Reexamining cue enhancement: The case of whispered tones in Mandarin
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1. Introduction 2. Background 2. Methods
» 4 basic lexical tones in Mandarin » How well are tones recognized in whisper (which has neither FO nor » Materials: list of 30 minimal tone quadruplets (= total of 120 test items)
" Tone 1: high level (55) 140 harmonic fine structure)? " open syllables with unaspirated stop or fricative onsets
" Tone 2: mid rise (25) " 60-80%0 accuracy in Mandarin [4] » Subjects: 4 native Mandarin speakers from mainland China (2 m, 2 f)
" Tone 3: low tfall-rise (214) . " poorer accuracy in Vietnamese, which has more tones [0] * 3 from Beijing, 1 from Shanghai
" Tone 4: high fall (51) N » What secondary cues can speakers attend to in whisper? " all in their 20s-30s, no history of articulatory or auditory problems
: * temporal envelope / intensity contour [2, 3, 8, etc] » Recording: speech recorded digitally in quiet rooms at 44.1 kHz / 16 bps
Tone 1] Tone 2 o " syllable duration |5] - Mara;tz PMDG670 solid state recorder, AKG C420 head-mounted
> [5]: better recognition accuracy with “human whispered” stimuli than condenser mic positioned to the side of the mouth about 2 cm away
% from |5, 7] “machine whispered” stimuli (signal-processed to remove F0) " stimuli recorded 1n isolation in random order for each speech genre
0 50 100 " [5]'s conclusion: i.n whisper, talkfzrs promo.te secondary (CUES since " 120 items/genre x 3 tokens/item = 360 tokens for 1 speaker/gente
N ‘ N . NommahZzed time () they know .the primary cue (FU) 1s not avaﬂable.t to the listener » Measurements: taken in Praat 4.5.14 [1] on a Fourier spectrogram
u — o ' ) » Research question #1: How do the four Mandarin tones compare (Gaussian window, length 5 ms, dyn. range 70 dB, pre-emp. 6 dB/oct)
acoustically in whisper as compared to normal speech: " vowel duration measured from the end of the onset burst / strident
» Differences in F0, duration, and » Research question #2: Do talkers exaggerate secondary cues to tone interval to the end of visible formant structure 1n the vowel
| T~ intensity in whisper to make up for the absence of FO information? " average intensity measured over the same vowel interval

3. Results 4. Conclusions

» Duration: same hierarchy among tones in normal speech e T el e il " O oy » There are significant differences in duration and intensity among the
and whisper: Tone 3 > Tone 1/Tone 2 > Tone 4 . g L """" o L 4 Mandarin tones in both normal and whispered speech
> 600 b, L
. . . . . . " - - i o 50_."5-:’,.-' . . . . .
duration difterences in normal speech significant at E M= o + __F " relative differences are similar across speech genres
p < .05 except Tone 1 vs. Tone 2 for Sp. 1, 2 = i " - -
» duration differences in whisper significant at p < .05 £ |l » Talkers are not exaggerating secondary cues in whispered speech
9 250 : : : : :
except Tone 2 vs. Tone 3 for Sp. 2 e - x| 40 " duration/intensity differences among tones become smaller in
" main effect of tone for all speakers (L. to R: Sp. 1-4) 7 200- whispered speech (contra [5])
» main effect of sbeech oenre for S 1.3 4 250 Error bars: +/- 1.00 SE | 200 Error bars: +/- 1.00 SE | 300 Error bars: +/- 1.00 SE Error bars: +/- 1.00 SE .
peech gente 1ot S5p. 1, 9, L ; : T ; ; B ; ; A ; ; : " [5]’s perception results are probably due to unnaturalness of the
" [tone x speech genre| interaction for all speakers rene rone rone rone “machine whispered” stimuli rather than exaggerated cues in the
80.0  em==piormal 85.04  e=pjormal e LI Error bars: +/-1.00 SE et O[T c‘h ” b . .
L . L | | | | uman whispered” stimuli
» Intensity: similar hierarchies in both speech genres E ks e ol BT B - = P
i o T0 Nol 80.0+ dal . . . ° ° ° ° ° ° °
" normal speech: Tone 1 > Tone 2 > Tone 4 > Tone3 §™ _\v T 7o0- » There is significant individual variation in the production of
. — — 2 75.0— — . : : .
" whisper: Tone 4 > Tone 1, Tone 2, Tone 3 % 700- 700- whispered tones, which may be correlated with gender and/or dialect
* main effect of tone for all speakers (L. to R: Sp. 1-4) > < . -
. S 65.0— 65.0— , :
» main effect of spee ch genre for all spe akers | 7| 07 N + Acknovﬂedgments U.S. Depart.menF of Education, UC Be.rk.eley Phonetics & Phonology Forum,
, , g 1 - — - . L PP International Congress of Phonetic Sciences, all speaker participants
" [tone x speech genre] interaction for all speakers = 0007 5 ) 60,0 “Foeeeee =, o . I. i I S — —
.., = o T i e ol 600k = References
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