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Background information 

• In English, there is voiced final-obstruent as well as voiceless final-
obstruent. e.g. bed/bet (“d” is voiced while “t” is voiceless.) 

• Make distinction of final obstruent: 
• Primary cue: voicing.  

• Secondary cue: preceding vowel length.  (more significant) 

• Secondary cue: preceding vowel length. 

• In English, the preceding vowel length of voiced final obstruents is 
longer than preceding vowel length of voiceless final obstruents. 
(Kenyon, 1951)   

 

 

 

Kenyon, J.S. (1951). American Pronunciation, 10th ed. Ann Arbor: George Wahr Publishing Co.  
 



Background information 

• In Dutch, however, there is no voiced final-obstruent. e.g. hard/hart 
(“d” becomes “t”. So they are homophones.) 

• When Dutch speaks English, they should be able to make distinction 
of final-obstruent. (using primary cue or/and secondary cue)  

• Can Dutch use preceding vowel length of final-obstruent to make 
distinction in English?  

 



Background information 

• Whispered speech causes no vocal fold vibration. (no voiding at all) 

• It is logical to infer that speakers (native and non-native speakers) rely 
more secondary cue (vowel length) more heavily in case of whispered 
speech than in case of phonated speech.   

 



Research questions 

• 1. Is there a difference in preceding vowel length between words with 
voiced final-obstruents and words with voiceless final-obstruents? 
• (H1: The vowel length is longer in voiced final-obstruents.) 

• 2. For native and non-native speakers, is there a difference in vowel 
length between those two groups? 
• (H2: There is difference. ) 

• 3. Is there a difference in preceding vowel length between whispered 
speech and phonated speech?  
• (H3: Whispered speech leads to longer preceding vowel length.)  



Experiment  

• 1. There were 20 non-native speakers and 8 native speakers.   

• 2. Monosyllabic English words were given. They could be divided in 
group of voiced/voiceless final obstruent, and fricative/stop.     

• 3. Both native and non-native speakers pronounce words in both 
whispered speech and phonated speech.  

• 4. Measured the vowels length of each words as time duration in unit 
of millisecond.     

 



Data 

• Subject: Native speakers (NS) and Non-native speaker (NNS) 

• Item: 

 

 

 

 

 

 

 

 

• Vowel Length (DV) 

Whisper  Obstruent  Voicing  WhCtV 

1 Whispered Fricative  Voiced  111 

2 Whispered Fricative  Voiceless  110 

3 Whispered Stop Voiced  101 

4 Whispered Stop Voiceless  100 

5 Phonated  Fricative  Voiced  011 

6 Phonated  Fricative  Voiceless  010 

7 Phonated  Stop Voiced  001 

8 Phonated  Stop Voiceless 000 

whisper (Wh) obstruent (Ct) voicing (V)

whispered: 1 fricative: 1 voice: 1

phonated: 0 Stop: 0 voiceless: 0



Data 



Data 



Mixed Effect Regression  

• Suitable for categorical and continuous predictors.  

• It contains fixed effect and random effect.  

• Results can be generalized across subjects and items.  

• Easy to add random effect.  

 

 

 

 



Mixed Effect Regression  

• Fixed effect:  Voicing (V), Group, Whisper(wh).   

• Random effect: 
• 1. Participants  (intercept) 

• 2. Words (intercept) 

• 3. Random slope for participants group (NS/NNS) per words.  

• 4. Random slope for words features (Voicing? Whispering?) per participants.  

 



Normality of ID (vowel length) 



VL~Group 
VL~Wh VL~V 



Library in R 

> library(lme4) 

> vl.lmer1<-lmer(VL~Group+(1|Group)+(1+V|WhCtV),data=df)  

 



Model: H1 (voiced/voiceless) 
(No random slope) 

 

 

 

 

 

VL~V+(1|Parts)+(1|WhCtV) 
 

VL~V+(1|WhCtV) VL~V+(1|Parts) 
 



Model: H1 (voiced/voiceless) 
(With random slope) 

 

 

 

 

 

VL~V+(1+V|Parts)+(1+Group|WhCtV) 
 

VL~V+(1+Group|WhCtV) VL~V+(1+V|Parts) 
 



Model: H2 (NS/NNS) 
(No random slope) 

 

 

 

 

 

VL~Group+(1|Parts)+(1|WhCtV) 
 

VL~Group+(1|WhCtV) VL~Group+(1|Parts) 
 



Model: H2 (NS/NNS) 
(With random slope) 

 

 

 

 

 

VL~Group+(1+V|Parts)+(1+Group|WhCtV) 
 

VL~Group+(1+Group|WhCtV) VL~Group+(1+V|Parts) 
 



Model: H3 (Whispered/Phonated) 
(No random slope) 

 

 

 

 

 

VL~Wh+(1|Parts)+(1|WhCtV) 
 

VL~Wh+(1|WhCtV) VL~Wh+(1|Parts) 
 



Model: H3 (Whispered/Phonated) 
(With random slope) 

 

 

 

 

 

VL~Wh+(1+V|Parts)+(1+Group|WhCtV) 
 

VL~Wh+(1+Group|WhCtV) VL~Wh+(1+V|Parts) 
 



Result (voiced/voiceless) 

• H1:  VL~V+(1+V|Parts)+(1+Group|WhCtV)  

 

AIC=2063.322 QQ plot of residual 



Result (NS/NNS) 

• H2: VL~Group+(1+V|Parts)+(1+Group|WhCtV) 

 

 

AIC=2064.443 QQ plot of residual 



Result (Whispered/Phonated) 

• VL~Wh+(1+V|Parts)+(1+Group|WhCtV) 

 

AIC=2062.418 QQ plot of residual 



Multiple fixed effect 

1 VL~Group+V+Wh+(1|Parts)+(1|WhCtV) VL~Group+V+Wh+(1+V|Parts)+(1+Group|WhCtV) 



Multiple fixed effect  

 
VL~Group*V*Wh+(1|Parts)+(1|WhCtV) VL~Group*V*Wh+(1+V|Parts)+(1+Group|WhCtV) 



Result  

95% confidence interval for the slope estimate: 

  

 

  

 

  H1: Vvoiceless 
H1:Vvoiceless 
(only Parts) 

H2: GroupNS 
H2: GroupNS 
(V|Parts) 

H3: WhWhispered 
H3: WhWhispered  
(only Parts) 

Estimate -6.101 -26.3 -1.595 16.026 24 25.54 

Std. Error 26.991 5.64 15.025 10.81 25.01 5.418 

CI (UP) 47.881 -15.02 28.455 37.646 74.02 36.376 

CI (DOWN) -60.083 -37.58 -31.645 -5.594 -26.02 14.704 



Result  

• H1: Words with voiceless final obstruent seem to have smaller vowel 
length. If we merely consider random effect of participants, the result is 
significant. But when we consider the native/non-native effect per items, 
the difference is obviously smaller and not significant at all.   

 

• H2: There is no difference in preceding vowel length between native and 
non-native speakers. But when we consider the voiced/voiceless effect per 
participants, the difference is relatively obvious.   

 

• H3: Words in whispered speech have longer vowel length. When we merely 
consider random effect of participants, the result is significant.  



Conclusion  

• 1. Dutch can use vowel length as secondary cue no matter 
voiced/voiceless final obstruent.    

• 2. Whispered speech can cause longer vowel length, no matter for 
Dutch or native English speakers.  



• Thank you and Question?  


