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Memory
Consciousness? Explicit Memory Implicit Memory
Kept in mind during / \
‘delay period'? Lon}ter[“ Memory (V\éﬁrktlrzg Mslmory)
~>Short-term Memory,

Involve previous Episodic Semantic
episode? Memory ~ Memory
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performance:

o Repetition
SUbJe,Ct'Ve “Remembering” “Knowing” Priming
experience: ‘ ‘

General term: Recollection Familiarity

Figure 2: Organization of Memory types
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253 (Encoding): 9| 55

o Subsequent memory analysis2 221 | JH &

@ Medial Temporal Lobe, dorsolateral Prefrontal Cortex,
Parietal Cortex — Retrieval2} X}0| & Figure 5: Regions of the brain
associated with subsequent
memory effects

31035} (Consolidation): M2 7|2S QY201 7| 7|9e 2 XMetst= 2Hy
o HEF E§! 0|2 (Standard consolidation model): hippocampal-cortical — cortical-cortical interaction
o C}E &2 0|2(Multiple trace theory): hippocampus is involved in LTM throughout the lifetime

0 Ampiticde (5-9 Hz)

U2t (Forgetting):
o Typical forgetting: attention £Z2Z encoding
A, dIPFC, mPFC, parietal cortex 2435}
DMN?2t 22 TjEo| | &

—sA
—Re

@ Retrieval-induced forgetting: 221 7| 9|
WS ol 814 ATf (MRI L)
. . O|C 20| D2t (a) Subsequent forgetting (b) Retrieval-induced
® Motivated forgetting: °|=22! Y| fMRI activity and default forgetting EEG
network fMRI activity activity
“Default Mode Network consists of the regions of Figure 6: Forgetting

the brain that become active when participants are not
engaged in any particular task
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Retrieval-induced forgetting fMRI A&

A sTupy RETRIEVAL FINAL RECALL
PRACTICE

Used Paradigm:

@ initial study phase: word pairs(category+examplar)
presented

@ intermediate retrieval practice phase: subset of
categories(category+two-letter word cue)
— non-presented words from this category are inhibited

o final recall phase: word pairs(category+examplar)
presented

Examplar 25
o C{RF(non-practiced categories): low freq. (C+), high

freq. (C-)
¢ . o A& (practiced categories): low freq. but practiced (P+),
. high freq. but not practiced (P-)
e

i Result:

o o P-= P40f Qo AX|E|0f CiZ2FZECH Y2 e BIES

0 10 20 30 40 EOI

Forgetting in % [=]

o P42 oife] AR GRILCH 52 G4 HIEE HY

Figure 7: Retrieval-inducted @ comparison from P- to P+: dIPFC2| &40| 24Z, RIF
forgetting paradigm, behavioral EtG 52 Ae=2 YEtY

performance, and fMRI activity
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¥ ERP
A Remember
Know 5+HV
-=-=- New

Familiarity & Recollection
Familiarity (Know)
o mid-frontal old-new effect

o frontal brain activity within 300~500ms

o FNA400: negative frontal activity in 400ms 0 800 ms

500-800 ms

Recollection (Remember)

o left-parietal old-new effect

@ parietal brain activity within 500~800ms
v

Figure 8: ERP activity associated with
recollection and familiarity
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A Remembered Forgotten
q 2
Theta I 'i ¢
Frequency band \ 2
o gamma(>30Hz): A2 Ct2 I3 YA9| 7|5 22| i i
4 i
= Alpha
o alpha(8~12Hz): T2 Yo EE i ’ . &
o theta(4~8Hz): 3li0te} O|& Y 7t AS2tg :
V.
— 0
LTM encoding & retrieval e st s
® gamma increase in parietal, occipital regions a1 G0t o)
@ alpha decrease in anterior, posterior regions B Moduigion

index (M)

Remembered

o theta increase in frontal regions, thalamus m::.
| )
@ cross-frequency coupling? ::'::;

b/w frontal theta & parietal-occipital gamma,

b/w frontal & thalamic theta Fogoten
S ool 7t ABalR Figure 9: EEG frequency band

J  activity associated with subsequently
remembered and forgotten items
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M1} 4=MH(slow-wave sleep)
o 7| 7|19 313Ut 22 dilist= AIY
o 1Hz O|5} FI0| A Q| widespread cortical

modulation gt

o T2 3or 4L REM 8, U2 & Y

o C}2 L|T(11~16HzO0|M 2S5t
thalamic-cortical sleep spindles, 200Hz Z*{0{| A
2l 55t= hippocampal sharp-wave ripples?)2t
synchronizeZ|0 7| Z15}0f| 2|25}

?hippocampal-cortical 45228 2A510{ 7|2(from the
previous waking period)2| replayE g+

Science of Memory

Sleep stage

Figure 10: Sleep stages and brain
oscillations associated with slow wave
sleep and long-term memory
consolidation
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Working Memory vs Short-Term Memory (Et7|7|%, STM)
° -r 0z T AU (2 1), o A MFs0|M= /HgH2e 2 2E25=
23t0|C}.
o

o 270l

|__| =
Z0{7t SH3UC

9oz SHol, YO 'S3H 22|’ 7|50 dREUM 23T 7|240l2t=
.

o Short-Term Memory:
HEE H2 NS0 CRd| RS R (253)

o Working Memory:
FEE A2 AITSe A #2 oL 2t

= o
- €71 7lol0l Y S + HAE HEE HB(ZA/A2), of BT
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Baddeley’s Model of Working Memory

Central executive

/T

N\

Visuospatial Episodic

Phonological
sketchpad buffer

loop

I I I

Visual semantics +—> Episodic LTM <—> Language

D Fluid systems

D Crystallized systems

Figure 11: Baddeley's working
memory model
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o Central executive:

Zo/2 Ui, B9l AIAHIO| 2 28 &

o Visuospatial sketchpad:

N2t/ B2 YEE QA5 22

o Phonological loop:

9101/ 82t HS UM A U =g of 2of

o Episodic buffer:

M=tz 220 22
Sgolal, 0| LS &
Y71 719 £9f Lots e
OlA| Z+QY =7+
a 1 d o

S e ey
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Brain Regions Related to Working Memory

Control Tower
Ol ZEof| F9/Z 7|20
OlLH Aa|g2| 2|Alste 42
Aol 7ls2 =¥

i,

Parietal Cortex

Sensory Processing Regions

A 71949l &0 A&

** 71240l Tt AY|Yd2
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Brain Activity Related to Working Memory

Gamma Activity (>30 Hz):

o occipital and parietal 420 F2
2

Z3I5t0] SBE 7|92 ANt
oA

Alpha Activity (8~12 Hz):

T2 posterior FHO||A| ZHRIE|OY, 2HA
o= 2L Yellkl= AFF BYE
AXote A

_ =2

Theta Activity (4~8 Hz):
occipital 2! parietal Z1=0{ A M|E}-ZHO}
w3zt o Ag0| S7tots 20| 2H2E.

312/21, 21l 7|20 M MEF HEO| gre

—y T d =2

03| =2tel o427t AS-

4 (BCSC 2025)
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0.0 0.2 0.4 06 0.8 1.0

Figure 12: Gamma Activity

00 02 0.4 06 08 1.0

Figure 13: Alpha Activity

00 02 04 06 08 1.0
time (s)

Figure 14: Theta Activity
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HFEe WAL SSH2R [ohg — A — FAHS U 28 TE
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o &5 ¢
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— 712z 0] A7t B0t 55t HEE 03422 M3 o2 [FA|SHof &
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© ZAL THA| (Test Phase): 855t Z 20| Cish 225t0] =S £33
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2k 7| MEo| of|A| (Harrison, S., Tong)

| [— b

A8 28: 29 7[00 RAlsl A2 Z2ot ko] 27| A2t (VIS Y= 2l
e B8 2
o A3 HA|: MZ CIZ Wato] AASL £ S

S E RN

Retention 2,500 ms

Cue ) . 500 ms
- 7]l THALS 2|
o 7|9 |A|: 112 SO Bl 3|44 513 4|

Sample 2

sample 1l 0 o me
77)
—( O3 24 e 24 (MVPA)E 0|8)
o test: ME22 D}\} 742|- SN
e s — 2IRHE 2HAI0] J]eistE HECt o Al Y
Figure 15: S8 THCHS YA Yo SORZHEAIS HeHe
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OI-EI_ 7| o_|-| Implicit Memory

E2|
= o
o HIOAH: 7|5 E =3 glo| 2AISH22 &
o UISAIZ 24 U FEE BV}
o W Yoo BE 2L
= repetition suppression: k|7t SHE AEE A2|ot= O O A2 AE XAAS AIESCZMN
22| 280| =0ty
22 9¥

o Skills: Pt A5 S Salf 2AA 3|4k gl0| AE3tEle MY 23 53
o Repetition Priming ( (kRO 2 £ g=0| =22 o, siY =0 tish H<
E2H0|7L S X2|7t LojLt= SA

o Perceptual Priming (2} 33}): SYSH7{LL FAtRE §0| gEE o 2| 280 22t
g

o
o conceptual repetition priming (7HE A3}): 20|, HF

 1BHY L0 BHEE|ILE 2R EbA 7
U8 0f BHho| ek
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CHEZQl A& mi2{CIA: Repetition Priming
D ARO[ oAl H ez 2AVLE (a2t AYPHoZ Q| gk, ZHY ALl
WAHE Sl 7|de] EUE Y5t A

7|2 A
0 stg A TR0 o2 S=25S AAIStLL, 2 &=0f ot 2|44 or
HgA TS z|oist el W2 =5 2|A|°FCh
ojuf Lts0fl 7|<{aHOF ettt 2ofR| Q=L

o A T b5 THAOIM HAIE ‘22fiE (old) =2} ‘MEZ(new) S=FS

i =

K| HAlStR, SYLsH 2 2H Ee PR TS W2 2SS it

o A= Hh=E S=(old)Of CH3H BHS A[ZHO] T=
=]

HE2 A7
0 —
o | 2 BH2El 52 (old)0| A2 TS (new)0l| HI3H &[Q| I|A &50]

2 (BCSC 2025) Science of Memory Saturday 13" September, 2025 18/25




Agic] Uig 274 EERE]

A3 of|A| (Koutstaal et al., 2001)

NOVEL > REPEATED SAME

dIPFC / Ventral
occipital temporal
cortex / right posterior
lateral temporal cortex
(3ol X)0f|lM B ZtA

=20 o+

Figure 16: A3 TH2{CQ

StE: J7I2M2 13212| ARLECH 23]
22(0f CHalf z|CHet wa| S L/R Fusiform2|
ZAYE | g5 W3}
L: Novel > Diff ~ Same
R: Novel ~ Diff > Same

e same: 7|& / novel: OO Ct&

= Figure 18: Fusiform2
o different: samel} 0|22 Q. g |
MZI A CHE (same name,

perceptually diff)

rul0|I
ﬂ
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o Repetition Suppression/adaptation
WS EAR T|Uo| 0| P4
— uhEsl 20| i3t 22lE ERYOR 517 3 HFHLESE HA

o fMRI 8 — IAUYA &5 A2 =
o DLPFC Posterior lateral temporal cortex (a) dIPFC
= 92 /AH0{H HEO| CHSl repetition priming
e Ventral occipital-temporal cortex (VOTC)
= Z|ZtAQI(A|Zh) M0 CHgl repetition priming
left-VOTC - perceptual & conceptual repetition priming
right-VOTC - perceptual repetition priming

(c) VOTC
Figure 19: 2t | g9
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Brain Activity Related to Implicit Memory

Gamma Activity (>30 Hz):

A=0| gt=E 45 posterior FHO0||A &S0
Uaste Aot 2O

= visual processing regionO|A] gamma activity”/}
UL5= B A

Alpha Activity (8~12 Hz):

At=0| 524~ inferior temporal cortex (£3]
fusiform cortex)2t dIPFC ¥Ho| 20| S7t5t=
)

= visual processing regions & dIPFCO{|M alpha
activity?t Sftste A4S &

% (BCSC 2025) Science of Memory

logy, ( Powersﬁm/Powerp,es“m)

0 100 200 300 400 500

Figure 21: Alpha Activity at rFFG
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o Gamma activity= A|Z+ I|219| X{2|& Bt BIC}.
— BHE A3} A| A|ZE 22| FHOIA Q] gamma activity ZA = A2 TR
§Hg9_| ZtAZ HHY 5T

O o

o Alpha activity= A&l 2|2t =|C}

A
2l
=

n¥-
— HEE ASL A| dIPFC Q! A|ZF I %4(21 |A2| alpha activity 712} phase
|ag: A2t O s QW 0f7H3t=, dIPFCZ2RE{Q| top-down A2t =

2 Qlch
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W A:

Tools used for Cognitive Neuroscience Research

=
Zol2, A4,

7|9 Zof(ofl: Y=5to|oiE, oA &
U2t o] S 20| 7|%st= ¢
BT

Multimodal Brain Mapping
Engram

Al M 2] 719 A A
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