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Let’s begin, shall we

Another talk, | know...

You are ready to yawn,
Oh, you are doing now....

No one dares to say sometimes “Learning”

is boring and frustrating...
But it is true....
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Complex Learning Process

* Two-person Educational Neuroscience
* The teacher-student interaction

Teacher

Interaction

Student

Teaching and Learning Brain??

HTTP://WWW.YM.EDU.TW/~CFLU
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New Tool for Neuroscience

Functional Near-Infrared Spectroscopy (fNIRS)
> Neuroscience tools

° Principles of fNIRS

> Applications in neuroscience

o Perspectives of fNIRS future
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Monitoring Brain Activity

EEG/MEG

fNIRS

High temporal resolution * Low temporal resolution

Neural activity BOLD signal

Superficial cortex Superficial & deep cortex
Semi-open/close Close environment
environment High cost

Low cost High spatial resolution
Physiological noise High tissue contrast

Electronic noise Magnetic and posture limitation

High temporal resolution
Hemoglobin oxygenation
Superficial cortex

Open environment

Low cost

Wearable system
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Neurovascular Coupling
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D’Esposito et al, Nature Reviews Neuroscience, 2003.

Huneau et al, Frontiers in Neuroscience, 2015.
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»> Decreases in deoxy-Hb,
which reduce the
microscopic
susceptibility effects,
yield fMRI BOLD signal
increases.

W0

JCBFM. 1996, 16:817-826.
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fNIRS vs. fMRI (hand grasping)

BOLD fMRI fNIRS fNIRS
a

- Lu, et al, 2013 EMBC.
5 10 15 0 5 10 15 0 5 10 15 0

i (second} e (second) tims (sacond)
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fNIRS vs. EEG (oddball task)

fNIRS
EEG at Pz S
NIRS + Mindo 4.2s after stimuli
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Kennan et al. Neurolmage 2002: 16, 587-592. |
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Open Environment

Frontopolar cortex (FPC): top-down regulatory mechanisms of motor behavior;

Middle temporal gyrus (MTG): bottom-up integration of visual and auditory cues.

= high performance
players

= intermediate
players

= low performance
players

30 40 S0

Neurolmage 85 (2014) 461-470.

J. Adam Noah, Journal of Visualized Experiments, 2015.

HTTP://WWWYM.EDU.TW/~CFLU

Open Environment

time (s)

Neurolmage 85 (2014) 64-71
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Left-hand gripping
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Interaction/Competition

Social cognition is fundamentally different when we interact with others
rather than merely observing them.
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Hyperscanning Setup Two Subject Tandem Setup
Single System/Two Subjects Two Systems/Two Subjects
2x 172 Density 2 x Standard Density

ox: 325-320 System (NIRScoutx)
- Effectively 165-160 per subject

ex 2 x 165-160 Systems.
- Effectively 1 x 165-160 per subjed

NIRx Medical Technologies, http://nirx.net/nirscout/
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fNIRS Publications

Total 1694 fNIRS publications Total 149410 fMRI publications
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Single System/Two Subjects
2 x 172 Density

ex: 325-320 System (NIRScoutX)
- Effectively 165-16D per subject

’L
NIRx Medical Technologies
http://nirx.net/nirscout/
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fNIRS Publications Neurolmage Special Issue, 2014

http://www.sciencedirect.com/science/journal/10538119/85/part/P1

Brain - Total 1075 publications Muscle - Total 1367publications =
i, SR - p—
200 AR % Neurolmage Ravdiae
0 80 B Ha Bt
& 4 "ﬁ Volume 85, Part 1, 15 January 2014, Pages 1-5 ::
140 40

LY Celebrating 20 Years of Functional Near Infrared Spectroscopy (fNIRS) i

. » Twenty years of functional near-infrared spectroscopy:
. iiiiiiii 5 iiiiiiiiiiii introduction for the special issue
=] EEEE ¢ =E_=_:_.__.__

David A. Boas?, Clare E. Elwell?, Marco Ferrari®, Gentaro Taga®

@ g

=
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Neurolmage Special Issue, 2014

http://www.sciencedirect.com/science/journal/10538119/85/part/P1

5 —== | * Introduction (1 article) £
* Instrumentation (4 articles) %
Neurf—l!!nage * Analysis Methods (15 articles) _%
T * Brain Development (10 articles) g
. . * Cognitive Science (7 articles) g
. @ * Motor, Balance, and Gait (7 articles) jjoma : - , ‘
o * Psychiatry (6 articles) o s T R
"’:.:.:..,m.:" * Neurology, Aging, and Anesthesia (9 articles)

Hisonm = € po, (180mM) X Cpyp, + €4, (780mM) Xy

59 articles, 696 pages in total.

Hm = Eppo, (820nm)x Crvo, + Epp (820nm)xc,,

Near-infrared photons perform diffusive motion.
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Diffusive Motion

Source-Detector Arrangement

Light source - Detector
: :

Light source

Maximal distance™ 3cm

Detector

Diffusive motion
Banana-shape distribution

Absorption and scattering Spatial encoding = fire one source at one cycle
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‘ sources

@ detectors

@ channels
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pre-auricle

A diagram of coregistration
procedure for unifying the

coordinate system of fNIRS
optodes and brain anatomy.
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Lu, et al. PLoS One, 2015.
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fNIRS Instruments

< portable/movable >

ISS instrument

DYNOT system

Hitachi ETG-7100
system

< wearable >

WS 2
/ =

NIRSport
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What Can We do with fNIRS?

* Brain Development

* Cognitive Science/Educational Neuroscience

* Motor, Balance, and Gait

* Neurorehabilitation

* Psychiatry
* Neurology, Aging, and Anesthesia
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Educational Neuroscience

* The teacher-student interactions, fNIRS hyperscanning

A classical teaching model, Socratic dialogue (Meno by Plato).
* How to double the area of a square?
* 50 questions to support the student in discovering the solution by self-elaboration.

. 128mm | 1285mm  128mm

25 mam

ar.5 mm
cranial cadal Battro, Antonio M., et al. Mind, Brain, and Education 7.3 (2013): 177-181.
Holper, Lisa, et al. International Journal of Educational Research 59 (2013): 1-10.
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ACTIONS
)
i 'l 7

Socratic dialogue

—ats
,

” square are also equal?

» a b

. Q1. Tell me, boy, do you know that a figure like this is a square?

The interviewer draws and shows a 2x2 square (abed in Fig.).

Q2. And you know that a square figure has these four lines equal?
The interviewer points to all the four lines (lines ab, be, ed, da in Fig.).
Q3. And these lines which | have drawn through the middle of the

The interviewer points to the “middle” lines (zy and wx in Fig.).

<

a 7

o — :
ancies.
. Main ies. e d e
= anchae .-f*[

Goldin, Andrea P, et al. Mind, Brain, and Education 5.4 (2011): 180-185.

17 Students

Students, who successfully transferred the
knowledge, showed less prefrontal activation

Teacher

5
4
il J'
2
2,
o
el
2
0s 15

" Student
I 4
30 k] 40 45 50 51 E 3
50 Questions ! .
—_ 1
Gray: agreement with the slave's answer Gray: Did transfer gn 0
T a
Black: skips 2

o 0s
Battro, Antonio M., et al. Mind, Brain, and Education 7.3 (2013): 177-181. Normakized tame

Prefrontal activity
can be taken as a
broad marker of
mental effort.
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Student and Teachers ‘dance at the
same pace’ in successful educational dialogs

Correlation

Meno
5 g 05
0
0 -05

Teacher [02Hh|
(u mol)

ik Normalized Meno dialog time

not transfer
transfer

5 0 5
Student [O,Hb] (i mol/)

Battro, Antonio M., et al. Mind, Brain, and Education 7.3 (2013): 177-181.
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Interaction

Student

Teacher

Dual Tasks

* In daily life, mobility requires walking while
performing a cognitive or upper-extremity motor task.

* The theory of multiple resource models

* The dual-task interference is minimal if 2 tasks use differing
functional resources (Pashler H, 1994).

* The capacity-sharing theory & bottleneck theory

» Performing 2 tasks with similar cognitive or motor demands
can cause retardations in both tasks or delays in the
secondary task (Ruthruff E, 2001; Tombu M, 2003).
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Gait Performance

Experiment Setup

Gait data NW WCT WMT Statistical results p-value*
NIRSport
Speed 112.69411.80 102.66411.23 103.98412.35 NW > WCT < 0.0001
GAITrite {em/second) =
WCT = WMT 0.5415
Cadence 114.5646.22 110.1946.51 115.7046 25 [nw>wer <0.0001|
(steps/min) NW = WMT 0.3855
WCT < WMT < 0.0001
Stride ime 1.06£0.06 1.09£0.06 1.0420.05 NW <WCT 0.0040
(second) NW = WMT 02153
WCT > WMT < 0.0001
Stride length 118.58+10.72 112.28+10.49 108.4511.10 | NW > WCT < o.ouml
(em) NW > WMT < 0.0001
WCT = WMT 0.0427
Gait variability 2.69+0.85 2.38:1.01 2.9411.02 NW = WCT 0.3196
. . . (%) NW = WMT 0.3525
International 10-5 system setup covering bilateral TS Wi atire

prefrontal, premotor, and supplementary motor areas.
*The significance was defined as p<0.016 (Bonferoni correction for multiple testing).

Lu, CF, et al. PloS one 10.6 (2015): €0129390. Lu, CF, et al. PloS one 10.6 (2015): €0129390.
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Maintaining Gait Performance by Cortical
Activation during Dual-Task Interference

Brain Activity

Correlation Analysis in the Early Phase (5720 s)

» Walking while cognitive tasking (WCT) » Walking while motor tasking (WMT)
- Walking on a walkway while serially - Walking on the same walkway while carrying Walking condition _ Brain area Gait data Correlation coefficient _ p-value
subtracting 7 from an initial 3-digit number a 600-mL bottle of water on a tray. wer Li. SMA (ch.8)  cadence 04117 00040 (a)  _ iine L RLSMAKRS  RLSMARRS)
LLEMA(the)  eridetms -0 o BLSMA e e
1
(a) AL SMA (ch.8)  speed 0.4701 3
b L a2 RLSMA(chg) cadence 04299 — 8’
Rt. SMA (ch.9) stride time -0.4466 0.0017 %o SMALCI0) s RLPMC(h12)
AL SMA (ch.10)  cadence 0.4579 00012 S “hg o | #12fo, a B &
10| ot = oo Erol Wl oo
a8 RLSMA (ch10)  stridetime  -0.4640 00004 §1) SRS el 3 Y| BE eimel £19| A i
wNT LLPMC (ch3)  stidelength 04374 00018 ° *m*“h B W o g
Lt PMG (chd)  speed 05215 00001 _  mimc(on1a e
e £ ™ o i s LL.PMC (chd4)  stidelength  0.6010 T
N =l e * Lt. PMC (ch.5) speed 0.4839 0.0005 3 ' 5; Fesay WCT, early phase
i e M e LLPMG chS)  stridelength  0.5148 00002 =5 @ awn we Tk A4
M[F\w k\.«d‘v‘k—'\r ‘M Lt. PMC (ch.6) siride length 04681 0.0008
Temy s | | . j, : =1 AL SMA (ch.10)  stride length  0.4473 0.0014
Lu, CF, et al. PloS one 10.6 (2015): e0129390. Lu, CF, et al. PloS one 10.6 (2015): €0129390.
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Neuroplasticity and Restoration of Motor Control Circuits

Maintaining Gait Performance by Cortical
after Stroke with Robot Training

Activation during Dual-Task Interference

Correlation Analysis in the Late Phase (20~50 s) E
Walking condition  Brain area Gaitdam  Corrolationcoefficient  pvalue £ | “7.35
wer Lt PMC (ch.5) speed 04564 00013 _
Lt PMC (ch5) cagence 0.3087 ooos2
Lt. PMC (ch.5) stide time 04552 00013
Lt SMA (ch8) cadence 03817 00081 %
. =
:iﬁ ‘m’ ki Bira ::LT‘B‘ 00080 L Esalne o RSk
speed 00006, £ Fo . | & et
Rt SMA (ch.9) cadencs 04128 ooce  El iﬁt‘:“: EH Ais
RLSMA (ch9)  stdetime  -0.4690 Goio0]  3'elo-— s L S0 i3
Yulag " o wow
Rt SMA (ch.9) stride longth  0.4308 00025 —
AL SMA (ch.10) cadence 0.4168 00036 i HyperMED NeuroRecovery, Australia
AL SMA (ch.10)  siidetime  -04665 0oo0s 3
AL PMC (ch.11)  siidetme  -03903 00067 ¢ - Left premotor cortex
Rt PMC (ch12)  cadence 04710 00008  _ a1 [
Rt. PMC (ch.12) stride time 05135 00002 ! |
WMT Lt. PMC (ch.4) spoed 05377 <00001 % WCT, late phase |
Lt PMC (ch.4) stride length  0.4818 00005 ¢ | Collaborate with Prof. Shih-Ching Chen,
g | TMUH
Lu, CF, et al. PloS one 10.6 (2015): e0129390. During training |
- T ong —
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Generalized Anxiety Disorder e M1 Activity as a GAD Biomarker

Brain activity

* A chronic and common mental disorder.

FT VFT
 Excessive worries and muscle tension have been Earsital Symptnms of Amd ety BES ke ol )
o> : ) i = _ = i — Left M1: VFT
reported as the most specific symptom associated with sux drve, rkabilty Zw A £ \ 1 . (AUC = 0.780)
7, Bl B
GAD. R L crvidmisk 17 % ol L BL fnl 8L T TS Right M1: VFT
- o tensen $o 3 (AUC = 0.817)
* Worry has been found to significantly change activities e .,Wf £ ,@’r :
of primary motor cortex (M1) and corticospinal motor sl ST W Ry e
responses to magnetic stimulation in M1 (oathes bJ, 2008). Heart
P & (Oathes D1, 2008) et DT w ww _ DTp
- 2 & w| o] 30 — Left ML: VFT
: §o g HIPATR'E i
M1 => A reliable biomarker for GAD?? | e Salf sty £ i ! |8 i{ LK‘ (auc=o0752)
/Wawwrm § 0| 1 ey E 1 g " houssngord E ------- Right M1: VFT
L] 20 l:ll ¥ 20 40 ! 0 20 ‘ﬂ 1] 0 I-ﬂ 4 (AUC B 0704)
« Numbness o Chils | hot flashes Timo ohos task onset (s)  Time aher task onsot {s) Tima akos task onset {s)  Time afer task onset 3] e e
Collaborate with Prof. Cheng-Ta Li, TVGH. * Tremors » Weskness L I

Collaborate with Prof. Cheng-Ta Li, TVGH. b
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Therapeutic effect of ICA Stenting

* 80 year-old man Right-hand
* Medical Hx: coronary artery disease, hypertension and type Il diabetes mellitus. Grasping
* Reason of neurological referral: dizziness

= post-stent
= pre-stent

Improved hemodynamic after carotid stenting.

Cognitive Performance b

==MOCA-General

| = N ) cognition
14 ;>-<' @G5 Depression
o
E-_

== HVLT-R-Short-
term memory

— TR

Recognition
=s=VF.Verbal Fluency

v\
-
=G=DSC-Perceptual & Left-hand ‘-‘ﬁé‘ @
AN
e |

motor speed .
===DSC-Short-term Grasping

memory
s==N5(-Recognition

R VA

i ik

pre-test post-test (9M)

L

Collaborate with Prof. Chang-Ming Chern, TVGH. Collaborate with Prof. Chang-Ming Chern, TVGH.
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Summary & Perspectives

* Wearable, natural, and unrestrained setup
* Neurorehabilitation

* Sport medicines
* Social interaction (hyperscanning)
* Complex teaching & learning approach

* Beyond brain hemodynamics
* Oscillatory neural activity (> 4 Hz)
* Neural membrane potential (>50 Hz)

THE END

Thanks for your attention :)
alvind016@tmu.edu.tw

Human interaction & complex study model design!
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