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Taiwan Min Sandhi Rules

• Sandhi rules
– 13    33     55        5

  

31      53        3

 Sandhi domain

 /lɔ/ in juncture form: / pe55 tshai31 lɔ53 /  [pe33 tshai53 lɔ53 ] “Cabbage Stew”

 /lɔ/ in sandhi form: / lɔ53 pe55 tshai31/   [lɔ55 pe33 tshai31] “Stew Cabbage”

 Sandhi rules relate tones with acoustical similarities

 Goal: Psychological reality of Min sandhi chain 



Allophonic alternation & tone perception

• Tone Sandhi Rule

– GANDOUR, J. (1983) 
• Cantonese: 53  55 

• Mandarin: 214  35

– HUANG, T. (2004) 
• Rugao Mandarin : no sandhi rule

• Beijing Mandarin : 214  35

– Min sandhi chain in perceptual tone 
spaces



Factors Influencing 

Speech Perception
• 1. Properties of auditory system

– Speech vs. non-speech stimuli

• 2. Phonological inventory

– Pitch accent language vs. tone language 
listeners

• 3. Allophonic variation

– No sandhi rule vs. different sandhi rule vs. 
sandhi rule.

» Johnson, K., Babel, M. (2010)   



Experimental Design 
• Independent variables 

– Stimuli types

– language backgrounds 

• Dependent variables

– Error rates

– Tone distributed in a loop pattern 
resembling Min sandhi chain 



Method :Listeners
 13 Swedish listeners : pitch accent language

– Exposure to different lexical tones, accent I and II

– No exposure to tone sandhi rules

• 10 Taiwan Mandarin listeners : tone language

– Exposure to different lexical tones

– Exposure to different tone sandhi rules

– Exposure to mutually unintelligible Taiwan Min  

• 14 Taiwan Min listeners: tone language

– Exposure to Min lexical tones 

– Exposure to Min sandhi chain 

– Speak Mandarin  



Method: Stimuli /kun/
• Juncture Tones

– surname: /a 55 kun 55/ [a33 kun55]

• Sandhi Tones

– /kun53 tsui 53/ [kun 55 tsui 53] “boiled water”滾水

• Citation tones

– [kun 55] “man” 君

• Hummed Tone

– Pitch information extracted from citation form and 
resynthesized into hummed tones.



Method: Stimuli (2)

• AX tonal pairs in 5 sessions 
– Juncture tone vs. Juncture tone 

– Sandhi tone vs. Sandhi tone  

– Juncture tone vs. Sandhi tone ;  Sandhi tone vs. Juncture tone

– Citation tone vs. Citation tone

– Hummed tone vs. Hummed one

• 2646 tonal pairs = (7 tones  3 repetitions ) * (7 tones  3 

repetitions )  6 tonal pairs 

• InterStimuli Intervals: 400 ms

• Randomized tone pair orders and tone sessions



Method: Procedure

• Listen to AX stimuli pair

• Click on “same” or “different” buttons

• Response time displayed for 1000 ms

• If listeners failed to click, then maximal 4000 ms 
response time displayed.



• True responses: 

– “same” to same surface tones 

– “different” to different surface tones

• Reciprocal of response times -> perceptual 
distances between tonal pairs 

– Multidimensional scaling analysis (MDS)

• Perceptual tonal distribution 

Method: Data Analysis



Results: Error Rates 1
• Language groups**

– Swedish > Mandarin > Min

• Tonal sessions **

– juncture vs. sandhi > juncture, citation, sandhi, hummed 

• Language  tonal sessions**

– Swedish: hummed, juncture  citation, juncture vs. sandhi, 
sandhi 

– Mandarin: juncture, sandhi, citation < hummed < juncture vs. 
sandhi

– Min: sandhi, juncture vs. sandhi  juncture, hummed .



Taiwan Min Juncture and Sandhi Tones
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Non-speech Hummed Tones 
  

Taiwan Min Hummed Tones
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Taiwan Min Hummed Tones
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Mandarin Hummed Tones
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Swedish Hummed Tones
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Citation Tones 

 

 

Swedish Citation Tones
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Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

 

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

 

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

 

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

 

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

 

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

Taiwan Min Citation Tones

-0.002 -0.001 0.000 0.001 0.002

-0.002

-0.001

0.000

0.001

0.002

55

13

53

31

33

53

 

 

Mandarin Citation Tones
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Juncture and Sandhi Tones 
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Discussions: Swedish listeners 1

• Lowest error rates in hummed tone session 

• Hummed tones formed a loop that resembles Min 
sandhi chain.

• Swedish listeners’ performance in non-speech 
stimuli was similar to tone language listeners.  

• However, their performance differs in speech stimuli.



Discussions: Swedish listeners 2

XU, Y, GANDOUR, J. T., and FRANCIS, A. L. (2006). 
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E
n
g
lis

h
  

  
  

  
  
  

  
  
C

h
in

e
s
e



Discussions: Taiwan Mandarin  

• Juncture tones formed one loop, sandhi 
tones formed a different loop.

• NO clustering of base tone and sandhi tones

• Unable to undo the phonetic differences between juncture 
and sandhi tones

• Tones with sandhi relationship not neutralized.



Discussions: Taiwan Min 

• Two loops for juncture and sandhi tones that 
resemble Min sandhi chain.

• Neutralization of juncture and sandhi tones with 
same f0 contours.

• Taiwan Min sandhi chain is psychologically real.



Future Study

Investigate resemblance between 

production and perceptual tone spaces.  



• THANK YOU

• 多謝
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