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Research attempt of computational graph-based neurolinguistics integrating brain
fMRI, machine learning and complex networks
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We carried out an brain informatics study by performing fMRI experiments,
conducting a statistical analysis of the datasets gathered during a covert word property generation task,
especially using our original machine Iearnin? to classify and predict various cognitive states.
Addressing the problem of vulnerability in Multi-Voxel Pattern Analysis (MVPA) eliciting a considerable
performance penalty gdecrease in accuracy) when executed across sessions or ﬁarticipants, we executed a
depthful fitting analysis focusing on cross-modal and individual variation that most previous research
has not involved so far. As a result, a key to success in cross-learning on semantic cognition was
revealed by underscoring the significance of feature selection strategy founded upon integrated
spatio-temporal patterns of neural activity. Furthermore, we conducted experiments involving language
switching, with early bilingual speakers and extracted some informative regions using both GLM methods
and MVPA.

MRI



TMRI(
)
Multi voxel pattern
analysis( MVPA )
(
) (voxels)
« ) 1
MVPA
TMRI
TVMRI
(fMRI)
VR
GLM
MVPA

GLM  MVPA

Searchlight

MVPA
MRI

Frontiers,
Springer, Elsevier
ON
Frontiers fMRI

fVRI

(
)

Frontiers in Neuroinformatics
Decoding semantics across  TMRI
sessions with different stimulus

modalities: a practical MVPA study

http://www.dst.titech.ac.jp/topic/to
pic20120925/topic20120925.html
Science News

http://www.sciencedaily.com/releases
/2012/10/121005134328_htm 2012 9

24 9 28
40
( 20 20 Murphy et
al,2009 )
80~90% MVPA
Frontiers VRI
( D



Single volume sliding window, versus canonical HRF

0 2 a 6 8 10 12

Single inputvolume, relative 1o stmulus onset

== Chance Leve|
w1 audio
P2 audio
P3 audio
P4 audio
= P5 audio
*+ P1orho
*+ P2 ontho
P3 ortho
-+ P4 ortho
- ** P5ortho
2 —Mean all
» = Mean audio
*+ Mean ottho
— Default SPM HRF

1
2
MVPA
Springer
2
¢ 2
double dipping( )
(cross-sectional)
2
3
Elsevier
(FVRI)

GLM  MVPA

MVPA

TMRI

4

MVPA

PloS One 4

Miaomei Lei, Hiroyuki Akama, Brian

Murphy, 2014. Neural basis of language
switching in the brain: fMRI evidence
from Korean-Chinese early bilinguals.
Brain and language, Elsevier, 2014, 138.
doi:10.1016/j .bandl.2014.08.009.

Hiroyuki Akama, Brian Murphy, Lei

Miao Mei, Massimo Poesio, 2014.
Cross-participant Modelling Based on
Joint or Disjoint Feature Selection: An
fMRI Conceptual Decoding Study, Applied
Informatics, Springer,
doi:10.1186/2196-0089-1-1

Hiroyuki Akama, Brian Murphy, Li Na,

Yumiko Shimizu, Massimo Poesio, 2012.
Decoding Semantics across fMRI sessions
with Different Stimulus Modalities: A
practical MVPA Study, Frontiers in
Neuroinformatics, doi:
10.3389/fninf.2012.00024.



4
ITO Kanetoshi, TAKAHASHI  Kaori,
TAKAYANAGI-KOMA ~ Miyuki AWAZU Shunji,
AKAMA Hiroyuki, Odor Hedonics Related
Brain Activation: An fMRI Study. XXIVth
International Conference of European
Chemoreception Research Organization
(ECRO 2014), Dijon, France, poster

Miaomei Lei, Hiroyuki Akama, Brian
Murphy, Predicting the semantic neural
representations in Korean-Chinese early
bilinguals —An fMRI study. 36th Annual
Conference of the Cognitive Science
Society (COGSCI 2014), Quebec City, Canada
Member®s poster session

Miaomei Lei, Hiroyuki Akama, Brian
Murphy Neural representations of language
switching in early bilinguals: An fMRI
study. 35th Annual Conference of the
Cognitive Science Society (COGSCI 2013),
Berlin, Germany, Member®s poster session

Hiroyuki Akama, Miaomei Lei, Na Li,
Brian Murphy Multi-Voxel Pattern Analysis
Applied to the Language Switch in the
Bilingual Brain-An fMRI Study. 34th Annual
Conference of the Cognitive Science
Society (COGSCI 2012), Sapporo, Japan
Member®s poster session

@
Hiroyuki Akama
60242301
@
Akifumi Tokosumi
50125332
(€))



