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* Participants o Mixed-effects modeling of creaky syllables

A total number of 40 native speakers of Mandarin from the mainland of China
participated into this study (self-reported gender: 8 men; 33 women; age: 19-36, Estimate Std.  Error zvalue Pr(>|z|)
mean = 25.12) and were paid 20 RMB for their participation. 24 of them reported that (Intercept) 119 026 451 <0.00] ***
they have never heard the term “creaky voice” prior to the study. No one reported to Pitch range (High) 029 005  -6.44  <0.001 ***
h hearing deficit Prosodic position (Final) -0.28 0.06  -4.55 <0.001] #***

ave hearing deticits. Creak locality (Global) 032 005 5.89

Pitch range (High) : Prosodic position (Final) -0.10  0.05 -2.23 0.03 *
Procedure Pitch range (High) : Creak locality (Global) 0.08 0.05 1.74 0.08 .
: : : : : : Prosodic position (Final) : Creak locality (Global) -0.22 005  -3.96 <0.00] ***
Conducted online in Mandarin Chinese using QUBHFICS. Pitch range (High) : Prosodic position (Final) : Creak locality (Global)  -0.13  0.05 -2.80 <(0.0] **

Consent = Familiarization phase (participants learned what Creaky voice Formula: Response ~ Pitch range x Prosodic position x Creak locality + (1|Participant) + (1|Syllable) + (1|Tone)
sounds like) ——p Practice trials (same as the test trials except with feedback)
—p [est trials

Task: identify for each sentence, whether and where they think creaky voice
OCcCurs.  Modal syllables:

e ———
FREL2EBPHETER.

 Experimental design

VANDERBILT

Creaky voice: an aperiodic phonation that is often related to low pitch
targets (also known as “creak”, “vocal fry” and “glottalization”).
Acoustic cues featuring creak: irregular pulses, low FO, constricted
glottis, damped pulses and presence of subharmonics [1].

As a non-modal phonation, creak has been found to influence the
perception of pitch range, prosodic boundary and lexical tones [2, 3, 4,
5]

However, few studies have examined how these factors could in turn
affect listeners’ perception of creak (e.g., [6])

This study: examines the effects of pitch range, prosodic position,

creak locality and lexical tones on creak identification in Mandarin
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A 8 (Tone) X 2 (Pitch range) X 2 (Prosodic position) X 3 (Creak locality) The experiment took around 25 minutes to finish. High Low
within-subject design was implemented. Pitch range

o Mixed-effects modeling of modal syllables

Sentence Prosodic Position  Creak Locality
MMMMMMMCCCCC SentenceFinal Global creak « Confusion matrix of creak identification Estimate ~ Std. Error  zvalue  Pr(>|z|)
MMMMMMMMMMC SentenceFinal Local creak (Intercept) -4.68 0.19 2410 <0.00] *#*

CCCCCMMMMMMM SentenceNonfinal Global creak Table 1: overall Production-Creak Production-Modal Pitch range (High) -().94 0.05 -20.00 <().00] ##**

MCMMMMMMMMM SentenceNonﬁnal LOC&] Creﬂk Percep‘non_Creak H|t 073 False Alarm 005 Prosodic Position (Fll]d]) .06 .06 1.10 (.27
PerCepthn-MOda| MISS O 27 Hlt O 95 Pitch range (ngh) * Prosodic Position (Fllhll} -0.07 .05 -1.46 0.14

Materials Table 2: High | Low pitch T e T Production-Modal Formula: Response ~ Pitch range x Prosodic position + (1|Participant) + (1|Syllable) + (1|Tone)

Stimulus creation Perception-Creak Hit: 0.69 | 0.76 False Alarm: 0.03 [ 0.17
- 64 simple declarative sentences were constructed. Perception-Modal Miss: 0.31] 0.24 Hit: 0.97 | 0.83
- 12-syllable long with the same syntactic structure (NP1-VP-NP2) but Table 3: Final | Non-final Production-Creak Production-Modal D ISCUSSION & CO“CI usion

varying in terms of the exact content and lexical items. Perception-Creak Hit: 0.65 | 0.81 False Alarm: 0.07 | 0.03

- NP1 and NP2 are disyllabic person names and only the tone of Perception-Modal Miss: 0.35 [ 0.19 Hit: 0.93 | 0.97  How Mandarin listeners identify creak is influenced by pitch range, prosodic

the second syllable was different (X Y1 vs. X Y2). Table 4: Global | Local Production-Creak Production-Modal position, creak 'OCa“tY as Yv_e” a.S lexical tones _
_Names were all sonorants. Perception-Creak Hit: 0.88 | 0.69 False Alarm: 0.01 | 0.07 For creaky syllables, identification would be more accurate if the target

- Creak-containing syllables differed in terms of prosodic position (final Perception-Modal Miss: 0.12 ] 0.31 Hit: 0.99 | 0.93 syIIabIe.s were in a context where its surrounding syllables were also
vs. non-final), pitch range (high-pitched vs. low-pitched) and creak Table 5: T1]|T2| T3 | T4 __ Production-Creak Production-Modal creaky; C.regky syllables at sentence non-flnal positions are easler to be
ocaliy (global creak [the surrounding 4-5 syllables of the creak PercepionModel | iss: 0150451008 [04T ] Hit 092 [ 047 [0.90]08T For modal syllablos, when they are In & sreaky environment,identfication
gg::i:z::g IZS?I a:;eccr:;eail]()]-vs. local creak [only the creak- Table 6: N1 .| N2 | N3 | N4 . Production-Creak Production-Modal IS egsier when it is high-pitched; whereas When they _are In @ modal
- For each target syllable, another two modal sentences were included Perception-Creak Mit: 0.64 | 0.77]0.62]0.75 | False Alarm: 0.05 | 0.09 | 0.07 | 0.08 environment, low-pitched ta_rgets are more I_|kely to trigger false alarm.
’ Perception-Modal Miss: 0.36 | 0.23 | 0.38 [ 0.25 Hit: 0.95]0.91]0.93|0.93 Taken together, the perception of creak is highly context-dependent and

to balance items with and without creak. modulated by different acoustic and linguistic cues.

o 4 9 ulat Creaky syllables Global Local
o Recording and manipulation 00+
- 64 sentences were naturally produced by a female native speaker Refe rences

of Mandarin.

- Recording was conducted in a professional sound booth using a high-
quality BlueSnowball iCE microphone.

- Sentences were produced in equalized speech rates (at 40 bpm
using online metronome) with a sentence-final falling intonation.

- Recordings were digitized at a sampling rate of 44,100kHz and 32 bit

SEamr?Ie Wld(;r:‘.'l asted for 2.3 ds i durat Communication Association, 2012. [5] L. Davidson, “The effects of pitch, gender, and
- Each sound tile lasted T1or £ SeCOh S In UI‘? on. | | | | prosodic context on the identification of creaky voice,”Phonetica, vol. 76, no. 4,pp. 235-
- Sentences were then manipulated into low-pitched targets (the mean High Low High 262. 2019.

FO for the low-pitched recordings was 110 Hz and the mean FO for the Pitch Acknowledgement: We thank members of the Upenn Phonetics Lab and Mark Garellek
original high-pitched recordings was 225 Hz. Prosodic position M final M nonfinal for their feedback.
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