Subcortical Contributions to Language: The Fruit Below the Rind
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A theoretical framework of (sub)cortical language/cognition built on three principles:

The Issue 1) One structure to many functions: core computations basal Ganglia Exceutive function

Subcortical structures implicated in lexical , . . . . Working mermory
P E.g., ‘selection’ for basal ganglia, based on direct and indirect pathways e Procedural memory

Underlies executive function, working memory, procedural memory, grammar

The study of the neurobiology of language has (3
highlighted cerebral cortex while largely overlooking / _/ — - N
subcortical structures

functioning:
-Word learning: mammillary bodies, lentiform
nucleus

Grammar

2) Many structures/circuits to one function: e ——

Medulla MEDULLA s Nr‘:t?gﬂgry Structure/circuit 2

formation . . . . _ Tt o Language
5 i | QL; _Lexical retrieval: pons, many thalamic nuclei, Complementary (e.g., dorsal/ventral streams for vision or language) S
Phonological,'lexica!, an.d Perception of ..‘ & . _ . M tructure/circuit
o pooCE  omeim %4‘.%3 - subthalamus, striatum Redundant (e.g., procedural and declarative memory for skills/grammar)

Language processing Multisensory speech

This proclivity for cortex is found in both basic and b
translational research on language (as well as on other /

-Conceptual processing: various thalamic and basal 3) Dynamic: contributions can vary by time, context, population...
oiAttention:related functions Process ing of letters Exact addition . . . . . . Function A
+ Bt ncion ~TE— bereadog | sgproamatecompuatr ganglia structures E.g., whether skills/grammar learned in procedural and/or declarative memory stk Function B

Lateralized linguistic syndrome: Complex and rapid arithmetic processing . .
i Structure/circuit 3

i d : Processing of p dic violations \ ild disturbance of re : H
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et Ty xcalandsemanepocessig \ J -Phonological processing: red nucleus, various basal Structure/circuit 4

Reading and writing Arithmetic calculations StI'U.CtU,I'C/CiI'CUit 1
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higher cognitive domains, e.g., reading, music, math) = Tt e

Speech pitch extraction
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e e o — i Proposed framework:
i o \../ﬁ\ The MaMa (many-to-many) dynamic model of (sub)cortical contributions to language /cognition
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Emotional and mental content of music
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-methodological factors (fMRI: small nuclei, artifacts, ...) sica L disonance i iy e taloms M e onation How do they contribute to lexical functioning: —_—
* 7 7 hallucina el Reading e action ® Math/numerical cognition ! § et
Pitch discrimina tion i 1

-various biases: small, not on surface. Streetlight Effect . e i -Connectivity and cooptation can inform this f‘*
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Subcortex likely important in language: K | IR oo IR v ity . . . .
For both anatomical and evolutionary reasons, multiple ' e ome / A P e e -Connectivity: hippocampus—fornix —mammillary Where to look: Leveraging anatomical and How to look: A guide to methodologies for
, B s ments 3 p— Intermediate POSTERIOR REGION = .
. . I~ i Jo = < evors s aringprocesig body: declarative memory - - - - "
subcortical structures throughout the brain (well beyond s i—AV A QP70 E - o . evolutionary principles revealing subcortical cognition
the basal ganglia and cerebellum) likely play substantial TN \ E [ 5 TN 3 ol ) - P -Cooptation: declarative memory has been coopted
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roles in language and other domains: Ny P || saiiyiodes] | (| gty " [ siraneis | ol [ o for word |earning Subcortical structures that are promising Example: (f)MRI — approach, scanning, processing,

. L . . T i 2 P Mammillary bodies in fact were predicted to - - TRy .
_Anatomical: connectivity with cortical areas underlying i : candidates for supporting language/cognition: analysis:

L , underlie word learning (Ullman, 2004, 2016)
|aﬂguage/ cognition; also, there’s lots of subcortex a) Lower brainstem: pons, medulla Diencephalon: thalamus, hypothalamus, subthalamus, epithalamus . . . | . .
-Evolutionary: animal subcortical precursors; cooptation b) Upper brainstem (midbrain) Anatomical: Structure is connected to cortical -Hypothesis-driven focal scanning

e o structures underlying language/cognition -Higher field-strength scanners (7 T, 10.5T)
el -Avoid multi-channel coils

e Reward-based learning/processing

e a _— _— Evolutionary: -fMRI sequences with high signal/noise ratios
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A comprehensive review of subcortical cognition i — T e The findings are overall real: -Structure undgrlles same/precursor function in E.g., th rge—shot spiral dgal—echg o.ut—out sequence
bttt l -l - s\/> cogonaor cub o . I N non-human animals -Anatomic alignment using specialized atlases for
T e ubcortica (?ohntrl utions to ggguage/ cognition are -Cooptation: structure subserves analogous subcortical structures
: S I — gl extensive, with converging evidence : - : " : . . :

Review covers: ~Suewg - ;.<62:$=,///h . T ‘ 5INg computations or functions in (non-)cognitive -Controlling for physiological fluctuations
-subcortical (sub)structures throughout the brain == __*" /“\ﬂw Ffﬁiilfﬁii?l )| iy Moo | S In fact, the review likely undercounts these domains: Cooptation from non-cognitive to
(except cerebellum): lower and upper brainstem, T o s T o subcortical contributions (due to methodological cognitive functions, lower to higher cognitive We also present recommendation for tDCS,
diencephalon, telencephalon o | cipene | _tititn (S5 o | Pt || A \.\m ety constraints and biases) functions, higher to higher functions intracranial brain recording/stimulation, EEG, MEG,
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-language as well as \) The findings are overall important:
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 Unepciedioercogitvefuncons P ] r— ]ﬁ\// % e 178 = A necessary: lesion evidence implicates many Our paper aims to stimulate research on subcortical contributions to language/cognition )
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o coonte finctons = 7| === e [ : e structure-function mappings This should advance our understanding of the neural bases of language/cognition / B

s ke - The time may be ripe to shine light on the fruit below the rind SR
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