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Acoustic characteristics of American English sentence stress produced by native Mandarin speakers
are reported. Fundamental frequenciFy), vowel duration, and vowel intensity in the
sentence-level stress produced by 40 Mandarin speakers were compared to those of 40 American
English speakers. Results obtained from two methods of stress calculation indicated that Mandarin
speakers of American English are able to differentiate stressed and unstressed words according to
features of(, duration, and intensity. Although the group of Mandarin speakers were able to signal
stress in their sentence productions, the acoustic characteristics of stress were not identical to the
American speakers. Mandarin speakers were found to produce stressed words with a significantly
higher Fy and shorter duration compared to the American speakers. The groups also differed in
production of unstressed words with Mandarin speakers using a higheand greater intensity
compared to American speakers. Although the acoustic differences observed may reflect an
interference of L1 Mandarin in the production of L2 American English, the outcome of this study
suggests no critical divergence between these speakers in the way they implement American English
sentence stress. @001 Acoustical Society of AmericdDOI: 10.1121/1.1356023

PACS numbers: 43.70.Hd\L |

I. INTRODUCTION Asian languages, is the production of stress placed on syl-
lables or words(Cheng, 1968, 1987; Chun, 1982Wijk
Individuals who speak English as a second language1966 noted over 30 years ago that correct stressing of
(L2) vary in their ability to produce phonetic features of words presents a major difficulty in the pronunciation of En-
English precisely. Phonetic characteristics of the native oglish for individuals who learn English as L2. There are two
first languagegL1) are thought to interfere with the produc- forms of stress which occur in the production of American
tion of L2 (Cheng, 198). The L1 interference with L2 pro- English: lexical stress and sentence stress. Lexical stress is
duction can occur at both the segmental and suprasegmeni@ncerned with the emphasis of individual syllables compris-
level (Ingram and Pittam, 1997; Shen, 199The more in- jng a polysyllabic word. Sentence stress is concerned with
terference which exists between L1 and L2, the less ||ke|){he stress p|aced on words in order to indic@econtrasl
phonetic features of the L2 will be produced accuratelytheir importance/prominence in relation to other words in a
There have been many acoustic and perceptual studies exagentence. Varying degrees of syllable/word stress are indi-
ining the effects of various Asian languages on the phonetigated by changes in vocal fundamental frequenEy)(
features of English spoken as LElege, 1989; Flege and yowel duration, and vowel intensit{Berinstein, 1979; Bol-
Davidian, 1985; Hutchinson, 1973; Ingram and Park, 1997inger, 1958; Crystal, 1969; Fry, 1958; Potisekal, 1996.
Ingram and Pittam, 1987; Kim, 1972; Magnuson and  The focus of the present study was on the production of
Akahane-Yamada, 1996; Pittam and Ingram, 1992; Robsommerican English sentence stress by native speakers of
1982; Tarone, 1980 The magnitude of phonetic inaccura- pMandarin! Clear differences exist in the segmental and su-
cies appears to be correlated to the amount of experi@rce prasegmental characteristics of Mandarin and Eng@¥tao,
length of tim¢ speaking English, or the age period during 1948, 1968; Cooper and Sorensen, 1981; Ho, 1976; Kratoch-
which L2 was acquiredFlege, 1995; Guioret al, 2000; vl 1962; Lehiste, 1970; Pike, 1945; Tseng, 188%uch
Johnson and Newport, 1991t is believed that after a “criti-  peing the case, we wished to determine whether L1 Manda-
cal period,” L2 learners have difficulty not only accurately rin interferes with the production of sentence stress in L2
articulating L2 segment$Flege, 1987; Lennenberg, 1967; English. Prior to undertaking this research, literature related
Magnuson and Akahane-Yamada, 1996; Pittam and Ingramg sentence stress production in American English and Man-
1992, but also in acquiring the suprasegmental features ofjarin was reviewed. Results of this review were used to for-
L2 (Chun, 1982; Guioret al, 2000; Guzma, 1973; Scuffil, mulate specific research predictions. The literature review

1982. and predictions follow.
One aspect of American English noted to be of difficulty

for native speakers of tonal languages, specifically Easf Sentence stress in English

English is a polysyllabic language with diverse syllable
3Author to whom correspondence should be addressed. Electronic maiptructure. English is often described as a s.tres.s-tlmed lan-
yc@uwyo.edu guage, whereby the speech rhythm of English involves an
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interplay of prominentor long duration syllables and less produce stressed words with higher intensity compared to
prominent (or short duratiop syllables (Chun, 1982; van unstressed words. Ca(l986 and Shen(1993 reported
Santen and Shih, 2006 English is also a nontone language lengthening of stressed words compared to unstressed words,
whereby the meaning of a word is derived from the phonetiand Xu (1999 found Mandarin speakers to vaRy during
composition of the word. In the case of English, tones arghe production of Mandarin phrases to differentiate stressed
part of what is usually called intonation, and can be spreadrom unstressed words.

across any number of syllabléghun, 1982; Clark and Yal-

lop, 1995. The primary acoustic correlate of a tone is g C. Sentence stress in Mandarin speakers of American

contour and in English the fundamental tonal choice is beEnglish

tween rise and fall. The tone is normally placed on the last
word of an utterance to convey either a statenéBhe gave
him the KEYS”) or a question(“She gave him the
KEY®"). However, tones can also be placed on virtually
any syllable within a sentencgee., sentence stressn which
case the tone has contrastive val(iéle doesn't live IN
Auckland” [but nearby) (Clark and Yallop, 1996

When Mandarin speakers produce English, they may en-
counter difficulty determining the appropriate location for
stress within a senten¢€heng, 1987; Chun, 1982For ex-
ample, Chun(1982 reported that L1 Mandarin speakers
learning English were perceived to either misplace sentence
stress or produce stressed words with abnormally short du-

rations. Chun(1982 attributed the findings to the lack of a

There have been several examinations of the sentengg ; ; :
. ) _fixed pitch pattern in Mandarin sentences and to the syllable-
stress of EnglisiiBrown and McGone, 1974; Crystal, 1969; timed nature of Mandarin, which appeared to interfere with

Fromkin and Ohala, 1968; Ohala and Hirano, 1967; Lieber- ) . . .
man, 1960, 1967: Pike, 1915Notable are the studies re- the production of English. To date, information related to

ported by Cooper and his colleaguéSooperet al, 1985: English sentence stress production by Mandarin speakers is

) ] limited to perceptual judgments. An acoustic examination of
Cooper and Sorensen, 1981, Ead.y and Coqper, 1986_3,_Ea(# e production of American English sentence stress by native
et al, 1986. Results from a majority of studies examining

sentence stress indicate that the most consistent acoustic Cgp_eakers of Mandarin remains to be performed.
Based on what is known about the characteristics of sen-

relates underlying stress are an increase in magnituéig of tence stress in the English and Mandarin languages, three

duration, and intensity of stregsed WOI’dS n relgtlon to un, redictions were made regarding the production of English
stressed words. However, an increase in magnitude of ea(%9

acoustic correlate is not a necessary requirement for stress% ntence stress by native speakers of Mandarin. The predic-
. yreq {idns were developed with reference to the specific influence
occur. Liberman(1967 noted that typically two of these

three correlates show an increase in magnitude during proqf F(." _duration, and intens.ity on sentenge stre;s. The first
duction of sentence stress prediction was that Mandarin speakers will not significantly
’ differ from American English speakers in their usergf to

signal stress in the production of English sentences. Al-
though tonal languages such as Mandarin are assumed to

A syllable in Mandarin consists of segmental and supraalter F, exclusively to signal a change in word meaning
segmental featureShih, 1986. Segmental features consist rather than intenfChao, 1948; Howie, 19736the recent re-
of a vocalic nucleus which may or may not be accompaniegort by Xu (1999 would suggest otherwise. The second pre-
by pre-vocalic and post-vocalic consonarGhao, 1968 diction was that Mandarin speakers will show no significant
The syllable structure of Mandarin, unlike English, is mono-differences from American English speakers in their use of
syllabic with primarily a basic CV word shag&uo, 1992. duration to signal English sentence stress. Being a syllable-
Suprasegmental features include four “basic” tohes timed language, Mandarin might be expected to show mini-
(Cheng, 1968; Gandour, 1978; Howie, 1976; Leben, 1978 mal variation in syllable duration across a phrase; however,
In a tone language such as Mandarin, a change in tone of @ao (1986 and Shen1993 have found contrary evidence.
syllable (i.e., a word leads to a change of lexical meaning The third prediction was that Mandarin speakers will show
(Chao, 1948; Cheng, 1968; Chun, 1982; Dreher and Leejo significant differences from American English speakers in
1966; Tseng, 1981; Pike, 1948andarin is also a syllable- their use of intensity to signal sentence stress. Mandarin
timed language and is generally thought of as showing n@peakers have been shown to alter intensity to signify stress
strong pattern of stress, with syllable duration remainingin phrasegLin and Yan, 1980; Shen, 1983t remains to be
relatively constant across a senten@@ark and Yallop, determined whether native Mandarin speakers are capable of
1995; van Santen and Shih, 2000 using intensity to signify stress in English sentences.

There are perceptual and acoustic studies which demon-
strate that sentence stress occurs in the production of Man: METHOD
darin. For example, Chad 932 and Chun(1982 examined -

. . : A. Participants

sentence stress as perceived in the production of Mandarin
phrasedi.e., a sequential CV productiprResults from both Two groups of subjects were recruited from within the
studies indicated that sentence stress in Mandarin can Béniversity of Connecticut communit{Storrs, CT. The first
achieved through differential use Bf, or by lengthening of group consisted of 40 adult®0 males, 20 femal¢svho
syllable duration, depending on the position of the stressedpoke Mandarin as L1 and American English as L2. All
word in the sentence. The acoustic studies performed by LiMandarin subjects were born in mainland China. The aver-
and Yan(1980 and Sher{1993 found Mandarin speakersto age age of the Mandarin males was 33 years

B. Sentence stress in Mandarin
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(range=30-46 years). The average age of the Mandarin feanalysis systenCSL 4300B. Each sentence produced by
males was 28 years (rang@1—42 years). Selection criteria €ach subject was displayed as an amplitude-by-time wave-
for inclusion in the Mandarin group consisted ¢f) a uni-  form. The four target words in each sentence recitation were
versity educationf2) formal instruction in English(3) the = measured for,, intensity, and vowel duration. Measure-
ability to speak standard Mandarin as judged by the firstnents offy, intensity, and duration were made only for the
author(who is a native speaker of Mandariri4) speaking Vvowel nucleus of the four target words. The measurements
English for a minimum of 30% of their daily conversation; performed were as follows.

(5) the ability to orally read English fluently; an@) resi-

dence in the U.S_. for a minimum of 2 years. The average; ryndamental frequency (F o)

length of U.S. residence was 3 years, 9 months for Mandarin ) )

female speakers (range — 12 years), and 4 years, 7 months Three portions of the vocalic nucleus were measured for
for Mandarin male speakers (rang@—17 years). The sec- Fo- A 50-ms windowed cursor was placed at beginning,
ond group consisted of 40 adul@0 males, 20 femalgsvho midpoint, and end locations of the vowel segment, respec-
spoke American English as L1. The average ages of thvely. To minimize possible coarticulatory influences of pre-
American male and female speakers were 33 years (rangﬁ@d post-vocalic consonants on the vowel of interest, the
=22_46years) and 27 years (rang@3—41 years), respec- eginning of the vowel was defined as the first 50 ms of
tively. All subjects (native Mandarin and Englighwere periodic activity following the third glottal pulse. The end of

judged to be free of speech, language, or hearing disofderdhe vowel was defined as the last 50 ms of periodic activity
preceding the last three glottal pulses. Vowel midpoint was

B. Speech materials the mathematical middle point between the beginning and

_ ) end points. Once the 50-ms window was fixed on the wave-
Sentence stress was evaluated during production of thgyym the signal was transformed into an amplitude-by-

sentence, “l bought a cat there.” The sentence was produceglequency “power” spectrum using a Hamming window
four ways with primary stress placed on one of four differentyeighting. The center frequency of the first harmonic peak
words. The four sentences with varying stréssted in up- a5 extracted to represent thg. Instances when the result-
percase italicswere: “I bought a cat there,” “IBOUGHTa  ing F value was thought be questionable were handled by
cat there,” “I bought aCAT there,” and "I bought a cat  re-examining the vowel nucleus using a narrow b#4g-
THERE" A similar procedure was used by Copper and So-Hz) spectrogram. TheF, determined for each vocalic
renson(1981). Each of the 4 sentences was produced 3 timegycleus was based on the median of Fqevalues identified

by each participant for a total of 12 sentences per participangt the three measurement locations. Group data were calcu-
Individuals were allowed to practice the speech materials agted as an average of the median values.

often as they wished prior to the actual audio recordings. A

sentence was deemed acceptable if it was perceptually fluent, ] )

contained no misarticulations, conformed to the prescribed- Vowe! intensity

placement of primary stress, and was judged by one of the Five data pointdi.e., dB values were extracted from
researchers to be produced at a conversational pitch arehch of the three calibration tones, and a calibration equation
loudness. For the present study, sentence stress was defingds then generated by using a linear regression metigd

as the stressed placed on the vocalic nucleus of each targe®96. The calibration equation was used to calculate the

word. intensity level in dB SPL during the speech sample record-
ings. The onset and offset of each vowel sample was demar-
C. Audio recordings cated using the same beginning and end locations used to

pmeasure th& , for each target word. The demarcated vowel

All recordings took place in a sound-attenuated boot h ¢ di by-ti lot. Th
Order of sentence presentation was randomized across pgﬁg‘gt en transformed into an energy-by-time plot. The same

ticipants. Audio recordings were made using a cassette r ree vowel portions used _deO measureme_nt were ex-
corder(Marantz PMD-36Qand a unidirectional dynamic mi- tracted fro_m the energy -by-tl_me plot and the mteP sity Ieveli
crophone (Shure, 515SD The microphone was placed were obtalr_led. These !nten_sny value_s were then _corrected
approximately 20 cm from the speaker's mouth. Three puré)n the. basis of the ca}llbratlpn equation to determlr_1e the true
tones of varying intensities were recorded on audiotape foftensity values. The m_tensny valge for-each VOC"’TI'C nL_Jc_:Ieus
later intensity calibration. A sound level meter was placedwas based on the median of.the intensity values identified at
alongside the microphone for recording the actual sound inthe three measurement Ioc_:atlons. Group data were calculated
tensity level. Gain control settings remained in fixed posi-as an average of the median values.

tions during the recording of the calibration and speech sig-

nals. 3. Vowel duration

Measurement of vowel duration for each target word
was based on the amplitude-by-time waveform display. Ver-

Each of the four sentences, along with the correspondingjcal cursors were manually placed at the first and last glottal
intensity calibration signals, were introduced via a cassettpulses of the vowel to demarcate the onset and offset points.
recorder(Nakamichi, MR-2 into a compute(CPU586. All The time interval between the two cursors was taken to be
acoustic signals were digitized at 10 000 Hz using a speecthe vowel duration.

D. Acoustic analysis
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TABLE I. Mean (M), standard deviatiofs.d), and range values fdf, (Hz), intensity(dB), and duratio(ms) for each stressed word produced by the group
of American(A) female and MandariiM) female speakers.

Fo (H2) Intensity (dB) Duration(ms)
Stressed
Group word M s.d. Range M s.d. Range M s.d. Range
A-Female | 219 28 166-303 61 7 43-75 277 89 103-508
BOUGHT 225 34 166-332 63 7 44-75 209 44 125-305
CAT 232 52 168-491 58 8 38-76 160 29 113-247
THERE 201 27 146-285 56 9 39-73 335 48 238-454
M-Female | 257 28 215-329 63 13 37-83 265 75 70-437
BOUGHT 258 29 204-336 65 11 42-83 207 48 111-370
CAT 270 31 222-336 60 13 41-80 160 43 71-290
THERE 237 27 182-290 58 14 29-82 344 68 211-503
E. Sentence stress calculation bought aCAT there,” and “I bought a cafTHERE" the

The acoustic measurements of each speaker’'s produI:QrmUIa IS.
tion of sentence stress were analyzed using two different
calculations. The first calculation involved computing mean
values off, intensity, and duration for stressed words only.F. Measurement reliability
This was referred to agveragesentence stress. Analysis of

average sentence stress provided absolute values of the Ten percent of the sentence tqke{ﬁﬁ senter_ICQSNere
acoustic features for stressed words. This analysis alon ndomly selecteq across Mandar_ln and Ameﬁrlcan speakers
might not indicate whether Mandarin speakers produced se L&, f°”f Man_darm and f_our Amerlcan speak assess-

ent of intra-judge and inter-judge measurement reliability.

tence stress in a manner similar to American speakers. Lav he first auth d the 96 ¢ for intra-iud
(1994 indicated that a stressed syllable/word is one that is e nrst author remeasured the sentences lor intra-judge

produced more prominently than another sylIable/word.re"abi"ty assessment, while inter-judge reliability assess-

Therefore, comparison of the acoustic characteristics ofnent was performed by another individual who was experi-

stressed and unstressed words would be necessary to Coﬁp_ced in acoustic measurements. Average absolute errors for

: . : : Fo, intensity, and vowel duration for intra-judge measure-
rehensively evaluate the contrastie differentiatedl pro- 0 ’ .
Suction of s)(/antence stress e ap ment were 4.10 Hz, 0.55 dB, and 1.82 ms, respectively. Pear-

nagn correlation coefficients fd¥,, intensity, and vowel du-
to evaluate differentiated stress. This calculation involved2tO" between the first and second measurements were 0.95,

comparing the acoustic characteristics of a stressed word 7 and 0-9_7FQ<Q-01), respectively. Ayerage gbsolgte er
(e.g., stressed BOUGHT') to the same but unstressed rors for Fy, intensity, and vowel duration for inter-judge

words(e.g., the remaining unstressed “bought” productions measurements were 1'48 Hz, 201 dB, and 26.88 ms, respec-
vely. Pearson correlation coefficients for measurement of

produced across the four different sentences. This was r%_i— g . . .
ferred to asacross-sentencstress. A “difference” value of o, intensity, and vowel duration between the two judges
were 0.79, 0.79, and 0.9p€0.01), respectively.

an acoustic parametefF§, intensity, or durationwas ob-
tained which indicated the change associated with the||. RESULTS

stressed word compared to the average of the remaining un-

stressed words. For example, to calculate the across-sente .eAverage sentence stress

Fo(AF,) for the word “bought” across the four sentenc- The Fg, duration, and intensity values for average sen-
es:“l bought a cat there,” “IBOUGHT a cat there,” “I  tence stress are shown in Table | for American and Mandarin

AFo=FosoucHT™ (Fo boughit Fo boughit Fo bougnt/3-

The second calculation of sentence stress was desig

TABLE Il. Mean (M), standard deviatiofs.d), and range values fd¥, (Hz), intensity(dB), and duratior{ms) for each stressed word produced by the group
of American(A) male and MandarittM) male speakers.

Fo (Hz) Intensity (dB) Duration (ms)
Stressed
Group word M s.d. Range M s.d. Range M s.d. Range
A-Male | 140 29 87-222 61 7 46-77 299 82 163-471
BOUGHT 144 25 106-203 67 6 54-79 208 44 118-327
CAT 154 32 106-242 62 6 43-74 170 39 103-297
THERE 127 26 121-203 61 6 41-74 350 66 218-488
M-Male | 160 23 104-215 63 12 35-82 258 92 78-530
BOUGHT 163 22 126-215 68 11 39-84 191 60 69-392
CAT 167 33 107-257 65 11 40-82 140 31 71-209
THERE 145 19 121-182 62 12 39-82 314 57 202-467
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FIG. 1. Comparison of across-senteffigebetween American and Mandarin speakers. The values represéty thigerence between stressed and unstressed
words across sentences. Negative values indicate highealues in the nonstressed words compared to stressed words.

female speakers, and Table Il for American and Mandarirstressed wordpF (3,479)=0.59, p>0.01; »°=0.004]. The
males. Two-way repeated analysis of variaf@®NOVA)  male speakers demonstrated a significant main effect for lan-
tests were performed separately for each acoustic feature aguage grouf F(1,479)=29.7, p<0.01; »?>=0.059], with
cording to gender group. Native langug@enerican English  Mandarin males producing stressed words with shorter
vs Mandarin was the between groups factor and stressedowel durations compared to American males. There was
words (I, BOUGHT, CAT, THEREwas the within groups also a significant effect for stressed word&(3,479)

factor?® =196.2, p<0.01; %?=0.555] with each of the stressed
words significantly different in duration compared to the
1. F, other (p<0.01). There was no significant interaction be-

tween language group and stressed wd¥d3,479)=0.77,

Results of the two-way ANOVA for thé, of female
y 0 g>0.01; 7°=0.005].

speakers revealed a significant main effect for languag
group [F(1,479)=145.1,p<0.01; »°=0.235], with Man-
darin females producing stressed words with a highgr
compared to American females. There was also a significant Results of a two-way ANOVA for vowel intensity re-
main effect for stressed worfF(3,479)=19.8, p<0.01; Vvealed a nonsignificant main effect for the female language
7?=0.112]. Post hot-tests foundTHEREto be produced groups[F(1,479)=5.0, p>0.01; »°=0.010]. There was a
with a significantly lowerF, compared to the remaining Significant main effect for the intensity of stressed words
three stressed wordp€0.01). There was no significant in- [F(3,479)=11.5,p<0.01; °=0.068], with BOUGHT be-
teraction between female language groups andRpeof  ing produced with greater intensity thatHERE(p<0.01).
stressed wordgF(3,479)=0.14,p>0.01; °=0.001]. Re- There was no significant interaction between female lan-
sults for the male speakers revealed a significant main effe@uage group and intensity of stressed wofd3,479)

for language groupF(1,479)=51.8,p<0.01; »*>=0.099], =0.04,p>0.01; »°=0.000]. The ANOVA results for male
with Mandarin males showing a highEg, for stressed words ~Speakers were non3|gn|f|cant for language grpEp1,479)
compared to American males. There was a S|gn|f|cant mairF 4.2, p>0.01; »*=0.009]. There was a significant maln
effect for stressed word F(3,479)=18.1, p<0.01; »?>  effect for stressed wordF(3,479)=8.5, p<0.01; %’
=0.103]. Post hod-tests found theF, of THEREto be  =0.051], withBOUGHTbeing produced with greater inten-
significantly lower compared to the remaining three stresse8ity than the three remaining stressed worgs<0.01). No
words (p<<0.01). No significant interaction was found be- significant interaction was found between Ianguage group
tween language group and stressed Wdeg3,479)=0.35, and stressed worldF(3,479)=0.25,p>0.01; *=0.002].
p>0.01; »*>=0.002].

3. Intensity

B. Across-sentence stress
2. Duration 1. Fy

A two-way ANOVA for vowel durations produced by Results of the analysis fdfy, are shown in Fig. 1. Both
female speakers was nonsignificant for language groupmerican and Mandarin speakers produced stressed words
[F(1,479)=0.06, p>0.01; °=0.000]. A significant main with a higherF, compared to unstressed words. Results of a
effect occurred for stressed word$(3,479=212.6, p  two-way ANOVA for the F, of female speakers revealed a
<0.01; °=0.575]. Post hod-tests found each of the four significant main effect for language groupF(1,479)
stressed words to be significantly different in duration com-=22.7, p<<0.01; 7?=0.046]. Mandarin females differenti-
pared to the otherp<0.01). There was no significant inter- ated stressed from unstressed words with a highecom-
action between female language groups and the duration @fared to American females. There was a significant effect for
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FIG. 2. Comparison of across-sentence duration between American and Mandarin speakers. The values represent the duration differencedsehaadn stres
unstressed words across sentences. Negative values indicate longer duration values in the nonstressed words compared to stressed words.

the Fo of stressed word§F(3,479)=15.4, p<0.01; #? to producel and THEREwith significantly shorter differen-
=0.089]. Post hoc testing found the wo@AT to have a tiated duration compared to American malgs<J(0.01).
higher differentiatedF, compared to the remaining three

words (p<<0.01). There was no significant interaction be- 3. intensity

tween female language groups and stressed words Results of the intensity analysis are shown in Fig. 3.

o o2 -
[szl(tz,?ng)rgiljtp%;?e.?sl,sr?ov;é)c.jo?r]{or:—sri‘gnQ(I:\IaS]:/éffrezect fO,rb\merican and Mandarin speakers produced stressed words
language groupF(1,479)= 0.89, p>0.01; 7?=0.002], and with greater intensity compared to unstressed words. Results

2 of the two-way ANOVA for female speakers revealed a non-
a significant e1‘fect2 for thd-, of stressed WordSF(3,fl79) significant ef%/ect for language grgubF(l 47919, p
=_17.3,p_<0.01, 7°=0.099]. The word_CAT had a higher >0.01; »*=0.004]. There was a significant effect for
differentiatedF, compared to the remaining three worgs ( stressed wordgF (3,479)=22.2,p<0.01; n?=0.124], with
<0.01). There was no significant interaction between mal ' = o i '

She differentiated intensity ofHEREbeing higher than the
Egggf_gszgg)ggz] and stressed wofd(3,479)=2.08, p remaining three wordsp<<0.01). There was no significant

interaction between female language groups and stressed
_ word [F(3,479)=0.67,p>0.01; »°=0.004]. Results of the
2. Duration two-way ANOVA for male speakers was nonsignificant for
Results of the duration analysis are displayed in Fig. 2language group[F(1,479)=8.6, p>0.01; 7?=0.018].
Both American and Mandarin speakers produced stressethere was a significant effect for the intensity of stressed
words with a longer duration compared to unstressed wordsvords[F(3,479)=23.5,p<0.01; »?=0.130], with the dif-
A two-way ANOVA for vowel durations produced by the ferentiated intensity of HEREbeing higher than the remain-
female speakers showed a significant effect for languaging three words [§<<0.01). There was no significant interac-
group[F(1,479)=7.2,p<0.01; >=0.015], with Mandarin  tion between language group and stressed W}&(B,479)
females producing differentiated stress with shorter vowel=0.60,p>0.01; °=0.004].
durations. There was a significant effect for the duration of
stressed wordpF(3,479)=123.4,p<0.01; 772=O.44]. The V. DISCUSSION
word | was produced with longer differentiated duration
compared to the remaining three words<(0.01). There
was no significant interaction between female language It was predicted that Mandarin speakers would be able
groups and production of stressed wofdg3,479)=2.53, to alter Fy in L2 English to differentiate stress from un-
p>0.01; °=0.016]. A two-way ANOVA for male speak- stressed words. The present results indicate that Mandarin
ers was significant for language groip(1,479)=28.2,p speakers were able to usg to differentiate stressed from
<0.01; °=0.056], with Mandarin males producing differ- unstressed words in the production of American English sen-
entiated stress with shorter vowel durations. There was #ences. Similar to American speakers, stressed words were
significant effect for stressed worfF(3,479)=126.3, p  consistently produced with the highds§. Although results
<0.01; »°=0.445], with| being produced with longer dif- obtained from the across-sentence analyses indicate Manda-
ferentiated duration compared to the remaining three wordsn speakers’ appropriate use Bf, to signal stress, it is in-
(p<0.01). There was a significant interaction between malderesting to consider the results of the significance testing
language groups and stressed wqre(3,479)=9.35, p regarding the characteristics &f, for stressed and un-
<0.01; °=0.056]. Post hoc testing found Mandarin malesstressed words. The ANOVA results obtained from the aver-

A. Sentence stress accordingto  Fy
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FIG. 3. Comparison of across-sentence intensity between American and Mandarin speakers. The values represent the intensity differencesbetiash str
unstressed words across sentences. Negative values indicate higher intensity values in the nonstressed words compared to stressed words.

age stress analysis found male and female Mandarin speakesignilar to small ripples riding on large waves which results
to produce stressed words with a significantly highgthan in an algebraic sum of two kinds of waves. Considering the
their American counterparts. A significantly higheg was  results from these various studies, it is possible that the
also found for the female Mandarin speakers in the acrosdiigher averageF, shown by Mandarin speakers in the
sentence analysis. present study was indicative of interference from L1,
Two possible explanations may account for the use of avhereby Mandarin speakers produced words with greater
higher F for sentence stress among male and female Manpitch fluctuations compared to American speakers.
darin speakers. The first explanation is that the highgr To evaluate whether the Mandarin groups produced a
among Mandarin speakers may simply reflect basic anthrdaigher F, regardless of sentence stress, a series of post hoc
pometric differences between Asian and Caucasian speakeenalyses were performed. Thg values comprising the en-
Yang (1996 examined the acoustic characteristics of Koreartire sample of unstressed vowels were summed and com-
speakers compared to Caucasian speakers and found that fheeed between Mandarin and American English groups. Re-
vocal Fy and formant frequencies were higher in the Koreansults of the analysis found Mandarin females to produce
speakers. He attributed the higher acoustic values in Koreamnstressed words with a significantly hightey compared to
speakers to an overall smaller laryngeal framework comAmerican females [F(1,1439)=402.71, p<0.01; #?
pared to Caucasian speakers. However,(Mg96 found no  =0.22]. Results for the Mandarin males also indicated a
differences in vocaF, between Cantonese-speaking malessignificantly higherF, for unstressed words compared to
compared to American-English speaking males. In the abAmerican males[F(1,1439)=253.9, p<0.01; 7°=0.15].
sence of anatomic measures of the larynx, it is unknowrThus while Mandarin speakers were able to bBgdo differ-
whether the observed differences ki resulted from dis- entiate stressed from unstressed words, there was a tendency
crepancies in laryngeal anatomy. for these speakers to use a highp across stressed and un-
Another reason for the higheF, among Mandarin stressed words in their production of L2 English. This find-
speakers may relate to the influence of Mandarin tones omg lends further support to Shen($990 contention of an
the production of American English. Ead$982 found that increased overall pitch level during L2 production because of
the continuous speech of Mandarin contains significantlyan interplay between sentence intonation and lexical tones in
greaterF fluctuations at the syllable-level compared to theL1 Mandarin. Future acoustic comparisons of Mandarin and
continuous speech of English. The gredigrfluctuations in ~ American English speakers should consider the possible in-
Mandarin sentences were attributed to the fact that everfluence of anthropometric differences, as well as the inter-
syllable spoken in Mandarin has its own tone contour. Thigplay between sentence intonation and lexical tones to ascer-
finding was examined in greater detail by X999 who tain why Mandarin speakers of English use a significantly
found that the lexical tone determines thg contour for a  higherF,.
syllable, as well as the shape Bf contours for surrounding
syllables. In addition, the location of stress within a sentenc
serves to vary the overalgloba) F, of the entire sentence.
Shen (1990 found that when native speakers of Mandarin It was predicted that Mandarin speakers would show no
produce French as LPa nontonal languagegreater pitch  significant differences from American speakers in their use
fluctuations were found in the L2. Shen believed that theof duration to signal American English sentence stress. Re-
interplay between sentence intonation and lexical tonesults of the analysis showed that Mandarin speakers pro-
served to increase overall pitch level. The suggestion of aduced stressed words with a longer vowel duration compared
interplay between intonation and lexical tones was also eso unstressed words. The pattern of stress duration shown
poused by Cha¢1968 who suggested that the interplay was across the words was similar to that found for American

%. Sentence stress according to duration
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speakers(Fig. 2). However, female and male Mandarin V. SUMMARY AND CONCLUSIONS
speakers produced stressed words with significantly shorter
vowel durations compared to the same productions by This study confirmed the predictions that Mandarin
American speakers. This behavior was particularly apparergpeakers of English would be capable of signifying sentence
in the across-sentence analysis which examined differentistress usingrq, duration, and intensity. Although the present
ated vowel duration. group of Mandarin speakers were able to signal sentence
To evaluate whether Mandarin speakers differed fromstress, the acoustic characteristics of stress were not identical
American speakers in vowel duration regardless of sentend® American speakers. Mandarin speakers produced stressed
stress, a series of post hoc analyses were performed. Theords with a significantly higheF, and shorter vowel du-
vowel duration values comprising the entire sample of unration compared to American speakers. Acoustic examina-
stressed words were summed and compared between Magion of unstressed words revealed additional differences be-
darin and American English groups. Results of the analysigyeen language groups. Mandarin speakers produced
found Mandarin females to prOduce unstressed words with Bnstressed words with Significanﬂy h|gh§6 and greater
significantly longer duration compared to American femalesntensity than American speakers, and the vowel duration of
[F(1,1439)=27.3,p<0.01; »°=0.02], while there was no ynstressed words was either similar or longer than that of
significant  difference between Mandarin and Americanamerican speakers. The most reasonable explanation for
males in the vowel duratzlon of unstressed wordsihese differences is an interference of L1 Mandarin in the
[F(1,1439)=2.29,_ p>0.13; %“=0.002]. The behavior production of L2 American English. The outcome of this
noted for production of unstressed words would suggest th@tudy suggests that, although there are acoustic differences

Mandarin speakers’ application of duration in L2 English iSyayeen Mandarin and American speakers in the production

somewhat vakr)latc);le._ Thefezr(()egultshar? n daghreement W'Ith & sentence stress, there is no critical divergence between
recgnt.iepprt y Guioat al. (2000 who oun thattemporal oo speakers in the way they implement sentence stress in
variability is a common feature of L2 English. Because Man—English The work here adds to the limited body of data
darin is con3|d¢red a.syllable-tlmed language, whereby fsy.léxamining the influence of Mandarin on the accurate produc-
lable duration is relatively constant across a sentence, it IBon of L2 American Enalish

not surprising that Mandarin speakers would have difficulty glish.
regulating vowel duration in multisyllabic American English

sentence¢Chun, 1982 !putonghudi.e., the general/standard Chinese langudgs been promoted

as the “official language” by the government throughout China since the

1950s (Chao, 1968; Cheng, 1987It is based on the phonological and

grammatical system known as Beifangh@i&., the northern dialectin

C. Sentence stress according to intensity English, Beifanghua is also often referred to as Mandétima and Dodd,
2000.

The third prediction was that Mandarin speakers would?The interplay of stress and unstressed syllables/words within a sentence is
show no significant differences from American English thought by some researchers to reflect an isochrél equal timing
speakers in their use of intensity to signal sentence stres@attern of speech rhythi€hun, 1982; Crystal, 1969; Lehiste, 19800w-

ever, this remains a matter of debaté. Cruttenden, 1986 The intent of
Results from the across-sentence and average stress analyﬁ@ present study was to simply note the general timing pattern of English
found Mandarin and American speakers to produce stressegks contrasted to Mandarin.
words with comparable intensity, The finding of no differ- Besides the four “basic” tones in Mandarin Chinese, there is also a fifth
ences in intensity between the two |anguage groups agreetgne, which is usually referred to as a neutral tone. According to Chao

. . . P . . (1968, almost any morpheme normally having one of the regular four
with previous Stl‘,ldles which Indl,(:ated that In,tenSIty sgrves a%ones can be produced in a neutral tone under certain conditions. There are
a cue for stress in both Mandarin and American English lan-iso a very small number of morphemes, such as suffixes, which tend to be
guages(Fry, 1955; Lieberman, 1967; Lin and Yan, 1980; produced in a neutral tone and do not possesses one of the four basic tones.
Shen, 19938 “Equal numbers of male and female subjects were selected for two reasons.

There are reports of intensity being the least salient and:irst, there are limited Qata concerning the pro_duction of American English_

. . . . sentence stress by native speakers of Mandarin and several acoustic studies
less consistent acoustic parameter to differentiate stress fror@xamining Mandarin speakers are based on subject samples of eight or less
unstressed word&Clark and Yallop, 1995 Yet, this feature  (Eady, 1982; Shen, 1990; Xu, 1997, 199%he small sample of male and
of sentence stress was perhaps the most comparable acrofegale speakers has led to the collapsing of data across genders, thereby
Mandarin and American speakers. Additional post hoc requiring that absolute values for features suck @be converted to loga-
analyses examined whether the intensity of unstressed word&h™s (6:9-, Xu, 1999 The relatively large number of male and female

. . Subjects sampled in the present study allowed for grouping subjects accord-
was also comparable across Mandarin and American speaksg to gender and to provide representative estimates of central tendency.
ers. The analysis revealed that Mandarin females producedecond, because a portion of the acoustic analyses involved examining
unstressed words with a significantly higher intensity com- absolute measures &f,, it was deemed inappropriate to collapse the re-
pared to American femald$™(1,1439)-23.2,p<0.0L; % 200s B O B eaont spesch product Athough f was
:,0'02] B M_eindarm males_ also .produced unStre_Ssed Wordﬁot the intent of the ps:esent study toqexplor':e) Whetr;er gender diff?erences
with a significantly higher intensity than the American males were apparent, we believed that reporting data according to gender served
[F(1,1439)=40.2, p<0.01; °=0.16]. Therefore, while it  to provide additional descriptive data regarding English spoken as L2.
is likely that Mandarin and American groups used intensity5The phonetic composition of the four words was not identical which might

P : : turally contribute to observed acoustic differences between words. How-
to signify sentence stress, Mandarin subjects appeared to u%@er, the ANOVA test applied to the present database was thought to pro-

intensity to a greater extent across both stressed and Unjge the most comprehensive analysis within and between native Mandarin
stressed words. and English groups. Any significant differences which may have occurred
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