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One of the central goals in the cognitive neuroscience of language is to understand the 
relationship between the brain mechanisms recruited for auditory and visual comprehension 
on the one hand and comprehension and production on the other. Here we report the first ever 
investigation into the brain bases of basic linguistic combinatoric processing that uses the 
same paradigm across visual and auditory comprehension as well as production. Using a 
simple picture identification paradigm during an MEG recording, we isolated neural activity 
evoked by the construction of simple two word phrases (e.g. “red boat”) during reading, 
listening, and production. We show that the left anterior temporal lobe (LATL), which has 
been hypothesized to reflect combinatorics on the basis of previous comprehension studies 
(e.g. [1], [2]), is equally recruited during composition in all of these tasks. 
 
In our comprehension study (see also [3]), subjects either read or heard descriptions of an 
object and were asked to judge whether a subsequent picture matched the preceding 
description.  
 
In the critical, combinatorial task, subjects were presented with a simple noun (e.g. “boat”) 
preceded by either an unpronounceable consonant string (e.g. “xhl”) (or pink noise in the 
auditory version) or a color adjective (e.g. “red”). They then determined whether a following 
colored shape matched the preceding linguistic items. In a separate list task, designed to 
control for the processing of multiple lexical items, the adjectives were replaced by length-
matched nouns (e.g. “cup”) and subjects had to determine if the following shape matched any 
preceding word. Evoked neural activity was then analyzed at the presentation of the matched 
nouns in each condition. In the production study, subjects named either colored shapes (e.g. 
“red boat”) or shape outlines (e.g. “boat”). During the production task, to control for the 
production of multiple lexical items during the combinatorial condition, instead of naming a 
list of items, subjects named color swatches containing two colors (e.g. “red, blue”). In this 
study, evoked neural activity preceding the vocal response was analyzed. 
 
A permutation, cluster-based ROI analysis (see [4]) on distributed source activity during the 
critical time periods showed significantly more activity in the LATL during the 
comprehension and production of simple noun phrases (e.g. “red boat”) compared to controls. 
This result held for both comprehension modalities, with the auditory effect occurring both 
after and for a longer duration than the visual effect (c.f. [5]). Additional combinatorial 
effects were also seen in the angular gyrus during comprehension (c.f. [6]).  
 
These results strongly suggest that the LATL plays a fundamental role in combining simple 
linguistic elements into more complex mental representations during both auditory and visual 
comprehension as well as production. We found significantly more activity in this region 
during the comprehension of both written and spoken phrases compared to lexically matched, 
non-combinatorial controls and during the production of simple phrases compared to 
phonologically and lexically matched list controls. Future work can now build on this basic 
set of findings in order to develop a more complete understanding of the different facets of 
combinatory processing during comprehension and production. 
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Figure 1. The results of the comprehension study (N = 19). Displayed sources were 
significantly more active during the comprehension of compositional phrases (“red boat”) 
compared to matched controls (“xhl boat”, “cup, boat”). During both reading and listening, 
we found significant combinatorial activity in the LATL. Additional shared combinatorial 
activity was observed in the angular gyrus.  
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Figure 2. The results of the production study (N = 14). Displayed sources were significantly 
more active during the production of compositional phrases (“red boat”) compared to non-
compositional list controls (“red, blue”). A clear LATL effect can be seen approximately 
600-500ms preceding the vocal response.   
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