Cognitive substrate of syntactic operations - evidence fr om fMRI

J. Mayer*, H. Haider#, G. Dogil*, H. Ackermann##, M. Erb**, A. Riecker**, D. Wildgruber##, W. Grodd** *University of Stuttgart, Experimental Phonetics, Germany, #University Salzburg, Dept. of General Linguistics, Austria, **University Tübingen, Dept. of Neuroradiology, Germany, ##University Tübingen, Dept. of Neurology, Germany

Intr oduction Neuropsychological models from the last decades emphasize the contribution of the frontolateral Broca‘s area to syntactic processing. In addition, recent functional imaging studies on syntactic comprehension have found evidence for an involvement of the left temporal lobe (Meyer et al., 1999), and the ongoing discussion of the cerebello-cerebral network in speech and language functions suggests an involvement of the cerebellum as well (Fabbro et al., 2000; Marien et al., 2000).

The present study aims to isolate the genuine syntactic processing part in a production experiment using event-related fMRI. We compare a task which utilizises the phrase structure dependence of syntactic operations with unstructured list generation as a control task.

Methods Ten native speakers of German (5 female, 5 male) were examined with functional magnetic resonance imaging (fMRI). Subjects were visually presented with one line of text with a length of 14 syllables. Text items consisted of (1) German sentences with 3 syntactic constituents (n = 16) and (2) word lists with 3 elements (n = 16). Subjects were asked to read the items silently, to then manipulate the word order and to produce the result with overt speech. In (2) the task was to move the second element of the list to the first position and to utter the resulting list (e.g. Kaffeemaschine [coffee machine] Waschmaschine [washing machine] Buegelmaschine [ironing machine] -> Waschmaschine Kaffeemaschine Buegelmaschine).

In contrast to this list reordering task, word order manipulation in (1) is a grammatically geared task. It takes advantage of the fact that a German sentence allows a fairly free choice of the initial constituent that is followed by the finite verb. Subjects were asked to start the test clauses differently, i.e., they had to replace the initial constituent (e.g. Eine Kundin hat sich ueber den Manager beschwert. -> Ueber den Manager hat sich eine Kundin beschwert. [A customer has complained about the manager. -> About the manager has complained a customer.]) Both word orders are grammatical and normal in German. This task is grammatically geared as it requires the identification of an alternative syntactic constituent, which in turn presupposes a syntactic analysis of the sentence. It is based on an established syntactic routine of German sentence production. The comparison with the list reordering task (subtraction) serves to differentiate a general symbol manipulation acitivity (list reordering) and a syntactically grounded reordering activity. Both tasks involve other linguistic (lexicon search) and cognitive subsystems (visual processing, silent reading, speech motor control) that will be neutralized by the subtraction design, sparing genuine syntactic activities.

The text items were presented in randomized order. The described set of tasks is an independent subpart of a larger design that encompasses overt reading (base line), lexical semantic processing, a combination of syntactic and lexical semantic processing, and list manipulations for control purposes.

fMRI data were obtained across the whole brain volume (28 slices, 4 mm thickness, 1 mm gap) using Echo Planar Imaging (1.5 T, TR 3 s, matrix 64x64). Spatial transformation of images and statistical analysis was performed using SPM99b (Dept. of Cogn. Neurology / London). Results are based on a random effects analysis of the group data.

Results Subtracting the list reserialization task from the syntactic task revealed cortical activation in the left frontal lobe (Broca‘s area) and in the left temporal lobe (Wernicke‘s area). Futhermore, we found significant responses in the dorso-lateral prefrontal cortex bilaterally, the anterior cingulate, and in the cerebellum.

Discussion In this experiment we have isolated one of the central aspects of linguistic processing - the structure dependence of syntactic operations. The activity in Broca‘s and Wernicke‘s area further strengthens the importance of these brain areas in language-specific cognitive processes. The activation in the cerebellum suggests the importance of this structure for syntax-specific processing. Ackermann & Hertrich (2000) show that the cerebellum plays a central role in the organization of speech, others (Schmahmann, 1997) argue that it is also involved in cognitive processing. We have strong evidence that it is active during operations which are central to syntactic processing and distinct from pure list computations. The bilateral activity in the dorso-lateral prefrontal cortex and in the anterior cingulate are considered as supportive areas in a complete network of grammatical encoding and verbal short-term memory as proposed by Deacon (1992).

References Ackermann & Hertrich, 2000, Journal of Neurolinguistics. forthcoming. Deacon, 1992, in: Hawkins & Gell-Mann (eds.), The Evolution of Human Languages. 49-83. Fabbro et al., 2000, Journal of Neurolinguistics. forthcoming. Marien et al., 2000, Journal of Neurolinguistics. forthcoming. Meyer et al., 1999, NeuroImage. S1066.

Schmahmann (ed.), 1997, The Cerebellum and Cognition.