLEY     McPHERSON  1    &            LIAN     MA 2     

  1 Division of Speech and Hearing Sciences, Faculty of Education, The University of Hong Kong, Hong Kong, and  2  School 
of Stomatology, Beijing University, Beijing, China                             

  Abstract 
 Speech audiometry plays an important role in the assessment of hearing abilities, as it may more accurately refl ect auditory 
function in the daily communication environment of listeners than other auditory assessment measures. Speech perception 
tests have been developed for over a century in Western countries, and they are commonly used procedures in North 
America and Europe, as well as Australia. The course of history and scientifi c progress has infl uenced speech audiometry 
in both its clinical and research aspects. Test materials developed from syllables and words to phases and sentences, and 
test protocols have evolved from using only simple speech stimuli in quiet to hearing-in-noise tests. In the early years, the 
purpose of speech audiometry was primarily to evaluate telecommunication systems. Today, speech tests are more often 
applied to assess speech perception abilities for individuals with hearing impairment. In addition to aiding diagnosis of the 
location of peripheral auditory pathology and measuring (central) auditory processing abilities, with the development of 
auditory amplifi cation devices speech tests are also utilized to assess the outcomes of hearing aid and cochlear implant 
rehabilitation. Compared to the well documented speech test materials of Western countries, development in this fi eld in 
China has been relatively delayed. A lack of material standardization, few test versions for the numerous Chinese dialect 
groups or for non-Chinese language minority populations, and insuffi cient test materials for children, have obstructed 
the development of speech audiometry in China. This review highlights key research milestones in the development of 
Chinese speech audiometry material, including work conducted in mainland China, Hong Kong, and Taiwan, and suggests 
priorities for future research in this fi eld in China.  

  Key words:   Cantonese  ,   hearing loss  ,   Mandarin  ,   speech audiometry  ,   speech discrimination   

  Introduction 

 Language is a particularly human tool for the 
expression of emotion, exchange of thoughts, and 
conveyance of information. As a most fundamental 
form of language, speech has a unique place in daily 
communication, and the appropriate assessment of 
speech perception is an important index of hearing 
abilities. Speech audiometry has been defi ned as 
procedures that use speech stimuli to measure audi-
tory function (1). In the early 19th century, focus 
was fi rst placed on the assessment of hearing sensitiv-
ity for speech by evaluating human auditory abilities 
to discern vowels and consonants (2). Associated 
with the development of electronics, speech tests 
attracted more attention from investigators in the 
early 20th century to help evaluate telephonic 
communication clarity (3,4). During and after World 
War II  –  associated with the rapid development of 

hearing loss intervention and rehabilitation  –  
increasing attention was paid to speech audiometry, 
and many investigators worldwide developed speech 
test materials for the speakers of their respective 
languages. The U.S.A. was one of the countries that 
fi rst developed speech audiometry material and con-
tributed much to improve assessment technology 
and standardization (5). Researchers from many 
countries developed test materials based on the 
approaches initially used in American English. In 
China, speech audiometry tests did not appear until 
the 1950s, and the widespread use of standardized 
test materials is still lacking.   

 Purposes of speech audiometry 

 Speech perception tests have been utilized for 
various purposes in both the clinical and research 

Hearing, Balance and Communication, 2013; 11: 52–63
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(Ma, McPherson & Ma, 2013) 
56 X. Ma et al. 

outcomes for children with hearing impairment. In 
2008, the Mandarin Multisyllabic Lexical Neigh-
bourhood Test (M-MLNT) (56) was developed, fol-
lowing Lexical Neighbourhood Test principles (57), 
which used the Neighbourhood Activation Model to 
evaluate speech perception performance in children 
with hearing loss. Since this set of lists is not con-
strained by phonetic balance principles, more famil-
iar and conventional words could be used as test 
items. In 2008, psychometric measures of Mandarin 
speech intelligibility material in babble noise were 
published (58). The babble noise applied in this 
material was fi tted and matched with the long-term 
average speech spectrum of Chinese speakers, and 
was designed to refl ect the daily communicative envi-
ronment. The 27 test lists were found to be equiva-
lent among preschool children, and the material may 
be useful in the evaluation of the effectiveness of 
noise reduction functions in cochlear implants and 
hearing aids (59). Further work on this material was 
published in 2012 (60), with 32 test lists. 

 As mentioned above, speech tests for young 
children are few in number in China, and tone 

  Table I. Summary of selected speech audiometric material developed for mainland China adults.  

Authors Year Institute Test materials Characteristics

Zhang Y (21) 1955 Beijing Hospital Disyllabic words First speech test material in 
Mainland China

Cai X (22) 1963 PLA Guangzhou General Hospital Disyllabic spondaic words First to relate speech test results 
to hearing loss pathologies

Cheng J (23) 1966 Shanghai Ruijin Hospital Monosyllabic, disyllabic, and 
trisyllabic words

Structure followed the test 
battery developed at the 
Harvard Psychoacoustic 
Laboratory

Shen Y, Wang S (24) 1983 Institute of Psychology, Chinese 
Academy of Sciences

Monosyllabic words Psychometrical equivalence 
evaluation

Bao Z (25) 1986 Institute of Acoustics, Nanjing 
University

Monosyllabic words For assessing the intelligibility of 
speech transduced through 
communication equipment

Gu R et   al. (26) 1985 PLA General Hospital, Beijing Staggered spondaic words 
and competing sentences

Collected normative data

Zhang H et   al. (30) 1990 Peking Union Medical College 
Hospital

Speech material and 
lip-reading test material

For patients with profound 
hearing loss

Zhang J (31) 1995 Chinese National Technical 
Committee

Monosyllabic words Standardized lists by Chinese 
National Technical Committee

Krenmayr A et   al. (37) 2011 Beijing Institute of 
Otolaryngology, and the 
University of Innsbruck

Loudness-balanced syllables 
in all four Mandarin tones

Tonal speech test for cochlear 
implant adults

Chen X et   al. (46) 2001 Beijing Institute of Otolaryngology Words, sentences, tones, 
vowels and consonants

Computerized training and 
evaluation system

Zhang H et   al. (47) 2008 Beijing Institute of Otolaryngology Monosyllabic, disyllabic 
words and sentences

List equivalence was evaluated

Ji F, Xi X (48) 2007 PLA Institute of Otolaryngology, 
Beijing

Monosyllabic words Well-validated phonetically 
balanced material

Nissen S et   al. (50,51) 2005 Brigham Young University, Utah Disyllabic and trisyllabic 
words

Materials were psychometrically 
equivalent and digitally 
recorded

Wong L et   al. (74) 2007 The University of Hong Kong, 
and Beijing Institute of 
Otolaryngology

Sentences Adaptive test protocols for adult 
Mandarin speakers

perception measures in Mandarin are also rarely 
reported. However, this is an important assessment 
area for rehabilitation outcome in a lexical tone 
language such as Mandarin. A study at Renmin 
Hospital, Wuhan University (61) made a major con-
tribution to this area. Test materials created in this 
study can be applied to evaluate tone discrimination 
abilities for children aged two to three years, and 
thereby provide guidance for rehabilitation training. 
In 2009, the Mandarin Paediatric Speech Intelligi-
bility (MPSI) test and the Mandarin Early Speech 
Perception (MESP) test were produced. MPSI is a 
Mandarin closed-set sentence recognition test based 
on the English language Paediatric Speech Intelli-
gibility (PSI) test and used for assessing speech per-
ception in children as young as three years of age 
(62). MESP (63) has six categories of material, 
including speech sound detection, speech pattern, 
spondee, vowel, consonant and tone perception. 
Children as young as two years can be assessed with 
the MESP, and it is part of a Mandarin hierarchical 
test battery for evaluating speech perception in 
young children (63). A summary of the speech tests 
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Global Review of Speech Audiometry Tests: of Chinese 
Language Hearing in Noise Test (Mandarin) 

Development of the Mandarin Hearing in Noise Test
(MHINT)

Lena L. N. Wong, Sigfrid D. Soli, Sha Liu, Na Han, and Ming-Wei Huang

Objective: To develop two versions of the Mandarin
Hearing In Noise Test (MHINT). These tests are
adaptive tests that measure the reception threshold
for sentences (RTSs) in quiet and in noise. The RTS
is the presentation level at which half the sentences
are correctly recognized.

Design: Four studies were undertaken to (1) de-
velop sentence materials, (2) equalize sentence dif-
ficulty, (3) create phonemically balanced sentence
lists; and (4) evaluate within-list response variabil-
ity, inter-list reliability, and produce normative
data. A total of 137 native Mandarin (Putonghua)
speaking subjects in Mainland China and 89 native
Mandarin speakers in Taiwan participated. They
had normal hearing thresholds at 25 dB HL or
better. RTSs were measured under four headphone
test conditions: Quiet, and in noise with noise orig-
inating from the 0 degree (Noise Front), 90 degrees
to the right (Noise Right), and 90 degrees to the left
(Noise Left). The speech originated from the front (0
degree) in all conditions. The noise level was fixed
at 65 dBA, and the speech was varied adaptively to
find the RTS.

Results: Two versions of the test materials, consist-
ing of 24, 20-sentence lists each in Mandarin spoken
in the Mainland (the MHINT-M) and the dialect of
Mandarin spoken in Taiwan (the MHINT-T), were
created from two sets of 240 sentences containing 10
syllables per sentence. The mean Quiet RTS was
14.7 dBA, using the MHINT-M, and 19.4 dBA, using
the MHINT-T. Using the MHINT-M, the mean RTS
for Noise Front was –4.3 dB signal-to-noise ratio
(SNR), –11.7 dB SNR for Noise Right, and –11.7 dB
SNR for Noise Left. Using the MHINT-T, the Noise
Front RTS was –4.0 dB SNR, –10.7 dB SNR for Noise
Right, and –11.0 dB SNR for Noise Left. Results in
noise are slightly better than those seen for the
English HINT norms. Response variability within
list was low, and inter-list reliability was high,
indicating that consistent results can be obtained
using any list. Confidence intervals are reported.

Conclusions: The two versions of the MHINT are the
first standardized Mandarin sentence speech intelli-
gibility tests. Similar to other language versions of
the HINT, the MHINT was developed using the same
rationale as the English HINT, allowing norm-refer-

enced results for the MHINT to be compared directly
with results in other languages. The MHINT would
benefit from further evaluation of its validity.

(Ear & Hearing 2007;28;70S–74S)

Speech audiometry serves as a diagnostic tool and
an outcome measure in the evaluation of hearing
devices. Such evaluation of Chinese speakers is
difficult, since there are only a few monosyllabic or
spondaic test materials available (e.g., Zhang, 1990),
evaluation of candidacy and outcomes is difficult.
The making of a Chinese speech test is a major
challenge, because there are multiple dialects of
Mandarin spoken in the Mainland, Taiwan, and
around the world. Diversities in accent and vocabu-
lary are enhanced by differences in urbanization,
traditions, and educational status. The form of Man-
darin spoken in Mainland China is also referred to
as Putonghua. This research developed two versions
of a Mandarin sentence test, the Mandarin Hearing
In Noise Test (MHINT), for use in Mainland (the
MHINT-M) and Taiwan (MHINT-T), respectively.
Because Mandarin is a tonal language, lexical tone
must be considered in developing the MHINT.

The development of the MHINT follows its prede-
cessors, the English HINT (Nilsson et al., 1994) and
the Cantonese-Chinese HINT (CHINT; Wong & Soli,
2005). The HINT measures Reception Threshold for
Sentences (RTS), defined as the presentation level
necessary for a listener to recognize half the sen-
tences accurately (Nilsson et al., 1994; Wong & Soli,
2005). Four studies were undertaken to (1) develop
sentence materials, (2) equalize sentence difficulty,
(3) create sentence lists; and (4) evaluate within-list
response variability and inter-list reliability, and
produce normative data.

STUDY I. DEVELOPMENT OF SENTENCE
MATERIALS

In this study, sentences were written, evaluated for
suitability, and recorded. In addition, a noise source
spectrally matched to the average spectrum of the
sentences was created for testing in noise in the study.

Subjects
A total of 31 native Mandarin speakers from the

Mainland and 31 others from Taiwan participated.

Centre for Communication Disorders, University of Hong Kong,
Hong Kong, China (L.L.N.W.); House Ear Institute, Los Angeles,
California (S.D.S.); Tongren Hospital, Beijing, China (S.L., N.H.,
M.-W.H.).
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Global Review of Speech Audiometry Tests: of Chinese 
Language Hearing in Noise Test (Cantonese) 

Development of the Cantonese Hearing In
Noise Test (CHINT)

Lena L. N. Wong and Sigfrid D. Soli

Objective: To develop a Cantonese version of the
Hearing In Noise Test (CHINT) with the same fea-
tures as the English Hearing In Noise Test (HINT)
(Nilsson, Soli, & Sullivan, 1994).

Design: The CHINT was developed in five separate
studies: (1) evaluation of initial materials; (2) cre-
ation of sentence materials; (3) equalization of sen-
tence difficulty; (4) creation of sentence lists; and
(5) evaluation of response variability, inter-list reli-
ability, and establishment of norms. Using the
CHINT material, reception thresholds for sentences
were measured under four headphone test condi-
tions: Quiet, and in noise with noise simulated as
originating from 0° (noise front), 90° (noise right),
and 270° (noise left). The speech source was located
at 0° in all conditions. The locations of the speech
and noise sources were simulated using virtual
audio processing, as with the English HINT. The
noise conditions consisted of listening with noise
fixed at 65 dBA with the level of speech varied in an
adaptive procedure. A total of 142 subjects with
normal hearing thresholds participated in the five
studies.

Results: Two versions of the test materials, twenty-
four 10-sentence lists and twelve 20-sentence lists,
were created from a single set of 240 sentences
containing 10 syllables per sentence. Using the
twenty-four 10-sentence lists, mean thresholds un-
der earphones in quiet were measured at 19.4 dBA
and reception thresholds for sentences of !3.9 dB
for noise front, !10.6 dB for noise right, and !10.5
dB for noise left. Similar results were obtained
using the 20-sentence lists (19.4, !4.0, !10.9, and
!11.0 dB, respectively, for quiet, noise front, noise
right, and noise left conditions). There was low
response variability within each list. High inter-list
reliability suggests that consistent results could be
obtained using any list. Confidence intervals are
reported. The CHINT norms for listening in quiet
and noise conditions were comparable to those for
the English HINT.

Conclusions: The CHINT is the first standardized
Cantonese sentence speech intelligibility test. The
CHINT was developed using the same rationale as
the English HINT, allowing norm reference results
from the two tests to be compared directly across
languages. Results showed the CHINT is a reliable

test. The CHINT would benefit from further evalu-
ation of validity.

(Ear & Hearing 2005;26;276–289)

Various speech audiometry materials have been
developed in English for clinical and research uses.
Most of these materials use monosyllabic words to
assess speech intelligibility Monosyllabic materials
for assessing the speech understanding ability of
Cantonese speakers in quiet are also available
(Ciocca et al., 2002, Kei et al., 1991; Lau & So,
1988; Cheung, Reference Note 1)

Monosyllabic materials lack redundancy of infor-
mation that is typically present in sentences or daily
conversation. Words also lack the dynamic ampli-
tude variations associated with conversational
speech. With the increased application of adaptive
technologies in hearing aids and other prosthetic
devices, these shorter length stimuli may not be
adequate to trigger the signal processing features of
these technologies. Daily sentence materials may,
therefore, be a better means to assess speech intel-
ligibility both for unaided and aided conditions. One
such American English test is the Hearing In Noise
Test (HINT) (Nilsson, Soli, & Sullivan, 1994).

The HINT uses a scoring method different from
conventional speech intelligibility measures. Speech
intelligibility, as measured by most tests, is ex-
pressed in percent correct scores. This approach
yields ceiling and floor effects, in that superior or
inferior performance cannot be demonstrated once
scores reach 100% or 0% correct. The HINT mea-
sures the Reception Threshold for Sentences (RTS)
in dB instead of percent intelligibility at a fixed
presentation level. The RTS is defined as the pre-
sentation level necessary for a listener to recognize
the sentence materials correctly 50% of the time
(Nilsson, et al., 1994). For evaluations in quiet, the
RTS is measured in dBA and represents the presen-
tation level required to achieve 50% intelligibility;
RTS in noise is expressed as the signal-to-noise ratio
(SNR) required to achieve 50% correct recognition.
Similar speech measures have also been used in
Sweden (Hagerman, 1982, 1984), Holland (Plomp &
Mimpen, 1979), and England (Laurence, Moore, &
Glasberg, 1983). In addition, the HINT has also been
developed for Japanese, Latin American Spanish,
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from Byrne et al. (1994). These 549 sentences were
judged to be natural and easily understood by chil-
dren at first grade level. The resultant PI function
slope was 9.7% per dB change in SNR, quite similar
to that of 10% per dB for the American English
HINT (e.g., Eisenberg et al., 1998). This PI function
slope could be used in the following study to deter-
mine the amount of RMS level adjustment to be
made on each sentence to equate the difficulty level.
The overall mean standard deviation of performance
of the three subjects across the various SNRs was
15.3%. The PI function slopes for these longer, more
complex sentences were much more consistent
across subjects than those in the pilot study. Thus,
these 10-character sentences were deemed suitable
materials for an adaptive test procedure.

Study II: Equating Sentence Difficulty
The difficulty of sentences was equated in this

study so that the materials can be used for adaptive
testing. The presentation levels of difficult sentences
were made higher so that subjects can hear them
better; the levels of easy sentences were reduced to
increase their difficulty level. The aim is to have a
set of sentences with equal difficulty.
Subjects • A total of 30 subjects, divided into five
groups of six each, participated in this study. These
subjects were different from those who participated
in the pilot study. Each group of subjects partici-
pated in one round of testing. Six subjects were used
because this sample size as used in the study by
Nilsson et al. (1994) yielded reliable scaling factors
for equating the difficulty of sentences. Testing
performed later on a larger sample showed small
measurement errors, like the English HINT materi-
als. The number of subject groups was dependent on
the number of test iterations required to equalize

the sentences. Five iterations were required for the
Cantonese sentences.
Equipment • The sentences and the speech-spec-
trum shaped noise were presented via a computer.
The signals were mixed and played back using
custom software and a Soundblaster (Live Value)
sound card connected to a Madsen OB822 audiome-
ter. The output of the headphones was calibrated
daily to present the speech-spectrum noise at 65 dB
A, as measured in a 6-cc coupler.
Procedures • Sentences must be evaluated at a
SNR that does not yield ceiling and floor effects, to
determine the scaling factor necessary to adjust the
level of the sentences to equate their intelligibility in
noise. The PI function study in study I showed that
a SNR of !6 dB yielded an average of 65% of words
repeated correctly in the sentences. This SNR was
selected as the starting point to estimate the scaling
factor.

The 549 sentences were presented at !6 dB SNR
with noise set at 65 dBA to the first group of
subjects. The mean percent correct score of each
sentence was calculated from the number of charac-
ters repeated correctly by each subject. Exact repe-
tition was required. Sentences with large inter-
subject variations (i.e., standard deviations greater
than 25%) or that were too difficult (scores less than
30%) were discarded. These difficult sentences often
had a few sounds that some subjects found particu-
larly difficult to recognize and might have required a
high presentation level that would result in clipping
of signals. The reference point for scaling was de-
fined as the average score for the remaining sen-
tences, that is, 65% correct. Based on a PI function
slope of 9.7% per dB change in SNR, the overall
RMS level of each sentence was increased 1 dB for
each 9.7% below the 65% reference point and re-
duced 1 dB for each 9.7% above the reference of 65%.
These modified SNRs were used for testing in the
second round.

Additional criteria were used to evaluate the
sentences based on their average scores from the
second round of testing:

1. Sentences yielding scores that were not within
"25% of the 65% target were rejected, that is, those
sentences where the average scores exceeded the
range of 40 to 90% correct.

2. Those sentences with reversed scores, that is,
better SNR in the second round of testing resulted in
poorer intelligibility, or vice versa, were removed.

The same procedure was repeated for three addi-
tional rounds of testing. The sentences were scaled
according to the results of each round before the
next round of testing. Sentences tested in the second
through the fifth rounds were selected using the
criteria above. Sentences with intelligibility within

Fig. 1. Long-term average spectrum of Cantonese and English
Hearing In Noise Test speech and noise.
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well beyond this critical period. However, Group 2 subjects had some experience with acoustic hearing, mostly via HAs. This may have offset
the later age at implantation, and may partly explain why age at testing and age at implantation did not affect speech performance.

The present data showed that pediatric CI subjects were sensitive to talker gender. While the difference in performance was small (5 percentage
points, on average), mean recognition was significantly better with the female than with the male talkers. Note that there was a potential
confound for the talker gender analyses, in that all talkers did not produce all the speech materials. Female 1 produced only disyllable and
sentence lists 1; Male 1 produced only disyllable and sentence lists 2; Female 2 produced only disyllable and sentence lists 3; Male 2 produced
only disyllable and sentence lists 4. It is possible that the observed talker gender effects reflect list difficulty. However, because the lists were
balanced in terms of familiarity, homogeneity and phonemic/phonetic content, it seems unlikely that subjects performed better with particular
lists rather than talkers. Also, performance with the female talkers was significantly better for both disyllable and sentence recognition,
increasing the likelihood that CI subjects were sensitive to talker gender rather than test materials.

Previous studies have shown that different speaker characteristics (e.g., voice gender, talker F0) may significantly influence CI users' speech
understanding [47]. While there may be optimal talkers due to patient-specific factors (e.g., location of implanted electrodes, frequency
allocation, etc.), pediatric CI users' optimal pattern may be more strongly influenced by experience. In China, children (especially pre-
schoolers) are nearly constantly accompanied by their mothers. Also, the strong majority of teachers in kindergartens and elementary schools
are female. Thus, Chinese pediatric CI users have much greater exposure to female talkers, which may promote better speech understanding,
even with unfamiliar female talkers.

5. Conclusions

The present study revealed several significant findings regarding Mandarin-speaking pediatric CI users' speech perception:

1) In general, the present pediatric CI subjects (aged 6 and older) were capable of good open-set, multi-talker word and sentence
recognition, suggesting that more difficult speech materials and tests may be appropriate for older pediatric CI users.
2) Speech recognition was significantly better with the female talkers than with the male talkers.
3) Age at implantation strongly predicted congenitally deafened (Group 1) CI subjects' disyllable and sentence recognition; age at
testing also predicted Group 1 sentence recognition, suggesting a developmental component to these subjects' speech performance. For
Group 2 (late implanted, with some previous acoustic experience), speech performance was not well-predicted by age at implantation or
age at testing.
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APPENDICES

Appendix 1

Example of disyllable test list.

Number Mandarin Chinese Pinyin English meaning

1 shàng kè class

2 jí hé put together

3 dà mén gate

4 shè lì found

5 dān xīn worry

6 wàng jì forget

7 dào qiàn sorry

8 diàn chí battery

9 dì zhĭ address

10 ér tóng child

11 gē xīng singer

12 gŭ dài old times

13 cè shì test

14 hū xī breath

15 jià gé price

16 kāi chē drive

17 lè guān positive

18 pŭ shí honest
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19 rè shŭi hot water

20 lǜ sè green

21 tú àn pattern

22 wēn nuăn warm

23 wŭ shù kungfu

24 xiāng dĕng even

25 yí dòng move

26 qū zhé twisted

27 zhēng duó compete

28 zhōu wéi nearby

29 zì diăn dictionary

30 băo hù protect

31 bàn fă method

32 gāng bĭ pen

33 biăo dá express

34 bào míng apply

35 hē jiŭ drink

36 măn yì satisfaction

37 rén mín people

38 nóng yào bug spray

39 jié yuē saving

40 fàng shŏu release

41 zhìdìng draft

42 huŏ zāi blaze

43 zhŏng lèi sort

44 zhuò zhĕ author

45 yăn yuán actor

46 chá yè tea

47 jīng shén spirit

48 tuìxiū retire

49 jiàng luò land

50 lĕng qì air conditioner

Appendix 2

Example of sentence test list.

Number Mandarin Sentence Number of
keywords

Chinese Pinyin English meaning

1 2 kuài qĭng jìn! Please come in!

2 2 xiàn zài qĭ chuáng. Get up now.

3 3 zhè shuāng xié tài xiăo le. These shoes are too small.

4 7 tā qù yóu jú măi yóu piào. He goes to the post office to buy
stamps.

5 7 xīng qī tiān yì qĭ qù pá shān. We will climb a mountain together
on Sunday.

6 6 jiè de dōng xī wŏ yĭ jīng huá
le.

I already returned all the things I
borrowed.

7 6 qĭng liú xià nĭ de diàn huà hào Please leave your telephone number.
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