The Mapping of Pr osody in Speech Pr oduction: Methodological Issues

G. Dogil, J. Mayer University of Stuttgart, Department of Experimental Phonetics, Stuttgart, Germany

Speech prosody is a mode of communication which provides a parallel channel to speech. Prosodic features, unlike other linguistic features, are often produced without conscious intention and are open to forms of interpretation which rely on emotional, non-cognitive processes (Helmholz’s “unbewusstes Schliessen” - subconscious reasoning (1)). The communicative content of many prosodic signals parallels that of stereotypic call vocalizations characteristic of communication systems of other species (2). But unlike calls of other species, prosodic organization of human communication is continuous and highly correlated with the semantic [intonational meaning], syntactic [phrasing], morphological [metrical spellout] and segmental [segmental spellout] organization of speech. The variety of prosody functions in language processing has led to apparently contradictory neurolinguistic and neuroanatomical hypotheses (3). Regardless of function, there exist only three prosodically active phonetic parameters: duration, intensity, and pitch. There is evidence that these parameters are processed in essentially different parts of the brain. The identification of pitch is considered to be basically a right hemispheric mechanism (4). The processing of duration is claimed to be left hemispheric (cf. 3); there is, however, substantive evidence that subcortical and cerebellar processing is also involved (5). No conclusive evidence exists with respect to neural processing of the intensity cue. Current research on the neural systems responsible for the production and perception of prosody concentrates on the isolation and localization of individual functions and cues. The methodological basis for this research is cognitive subtraction. It takes a form either of a lesion study or a controlled (PET, fMRI) experiment. The assumption in both cases is that the interaction between various components of the cognitive task may be ignored. The experimental design involves selecting a task that engages the cognitive function of interest and a baseline task (an impaired brain in lesion studies) that activates all but the cognitive function of interest. However, the assumption of non-interaction (pure insertion) that the cognitive subtraction paradigm is based on is open to serious criticism (6). Moreover, the experimental design required for cognitive subtraction studies can never suit the research of prosody in speech production. Prosody is an inseparable and continous acompaniment of speech and no baseline task can be created that involves all components of speech production but prosody.

In our research (7) we introduce the methodology of cognitive conjunction (8) to the study of speech/language production. We assume a prosody generator (9) to integrate the neuroanatomically distributed inputs for segmental spellout, metrical spellout, phrasing, and intonational meaning of the intended message. We test (with a modified SPM paradigm) the hypothesis that all parts of the prosody generator are significantly activated during each speech production task, but that their activation degrees correlate with prosodic function. In particular, we argue that in tasks representing cognitive conflation - i.e., tasks where prosody is used to enforce subconscious reasoning - subcortical activity superceeds cortical activity.

References 1. Helmholz, von H.L.F., Die Lehre von den Tonempfindungen. Braunschweig: F. Wigneg & Sohn, 1863. 2. Deacon, T., The symbolic species: the co-evolution of language and the brain. New York: W.W. Norton, 1997. 3. Baum, S.R., Pell, M.D., The neural bases of prosody: Insights from lesion studies and neuroimaging. To appear in: M. Lynch, Ed., The cognitive science of prosody: Interdisciplinary perspectives.

4. Zatorre, R., Evans, A., Meyer, E., Gjedde, A., Lateralization of phonetic and pitch discrimination in speech processing, Science, 265, 1992: 846-849.

5. Scharf, G., Timingstörungen bei Dysarthrophonie. Zur akustischen und artikulatorischen Realisierung von Vokalqualität bei Patienten mit Morbus Parkinson und Cerebellärer Ataxie. Ph.D. Thesis, Univerity of Stuttgart, 1998.

6. Friston, K.J. et al., The trouble with cognitive subtraction, Neuroimage, 4, 1996: 97-104. 7. Ackermann, H., Dogil, G., Grodd, W., Haider, H., Mayer, J., Wildgruber, D., The neuroanatomic foundation of language production: Visual examination using fMRI. Basic Research Action, Deutsche Forschungsgemeinschaft, http://www.ims.uni-stuttgart.de/phonetik/joerg/fMRI/index.html.

8. Price, C.J., Friston, K.J., Cognitive conjunction: A new approach to brain activation experiments, Neuroimage, 5, 1996: 261-270.

9. Levelt, W.J.M., Speaking: From intention to articulation. Cambridge, MA: MIT Press, 1989.