
Problem 
•  Poverty of the S,mulus: 
•  How are stochas,c pa7erns transmi7ed? 

Solu+on, in a nutshell 
•  The kind of word that gets [®] more oBen also gets 

stronger [®]’s. 
•  “Kind” may be defined linguis,cally, socially, or lexically.  
•  In other words, the “strength” of [®] can be meaningfully 

interpreted in two related ways: 
•   how oBen [®] is heard in a par,cular context 
(Perceptual Frequency) 

•   how constricted the [®] is in each produc,on 
(Formant Frequency) 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Varia,on in surface form pa7erns with many factors. 

Pa7erns get transmi7ed from speaker to speaker. 

How?  Pa7erns of Perceptual Frequency are supported by Formant Frequency. 

Connec,ons between Perceptual Frequency and Formant Frequency. 

Which acous,c aspects are relevant? 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Factors that correlate to (perceived) [®] vs. Ø 

Social 

Geographic  Age  Educa,on 

Lexical (Frequency) 

Linguis,c 

Preceding vowel  Morphological posi,on 

[r]‐ful fierce  [r]‐less fierce 

In search of the big F2‐F3 pinch 
  Frequently reported predictor of r‐fulness 
 Not easily seen in individual tokens 

 Not clearly dis,nct in grouped data 
 Differences are significant 
 Overlaps are pre7y large 

 tokens 

E.g., Older and younger 
genera+ons show same 

factor effects, although they 
have quite different overall 

rates of [®]‐presence 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factor 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Linguis,c  Lexical  Social 

Measurement  /i®/ tokens /å®/ tokens 

Formants  start_F1  21  ‐15 
start_F2  ‐63  25 
start_F3  21  ‐14 

F1 at minF3  ‐3  ‐15 
F2 at minF3  ‐96  92 * 
F3 at minF3  ‐218 **  ‐125 ** 

F3 ‐ F2 at minF3  ‐122 **  ‐210 ** 

end_F1  ‐17  ‐35 * 
end_F2  112  132 ** 
end_F3  ‐41 **  ‐100 (*) 

Δ Formants  F1 [start ‐ end]  38 *  19 
F2 [start ‐ end]  ‐175 **  ‐98 (*) 
F3 [start ‐ end]  62  105 * 

F1 [start ‐ minF3]  23  0 
F2 [start ‐ minF3]  33  ‐58 
F3 [start ‐ minF3]  238 **  118 * 

F1 [minF3 ‐ end]  15  19 
F2 [minF3 ‐ end]  ‐208 **  ‐41 
F3 [minF3 ‐ end]  ‐177 **  ‐20 

Δ Time  start to minF3  0.010  0.005 
start to end  0.009  ‐0.020 ** 
minF3 to end  ‐0.001  ‐0.027 ** 

Δ Formants  F3 start to end  243  ‐668 (*) 
Δ Time  F3 minF3 to end  ‐4269 **  998 

Comparison of means by Student's t-test (2-tail) 
of (perceived) R-ful vs. R-less tokens 

* p ≤ 0.05 
** p ≤ 0.01 
(*) p ≤ 0.05 in 1-tail test, but not 2-tail 

(Labov, Ash & Boberg 2006) 

•  Exemplar Theory predicts more constric,on in: 
× Speakers who delete more oBen. 

 Social groups who delete more oBen.  

 Words that have a higher % [r] 

?  Certain linguis,c environments  

(not testable with these data) 

•  cf. Hay & Maclagan (to appear)  

 Examined New Zealand intrusive [r] 

 Found greater constric,on in contexts that favor [r] 

 This study supports their findings  

(Irwin & Nagy 2007) 

(Irwin & Nagy 2007) 

Morphological posi+on  Weight 

Word‐final (“fear”)  0.53 

Morpheme‐internal (“fierce”)  0.48 

Morpheme‐final (“fears”)  0.45 

Lexical frequency  Weight 

>100,000  (in Amer. Nat'l Corpus)  0.31 

>10,000  0.49 

>1,000  0.61 

Most frequent = Most dele2on 

Weights = 
likelihood of [®]  

Formants 

Auditory  
56  speakers  from  Boston  and  southern  New 
Hampshire were digitally  recorded  reading a  light‐
hearted  story  containing  224  words  with  post‐
vocalic  /®/.  Environments  were  categorized 
according to morphological posi+on, phonological 
context, and  the  interac+ng  factors of word class 
(func+onal/lexical),  word  length,  and  lexical 
frequency.  Two  coders  listened  to  each  token  a 
number  of  ,mes  and  coded  it  as  r‐ful  or  r‐less. 
Factors  were  submi7ed  to  mul,variate  logis,c 
regression  analysis.  All  linguis,c  factors  except 
word class proved significant, with perceived [®] vs. 
Ø  as  the  independent  variable.  Social  factors, 
including  age,  sex,  ethnicity,  educa+on,  loca+on, 
and income were also significant. 

Acous+c 
Data for 20 of  the speakers  (10 White, 10 African‐
American,  all  Bostonian)  and  20 words  (of  similar 
lexical  frequency  and  containing  /i®/  or  /a®/  in  a 
stressed  syllable  closed  by  another  coronal 
consonant,  e.g.,  “fierce”,  “card”)  were  selected. 
Formant at various points and dura,on of  the /i®/ 
were  measured.  Linear  regression  analyses  were 
conducted  to  examine  the  rela,onships  between 
these  con,nuous  acous,c measurements  and  the 
independent  variables  above.  Similar  pa7erns  of 
significant  effects  were  found  in  the  binary  and 
scalar approaches.  

... 

Method 

Data collec+on: Reading passage 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= 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Age  Ave. F3 for /ir/  Ave. F3‐F2 for /ar/ 

<40 years  2420  476 

>40 years  2211  509 

Educa+on 
completed 

Ave. F3 
for /ir/ 

Ave. F3‐F2 for /ar/ 

High school  2312  439 

College  2399  612 

Post‐college  2326  329 

Younger speakers are more r‐ful, and have lower F3 

Similarly, college‐educated speakers are the least r‐ful, 
and have the highest F3. 


