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Types of biological memory
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Declarative memory: Hippocampus

Left: Hippocampus + fornix
Right: Seahorse



Patient HM — Revolution of neuroscience
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Default mode network

Seed at the body of left
hippocampus

Results from 11406 studies
http://neurosynth.org/
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Can we improve memory function by
modulating hippocampal-cortical
memory network?



Neuromodulation techniques

How do we modulate brain function?
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Principle of transcranial magnetic stimulation
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TMS modes

NN
°o o

e
n

Normalised Amplitude of MEP
o
o

il

1.4,
1.24
1.0
0.8+

Normalised Amplitude of MEP

=T
*ﬁ
ﬂL
i3

—a— iTBS
--0-- IMTBS
—w-- CTBS

0 S 10 15 20 25
Time (min)

--0=-- cTBS300 |

—w-=- cTBS600 |

30 40 50 60
Time (min)

20

Huang et al., Neuron, 2005

Single pulse TMS spTMS I I I I I I l I I I
Repetitive TMS: eis=
Trains of stimuli 1 Hz (TMS l I I I I I I

- Low frequency
- High frequency

Patterned Theta Burst:
50Hz triplets delivered ¢TBS

e

every 5SHz
+«8s—»
om0
25>
— 5s >
imTBS LU 1111
¢ i15s —)
491 [Day1
ODay2
30
20
10 inhibition

MEP Area [0% Pre to Post rTMS]

-30 -

facilitation

20 Hz

10 Hz
rTMS conditions

1 Hz

Maeda et al., Clin Neurophysiol, 2000



MS experiment procedure




Selective and coherent activity of episodic
memory network
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TMS significantly increases activities in
hippocampal-cortical networks
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TMS enhances recollection memory accuracy
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fMRI evidence for LTP-induced neural network
reorganization by high frequency electrical stimulation
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Application of TMS for treatment of early AD and
MCI (Mild-cognitive-impairment) patients
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Taxonomy of biological memory
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Michael Polanyi

| .' We know more than we can tell

Wichael Dotanyc (1891-1976)




Tacit knowledge

Explicit (Declarative) knowledge:
tangible, visible, verbalizable

Tacit (implicit, non-declarative)
knowledge:
intangible, invisible, inverbalizable




Why motor learning?

Our life is a continuum of motor learning




How do humans acquire new motor
skills from scratch?



Experiment Design
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Improvement of motor skills
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Neural co¥rrelates of reward modulation
in early and late stage of learning
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Voxel-wise p < 0.001, corrected p < 0.05 Choi et al, Proc. Natl. Acad. Sci., 2020



Gradual transition of reward
modulation in the caudate nucleus
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Choi, Shin, and Kim, Proc. Natl. Acad. Sci., 2020
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NHP studies identified parallel circuits in the
caudate nucleus for object skill learning
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Cortical-caudate interactions predict
individual learning performance
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Conclusion: Complementary memory systems

Unsupervised learning

T o

Input Output

Cerebral cortex
( Reinforcement learning

Reward
—>£|—'
Input Output

Supervised learning Target

Error l %
%ﬂ
Input Output

Doya, Curr Opinion Neurobiol, 2000

Key Questions
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Kumaran et al., Trend. Cogn. Sci., 2016

1. Strong Al: How can human brains generalize learning across multiple tasks?

2. Efficiency of the brain: How can human brains learn from very few samples?

3. Augmented learning: How can noninvasive brain stimulation (e.g., TMS) enhance learning?
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