Tracking Lexical Ambiguity Resolution with Multi-Voxel Pattern Analysis
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regions, including left anterior temporal lobe (IATL) Think about ball ball plant
’ . this word’s mean BOLD response Subject-level Voxel Selection:
(e.g. Lambon Ralph et al., 2010; Binney et al, 2010) . . - : : -
« Comprehension of lexically ambiguous sentences recruits left meaning in + In roaming searchiignt: top 100 Estatistics for
trolateral prefrontal cortex (IVLPEC . the sentence -5 e Asﬂiylga”"y . ik B MVP similarity analysis (Incongruent vs. Neutral)
ventrolateral prefrontal cortex ( ) (e.g. Rodd et al., 2005; 2012) E gﬁtﬁeﬁama M;Sofc;'/o ed ; f" ! ! (cf. Kriegeskorte et al., 2008) in left VLPFC (BA 44 & 45)
When selecting a contextually appropriate word meaning, |
how do conceptual memory systems : : :
and cognitive control mechanisms interact? ltem Analysis: Multi-Voxel Searchlight Results Sentence Analysis: Univariate Results
“The ball was held on the queen’s birthday.” In each searchlight in a subject’s native brain space: In left ventrolateral prefrontal cortex (IVLPFC), responses increase when:
» s * Compute similarity between each word’s DOM & SUB MVP - A homonym is biased toward a subordinate meaning
DOMINANT ball SUBORDINATE * Across items, use meaning dominance (M1) to predict DOM~SUB similarity . The disambiguating information appears AFTER the homonym
(DOM): 0.98 / 1 0.02 (SUB).
Most frequently Aless commonly  Group-level searchlight results (collapsed across prior & delayed context):
used meaning | @ Sphere a gala  used meaning In left anterior temporal lobe (IATL), M1 predicts DOM~SUB MVP similarity,
((13)=5.45, p< .01 (cluster corrected)
Predictions

Subject correlations in peak IATL searchlight,
with item values from an example subject

1. Each homonym meaning will evoke a distinct multi-voxel pattern
(MVP) of neural activity

2. When a SUB meaning must be activated, the DOM meaning will
compete for selection.
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Iltem-Level Index of Competition: DOM~SUB MVP similarity
Does the SUB pattern resemble the DOM pattern?
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Whole-brain results (N= 14), cluster corrected p< .05
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3. The stronger the DOM meaning, the greater the competition
during selection of the SUB meaning

Discussion

* While reading sentences that bias interpretation toward a homonym'’s
subordinate meaning, IVLPFC response increases, if the homonym appears
BEFORE the disambiguating context.
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Meaning Dominance (M1): strength of a word’s dominant meaning, ., pean response change in IVLPFC ROI: DOM~SUB similarity (1) increases with M1 strength

measured from free association production norms (Twilley et al., 1994) and (2) decreases with IVLPFC response
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+ Left VLPFC response negatively predicts DOM~SUB similarity in

Sentence COndlthnS ATL chlight, £13)= -3.50 0 * These results SL_Jggest tha_t IVLPFC blase_s sele_ctlon towe.lrd a subo_rdmate,
" _ DOMINANT _ pea searcniignt, = -9.9Y, p<. context-appropriate meaning over a dominant, inappropriate meaning.
uns 1-4: sentences bias toward L Increases in IVLPFC activity predict decreases in DOM~SUB MVP similarity
Runs 5-6: sentences bias toward SUBORDINATE meanings References
PriOI' ConteXt “The queen danced at her b| I”[hday bal | .” Binney, R.J., et al. (2010). The Ventral and Inferolateral Aspects of the Anterior Temporal Lobe Are Crucial in Semantic Memory: Evidence from a Novel Rodd, J.M., et al. (2004). The Neural Mechanisms of Speech Comprehension: fMRI studies of Semantic Ambiguity. Cerebral Cortex, 15(8), 1261—12609.
Direct Comparison of Distortion-Corrected fMRI, rTMS, and Semantic Dementia. Cerebral Cortex, 20(11), 2728—-2738. Rodd, J.M., et al. (2012). Dissociating Frontotemporal Contributions to Semantic Ambiguity Resolution in Spoken Sentences. Cerebral Cortex, 22(8),
OR Hindy, N.C., et al. (2015). A Cortical Network for the Encoding of Object Change. Cerebral Cortex, 25(4), 884—894. 1761-1773.

' y . T Kriegeskorte, N. (2008). Representational similarity analysis — connecting the branches of systems neuroscience. Frontiers in Systems Neuroscience. Twilley, L. C., et al. (1994). University of Alberta norms of relative meaning frequency for 566 homographs. Memory & Cognition, 22(1), 111-126.
. The ba” was held on the queen S b|rthday Lambon Ralph, M.A., et al. (2010). Coherent concepts are computed in the anterior temporal lobes. Proceedings of the National Academy of Sciences,

107(6), 2717-2722.




