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Optimal control of speech production requires a process of internal estimation to predict the
auditory consequences of planned action/articulation (Guenther, 1995; Guenther et al, 1998,
2006; Hickok, 2011; Hickok et al, 2012; Houde & Najarajan 2011; Price et al, 2011;
Rauschecker & Scott, 2009; Tian & Poeppel, 2010, 2012). We present three MEG studies - using
mental imagery of speech as a model - to demonstrate the computational architecture of internal
estimation during speech production. Our findings suggest that internal estimation during speech
production is a sequential process, in which, initiated by a motor plan (reflected in pre-motor and
parietal activation patterns), an initial somatosensory estimation (parietal activation) is followed
by the auditory estimate of a target (temporal activation) (Exp. 1, Tian & Poeppel 2010). We
show that common neural substrates in auditory regions underlie both auditory estimation and
perception; and we demonstrate that the auditory estimation derived from the internal simulation
of articulation increases the sensitivity of auditory responses to subsequent perception (Exp. 2;
Tian & Poeppel, in press). The results of the comparison between auditory estimation and
feedback are expressed as changes in the magnitude of early auditory responses, and such
comparisons are constrained by the differences in spatial and temporal features (Exp. 3, Tian &
Poeppel, under review). In summary, internal estimation and internal-external interactions
provide the neurocomputational foundations for the temporally precise monitoring and finely
graded online control of speech production.
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