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Background 

• Many studies on lenition in Spanish have used 
acoustic measurements to estimate constriction 
degree during a stop closure/approximation 

•  Studies have used various methods, but all are 
based on the intensity of speech during the 
consonant constriction 

• Up to now: no way to determine accuracy of 
various acoustic measurements 
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•  Intensity Ratio (IntRatio) 
▫  intensity @ C minimum 

 intensity @ V2 maximum 
 (e.g. Romero et al 2007) 

•  Intensity Difference (IntDiff) 
▫  intensity @ V2 maximum – intensity @ C minimum 

 (e.g. Cole et al. 1999, Hualde et al. 2010, Martínez Celdrán & 
Regueira 2008, Ortega-Llebaria 2004, Soler & Romero 1999) 

• Maximum Rising Velocity (MaxVel) 
▫  Maximum velocity of intensity curve between location 

of C minimum and V2 maximum 
 (Hualde et al. 2010, Kingston 2008) 
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Possible Measurements 
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Study questions 

• Which derived acoustic measure of constriction 
best matches articulatory constriction? 

• Does method of calculating intensity make a 
difference? 

• How does filtering out F0 affect measurements? 
 (Hualde et al. 2010) 
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Methods 
• Compare various acoustic measurements of 

constriction for intervocalic /b/ with articulatory 
measurements of Lip Aperture for same tokens  
▫  Electromagnetic Articulometry (EMA) 
▫  2 subjects, ~ 30 tokens each 

•  2 methods for calculating intensity envelope: 
▫  Root-mean-square (RMS) 
▫  Low-pass filter (< 20 Hz) 

•  6 acoustic measurements: 
▫  IntRatio, InDiff, MaxVel 
▫  IntRatio, InDiff, MaxVel (high-pass filter @ 250Hz) 
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Results: High-pass filtering 
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Unfiltered High-pass filtered 

RMS: IntRatio r = 0.63 r = 0.63 

RMS: IntDiff r = -0.40 r = -0.40 

RMS: MaxVel r = -0.28 r = -0.28 

LPF: IntRatio r = 0.62 r = 0.56 

LPF: IntDiff r = -0.34 r = -0.20 

LPF: MaxVel r = -0.27 r = -0.27 

• High-pass filtering does not improve accuracy 



Conclusions 

• High-pass filtering to eliminate F0 is 
unnecessary, and may decrease accuracy 

• All three acoustic measurements are relatively 
insensitive to changes in calculation of intensity 

•  Intensity Ratio gives the most accurate 
measurement from the acoustic signal when 
compared to the measured articulatory 
constriction degree 

14 Parrell, ASA 2010, Cancun 



References 
Cole, J., Hualde, J., & Iskarous, K. (1999). Effects of prosodic and segmental 

context on /g/-lenition in Spanish In O. Fujimura, B. D. Joseph, & B. Palek 
(Eds.), Proceedings of the fourth international linguistics and phonetics 
conference. 

Hualde, J. I., Simonet, M., Shosted, R., & Nadeu, M. (2010). Quantifying Iberian 
spirantization: Acoustics and articulation. Seattle, WA: LSRL 40. 

Kingston, J. (2008). Lenition. In, Selected Proceedings of the 3rd Conference on 
Laboratory Approaches to Spanish Phonology, 1-31. 

Martínez Celdrán, E., & Regueira, X. L. (2008). Spirant approximants in Galician 
Journal of the International Phonetic Association, 38(1), 51-68. 

Ortega-Llebaria, M. (2004). Interplay between phonetic and inventory constraints 
in the degree of spirantization of voiced stops: Comparing intervocalic /b/ and 
intervocalic /g/ in Spanish and English In T. L. Face (Ed.), Laboratory 
approach to Spanish phonoloogy. (pp. 237-54). Berlin: Mouton de Gruyter. 

Romero, J., Parrell, B., & Riera, M. (2007). What distinguishes /p/, /t/, /k/ from /
b/, /d/, /g/ in Spanish? Poster presented at Phonetics and Phonology in Iberia, 
Braga, Portugal. 

Soler, A., & Romero, J. (1999). The role of duration in stop lenition in Spanish. In, 
Proceedings of the XIVth ICPHS. 

15 Parrell, ASA 2010, Cancun 


