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THE QUESTIONS:
Major issues in documenting/analyzing a tone language:

1) what is the tone inventory?
2) what are the tone sandhi rules?

(& disentangle from tonal coarticulation)

Modelling underlying pitch targets can answer both.

INTRODUCTION
A.Nanjing Dialect

• Nanjing city, Jiangsu Province, east coast of China.
• Population over 5.3 million
• Hongchao subgroup within Jianghuai dialects.

B. Nanjing Tone Descriptions

C. Purposes of Study
• Determine inventory/sandhi rules based on acoustic

data using statistical modelling

METHODS
Participants & Stimulus Materials

• 12 native speakers of Nanjing (6F/6M), age 35-65
• 660 mono-σ tones (11 σs*5 tones*12 speakers), 360

di-σ tones (5 di-σs*6 combos*12 speakers).
• Real words; most chosen from Liu (1995)

Measurement and Normalization
• Digital recording, sampling rate 44.1kHz.
• Praat script extracted time-normalized F0 values, 20

time points in each V, 25.6ms analysis window.
• Logarithmic Z-score normalization on F0 values

(Rose 1987; Zhu 1999)

STATISTIC MODELS & RESULTS
A. Modelling
• Underlying pitch targets (UPTs) are ‘the smallest

articulatorially operable units associated with
linguistically functional pitch units such as tone and
pitch accent' (Xu & Wang, 2001:321).

• Prom-On, Xu & Thipakorn (2009) offer a quantitative
target approximation model.

• Chen et al. (2017) show this model can distinguish
gradient, phonetic perturbation from categorical,
phonologized changes.

B. Results: Citation Tones
• To transform F0 to Chao numbers: build on previous

methods (Shi 1990; Zhu, Shi & Wei 2012), but use
UPTs.

• Calculate sample quantiles for all fitted values of
mono-σ tones; find cut-off values for each

• Transform from fitted F0 value to integer from 1-5.

Fitted (solid) and mean (dotted) values of Nanjing T1-T5;
fitted values are from the optimal model for each tone.

• Four tones best modelled by linear underlying target,
but T2 requires quadratic term.

• Cut-off values corresponding to each quantile:
20%: -0.90; 40%: -0.02; 60%: 0.39; 80%: 0.97.

STATISTIC MODELS & RESULTS, CONT.
C. Results: Sandhi
• Compare UPTs of tone in sandhi position to potential

tone it turns into in same di-syllabic context.
• Fit optimal model to obtain coefficients of UPTs for

each speaker; compare UPT of each tone in sandhi
position to that of citation tone in that position

• Non-significant difference in the coefficients is taken
as evidence of neutralized sandhi tones.

Note: label T41a means T4 when it’s first in a T4+ T1 sequence

Fitted underlying pitch target models in Nanjing

• The UPT of T3 before T3 neutralized with that of
citation T2 (Liu 1995), not that of T1 (Sun 2003).

• Modelling supports Sun (2003)’s proposed T5 
T4/_T5; UPTs of T4 and T5 neutralize before T5.

Tone
Initial F0, 

normalized 
(Chao’s #)

Final F0,
normalized  
(Chao’s #)

Values in 
literature

Our Tone 
values

1 0.65 (4) -0.82 (2) 31/41 42
2 -0.85 (2) 0.94 (4) 24/13 24
3 -0.94 (1) -1.59 (1) 22/212/11 11
4 0.45 (4) 0.15 (3) 44 43
5 1.08 (5) 1.31 (5) 5/55 55

Liu (1995) Sun (2003) Our Sandhi rules
T1T4/_T1 
(4144/_41)

T1T4/_T1 
(3144/_31)

T1→T4/_T1 (42→43/_42)
T2T3/_T5 
(2411/_5)

T2T3/_T5
(1322/_5)

T2→T3/_T5 (24→11/_5)
T3T2/_T1 
(1124/_41)

T3T2/_T1
(2213/_31)

T3→T2/_T1 (11→24/_42)
T3T2/_T3 
(1124/_11)

T3T1/_T3
(2231/_22)

T3→T2/_T3 (11→24/_11)
T4T1/_T5 
(4441/_5) None

T4→T1/_T5 (43→42/_5)
T53/_T5 
(53/_5)

T5T4/_T5 
(544/_5)

T5→T4/_T5 (5→43/_5)

Liu (1995) Sun (2003)
T1T4/_T1 (4144/_41) T1T4/_T1 (3144/_31)

T2T3/_T5 (2411/_5) T2T3/_T5(1322/_5)

T3T2/_T1 (1124/_41) T3T2/_T1(2213/_31)

T3T2/_T3 (1124/_11) T3T1/_T3(2231/_22)

T4T1/_T5 (4441/_5) None
T53/_T5 (53/_5) T5T4/_T5 (544/_5)

Tone Syllable Liu (1995) Sun (2003) Meaning
T1 /fu/ 41 31 ‘skin’
T2 /fu/ 24 13 ‘hold’
T3 /fu/ 11 22/212 ‘rotten’
T4 /fu/ 44 44 ‘negative’
T5 /fu/ 5 55 ‘fortune’


