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Perceptual primitives in language acquisition: 
Near infrared spectroscopy studies with neonates 
 
Neurocognitive research on language has mostly been dominated by two opposing views: the rule -based 
and the statistical learning theories. According to the former (Chomsky 1959, Pinker 1984, Marcus et al. 
1996 etc.), the faculty of language, especially grammar, is an abstract and symbolic rule system, encoded 
in the human genetic endowment, allowing young human learners to bypass the induction problem when 
acquiring language and to use it with infinite creativity, once acquired. The latter view (Elman et al. 1996, 
Tomasello 2000 etc.), on the other hand, holds that language makes use of no dedicated mental and neural 
machinery. Rather it is acquired from the input in a piecemeal fashion as evidence accumulates. 

These two learning mechanisms provide important insight into the architecture, and thus the possible 
evolutionary origins of language. However, for a fully-fledged biological understanding of language, at 
least one additional type of mechanism has to be taken into account: Gestalt-like primitive biases deriving 
from the architecture and functioning of the perceptual system. These ‘perceptual primitives’ have 
received extensive attention in vision research, but have mainly been neglected in the study of language. 

In the present study, we report three experiments that explore such perceptual primitives in newborn 
infants, using near infrared spectroscopy. In Experiment 1, infants were presented with intermixed blocks 
of two artificial grammars. One of them generated trisyllabic sentences containing an immediate repetition 
(ABB: “mubaba”, “tofefe”, “pishosho” etc.), the other generated trisyllabic sentences without internal 
structure (ABC: “mubafe”, “tofesho”, “pishoge” etc.). We have obtained greater activation for the ABB 
grammar, mainly in the left frontal areas (Fig. 1), already in the initial blocks of the experiment, indicating 
that adjacent repetitions of the ABB kind are readily distinguished from stimuli with no obvious structure, 
especially in those brain areas that are responsible for structural representation building and integration 
(Dehaene-Lambertz et al. 2006). Even more interestingly, the response to ABB, but not to ABC, increased 
even further in the above mentioned brain areas during the 22 minutes of the experiment, providing a 
brain signature for auditory structural learning. These results imply that adjacent repetitions are 
immediately detected as perceptual primitives, and are later integrated into higher level, more general 
structural representations. In Experiment 2, we replaced the adjacent repetition ABB grammar with the 
non-adjacent repetition ABA grammar. In the case, no difference was found between ABA and ABA. In 
Experiment 3, we compared the ABC grammar to an A_A, where _ indicates a pause, teasing apart 
adjacency at the temporal and representational levels. Preliminary results suggest that the A_A grammar is 
distinguished from ABC one. 

These findings argue for existence of auditory/linguistic perceptual primitives, such as 
representationally adjacent (but not non-adjacent) repetitions. These primitive, Gestalt-like configurations 
are automatically detected by the auditory system, and in later processing, they get recruited as building 
blocks of higher level representations. 
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