The pre-lexicon: the coding of vowel contrasts in midbrain input to the cortex.

An essential aspect of a discussion of the mental lexicon is the nature of the signal that the
cortex receives from the lower auditory system. This study of the coding of vowels in the
midbrain combines phonetics, physiology and modeling (Zilany et al 2014; Nelson &
Carney 2004). Vowel contrasts were chosen for three reasons: 1) vowels carry rich
information important to lexical representations including pitch, meter & stress; 2) vowel
spaces in linguistic systems have strong cross-linguistic generalities and consistent
asymmetries (Lilenjcrants & Lindblom 1972; Klatt 1982; Lindblom 1990, 1986; de Boer
2000; Schwartz et al 1997a,b; Becker-Kristal 2006; Dielh & Lindblom, 2004; Deilh et al
2003); 3) studies exist that model the responses of the auditory nerve, but not the neural
signal beyond that point. Understanding the nature of that signal will help disambiguate
the information received by the cortex, and the integration of articulatory versus acoustic
information, in the representation of word forms in the lexicon (Browman & Goldstein
1990, 2000; Ghosh et al 2011; Poppel & Monahan 2008; Luo et al 2013).

Our goal is to extend our knowledge of the neural representations of the lexical
representation of the vowel space using realistic computational models of auditory-nerve
and midbrain neurons. Crucially, the representation of formant frequencies differs between
the auditory nerve (AN) and the midbrain (Inferior Colliculus, IC). IC cells are tuned to
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This works emphasizes the importance of modeling the mechanisms that code
information that form the basis of speech perception and the auditory input to lexical
representations, lexical storage and access.

s
B
3

b=4
o

Neural Discharge Rate (sp/sec)
o 8 8 8 B

Neuwral Discharge Rate (s

charge Rate (spisec)

Neuwral Discharge Rate (spisec
. .
o

Neural Disc

1000 2000 3000 4000
Neural Center Freq (Hz)

Becker-Kristal, R. (2010), Acoustic typology of vowel inventories and Dispersion Theory:
Insights from a large cross-linguistic corpus . PhD. Dissertation, UCLA.

Becker, R. (2006). Predicting Vowel Inventories: The Dispersion-Focalization Theory revisited.
JASA 120 (5), 3248.

Browman, C.P. & Goldstein, L. (2000). Competing constraints on intergestural coordination and
self-organization of phonological structures. Bulletin de la Communication Paris, no5, p.25-

34.



Browman, C. P., & Goldstein, L. (1990). Representation and reality: physical systems and
phonological structure. Journal of Phonetics, 18, 411-424

Diehl R. and B. Lindblom. (2004). “Explaining the structure of feature and phoneme inventories:
The role of auditory distinctiveness” in Speech Processing in the Auditory System. S.
Greenberg, W. A. Ainsworth, A. N. Popper and R. R. Fay, Eds., Springer, pp. 101-162.

Diehl, R.L., Lindblom, B., Creeger, C.P. (2003). Increasing realism of auditory representations
yields further insights into vowel phonetics. Proc 15th ICPhS, Barcelona, 1381-1384.

De Boer, B. 2000. Self organization in vowel systems. J. Phonetics 28(4), 441-465.

Ghosh, P, L. Goldstein, S. Narayanan. (2011) Processing speech signal using auditory-like
filterbank provides least uncertainty about articulatory gestures J. Acoust. Soc. Am. 129 (6),
40144022

Hillenbrand, J., Getty, L.A., Clark, M.J., Wheeler, K. (1995). Acoustic characteristics of
American English vowels. J. Acoust. Soc. Am. 97:3099-3111

Klatt, D. H. (1982) Prediction of perceived phonetic distance from critical-band spectra: a first
step. In Proc. IEEE Int. Conf. Speech, Acoustic Signal Process, vol. 82, pp. 1278—1281.

Liljencrants, J. & Lindblom, B. (1972 ) Numerical simulation of vowel quality systems: the role
of perceptual contrast. Language 48, 839-862.

Lindblom, B. (1986). Phonetic universals in vowel systems. In: Ohala, J., Jaeger, J. (eds.)
Experimental Phonology. Orlando: Academic Press, 13-44

Lindblom, B. (1990) Explaining phonetic variation: a sketch of the H & H theor y. In Speech
production and speech modeling (eds W. J. Hardcastle & A. Marchal), pp. 403—439.
Dordrecht, The Netherlands: Kluwer.

Luo, H., Tian, X., Song, K., Zhou, K., & Poeppel, D. (2013) Neural Response Phase Tracks How
Listeners Learn New Acoustic Representations. Current Biology, 23(11):968-74.

Nelson P. C. and L. H. Carney, “A phenomenological model of peripheral and central neural
responses to amplitude-modulated tones,” J. Acoust. Soc. Am., vol. 116, 2004, pp. 2173-
2186.

Poeppel, D., & Monahan, P.J. (2008). Speech perception: Cognitive foundations and cortical
implementation. Current Directions in Psychological Science, 17, 80-85.

Schwartz, J.L., Bog, L.J., Vallée, N., Abry, C. 1997a. Major trends in vowel system inventories.
J. Phonetics 25: 233-253

Schwartz, J.L., Bog, L.J., Vallée, N., Abry, C. 1997b. The Dispersion-Focalization Theory of
vowel systems. J. Phonetics 25:255-286.

Zilany, M.S.A., Bruce, 1.C., Ibrahim, R., and L. H. Carney (2014) Updated parameters and
expanded simulation options for a model of the auditory periphery.J] Acoust Soc
Am 135:283-286.



