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Current Work 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Selected Collaborations:  Within RLE: Teaching in HST/SHBT program; Within MIT: joint courses with Linguistics, joint 

supervision of graduate students with Linguistics, BCS; Outside MIT: funded projects on new model of F0 alignment with words in speech signal (Barnes, 
BU), non-parallel development of phonological feature cues in children (Demuth, Macquarie), differences in speech production planning for periodic vs. 
aperiodic speech (Goldstein, USC) 
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current statistical pattern  
matching methods 

acoustic 
knowledge 

- HMMs/decoding methods: 
optimized for models with 
stochastic variances 

- Multilevel nonhomogeneous 
hierarchical structures 

- Quantal theory: nonlinear 
articulation-to-acoustics mapping, 
provides account of contrastive 
sound categories in language 

cognitive processing 
constraints 

combining knowledge-based and statistical speech understanding methods 
 

upcoming 
work 
- Construction and 
integration of 
component modules  
- Development of 
mathematical 
models for overall 
structure 
- Evaluation of 
approach for typical 
conversational 
speech, speech in 
noise and disordered 
speech of various 
types lexical access model 

Consonantal and vowel landmark detection 

Prosodic event detection 

Distinctive feature detection  
e.g. consonant voicing 

Classification of landmark 
modification contexts 

- Perceptual biases 
- Short-term memory constraints 
- World knowledge 
- Masking effects 
- Interpretive strategies  
         e.g. McGurk effect 
 

Stevens and Keyser 2010 

Key problem:  Variability 
   - Speech is highly variable, especially in spontaneous conversation        
   - Words and sounds are acoustically very different in different contexts (see example at right) 
   - Variation is systematic and predictable, and easily handled by human listeners, but presents a challenge for automatic speech 
      recognition and for current models of human speech perception and production 
Existing work: Largely based on Hidden Markov Models (HMMs)  
   - HMM-based approaches have made considerable progress but are not able to approach human performance 
Our approach:  Use knowledge of structure-driven variability to integrate knowledge-governed and statistical approaches 
   - Extend signal processing methods to unify knowledge of acoustic, linguistic, physiological and cognitive models into a  
      knowledge-based model of lexical access 
   - Test the system as a model of human speech perception by determining its robustness to contextual variation and its  
      breakdown in the same ways as human speech processing 

Clear (top) and reduced 
(bottom) utterances of “I’m 
going to” 
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