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Research and Technology  Article

m m m Word Recognition Materials for Native
Speakers of Taiwan Mandarin

Shawn L. Nissen

Richard W. Harris

Alycia Dukes

Brigham Young University, Provo, UT

Purpose: To select, digitally record, evaluate,
and psychometrically equate word recognition
materials that can be used to measure the
speech perception abilities of native speakers
of Taiwan Mandarin in quiet.

Method: Frequently used bisyllabic words
produced by male and female talkers of Taiwan
Mandarin were digitally recorded and subsequently
evaluated using 20 native listeners with normal
hearing at 10 intensity levels (-5 to 40 dB HL) in
increments of 5 dB.

Results: Using logistic regression, 200 words
with the steepest psychometric slopes were

divided into 4 lists and 8 half-lists that were
relatively equivalent in psychometric function
slope. To increase auditory homogeneity of the
lists, the intensity of words in each list was
digitally adjusted so that the threshold of each
list was equal to the midpoint between the mean
thresholds of the male and female half-lists.
Conclusions: Digital recordings of the word
recognition lists and the associated clinical
instructions are available on CD upon request.

Key Words: word recognition, Taiwan Mandarin,
Chinese, speech audiometry, psychometric function

evaluate word recognition materials that can be used

to assess the hearing abilities of individuals who
speak Taiwan Mandarin, a regional dialect of Mandarin
Chinese. Speech audiometry materials have been recently
developed for Pitonghua (Nissen, Harris, Jennings, Eggett,
& Buck, 2005a, 2005b), a standard dialect of Mandarin com-
monly spoken in mainland China. However, there are many
individuals living throughout the world who speak dialects
of Mandarin that are linguistically distinct from Ptitonghua;
for these individuals, such speech audiometry materials may
not provide a valid and accurate evaluation of their hearing
abilities.

Previous findings from Weisleder and Hodgson (1989)
indicate that regional differences in dialect between the talker
and listener may affect the validity of word recognition re-
sults. The authors evaluated the performance of four Spanish
word recognition lists with listeners from differing regional
linguistic backgrounds. The lists were produced by a talker
of Mexican origin, whereas the listeners were from Mexico,
Panama, Venezuela, Spain, Honduras, and Columbia. It
was found that listeners originating from the same country as
the talker performed better than participants from the other
Spanish-speaking countries, even though all the listeners
reported the talker to be mutually intelligible. Differences be-
tween listener performances were most pronounced in more

The purpose of the following study was to develop and

difficult listening environments. These findings indicate that
even small differences in regional dialect between the talker
and listener may affect the validity of acquired word rec-
ognition results.

Mandarin is a term that refers to a group of Chinese dia-
lects spoken in many different areas of the world, many of
which exhibit unique linguistic characteristics and distinct
regionalisms. In general, dialects of Mandarin are considered
tonal, in that words and meaningful morphological units
are formed by combining a comparatively basic segmental
structure with an overriding suprasegmental tone. Individual
syllables generally have an optional initial consonant fol-
lowed by a nuclear vowel that can occur as a monophthong,
diphthong, or in some cases a triphthong (e.g., /i, ou, iou/;
Chao, 1968). Some syllables have a coda consisting of a
relatively limited set of nasals. In addition, Mandarin is an
isolated language, whereby each orthographic character is a
free morpheme that carries unique meaning (C. N. Li &
Thompson, 1987). In theory, each Mandarin character has
unique meaning and can stand alone; however, the majority of
the lexicon is composed of polysyllabic compound words
(Zhou & Marslen-Wilson, 1995).

While Taiwan Mandarin and Putonghua are considered by
linguists to be generally mutually intelligible with regard to
expressed meaning, each dialect contains marked differences
in syntax, lexicon, phonology, and orthographic representation
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(D. C. C. Li, 1983). Syntactically, Taiwan Mandarin differs
from Puitonghua in the tendency of speakers to mark the contrast
between perfective and imperfective cases, and habitual and
future action, yet to neutralize differences between present and
past action verbs (Cheng, 1985). In addition, the two dialects
exhibit differences in the use of auxiliary verbs and common
verbs such as have, come, and go (Cheng, 1985; D. C. C. Li,
1985). There are also differences in the lexicon of each dia-
lect. For example, the Taiwan Mandarin word cuiantong (&),
meaning “an exchange,” is often ambiguous for many speak-
ers of Putonghua, which more commonly uses vocabulary
such as jido liG (%) or huhuan (E#) to express a similar mean-
ing (D. C. C. Li, 1985). Phonologically, the dialects differ
in terms of consonant, vowel, and tone production. Taiwan
Mandarin often replaces retroflex initials with dentals, switches
/n/ and /n/ in the final position of words, and commonly
merges vowel categories (e.g., /y/ with /i/). Some researchers
have even suggested that the vowel structure of Taiwan
Mandarin is different from that of other dialects of Mandarin
spoken in mainland China (Wan & Jaeger, 2003). When com-
pared with other dialects of Mandarin, Taiwan Mandarin
has been characterized as having a relatively low tone registry
and a less frequent use of a neutral or fifth tone for unstressed
syllables (Fon & Chiang, 1999; Kubler, 1985; Peng, 1991).
In addition, two different orthographic systems are often
used to visually represent Putonghua and Taiwan Mandarin.
Traditional Chinese characters are utilized in Taiwan, Hong
Kong, and many overseas communities, whereas in the
1950s, mainland China officially adopted a writing system of
simplified characters (C. N. Li & Thompson, 1987).

The origin of linguistic differences between the two dia-
lects is due in part to the geographic isolation and political
separation of Taiwan from mainland China. Dialectal dif-
ferences between Taiwan Mandarin and Putonghua may also
be a result of a period of Japanese colonization prior to
World War II and the influence of indigenous speakers (e.g.,
Taiwanese). The national language of Taiwan was changed
to Taiwan Mandarin in 1949, despite a large number of native
speakers of Japanese, Taiwanese, and Beijing Mandarin (Lee,
1981). From 1949 to 1960, the Taiwan provincial government
campaigned to promote the use of Taiwan Mandarin as the
sole means of communication for instruction in the school
systems in Taiwan. These sociolinguistic factors have led to a
dialect of Mandarin that is unique to the native speakers of
Taiwan. (For a more comprehensive discussion about the lin-
guistic differences between the two dialects and their origins,
see Cheng, 1985; Fon & Chiang, 1999; D. C. C. Li, 1983;
Nissen, Harris, & Slade, 2007; Peng, 1991.)

An appropriate hearing evaluation for an individual from
Taiwan should involve speech audiometry materials in his
or her specific regional dialect. Thus, the aim of this study was
to develop high-quality digitally recorded word recognition
materials in Taiwan Mandarin. The specific objectives were
as follows: (a) to identify one female individual and one male
individual from Taiwan who spoke Mandarin Chinese with
a standard Taiwan dialect to serve as talkers for the record-
ings; (b) to compose a list of familiar bisyllabic Mandarin
words to be used in word recognition testing; (c) to create
high-quality digital recordings of the bisyllabic words; (d) to
collect normative data on the bisyllabic words; and (e) to

construct psychometrically equivalent lists (50 words each)
and half-lists (25 words each) of bisyllabic Mandarin words
from both the female and male talkers.

Method
Participants

Twenty native speakers of Taiwan Mandarin (3 male and
17 female) ranging in age from 18 to 39 years (M = 25.8 years)
participated in evaluating the materials developed in this
study. Participants were recruited within the United States and
had recently originated from various regions of Taiwan (e.g.,
Taibei, Taichung, Kaohsiung). In addition, all participants
reported speaking a standard dialect of Taiwan Mandarin on
a daily basis since arriving in the United States. All of the
participants were found to have pure-tone air-conduction
thresholds < 15 dB HL at octave and midoctave frequencies
from 125 to 8000 Hz and static acoustic admittance between
0.3 and 1.4 mmhos with peak pressure between —100 and
+50 daPa (American Speech-Language-Hearing Association,
1990; Roup, Wiley, Safady, & Stoppenbach, 1998). The mean
pure-tone average (arithmetic average of pure-tone thresh-
olds at 500, 1000, and 2000 Hz) for the 20 participants was
5.0 dB HL. Each participant also passed a screening test,
which included an otoscopic evaluation, an ipsilateral acous-
tic reflex of 95 dB HL or better in the test ear at 1000 Hz, and
the signing of an informed consent form.

Materials

Word lists. Monosyllabic words are often used for word
recognition testing in English; however, this study utilized
bisyllabic words in developing materials for speakers of
Taiwan Mandarin, for the following reasons: First, previous
studies involving the development of speech audiometry
materials using native Mandarin speakers from mainland
China found that bisyllabic words have relatively steeper mean
psychometric slopes (Nissen et al., 2005a, 2005b). Second,
although each written Chinese character can express unique
lexical meaning, the majority word type in spoken Mandarin
(approximately 73.6%) is bisyllabic (Institute of Language
Teaching and Research, 1986). Finally, the same pronuncia-
tion (e.g., shi) is often used for multiple different Chinese
characters; thus, it would be inconvenient to evaluate a par-
ticipant’s written responses to monosyllabic Mandarin word
lists (Mathews, 1944).

A preliminary word corpus of 300 frequently used bisyl-
labic words was drawn from the Academia Sinica Balanced
Corpus of Modern Chinese (Academia Sinica Computing
Center, 1997). This corpus contains approximately 5 million
words, balanced across the topics of philosophy, science, so-
ciety, art, life, and literature. According to the Sinica corpus,
the initial set of words selected for this study were all ranked
within the top 400 most frequently used modern Chinese
words, with an average frequency percentage of .0004, rang-
ing from a low of .0002 to a high of .0038. These words were
then rated by 3 native speakers of Taiwan Mandarin on a
scale of 1 to 5 based on how familiar a word would be to a
Mandarin speaker from Taiwan (1 = extremely familiar,

2 = very familiar, 3 = somewhat familiar, 4 = infrequently
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used, and 5 = rarely used). Of the 300 original bisyllabic
words, 60 words were eliminated from final evaluation for the
following reasons: (a) The specific word was not rated as
extremely familiar by any of the native judges, (b) it was
judged to be culturally or politically insensitive, or (c) it had
the same pronunciation but different meaning (homophonic
words) as another word in the corpus.

Talkers. Initial audio recordings of conversational speech
were produced by 6 native talkers of Taiwan Mandarin
(3 female and 3 male), all of whom originated from Taiwan
and reported speaking a standard dialect of Taiwan Mandarin.
A panel of 8 native speakers then evaluated the speech pro-
duction of each of the 6 talkers. The native judges were in-
structed to rank the recordings of each talker from best to
worst based on the perceived clarity of pronunciation, vocal
quality, and standard Taiwan Mandarin dialect. The highest
ranked male and female speakers were chosen as the talkers
for all subsequent recordings.

Recordings. The talker recordings were made in a double-
walled sound booth located on the Brigham Young University
campus in Provo, UT. A Larson Davis Model 2541 micro-
phone, positioned approximately 15 cm from the talker at a
0° azimuth and covered by a 7.62-cm windscreen, was uti-
lized for all recordings. The microphone signal was amplified
by a Larson Davis Model 900B microphone preamplifier,
which was coupled to a Larson Davis Model 2200C pre-
amplifier power supply. An Apogee AD-8000 analog-to-digital
converter was used to digitize the audio signals, which
were subsequently stored on a hard drive for later editing. A
44.1-kHz sampling rate with 24-bit quantization was used for
all recordings, and every effort was made to utilize the full
range of the 24-bit analog-to-digital converter.

The talkers were asked to pronounce each bisyllabic word
at least four times. To avoid possible list effects and decli-
nation of intonation, the first and last repetitions of each word
were excluded from the study. A native judge then rated the
medial repetitions of each bisyllabic word for perceived
quality of production, and the highest rated production of
each word was selected for further evaluation. Any words that
were judged to be poorly recorded were rerecorded or elim-
inated from the study prior to listener evaluation. The inten-
sity of each bisyllabic word to be included in the listener
evaluation was then edited as a single utterance using Sadie
Disk Editor software (Studio Audio & Video, 2004) to yield
the same equivalent continuous sound level (Leq) as that
of a 1-kHz calibration tone using a Larson Davis Model 824
sound level meter.

Procedures

The randomization and presentation of the words were
controlled using custom software. The experimental stimuli
were routed from a computer hard drive to the external input
of a Grason-Stadler Model 1761 audiometer using a Lynx
L22 sound card. The stimuli were then routed via TDH-50P
headphones from the audiometer to the participants. Test-
ing was conducted in a double-walled sound suite meeting
American National Standards Institute (ANSI S3.1-1999)
standards for maximum permissible ambient noise levels for
the ears-not-covered condition using one third octave-band
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measurements (ANSI, 1999). Prior to each testing session, the
inputs to the audiometer were calibrated to 0 VU using the
1-kHz calibration tone through customized computer soft-
ware. In accordance with ANSI S3.6-2004 standards (ANSI,
2004), the audiometer was also calibrated weekly during and
at the conclusion of data collection. No changes in calibra-
tion were necessary throughout the course of data collection.

Evaluation of Bisyllabic Words

The participants were not familiarized with the bisyllabic
words prior to testing. The 240 bisyllabic words were ran-
domly grouped into 10 lists of 24 words each. These 10 lists
were used for presentation to the first 10 participants. The
240 words were then randomly combined in a second group
of 10 different lists for presentation to the next group of
10 participants. Ten presentation levels were selected for the
lists: —5 to 40 dB HL in 5-dB steps. One list was presented
at each level. The order of the presentation of the lists and the
order of the words within the list were randomized for each
participant. Each word was presented an equal number of
times at each intensity level across the entire participant pop-
ulation. Prior to administration of the word recognition test,
the following instructions were given to the participants in
Mandarin:

You will hear bisyllabic words at several different loud-
ness levels. At the very soft levels it may be difficult for
you to hear the words. Please listen carefully and repeat the
words you hear. If you are unsure of the word, you are
encouraged to guess. If you have no guess, please remain
quiet until the next word is presented. Do you have any
questions?

The accuracy of'the participants’ verbal responses was judged
to be correct or incorrect by a native speaker of Taiwan
Mandarin who was highly familiar with the word corpus
and the testing procedures. An orthographic display of each
test item was made available to the native judge during and
after each stimulus presentation. The scoring of each test
item was immediately recorded by the native judge using cus-
tom software.

Results

Word recognition scores have been traditionally derived
by utilizing full word lists consisting of 50 test items. How-
ever, some audiologists utilize only half of the 50 full-list
items to reduce clinical testing time and decrease the influ-
ence of patient fatigue (Penrod, 1994). To accommodate both
methods of assessment, the final word recognition materials
were organized into four lists (50 words each) and eight
half-lists (25 words each) for both the male and female talker
recordings.

The 200 words with the greatest number of correct iden-
tifications were selected and subsequently divided into four
counterbalanced lists of 50 words each through random block
assignment. This was accomplished by first assigning a rank-
ing to each bisyllabic word based on the number of times it
was correctly identified across all participants and intensity
levels. The first four words from the rank-ordered list of
200 words were then randomly assigned to one of the four



lists. This list assignment procedure was repeated with the
next four rank-ordered words until each of the four word rec-
ognition lists contained 50 words each. Eight half-lists were
created from the four word recognition lists by dividing
each list into 25 consecutive pairs of words based on their
relative position in the list. For example, Pair 1 consisted of
the first and second word in the list, Pair 2 the third and fourth
word, and so on. The first word from the first pair was then
allocated to Half-List A and the second to Half-List B. For
each subsequent pair, this allocation was reversed. The male
and female word recognition lists (Appendix A) and half-lists
(Appendix B) are provided in both traditional characters
and Hanyu Pinyin romanization.

The combined dichotomous perception data from each
word in a list or half-list were analyzed with logistic regres-
sion to calculate regression slopes and intercepts for each
of the four lists and eight half-lists for both male and female
talker recordings, which are presented in Tables 1 and 2, re-
spectively. Percentage correct recognition values were cal-
culated for each list and half-list by inserting the regression
slope and intercept values into a modified logistic regression
equation (Equation 1). This equation is designed to calcu-
late percentage of correct performance at any specified inten-
sity level. In Equation 1, P is percentage of correct recognition,
a is the regression intercept, b is the regression slope, and i
is the presentation intensity level in dB HL.

exp(a + b x i)
1 +exp(a+b xi)

P=(1- ) x 100. (1)

The percentage of correct word recognition was predicted
for each of the bisyllabic lists and half-lists at a range of in-
tensity levels (—8 to 40 dB HL in 2-dB increments). A psy-
chometric function for each list and half-list was created
using these predicted percentages of word recognition. In
addition, the threshold (presentation intensity required for
50% word recognition), the slope at threshold, and the slope
from 20% to 80% were calculated for each of the bisyllabic
lists and half-lists by inserting the desired proportions into
Equation 2. In Equation 2, i is the presentation level in dB HL,
p is the proportion of correct recognition, a is the regression
intercept, and b is the regression slope.

log—p —a
. 1-p
= — @)

As shown in Table 1, for the male talker recordings, the
psychometric function slopes at the 50% location ranged
from 8.7% to 10.2%/dB (M = 9.6%/dB) for the lists and from
8.4% to 11.3%/dB (M = 9.6%/dB) for the half-lists. The slope
values for the female talker recordings are found in Table 2,
which range from 7.6% to 8.2%/dB (M = 7.8%/dB) for the
lists and from 7.2% to 8.6%/dB (M = 7.9%/dB) for the half-
lists. Slopes of the psychometric functions were slightly lower
when measured from the 20% to 80% points of the func-
tions instead of calculating the slopes at the threshold mid-
point, with slope values ranging from 7.6% to 8.8%/dB
(M = 8.3%/dB) for the male talker lists and from 7.3% to
9.8%/dB (M = 8.3%/dB) for the half-lists; for the female talker

Table 1. Mean performance of Taiwan Mandarin male bisyllabic lists and half-lists.

List Intercept®  Slope®  Slope at 50%°  Slope from 20% to 80%° 50% threshold® Change to midpoint’
1 2.2178 —-0.4078 10.2 8.8 54 1.0
2 2.2178 -0.4078 10.2 8.8 5.4 1.0
3 1.8779 —0.3496 8.7 7.6 54 0.9
4 1.9625 -0.3649 9.1 7.9 54 0.9
M 2.0690 -0.3825 9.6 8.3 5.4 0.9
Minimum 1.8779 -0.4078 8.7 7.6 54 0.9
Maximum 2.2178 —0.3496 10.2 8.8 54 1.0
Range 0.3399 0.0582 1.5 1.3 0.1 0.1
SD 0.1753 0.0299 0.7 0.6 0.0 0.0
1A 2.0085 -0.3733 9.3 8.1 54 0.9
1B 2.4885 —0.4531 11.3 9.8 55 1.0
2A 2.0573 —0.3822 9.6 8.3 54 0.9
2B 2.4104 —-0.4389 11.0 9.5 55 1.0
3A 1.8019 —-0.3359 8.4 7.3 5.4 0.9
3B 1.9625 —-0.3649 9.1 7.9 54 0.9
4A 1.8779 —0.3496 8.7 7.6 5.4 0.9
4B 2.0573 -0.3822 9.6 8.3 5.4 0.9
M 2.0830 —0.3850 9.6 8.3 54 0.9
Minimum 1.8019 —0.4531 8.4 7.3 54 0.9
Maximum 2.4885 -0.3359 11.3 9.8 55 1.0
Range 0.6866 0.1172 2.9 2.5 0.1 0.1
SD 0.2432 0.0410 1.0 0.9 0.1 0.1

#Regression intercept.
PRegression slope.

°Psychometric function slope (%/dB) at 50% was calculated from 49.999% to 50.001%.

9Psychometric function slope (%/dB) from 20% to 80%.
®Intensity required for 50% intelligibility.

fChange in intensity required to adjust the 50% threshold of a list to the mean 50% threshold for male and female lists (4.5 dB HL).
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Table 2. Mean performance of Taiwan Mandarin female bisyllabic lists and half-lists.

List Intercept®  Slope®  Slope at 50%°  Slope from 20% to 80%° 50% threshold® Change to midpoint'
1 1.0684 —0.3054 7.6 6.6 3.5 -1.0
2 1.1768 —0.3288 8.2 71 3.6 -0.9
3 1.0794 —0.3082 7.7 6.7 3.5 -1.0
4 1.1157 —0.3133 7.8 6.8 3.6 -0.9
M 1.1101 —-0.3139 7.8 6.8 3.5 -0.9
Minimum 1.0684 —-0.3288 7.6 6.6 3.5 -1.0
Maximum 1.1768 —0.3054 8.2 71 3.6 -0.9
Range 0.1083 0.0233 0.6 0.5 0.1 0.1
SD 0.0488 0.0104 0.3 0.2 0.0 0.0
1A 1.1137 —-0.3169 7.9 6.9 3.5 -1.0
1B 1.0265 —-0.2950 7.4 6.4 3.5 -1.0
2A 1.2164 —0.3434 8.6 7.4 3.5 -0.9
2B 1.1412 —-0.3156 7.9 6.8 3.6 -0.9
3A 1.1627 —0.3295 8.2 71 3.5 -0.9
3B 1.0067 —-0.2900 7.3 6.3 3.5 -1.0
4A 1.2164 —-0.3434 8.6 7.4 3.5 -0.9
4B 1.0332 —0.2892 7.2 6.3 3.6 -0.9
M 1.1146 -0.3154 7.9 6.8 3.5 -0.9
Minimum 1.0067 —0.3434 7.2 6.3 3.5 -1.0
Maximum 1.2164 -0.2892 8.6 7.4 3.6 -0.9
Range 0.2097 0.0542 14 1.2 0.1 0.1
SD 0.0843 0.0224 0.6 0.5 0.0 0.0

@Regression intercept.
PRegression slope.

°Psychometric function slope (%/dB) at 50% was calculated from 49.999% to 50.001%.

9Psychometric function slope (%/dB) from 20% to 80%.
®Intensity required for 50% intelligibility.

Change in intensity required to adjust the 50% threshold of a list to the mean 50% threshold for male and female lists

(4.5 dB HL).

lists, values ranged from 6.6% to 7.1%/dB (M = 6.8%/dB) and
from 6.3% to 7.4%/dB (M = 6.8%/dB) for the half-lists.

A logistic regression yielding a chi-square statistic was
utilized to investigate whether there were any significant dif-
ferences among the lists or half-lists for each talker. In terms
of statistical power, the chi-square analysis for the full lists
was able to detect a 10% difference in correct responses be-
tween lists with a probability of .997 and for the half-lists
a 10% difference in correct responses between lists with a
probability of .913. The results of the analysis indicated that
there were no significant differences among the 50-word lists
for the male and female talkers, x°(3, N=20)=1.97, p=.578,
and x°(3, N =20) = 0.26, p = .965, respectively. Results also
indicated that there were no significant differences found
among the 25-word half-lists for the male and female talk-
ers, x°(7, N =20) = 3.75, p = .808, and x°(7, N = 20) = .98,
p = .995, respectively. There were also no significant within-
talker Intensity x List interactions noted.

Although there were no statistically significant differences
found among the word recognition lists or half-lists for each
talker, digital intensity-level adjustments were made to each
list using Sadie Disk Editor software (Studio Audio & Video,
2004) to increase the psychometric equivalency of the ma-
terials. The intensity of each word from the male and female
bisyllabic lists and half-lists was adjusted digitally so that
the 50% threshold of each list was equal to the midpoint
(4.5 dB HL) between the mean threshold of the eight male
half-lists and the mean threshold of the eight female half-lists.
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Lists of the digital adjustments for both the male and female
talker lists are presented in Tables 1 and 2. The psychometric
functions for the lists and half-lists after intensity adjust-
ment are illustrated in Figure 1. Figure 2 contains mean psy-
chometric functions for the combined male and combined
female bisyllabic lists both before and after intensity adjust-
ment to equate performance.

Discussion

The purpose of the current study was to construct a set of
psychometrically equivalent bisyllabic Taiwan Mandarin
word recognition lists and half-lists for use in word recog-
nition testing. As shown in Figures 1 and 2, the developed
materials were relatively homogenous in performance with
regard to audibility and psychometric function slope. Results
from a two-way chi-square analysis indicated that there
were no statistically significant differences among lists or
half-lists within the male or female talker materials. Some
differences were found between the male and female talker
materials in terms of mean performance, with the psycho-
metric function slopes at threshold (50%) and from 20% to
80% for both the lists and half-lists being steeper for the male
recordings when compared with the female recordings.

When measured from the 20% to 80% points of the psy-
chometric function, the Taiwan Mandarin word recognition
lists developed in this study were found to have slightly
higher slopes (8.3%/dB for the male talker and 6.8%/dB for



Figure 1. Psychometric functions for the four Taiwan Mandarin bisyllabic lists and eight
half-lists for male talker and female talker recordings after intensity adjustments to produce

50% performance at 4.5 dB HL.
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the female talker) than values reported for several types of
English word recognition materials. Previous research has
reported that the Northwestern University Auditory Test
No. 6 (NU-6) and Central Institute for the Deaf (CID) W-22
English word lists have mean slopes of4.2%/dB and 4.6%/dB,
respectively (Beattie, Edgerton, & Svihovec, 1977), while
more recently Wilson and Oyler (1997) have reported mean
values of 4.4%/dB and 4.8%/dB.

Of particular interest is how the psychometric slope values
of these materials will compare with previously developed
word recognition materials for speakers of Putonghua (Nissen
et al., 2005a), a regional dialect of Mandarin spoken in main-
land China. In terms of list and half-list performance, the
materials developed for Taiwan Mandarin speakers exhibit
slightly steeper psychometric function slopes than the mate-
rials developed in Putonghua. The overall mean psychometric
slope values at threshold (50%) averaged across the male
and female talkers was 7.8%/dB for Putonghua and 8.7%/dB
for Taiwan Mandarin materials (lists and half-lists). The mean
slopes from 20% to 80% in Piitonghua were reported as
6.8%/dB as compared to 7.5%/dB for the materials developed
in Taiwan Mandarin.

A possible reason why the psychometric slopes of Taiwan
Mandarin were higher than those of English may be due to the
different underlying structure of the language (e.g., Mandarin
is considered a tonal language). In addition, the present study
utilized bisyllabic words rather than monosyllabic words,
as are typically used in English word recognition materials,
thereby providing the listeners with more acoustic information
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with which to perceive the words. The relatively small dif-
ferences in psychometric slope found between the Taiwan
Mandarin materials developed in this study and previously
developed materials in Putonghua may be due to individual
variation in the dialect or articulation of the talkers or in
the speech perception abilities of the listeners. Although
Putonghua is considered to be the standard dialect of Mandarin
in mainland China and is commonly utilized in media broad-
casting (Campbell, 1991), a listener’s native dialect may
contain subtle regionalisms that differ from the pronunciation
of the talker, even if both live within the same geographic
area.

Although the overall psychometric slope values are similar
between the two dialects, it would be of interest to conduct a
direct examination of how speakers of Putonghua (mainland
China) would perform on these Taiwan Mandarin word
recognition materials and vice versa. To date, there has been
limited research on how a regional dialect might affect
word recognition testing (Schneider, 1992; Weisleder &
Hodgson, 1989). In the study by Weisleder and Hodgson,
findings indicated that a regional dialect can affect the validity
of word recognition testing in Spanish; however, Schneider
found the effects of regional dialect to not significantly af-
fect the speech recognition scores of Spanish-speaking chil-
dren. Thus, there remains a need to investigate the validity
of using materials from a nonregional, yet mutually intelli-
gible, dialect to evaluate an individual’s word recognition
abilities in Mandarin. In addition, it would be of value to de-
termine whether a native speaker of one Mandarin dialect is
able to accurately administer and score word recognition
testing for speakers of a different regional dialect.

This study is an initial attempt to create and evaluate ma-
terials for word recognition testing in Taiwan Mandarin; how-
ever, we readily acknowledge that there remains a need to
continue to examine the effectiveness of these materials and
to develop additional types of speech audiometry materials in
Taiwan Mandarin. For example, the word recognition lists
developed in this study were evaluated using listeners with
normal hearing in a quiet environment. It is possible that list
performance will vary in listeners with a hearing impairment
or in a noisy environment (e.g., Jerger, 2006; McArdle &
Wilson, 2006; Wilson & McArdle, 2005). In addition, the
test—retest reliability and confidence limits of these materials
require further evaluation.

The aim of this study was to produce speech audiometry
materials for adult listeners; thus, the validity of using these
materials for younger individuals is unknown. Some of the
lexical items contained within the lists and half-lists may be
unfamiliar to children, such as the words & (economy) or
it (politics). Ashoor and Prochazka (1985) developed
Arabic speech audiometry materials that were created spe-
cifically for children. These materials were selected from
children’s books and evaluated by younger listeners. It is
evident that the materials developed in this study need further
examination to determine whether they are appropriate for
children.

Despite the limitations mentioned above, we believe the
creation and evaluation of these materials are an essential step
in providing audiologists the tools to evaluate the hearing
abilities of speakers of Taiwan Mandarin in a linguistically
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appropriate manner. Although pure-tone testing is a quick and
often reliable method to measure frequency-specific informa-
tion about a patient’s hearing impairment, a more compre-
hensive audiologic evaluation often includes measuring an
individual’s ability to perceive and process speech in his or
her native language. Thus, the specific aims of this project
were to create high-quality digitally recorded bisyllabic
Taiwan Mandarin word recognition lists and half-lists of
familiar words spoken by both a male and female talker. The
recorded word lists and half-lists are relatively homogenous
in regard to audibility and psychometric function slope.

The threshold variability across the lists of each talker was
reduced by digital adjustments in individual word intensity.
(The speech audiometry materials developed and described in
this study are contained on a CD titled Brigham Young Uni-
versity Taiwan Mandarin Speech Audiometry Materials;
Harris & Nissen, 2006.)
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Appendix A (p. 1 of 2)
Taiwan Mandarin Word Lists in Traditional Chinese Characters and Hanyu Romanization

Male Talker Lists

List 1 List 2 List 3 List 4 List 1 List 2 List 3 List 4
B B | I AVE|NE TEE |l RCEE houlai women kaifa fangfa néiréng qingchu 2goutdng yanzhong
B¥ Bed | L WER | B REh | RVE B taiwan nénggou jiashang zudtian kaishi chénggdng |dongxt XTnwén
Bl BOr | M2 Rk | BEE mRiE | TR Ae kgji chéngli  |rdnhou yusnlai  [dianhud  zuijin gongchéng  bihui
Bl B | il O EE AZE |2 ER xianzai  haishi shebei yijing hudzhé  buyao canjia qingkuang
AR I | BEAR BIRE | R R | EE KE fuzé guoqu sutrdn guoji yinggai méigud génjué daxué
AHE Eh | B3E LG | AR A | s e xiangguan laoshi zhuanye haoxiang  [shénghuo  jiazhi chéngwéi  néngli
B | THE SRR | RCE AR ([ ER BEE kaifing  guanli lidoji& kéchéng  [jizhe ziwd dadao miiqin
EE W | KA B | SR EE | Al zhéyang  xiyao huddé dongwii  |zhichi Zhuyi guochéng  ziy6u
Mg FAR | FEE R A BB B4 S jitishi shijian shishi ragud shehui z&nme fashéng jingguo
flf g | B k| AR B | Rk L tamen chinshéng |zhongyao  qilai jintian Xuéxi weilai sudyi
BN ORI B e | HuEr JEW | BAR i dangrdn  chiili dianndo  yiding qishi feichang  |mubido  miandui
T B | AdE 7| A PESE | ek dianshi  zheli peihé fangshi  |rénshéng  zudye Zéngjia  wénhua
g GRS | B S| #E A | 5% 74 kuaile ylyan faxian kongjian  [téuzi butong wanquan  anquén
SN A SERL ANEE | MO TR | R4S fRIR bianchéng xiwang  |wanchéng bunéng  |gushi shénme  |mama jigjué
MR TREE | 2 [FEE | 23] ANl 24 T shijian name kashi tongxué  [shouddo  buduan  [xuésheng  xiawii
B 474 | B [FEE | DUIE FIE | g R xuéxido  xingwéi  |hudshi tongshi yihou xiangging |zuihéu Xuinzé
Bz WeE | RIE R | G —iR | BT jieshou shihou zhénzhéng  chéngzhing [shenti ylyang jThei jixu
Hx hir | F3¥ HA|EE BE| 08w shénzhi  yéxii shiye zhide baba yuinyin  |jiaotong ke
ot | TfE HE | e G| BlE KR gaibian  danshi gongzud  zhiydo wenti youguan  |guannian  shidai
TEE) R | BRME 193 | s Gk | HER W huédong  jibén bidozhtin  dédao chuantdng  zaochéng  [zhunbei méiydu
ARG MEE | FRRE HOW | FEEY B | &R ATE) baokuo jthui chéngdu dashi jieduan zheme jiéguo xingdong
AR CFER | AEAE UZH | SR QRE| BTE & gongyudn  tebié ctnzai bixi jianzha  fumi jihua jingji
AR ek | R % | 2% BUA | BKR #F péngyou  ximlidn fazhan xianxiang [jidoshou  zhéngzhi  |guéjia jiaoyn
SeE —H | EBE OEEK| KK B ThRe B xiansheng  yizhi kéolii xihuan dajia shizai kénéng juéde
FKEE AN | WE EN | A & | A5 B jiating lingwai  |bioddo  chanpin  |shijié bijido bénshen  chiixian
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Appendix A (p. 2 of 2)

Taiwan Mandarin Word Lists in Traditional Chinese Characters and Hanyu Romanization

Female Talker Lists

List 1 List 2 List 3 List 4 List 1 List 2 List 3 List4
BHUG ARE| ERE ANH | D4 REr| #gg 0 kaishi bunéng  |dianhua  bitong anquan  biduan  |chuantong  bixd
TR BIh | i By | B (B2 | e pER gongehéng  chénggong |haoxiang  chéngwéi  |ganjué danshi gudchéng  chiilf
RIRE 153 | U505 Hh | /1% #T0 | Phgg dkw wenti dédao mama dongxi ranhou daishi kuaile feichang
B | B3E G | 2 Bl w8 BE baodao gaibian zhuanye goutong canjia guannian  |baba guoji
EAR OGRS | KB B AL B KK Bk dangran  haishi daxué jibén chinshéng jidoshou  |dajia gudqit
e AE | M BT | B4 ME | B ORR fazhiin jinnian dianshi  jtha fasheng  jthui guanli jigduan
I B | W SR | W g | Bk HAR jianzht  kaolit gishi kongjian  [jiaotong  jitishi houlii mibio
WE W &R B HE A |iE da jiaoyn shijian ~ [jiégus shiji kaifa rongyi jizhe shengming
ZHE WS TR RAE| BB BAE | RN A laoshi shijie lidojis tidojian  [kaifing  xianzai shénghué  wanquan
[ Flgk | A B | B B | Hg 2E tongxué xunlian shénme XTInwén tongshi yali shishi Xuéxi
SER MERZ | MHRE BRE | ik B g —H wanchéng  yinggai xiangguan yanzhong |wénhua yiyi Xudnzé yizhi
A BUaA | BEF B miE | B R yuanlai zhéngzhi  |y&xi zhéyang zéngjia zhidao ZIwd yuanyin
B BB or RR | 1E¥E BE | 6% BE chéngdi  zilido chéngli  chéngzhing |zudye Zhijie baokud  touzi
g K| ER ATE)| B W BT OER dongwu péngyou dadao xingdong  |chixian XUyao chile zaochéng
B M| FER| AR B | R &K fuzé yiban fangfa zuétian  |gongyusn  nili guéjia diannio
AR SRB | VEE) A | EE B b KRR kéchéng  meiguo  |huédong  cunzai hudzhe  ziyou jiashang  shidai
Al B | RTRE AREE | R GEE | ATRL fnfe késhi hudshi kénéng  biyao keji yiiyan keyi rihé
¥ M | &G EE | plm He | Bd 825 miandui  xidnxiang |méiydu  jiazhi lira quiding  |lishi juéde
ER G| B IEH) Rk A K| ANE —ﬂﬁ—{ﬁ qingchu youguan mudi yundong qilai jintian rénshéng zhtlinbéi
B AR | e WA | B EA | BEE BB shebei bénshen  [shehui peihé shenti zhide shenzhi  mugin
Wl R4 | 5280 &80 | #ER Kk | Pl Bk shihou huodé shoudao jingyan suiran jiating sudyl ylyuan
e BRI R ORE [ BAM A | AR weilai z&nme tebié fami women xiwang tamen qishi
iTh B#| LB B BE &' N BE xingwéi zheli yihou qingkuang |xuésheng  jinggud xiawt yingxising
R A7 | EE I | & 68| fF B2 Zhishi 20ongst zhongyao  zuijin zhishi taiwan zhichi jigshou
A TR | KB ONAE | Sk R | Bk Hoy biaozhuin  gongzuod bidoxian neiréong bianchéng  tuanti zuihou difang
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Appendix B (p. 1 of 2)
Taiwan Mandarin Word Half-Lists in Traditional Chinese Characters and Hanyu Romanization

Male Talker Half-lists

1A 1B 2A 2B 3A 3B 4A 4B 1A 1B 2A 2B 3A 3B 4A 4B
g (e [k |BEE | |BAgS | SRVE [l houlai taiwan jiashang kaifa neiréng kaishi dongx1 goutong
BifE |BH (A% Rk (B &G | LR (2 xianzai  |kgj ranhou  [shebei hudzhé  [dianhua  |gongchéng |canjia

BO\AHRE | (AR (MEEZ |ARTE A | fuzé xiangguan |zhuanye sutran yinggai shénghud  |chéngwéi |[génjué
BEEK (B[ TR 1845 |SCRF RO 1R [@EfE zhéyang  [kaifing  [lidoji¢ huddé zhichi jizhe dadao gudchéng
B [ [EE |FE |FE |AR Rk [ jiushi tamen zhongydo  [shishi shehui ntian weilai fasheng
WAL |EAR | (AdE (A4 |HE | HA 1B dianshi dangréan diannao peihé rénshéng  |qishi mubido zéngjia
PREE (S [5eR | BB & | (W50 (524 kuaile bianchéng |wanchéng |faxian touzl gushi mama wanquan
R (R [rle (B (Mg |23 (B (R Xuéxiao shijian késhi huoshi yihou shoudao xuésheng  |zuihou
Wz |H% [F¥E | H]IE |98 |58 |0l (BT jicshou  [shenzhi  [shiye zhénzhéng  |shenti baba jidotong  [jha
WED | iaf TAE |FRdE (fHigy (B |BS | hudédong gdibian gongzuo bidgozhtin  |chuantdng |wenti guannian  |zhtinbei
WEE (AR (A |RRE BB @R (FHE (SR baokud gongyuan  |clinzai chéngdu jicduan jianzhu jihua jiégud
Sk K R (R |RK | BIR |BIX |6 xiansheng [péngyou  [fazhan kaolil dajia jiaoshou  |guojia kénéng
KEE | TRAM |5k [3RE (R R |RE (A5 jiating women  |fangfi baodio  [shijié gingchu  |yanzhong  |bénshén
JROL |BES |WER |JEk [ |z B (AN e chéngli nénggou zudtian yuanlai zuijin chénggdng |xinwén blhui
Eag |k B DR | |36 RE |10 haishi guoqu gudji yijing buyao méigud daxué qingkuang
EE e (iR (R (AR |EE e | B guanli laosht hioxiang  |kéchéng  |ziwd jiazhi néngli miigin
T | H (R (B | B | (A H xilyao shijian ragud dongwu zhuyi zénme jingguo ziyou
BEEL (A (R |—E |AEE | (BTl [ chuli chanshéng [qilai yiding feichang Xuéxi sudyi miandui
B FES |55H | (MEE |AF %4 |tk zheli yliyan kdngjian fangshi Zuoye butong anquan wénhua
TR |5 (e [R5 | ANEr A R | name xiwang bunéng tongxué buduan shénme jigjué xiawti
TRy |ReiE (R (RIS | B | kR |44 1284E xingwéi shihou chéngzhing |tongshi xianggang |ylyang jixu xudnzé
H2 (R [ES | TR R [ATRL (R danshi yeéxu zhide zhiyao youguan yuanyin kéyi shidai
AR |MEE AT 1193 JER 1B |ITE) |KE jibén jthui diishi dédao zaochéng  [zhéme xingdong  |méiydu
AIER [RE [2E |BI% |Bua |QBE (&8T5 (#F ximlian ~ [tebié bixii xianxiang  [zhéngzhi  |fumu ingji jiaoy
—H | Ao |ES [EE |EE |l B |EA yizhi lingwai chanpin xihuan shizai bijiao chiixian juéde
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Appendix B (p. 2 of 2)
Taiwan Mandarin Word Half-Lists

in Traditional Chinese Characters and Hanyu Romanization

Female Talker Half-lists

1A 1B 2A 2B 3A 3B 4A 4B 1A 1B 2A 2B 3A 3B 4A 4B

LRE (BHGs |FEEE (g B8 |24 |EE |EfE gongchéng  |kaishi dianhua hdoxiang  |ganjué anquan chuantong |guochéng
MR R |H3E U505 [R1E (200 |Ew |[thgd wenti biodio  |zhuanye  |mama ranhou canjia baba kuailé
SR |EAR RS [\ | EE |KK (B fazhan dangran daxué dianshi fashéng chanshéng |dajia guanli
IR (HE AR (W |l | [RiE (18R jianzhu  |jiaoy icgus giishi jizotong  |kaifa jizhe houlai
[RlE: |20 | T (A2 |[FIRS B (Aais (die tongxué  [laoshi ligojie shénme  |tongshi kaifang shenghué  |shishi
SeR |JEAR | |#HR | Soth (B (B3R (S wanchéng  [yuanlai yéxii xiangguan |wénhua  |zengjia ) Xuinzé
gy (R (or R |HBE |[1EXE (a8 (BRT dongwu chéngdu chéngli dadao chiixian Zudye baokuo chile
AT B |TED) | [AF (8 [k |Bx firzé kéchéng  |huédong  |fangfa gongyusn  |huozhe  [jiashang  |guoiia
M | a2 [aTRE [ |Fln |RH |areL |fREsk miandui  [késhi kénéng  |méiysu  |lird keji keyi lishi
HAE [ (e (H |k |38 (HEE (A qingchu shebei shehui mudi qilai shénti shénzhi rénshéng
AR (W (220 [RER | FAM [RESR |BTEL | weilai shihou shoudao tebié women suiran sudyi tamen
Tk [RA2 |EE |DUg |84 | (326 [ FT xingwéi  |zhishi zhongydo  |yihou xuésheng  |zhishi Zhichi xiawil
Afe |BEME [RIBL [(ARF) | ANE SRR | Ifg | 2E binéng  [bidozhiin  |bisoxian  |buténg buduan  [bianchéng |zuihou bixii
I |1 R (A (H2 BT |dER R chénggdng |dédao dongx1 chéngwéi  |danshi dashi feichang chuli
-l ie Gl SR B NI E Vel L P& (3 2 haishi gaibian goutdng jibén jiaoshou guannian  |gudji guoqu
AAE | R |2 [T [BEE e | HAE (RSB jinnian kaiolii kongjian  [jtha jthui iushi mibido  |jieduan
S B [EER (B | B | B S | |=e shijie shijian shiji tidojian xianzai rongyi shéngming |wanquan
AR |JERZ (E ok | |8 [ H |28 xunlian yinggai yanzhong  |Xinwén yali yiyi yizhi Xuéxi
Bk (Bus Bk [BE [EE |miE R |#E zlido zhéngzhi  |zhéyang  |chéngzhing |zhijie zhidao yuanyin  [téuzi
AR | (MR ATE) [ X7 |EmAS |k péngyou yiban zuotian xingdong  |xliyao nuli diannao zaochéng
B [RE (FFE (AZ FES |8l (R [ huoshi méigud cunzai buyao yllyan ziyou shidai rihé
B% 1R |ER |[EE |Be (SR [ [B215 xianxiang  |yduguan yundong  |jiazhi guiding jintian zhtinbei juéde
W ARG (FE |8 (K (9 |BEE | B huddé bénshen  [peihé iingyan [jiating zhide migin yiyuan
BE B TEW QB (A (K s |HE z&nme zheli qingkuang  |fumu xiwang jTngguo yingxidng |qishi
TAE |AF &L |NE | |63 182 |y 2ongzuo gongsT zuijin neiréng tudnti taiwan jieshou difang
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