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THEME 1
TYPES OF MEMORY AND

BRAIN REGIONS OF INTEREST

1.1 Cognitive Neuroscience

1.1.1 c];l Z] }\u] a —Q_Cognitive psychology

ol
filo
2
-+
ol
rr
i
e

Apgre] A S (e.q., A4, TE, o], 7|2, A4 W)

1.1.2 -b-ﬂ%_ }\]75"_‘—,‘]_-5-]_Behavioral neuroscience
oL il =
FEE PH ¥l oA 2 ohR

Method: <% 4 % Agste] B2 1 U EL e = T BRI FE o] Sstel

=

Ak 9] HFUE B

Cognitive Psychology Behavioral Neuroscience
Human mental processing CognltiveiNeuroscience Animal brain mechanisms

Figure 1.1: The relationships between the fields of cognitive psychology, cognitive neuroscience,
and behavioral neuroscience.



CHAPTER 1. TYPES OF MEMORY AND
BRAIN REGIONS OF INTEREST

1.1.3 ?_]' X] }1\178] j,_‘l_-a:]_Cognitive neuroscience

Q1) Ale]sTh A% A THLS eksh Mok, Alte] A4l 7T WO WA ES Bshe
ZF31: Figure 1.1

r
M

1.2 Memory Types

Learning and memory - Volume 19] chapter 1.0.2 A Typology of Memory Terms(152} A]<d)<}t
o] §AFE. Learning and memory7} % o] ZpAIgH WHoto], B He treeR 2} 7]2]o]
APV e WA

Memory

Explicit Memory Implicit Memory

2

Long-term Memory Working Memory

Episodic Memory Semantic Memory

Skills

Context Memory ltem Memory

Repetition Priming

“Remembering” “Knowing”

Recollection Familiarity

Figure 1.2: Organization of memory types.

Figure 1.2= 2 Ax Ayst= RE 7]19S tree FE|E YEPH 13 . memory+— TAEE pair
2 YEFHH explicit memory 2} implicit memoryi L Aol AW paire].

1.2.1 explicit memory & implicit memory

conscious memory2} nonconscious memory2til e

explicit memory®} implicit memory= Z+Z}-&
o] 91 6™ explicit memory, ¢} ™ implicit memory.

&1 ol el thsked o144 A/

EXAMPLE 1.1 (explicit memory & implicit memory). Z+Z}+2] of| X2} A v (leanging and
memory)

e explicit - &]A1 A 0 2 7]oJ9H( 7] A5l= B Qo =H)
te.g., o2l oY WE22]7], 47] 2| 2EQ ol I

: explicit memory test: A 7|9 LH) — (88)

Hearning and memoryoll 4= 22t o= 7] osh A9lell 242 AL 7] oJakths 212 014, 8L Qo] 297 FiAe

ufef 51918,

(=}



CHAPTER 1. TYPES OF MEMORY AND
BRAIN REGIONS OF INTEREST

e implicit
: implicit memory test: 29 5 874 — o] 2ol ojH F3F n|X|=A] 574
A% o ‘779 (clephant)7} T TolA 919487 — task: ST Tholo] W Aes}A]
Q!
- clephant A8 — A : 281 [k, 22 Dol P 907  ‘Theo 2 Azsh tho] HL
AR ele____

: elephant! — 52 (ShG SFA O H? (star)elegant(star))
- priming: 2OAHOE thA] W Bt WA
— elephant 57} H|-&, 40% (35 ) - 10% (S5 ) = 30%

implicit memory

implicit memory 2] 2 A pair-2 skills®} repetition priming®] )&

o skills 722 g Arpshel Roj4 402 WS b, e.p., T WA 7% S5 WD A,
9 5w o

e repetition Priming repetition priming% HHE S| o 982017 &= A. e.g., HHHH F
e Z
o

explicit memory

010

explicit memory 2] 2HH A pairo]+= long-term memory®2} working memory”} 12 working memory

9] 7% short-term memory2t 1 E HE2

DEFINITION 1.1 (old-new recognition). “old” &} “new” & F-Eol= Zl. A% 7] Yo tfs}toq
‘old ek gt Ae Beket 71019l AT, A2 pwek ol pw??

long-term memory2} working memory+= delay e A BE 7| stal Ql=X] o 7o upet 1+ 715

| long-term memory | working memory |
—————— Tt LS

delay | minutes to hours | seconds |
N many items | a few items |

long-term memory long-term memory A9l o A= o127 9] item2 AH-&-SH=t|, Z} item ' delay
AZHER A PAZHo] Zo] mMPAE 7]oS §A5kA] 2

working memory working memory Ao A= A& 429] itemS AFESIH, delay Al7HZE @)
o] Zro} P2} = 7]AdS 82T 5 & 3

+ explicit memory+= £% long-term memory{rS YeERHATHY S

2lcarnmg and memoryo]| A= & go|E | JLESto] A5 short-term memory 2] A9 ‘A HI7} H2r]o] oJAlof EEsl So|
AHE §2]5t= A2 T, working rnemoryh ‘AH ZX"O]-‘— 5?_]‘ A ARE 5= A el working memory+= Xt} 23S
A o],

3learn1ng and memoryA]= mechanism A2, 2 Moj|A= A 7|HE FA2 02 working memoryS AH5t= 72 24

EN|
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1.2.2 episodic memory & semantic memory
long-term memory 2] 34| pair=

e episodic memory ¥} 7 episode@} THHH AHA|5H 71
when it occurred

episodic memory2} semantic memory.*

. what occurred, where it occurred, and

e.g., HAEtO 2 HEg.g HeFS ufj & {2
« semantic memory O3 7|71] A S 719 e, Tolo] o]

?lo] Hejo Pl

+ =2 7‘“/\'] long-term memory+= sementic memory S A 2|3t (treeo]] £A5}=) E long-term

memoryS A &g

NOTE 1.1. learning and memoryA]...

e Episodic Memory
A 7)oshe
- autonoetic consciousness: ¥ A&
- =4 A9 tfE FE % episodic memory=

Al

dddANA 2 54

N

]
free recall: =4 glo] 2Hq-F

serial recall

H
H

Al 7198w 7]

recency judgement:

frequency judgment:

Semantic Memory
Aol Higt 712 24, =

, &el, o, d 55
episodic memories©]|
: episodic memories(

51 ofo] AR

=

ufolatet

I

A
5 2

L=

— semantic memory

episodicY} semantic memory 2] AA7} €A RS 5HA 4 Q)
., 220 SA0l4 B WP - A7 B 1 e
word-priming technique: semantic memory =S HA+Lol= 73
A7t XA ol Q1] 713 T Q1 Z] (word-nonword) FHHSHA|
- nurse — doctor H&

of Hlsto] 1

4leaning and memoryA] long-term memory+= & 2
Al 2] 0] skill T3} long-term memory 2 A H gt

Z7} 42 visual-spatial memory, imagery 5 TF

neural mechamsmsl% o1 2] Ax}o vigtal| A F7F / A7 A 5= 71 Y
2 o 5te] Hgelt S

71?7 — episodic-like memory

8ol 53

ZIEL AA| 22F tf A (organize knowledge)

a5 AR A AR, W

1% ol
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- shoe — doctor =&

— A o] &L 71 WS semantic memory+— network#| 3 AZA X o] 9]
o

1o
=1

2~
o5

filo

1.2.3 context memory & item memory
4 A pair:= context memory2} item memory.

e context memory item-2> 27}Z] F™(context) F SR A A|H.
eg, Hel & WE, 9% & @ EZ
old®} newE 214 (recognition)sh= Zlof 7|Hks} o

e item memory itemof|A] FHW-& 34 (recall) et
e.g., J1 Atp7t B Aol A A A]?

+ Em.o A H o] -Ho|E 7 context memoryS source memorygtil F=27|% g
+ 2719] item @] AHAJ o] St associative memory+= context memory2} -3-AHgH
1.2.4 remembering & knowing
5 A pair+= remembering?} knowing.

e remembering 774 AR A5 WL A

QuFA O 2 context memory 2} T
o knowing 2749l FES AAEHA olUishA Heee A
e.g., A <17 oltle 4 2 o] glofl ShX|at o A GEAE 7oL of.
QYA O 2 jtem memory 2} e
1.2.5 recollection & familiarity
6 A pair+= recollection?} familiarity.

e recollection all the forms of detailed memory
i.e., episodic memory, context memory, and “remembering”
describe strong memory

e familiarity all the forms of non-detailed memory
i.e., semantic memory, item memory, and “knowing”
describe weak memory

1.2.6 Tulving9] =&
Endel Tulving+= remembergin¥} knowing& s, S74:
1. 9 AP 2 719 FSAE Tols ok Bk (ie., remembering & £ 84

2. introspection : ApA1S] AAl MA-S S0t} H= Z, rememberingd} knowing®] A Al 114 0]
=. Z11: Figure 1.3

rloy



CHAPTER 1. TYPES OF MEMORY AND
BRAIN REGIONS OF INTEREST

09+ — “Remember”

0.8

0.7

06

05

04+

03}

0.2}

Probability of “remember” or “know” response

0.1}

1 2 3
Confidence judgment

Figure 1.3: Probability of“remember” or “know” responses as a function of confidence judgements
(key at the top right). Generated using data from Tulving (1985)

1.3 Brain Anatomy

w o] A QA S5 (occipital lobe), =54 (temporal lobe), % ¢ (parietal lobe), A5 (frontal
lobe)

gray matter & white matter
o 3|A: 7} lobeo] W, Al EZA| = 4= U=

o WA: 7} lobeo] | W, dlEo= FAE ] 9l

flo

7 Qo) o

o 3= (occipital lobe): A|Z} #] 2]

e =5 ¢ (temporal lobe): AJZF A 2], o] A
o =AY (parietal lobe): A|Z} Hg], A=

o A% ¢ (frontal lobe): Z-& ¢14] 2]

W o] @yt olifo] A7 Aot BaiHe] e = 7]} AFelAE AWHOR A% G (e,
ol A AFO2 AL

cortex
Figure 1.4 7913} s ]

lo
N
18
i
filo
HT
2
N
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Lateral view Coronal view

Right *
Blbpocampus¥hippoca o

Figure 1.4: Brain regions associated with memory. Each region is shown within red ovals
and labeled.

gyrus & sulcus
o gyrus(B: gyri): Floju2 F&, Figrue 1.4A9] A%t 34 A=
e sulcus(&4: sulci): &, Figrue 1.4A9] o5& 3|4 HE=

35t 7| APl A 22 o] B4se 54 gyruss} suleuso] F]

A3 BAY 43t 7

Z% 9 (medial temporal lobe): dfjute} FH o2 LA
AAEFY 1 Zd(dorsolateral prefrontal cortex): 5 A&
oF# 9] dorsol¥} lateral 2 4

12
)
r
I
rid
(0]
=l
o
E.
Q.
i
HL
2
q%N
v
i
I
rE
Sy
LA
&
4
BN
)
o
il
offl
me
ot

Figure 1.5+= 7]
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ulcus

Calcarine s

Figure 1.5: Gyri and sulci in brain regions of interest. Left, lateral view of the left hemisphere
(occipital pole to the right). Right, inferior view of the left hemisphere (occipital pole at the

bottom).
Agoz Azt dto] AeE GAe Vies FGo B S uet ofol calcarine
sulcus®]] 1-&. V1-& B2 1k 9o 9] BA171} S25H.

1.3.1 Brodmann area(BA)

Korbinian Brodmann©] 19093 #|| 2}t k]
Jutstol A1 = 7 HECH o

(Fol Az ¥ A2 e BgehA
TRl 2} ool Bge] AL et 5ol

Figure 1.6: Brodmann map (1909). The left hemisphere with Brodmann areas labeled (lateral view,

occipital pole to the right).

12



CHAPTER 1. TYPES OF MEMORY AND
BRAIN REGIONS OF INTEREST

HIEgh o wHE A
BA17 V1
BA39 angular gyrus
BA40 supramarginal gyrus
lateral part of BA7 | superior parietal lobule
medial part of BA7 precuneus
BA4 & BA6 motor processing regions

Table 1.1: Z+ B2 T ul ¢J ol o] ujjT

superior parietal lobule¥} precuneus= 7|23} AE o] Qohy &°

Figure 1.7: Brodmann map, gyri, and sulci

gyri/sulci®} Brodmann areax %] 2] Z} &A15le} W Eo] Q13-

1.4 The Hippocampus and Long-Term Memory

patient H. M.(Henry Molaison, 1950Y 29sar)+= 7H2 HF2Fo 2 gjjutE Zalsh Y= S5 (Y& v+
A) AqA e T L Figure 1.8 X510 A Z o= 2471 (1A A9 long-term memory7} £A41 &=
7135l A4,

= 719] ¢l (retrograde amnesia)

ol
1
719] ¢S (anterograde amnesia)

— working memory £4. e.g., TojL} 328 5 HE

= sfjntet 9 12 long-term memory©] S8t HTS St=7LH

the key stages of long-term memory include encoding, storage, and retrieval. The hippocam-
pus has been associated with both long-term memory encoding and long-term memory retrieval.
Long-term memory storage depends on a process called memory consolidation, which refers to
changes in the brain regions, including the hippocampus, underlying long-term memory (see Chap-
ter 3).
= long-term memory2} WA= 37}4] key stage 25 Ffute} A E o] Q1L

SElG, ol BE A4 o] 5] 54 oh] g

13
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At
gcm B~~~

C _________
_Y__D-.

Hibpocampus

Figure 1.8: Depiction of medial temporal lobe resection in patient H. M.

1.5 Sensory Regions

sensory reactivation hypothesis 14 7|9 ©-&2|H g 2] 2r 7 BAESH H o] A5 T
= 74 e.g., ‘A TS HIAA]? = Blueberry Yogurt = HZH (contents of memory) = A|ZF?
V1

visual processing, language/auditory processing, motor processing, and olfactory processing...
> HIEF A7 AH Eo] Fa

Figure 192 A7 429} el ] dode HolzT IS,
AR H Az

1. V1(&E%: striate cortex®): 2 2], shape, color, location, and motion

2. extrastriate cortex”: ] g]st= tjAt] wat o JLE I

Sstrinte: 27, @AEE 274 9l A AY melntn
Tstriate cortexo]] 7= o] Qi gt

el

14
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e ventral visual regions: 9] o} & =] AA|A A2
e dorsal visual regions: ] 2] 9]&, =4 9| #|g]
2717 A =
e what pathway: V1 — ventral extrastriate cortex — ventral temporal cortex

e where pathway: V1 — dorsal extrastriate cortex — parietal cortex

Z2g et getdaE 4 22 £ AYrt APE. 9& Fof EolL AL 22X UHY right
visual fieldA], @ 8% £l S0l A2 Y& U left visual filed 2 2] =] o].

left visual field & right visual field — contralateral visual processing(or left early visual areas
& right early visual areas)

Extrastriate cortex+= TS AlZVH £ A gof E3td J9=2 o
e lateral occipital complex (LOC): ®9F *]g]

o V8: At A

e MT: 221¢ Az

e fusiform face area (FFA): &2 *|g

e parahippocampal place area (PPA): B3 (4 places or scenes) #| 2]

(ol shtel Gefo] 57 I
ol et &)

1o
Jo
©
ol
o,
18
o
2,

21 AL obd. FFA 91w 943 Aeleh Bl e

v}

fMRIZ 2914] 7]} PHelg B7bo] 2|7 2l 7t 28 — 7]elo] Aztrt A4etr]
=)

A
oFU5t7] wio] 7L

1.6 Control Regions

control regions+ explicit memory 42 QH gl
719 BA|eF B E 2712 9 9: the dorsolateral prefrontal cortex and the parietal cortex.

e dorsolateral prefrontal cortex: 7|2 A*of o]
e parietal cortex: 7]} F5of o]

DEFINITION 1.2 (top-down interaction). top-down interaction< 742} 44
e, A2 AAZo] AEFE A,

rulo

z A5}

rU

[}
rr
R

SQE Aot g ATL A Selst A2 JBAA obdra e
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161 [MRIZ 5% 719 54 99 7] 49

\__ 1 times or 20 times __/
seen or heard or new

ol E AAIstA 1 E= 2090 TAE ARlolu A8E AAIR

= 19 AT B ol F FIols] S o e BAVL Bat

= fMRIZ dorsolateral prefrontal cortex®} parietal cortex’} A5} = A2 HEl

1.6.2 fMRIE 53l item memory, source memory 99 Z7] A3

A

Item Memory Source Memory
Remember Each Shape Remember Each Shape Source Memory
and Side of Screen and Side of Screen
[ 'tem Memory

> > Correct Rejection
Time VN Time
.
.
.

‘ \
Old or New? Right Side or Left Side?

(-] [}
o j=
2 g
© ©
8 £
S S
3 s
g g
5 13
7] (7]
® R

L
.
.

Figure 1.10: Item memory and source memory paradigm and fMRI results.
A8 A

o AIX: TE AFE = gle 42

=
T i =

rr

e item memory: ‘old’ or ‘new’ & T}

e source memory: ‘left’ or ‘right’2 thg, = o] A x| & w2 Ko}

= item memory+— = gHH BB source memory+= H7HA HE A SA5] 5918

Review Questions
1. explicit memory®} implicit memory$9] 2}o]=7?
2. recollection®} familiarity 2] 2}o]=7?

16
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3. 7193 #RAH 3714 o JJL?
4. 99 V8L Agd B A F oW X2 47

5. dorsolateral prefrontal cortext= Z}Z} 497 opl ¥ A 997
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THEME 3
BRAIN REGIONS ASSOCIATED WITH

LONG-TERM MEMORY

AA. vV L

item memory & context memory(Subsection 1.2.3)9]A]...

7| &:

e context memory item-2 27}2] £ (context) F S I= A X H.
e.g., Het & WE, 9% & 0EX
old®} newE Q14 (recognition)sl= Z o] 7|46t

e item memory itemo|A EH-& 3|4} (recall)q

e.g., 1 A7t & Aol A AUA?

18



CHAPTER 3. BRAIN REGIONS ASSOCIATED WITH LONG-TERM MEMORY

S
e study phase:
P2 (item)2 2712 A (context) F SFUHE A H.
c.g., Hit & WE, 9% & Q&

e item memory:
old®} newE ¢l4](recognition)sl= Ao 7|4t

=

e context memory:
itemo]| A EW-& 3]A}(recall)
e.g., 11 AR7F 5 Aol Y UA?

During the study phase of such experiments, items are presented in one of two contexts, such

as on the left or right side of the screen or in red or green.

NOTE 3.1. ZA}7]7]
long-term memoryA]...

2 8ol 4 A

A 43 Context Memory vs Item Memory | A& oA &4 5= P= 4
FA 4 | “Remembering” vs “Knowing” F71A7F wole A AY
AuHA 70 | Recollection vs Familiarity Z24Ql o|24] 7i3 height

Table 3.1: claude A&

3.1 Episodic Memory

can refer to many other related forms of memory including

context memory, source memory,

“remembering,” (the subjective experience during detailed retrieval, e.g., *x} ojt] F2}7” AHAlsh=
AlZY 749)

recollection(accurate retrieval of contextual informa- tion, e.g., O] =Zo] Fx}E o] QI A=A]),

AN AN
and autobiographical memory(a speci ¢ type of episodic memory for detailed personal events)

episodic memories+ control regions and sensory regions 259} W2 & o] Q18- v, E chapter
X]+= sensory region THEZ] ofU gt
episodic memory2} T X control regions:

medial temporal lobe(which include the hippocampus and the parahippocampal cortex),

19



CHAPTER 3. BRAIN REGIONS ASSOCIATED WITH LONG-TERM MEMORY

dorsolateral prefrontal cortex(o]u]z] 7} 9% &AJ S oy H L),

parietal cortex(inferior parietal cortex (angular gyrus) and the medial parietal cortex (ex-
tending into retrosplenial cortex and posterior cingulate cortex: &7 &43}))

Bold® == Figure 3.10]4 2t g d 94,

Retrosplenial cortex/posterior cingulate, Medial prefrontal cortex

Angular gyrus

Parahippocampal cortex Hippocampus

Figure 3.1: Regions of the brain associated with episodic memory. fMRI activity (in red/yellow) in
the left hemisphere

3.1.1 the hippocampus and the parahippocampal cortex

W)@ e Ao,

parahippocampal cortex

processes the context of previously presented information:
e.g., the spatial location (e.g., the left or right side of the screen)
or the color (e.g., red or green) of an object that was presented earlier.
A7 Ax A elgiths IMRT 57 912,
NOTE 3.2. experiment (Ekstrom, Copara, Isham, Wang Yonelinas, 2011)
4 AR
study phase:
PSS FHB7A 8] e o 91Ash B 24 s
e test phase:
shbe] = wige 418 e

- g Fbhe oE W oA

e

#

—

spatial)

20



CHAPTER 3. BRAIN REGIONS ASSOCIATED WITH LONG-TERM MEMORY

— 7% WHR & A7) 2173 271 (temporal)

o

= A&t F7F/ A7t 7] 9-& parahippocampal cortexE 245}

%http://humanspatialcognitionlab.org/wp-content/uploads/2014/10/EkstromCopara_etal2011_Neuroimage-1.pdf

perirhinal cortex

parahippocampal cortex?] 9tZ medial temporal lobeo]] G}

item information(e.g., o] ol & & o] Q1 =2]7) * 2] = episodic memory+ item== T & o] Q1.
1A familiarity?

hippocampus

o] 7l item + context -2 = AA|SH episodic memory e.g., ZH2] LYo} Newport S| 02 o| Y7t

PRC HC
2 |
£ g’
© ke
0 =
t m
Q
o

PHC '
.

Figure 3.2: Model of medial temporal lobe sub-region function. The perirhinal cortex (PRC) pro-
cesses item information, the parahippocampal cortex (PHC) processes context information, and
the hippocampus (HC) binds item information and context information.

71998 w23 — perirhinal cortex: 215, parahippocampal cortex: A& 2]

3.1.2 dorsolateral prefrontal cortex & parietal cortex

oI eldl vt gle(l AT 2 FA)

dorsolateral prefrontal cortex FZ: 1) 7|99 &S H7} 2) thE FHo AAH AR A=)
parietal cortex F=: 1) 7| W-§ *AF 2) attention

inferior parietal cortex: “remembering” ¥} 3¢, H|T source memory 2} T 12 2%: Figure 3.3

NOTE 3.3. long-term memory2] regions episodic memory % % 9: the dorsolateral pre-
frontal cortex, the parietal cortex, and the medial temporal lobe

21
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Context memory (inferior parietal £43}):

o "JLHH|7} QM EESHT, Q10ITt &

>
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Source memory (inferior parietal H|2A15}):

o "O|HE £0|7} 324mat= MEE 710| E20|| A QUL 71| =AM SRALL"
4 o171 i Eo| 7jo|

OfO}E Of A0l A]:
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Figure 3.3: Qclaude

— item memory2tT® WAL 0] Q1S — F=Z S & long-term memorye}t THH 2] Y.

3.2 Semantic Memory

Semantic memory has been associated with the

left dorsolateral prefrontal cortex (episodic memory®} T2 ),
the anterior temporal lobes,

and sensory cortical regions

left dorsolateral prefrontal cortex <¢1o] 2] = o2 1]& o o] A= sementic memory
A A7
sensory cortical regions

e F& 0|5 Ws}7] — lateral inferior occipital-temporal cortex &4 3}(living things Q1 A5H=)

o L7 0]F Wo}7] — medial inferior occipital-temporal cortex €43} nonliving things 1415}

<)

anterior temporal cortex Y& =slo|H AAE AL O E left anterior temporal lobe”} sementic
memory %t ¥ 912 47 H S
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Lateral

Medial

Ventral

]

Figure 3.4: Regions of the brain associated with semantic memory. Cortical thinning in Alzheimer’s
patients (in red/yellow) associated with disruption in semantic memory.

anterior temporal cortex &gk ? | H L AL FA
%2 1) sementic information 414 2) T2 14 Gelo] 4T YLE AZA(EHA Ak episodic
memory AAst= A AH)

anterior temporal cortex?} o4& ZZH(A1ZF, A2}, AFS]A) 9] sementic memoryE Ui7iScH= &
A7F A=

NOTE 3.4. experiment(Simmons, Reddish, Bellgowan & Martin, 2010)

A FARL:

o 2= AHE, AE, W] o tishe] Sh539: ‘the brooks hammer is eight years old’. ‘patrick was
born in little rock’

HEESEESHH IMRI 32 — AF Sh5A] 8= left and right anterior temporal lobe &4 3}
= anterior termporal cortex:= social information¥} THH Q1 2] oty &7}?

3.3 Memory Consolidation

¥ 7F4: long-term memory: hippocampal-—cortical interactions = cortical-cortical interactions
(1-10d A1)

Z7): Sut 249 7o A% g 19 AE slejehd], ek 1 Bo} eaE s o] Hoejeta]
ohsiit?

vk Sfjut £A4EY 308 A 719 A4 E A7 2219 ((Nadel & Moscovitch, 1997))

diet 7 it B4 A7) 7]e] Mol Foi?

1598 §UMd AR 9 HRe o] el
— autobiographical memory — 7|2 &7}
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G-

"\ Standard Model %

Time: od 5t 10 304

SOt -—.—I— 0
Z: I—-

ul Alternative Model F%:

Time: 04 51 104 30
st [ 015 2o
oz: [i—-

Figure 3.5: @Qclaude

QU 71919 52 S 1) aoke] Japol Athe AT(FA T AS BolHo] IMRI 27)
Heh, 241 F7HA:
1. Semantic memory S 2 A3
— dflu}+= episodic memory®]| © FQ, AEH AH ofd7}?
2. dfju} E5o] 008 Doz 7] oft
Sfjut7} autobiographical memory©l 232 1o B2t TGA (transient global amnesia) 2H2}
Supat A Aj 2 o 2 &AFE $Exf(focal lesions restricted to the hippocampus). Figure 3.6 ZF3.!

rr

Overall autobiographical memory score

=@~ TGA acute
-8~ TGA follow-up
=C= Controls

Rated score

Time \d \Sd \Sd (> x©
Y %) oV ) ) «
period o & S 0 A

Figure 3.6: Autobiographical memory disruption for recent and remote events in patients with
hippocampal lesions. Autobiographical memory score plotted as a function of the time period
before the onset of transient global amnesia (TGA). TGA patient performance (in gray) and
control performance, including performance when the TGA patients no longer had a lesion (follow-
up, in black) and performance of participants with no lesions (in white; key to the right).

? 82} 149 p-value 0.0017

consolidation Y17} o] &-& o]&-
o 23] shubl SAPR Akt 2] ojele
o A= HAA Fur} AR EE B2 Abe 215

Thttps://pmc.ncbi.nlm.nih.gov/articles/PMC3198338/
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3.4 Consolidation and Sleep

& 272 consolidatione TF-2 ~HA] A]Z2FE]of.
J1E A o 7o) wrel A4t sl RS 7ol Ea
4H-2 REM(rapid eye movement) ~H1} non-REM(NREM) 4~TH O 2 L.

A Awake
REM \
>
g NREM-1 W
§ NREM-2
&% NREM-3

NREM-4

12 1am. 2a.m. 3am. 4am. 5am. 6am. 7am.
midnight Time

Figure 3.7: REM and non-REM (NREM) sleep stages as a function of time for a typical night of
sleep (thick gray bars show REM sleep).

e REM $£WH: =1 ZF FHA W(second half)4] =2 LEHE, implicit memory consolidation®]|
Faw Aoz B
e non-REM $£H: 4712 YUHH, 3, 44| (slow wave sleep)+= long-term memory consolidation

of Fa%qt.
+ Neuroinsight workshopA] AFESE Al *=2: NREM-2 F 7| microstructer® U 2 Q)
o, &+5H FF YHAE 2 7192 A F consolidationstH, SHH FF A= LHE

7199 2| F consolidataion

3.4.1 slow wave sleep

L2 m}(less than 1 Hertz)
down-states(¥]9] R THE 749} up-states7} A0} e

3.4.2 wE
Figure 3.8 211

e thalamic-cortical sleep spindle:
11-16 Hertz2 -5
Hippocampal sharp-wave ripples(Hippocampal SWR):

tj2F 200 Hertz2 A=
719& A NA F13t = F1! = 2712 A AASHA|RE B

25



CHAPTER 3. BRAIN REGIONS ASSOCIATED WITH LONG-TERM MEMORY

Figure 3.8: Schematic of the brain that includes the cortex (off white), the thalamus (dark gray
structure near the center), and the hippocampus (light gray structure; occipital pole to the left)
in addition to cortical slow waves, thalamic-cortical sleep spindles, and hippocampal sharp-wave
ripples (labels to the right).

3.5 Memory Encoding

memory encoding-2 719 & 1} <

3.5.1 subsequent memory analysis
AF A A memory encodingy THAE H A 2H7] Q]3] subsequent memory analysisE A&

1. study phase: item list X 7]
e.g., ‘wolf’, ‘ocean’©| L SHH list Ho]F7]

2. test phase: old, new item Ho]F11 0 g2} “old” = “new” W5}
e.g., A7} ‘wolf’= “old”2tal WHsSHA, ‘ocean’2 “new” 2t TS — study phasek]
wolto} ocean 217} w7} ol uhs1d a7

memory encoding?} retrieval S GAFGH — AT GAFSEH
sensory regions and control regions, including the dorsolateral prefrontal cortex, the parietal cortex,
and the medial temporal lobe: #11: Figure 3.9

els]l AEA el A ek

e.g., 1) perirhinal cortex &4 3} F 1 th2 4|, 0]& chapterg4] Zo| tha.
2) shote] 5] G 5 Heo] ok,

3.6 Sex Differences

@2} spatial memory -F=(o] Ao sh5et e A, 7] Aol FA] {-A] 5= working memoryZF B8
< o)

o Z}: verbal memory (o] QA1 34}, A, autobiographical memory)
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Figure 3.9: Regions of the brain associated with subsequent memory effects. fMRI activations
associated with subsequent memory (in red/yellow; top, lateral views, occipital poles toward the
center; bottom, coronal views, the left image is the most anterior and the right image is the most
posterior). Medial temporal lobe activity, centered on the hippocampus, is shown near the bottom
of each coronal image in both hemispheres.

- 7pg uRA 917 99 HAAE AR B2 A g

tHE long-term memory”} verbal memory & AF&5}9] behavioral performance’} LY 0 g2
oi2}7} B 953,
the hippocampus and the dorsolateral prefrontal cortex¢] estrogen receptors Wi, ] H|-& = @
AAG

$o]

3.7 Superior Memory

One interesting discovery in recent years is that some individuals have “highly superior autobiographical memory.” These indi-
viduals can recall all the days of their lives in the distant past much like readers of this chapter can recall what they did yesterday. The
condition is relatively rare, but over 50 individuals have been identified as having this condition.

Figure 3.10: A2 ot=5}h¢] QLM
el Zlo] A9 §he. s AFehe AEe MEAR Aelstr] olelg.
I E o] BHA] 7| AFE A 2 AAE5) Koo}, posterior hippocampus@] gray matter A2t HFH | anterior

hippocampus®] gray matter< ZFASh.

Bejz] SHAHE SYe AAAFL 2 A4 HAEE Yolof ). o] &
Sapsteldl @el Ajelo] 24 BE 44o] Has] Gae] Bag i
AlZHF S B Fokz el 4de] g

— @www.techholic.co.kr
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Figure 3.11: Z 0|7 (John von Neumann)9] 7]918] 3y U= AW A2 QY Qclaude
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Figure 3.12: Change in the size of the posterior hippocampus as a function of time as a London
taxi driver. The size of the posterior hippocampus (shown on the y-axis) was measured using voxel-
based morphology (VBM).
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73

superior memory o=

A =4 74}

r A s

E Z]
)

|

o B A%} ]2

e Zero-sum Model:

AA 71912 @w)el

=
r=

highly superior autobiographical memory, Zil: Figure 3.10

s

3

oli
ok

A ok 9 A3

3.8 Review Questions

e What are the brain regions most commonly associated with episodic memory?

of consolidation?

Is there more evidence supporting the standard model of consolidation or the alternative model

Which type of sleep is particularly important for long-term memory consolidation?

Are long-term memory encoding and retrieval relatively similar cognitive processes or relatively

different cognitive processes?

memory tasks?

Which strategy do females typically employ to a greater degree than males during long-term

Do those with superior memory have advanced abilities on most cognitive tests?
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THEME 4
BRAIN TIMING ASSOCIATED WITH
LONG-TERM MEMORY

temporal dynamics of activity — understand the brain mechanisms underlying memory

4.1 Timing of Activity

ERP
naming: parietal (P) or frontal (F), odd: left hemisphere, even: right hemisphere

high voltage — cortical activity
ERP studies of memory have focused on two brain activity: to re ect familiarity and recollection

ERP component 1) mid-frontal old-new effect
occurs within 300 to 500 milliseconds after trial onset
maximum amplitude over frontal electrodes
than correct rejection of new items BT} familiarity-based retrieval A 2 212

ERP component 2) left-parietal old—new effect
occurs within 500 to 800 milliseconds after trial onset
a maximum amplitude over left parietal electrodes
correct rejection of new items X.C} recollection-based retrievalX] 2 2%

FN400: frontal negative 400ms, AF= & AFAA 400ms & L} = 2 ZF
“remember” 55 R1(E 4Al), R2(AA)

activity at electrode P5 within 500 to 800 milliseconds: R2 ; R1 ; new
— magnitude of the left-parietal old—new effect reflects the amount of information retrieved during

recollection.
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Q& =A: familiarity and recollection?} ¥}A o] th27}?
mid-frontal old—new effect and the left-parietal old—new effect:
topographically separable, temporally separable, and functionally separable
— & X!

third ERP component ) right-frontal old-new effect
occurs within 1000 to 1600 milliseconds
maximum amplitude over right frontal electrodes
correct rejection of new items X T} recollection-based or familiarity-based retrieval of old itemsA]
%
Qw0 2 FEs}x] oha.
S A7 FZ! : post-retrieval monitoring (i.e., evaluating what was just remembered) or memory
elaboration (i.e., filling in details of the previous experience)

4.2 The FN400 Debate

mid-frontal old-—new effect2] FN400

7}A: repetition priming ¥F9: change in the magnitude of brain activity that occurs when an item
is repeated

Amnesic patients(with medial temporal lobe damage: impaired conscious long-term memory) —

Pallere, FN400+ priming referred2] $t -3-9: conceptual repetition priming: E% F%F
Figure 4.2: conceptual priming effects: 400ms% -] high meaning old7} €@ @o]%, o]= FN4007}
e
9= et
mid-frontal old—new effect — familiarity

Phase and Frequency of Activity Synchronized brain activity: A, o] Jf2& &£ F, Q==
AloF 7199 - 21& AJoF 7]<], T18]3! old-left-hits were subtracted from old-right-hits
2o A AT A7l BT B!
Such synchronous activity is referred to as in phase or phase-locked

Aol AF, S5, 5= 5719

Figure 4.1

4.2.1 cross-frequency coupling

brain regions with different frequencies of modulation can be in phase with each other — two brain
regions interact

1} @55 important role during long-term memory encoding and retrieval
Theta activity — frontal regions
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Gamma activity — parietal-occipital regions
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THEME 6

WORKING MEMORY

Working memory:= actively!' s} 227t 71918 S-2)5t= A
Working memory+= 2]24]% 7]9-& Z]ufjst= eXphmt memoty.

working memory paradigms consist of a study phase, a delay period, and a test phase.

Working memory has been associated with activity in the dorsolateral prefrontal cortex,

the parietal cortex, and sensory processing regions.
— long-term memooooory2} -FAFSHY|, s} Z$HSE medial temporal lobeZ} §lo] Q!

6.1 The Contents of Working Memory

Working memory contents= 2= 02 G2|6}= LE £29] 7|9 eg.,

o H]of] W= Sof gt 2™ 7
o Zof A7) A A EA|7|aL 3 party A
o BAM|7EA] 7FAA AlZbStstal Qe APA Slo]E HEo I .77

woriking memoryA] AH §2]?? = Q@ 7|7} later sensory cortical regions 2H4]SH
face area(FFA) o o!l, V1 v v ... VI latero| o}d

++ claude?, "Fusi-” = 2t€l o] "fusus” (3, spindle)

a

NOTE 6.1. 9=, &, 27t 91x|2} ¥ = working memory G 2= fMRI A%

el

: fusiform

Lactively= 9]A14 ¢]-& =61} Q7 : Working memory refers to actively holding information in mind during a relatively short period

of time, typically seconds.
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HOUSE IDEN|

Instruction
3 Sec Instruction a
Delay
3 Sec E_:'h‘
+
Sample
Presentation Memory
3sec Delay Test
9 sec 3sec Tl

3 sec

Figure 6.1: On each trial, a cue instructed participants whether to maintain object (face or
house) information or spatial location information during the working memory delay period.
Items were presented during the sample/study phase, followed by the delay period, the test
phase, and an inter- trial-interval (ITI) before the onset of the next trial (the time of each
period, in seconds, is shown under each panel).

house identity, face identity, or spatial location®] tj3t working memory & A| &3t

A,
- house identity, face identity, spatial location-& H o= T4 A|A|
- A of ghE ARIES HolF
- “Match” or “Non-match” buttong =25
ITI 242 Zlekelm kA Ao

b
e.g.,
House identity - “o] &-=o| op7} 2 A= = sl}elr}?”

e Face identity - “o] Fo| op7} E 3 & s}l r?”
e Spatial location - “o] 9z|7} o7} & %] = shtQ17}?”

. C &=
MedFus @ E'; 0-35:5 @ — 0:30% p=mmmmoo oo { -----
fg o el -
o & < ° 0o boee T - A [Ca
SE 0.20% 5 0-20% L
53 015%f £ £ 0.15% +-—--- L A
LA 0.10% & 8 0.10% - Al D R
g5 ool 5 2 0.05% bt mee B
o = A o 1 =0 1 |
§§ -0.05% 2 § 0.00%
-

-0.10% - 0.05% Lomm e
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Figure 6.2: (B) Maintenance of faces during the delay period produced activity (in red/yellow)
in the lateral fusiform cortex (i.e., the fusiform face area) and maintenance of houses during
the delay period produced activity (in cyan/purple) in the medial fusiform/ parahippocampal
cortex (i.e., the parahippocampal place area; axial view, occipital pole at the bottom). (C)
Left, activity (percent signal change) in the superior dorsolateral prefrontal cortex (identified
by contrasting working memory for spatial locations and control trials) was associated with
maintenance of spatial locations (in green) to a greater degree than maintenance of faces (in
red) and houses (in blue). Delay period activity corresponds to time points 2 to 4 (paradigm
timing key at the top). Right, activity in the inferior dorsolateral prefrontal cortex (identified
by contrasting working memory for faces and control trials) was associated with maintenance
of faces (in red) and houses (in blue) to a greater degree than maintenance of spatial locations
(in green).

delay5<QF fMRI =7 = faceo] t5}o]+= houseX t} lateral fusiform cortex(@d= A1 )
oA o Z+et A3 / Wt 2, housed]| tfsto] face:= medial fusiform /parahippocampal cortex
oA & 3 B}
+ claudet, “Tju] (contrast)’ = A o] offe} Hloje] 24 upolo|l 2 271e] 1] Ty
3= FAIACZ WA ApolE Hie AX

&5t dorsolateral prefrontal cortex®] A2 thE 992 SHAI St

superior dorsolateral prefrontal cortex

working memory for spatial location¥} o] & <13t

e inferior dorsolateral prefrontal cortex
working memory for faces and houses¥} ¢ & !

pathway S = A|A, dorsal Z-2 where/spatial location processing, ventral Z-2 what/identity
processingsh= 23 47| %‘3

0T 25 91A 71o]
Fo)l 8 AASA £ =B gt SRL, WA vhile

6.1.1 dorsolateral prefrontal cortex

71& A]HjA 9] A: DL-PFC+= working memory 2] contentsE #Aol= 7| 24 Q1 A4 Q]!
o]AE B} — Figure 6.3 —, delay period 5<F A3} o] Ql=A V1 T early visual sensory
regions2}= th2oht

ME-2 & A: Curtis and D’Esposito (2003)2, DL-PFC+= sensory cortical regions®]] & A H
£ attentiond]5=+= memory control processesdy].

attention is all you neeeeeed?76.4

NOTE 6.2. pattern classification algorithm< AF23$F V1 A=

V1A A42A<Ql working memory #HESE A fMRI AY http://www.psy.vanderbilt.
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http://www.psy.vanderbilt.edu/tonglab/web/papers/Harrison_Tong_Nature_2009.pdf
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Figure 6.3: Sustained working memory fMRI activity in the dorsolateral prefrontal cortex. Left,
sustained activity (in gray/white) during the working memory delay period in the dorsolateral
prefrontal cortex (the rightmost activation) and the parietal cortex (the leftmost activation; lateral
view, occipital pole to the left). Right, working memory delay period activation timecourse (per-
cent signal change as a function of time from study phase onset) extracted from the dorsolateral
prefrontal cortex region within the white circle to the left. The delay period is illustrated by the
gray bar.

edu/tonglab/web/papers/Harrison_Tong_Nature_2009.pdf

a Response
Test

Retention 2,500 ms

Cue ) . 500ms

Sample 2

Sample 1 \ 400 ms

Figure 6.5: Timing of events for an example working memory trial. Two near-orthogonal grat-
ings (25 £ 3°, 115 4 3°) were briefly presented in randomized order, followed by a numerical
cue (green ‘1’ or red ‘2’) indicating which grating to remember. After an 11-s retention period,
a test grating was presented, and subjects reported whether it was rotated clockwise or anti-
clockwise relative to the cued grating.

11s9] delay period

~ 25°, ~ 115° H¥}eF A2} (orientation grating)

o|A &HA QA7IE Vi A3t A=t VI A A=of ’Eg(1): 2714

contrast v ! tAl: fIMRI — voxel — multi-voxel pattern analysis and a pattern classification
algorithm

pattern< E235l]: with some voxels being positive in magnitude, some voxels being negative
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in magnitude, and some voxels having a magnitude of zero.

1001 —A- Unattended gratings

—®- Working memory
- Generalization

O —p—i

Classification accuracy (%)

Chance level

40

V1-V4 \al V2 V3 V3A-V4
Visual area

Figure 6.6: Orientation decoding results for areas V1-V4. The accuracy of orientation decod-
ing for remembered gratings in the working memory experiment (green circles), unattended
presentations of low-contrast gratings (red triangles), and generalization performance across
the two experiments (black squares). Error bars indicate +s.e.m. Decoding was applied to the
120 most visually responsive voxels in each of V1, V2, V3 and V3A-V4 (480 voxels for V1-V4
pooled), as determined by their responses to a localizer stimulus (1-4° eccentricity). Individ-
ual areas V3A and V4 showed similar decoding performance but had fewer available voxels, so
these regions were combined.

random? 50% o] oF L}-2, classification algorithm? 70%
V1 thée @A) BEA 22 Lo, 71974 o o!

+SAR AY L 1 e A7E,

V1A R £,

V1t V2 F7F AR T §Z]: contralateral® early visual regions= A Bt} =& H|t ipsilateral
early visual regions’= QA K} &=2] o}l g}. (chapter 194 H|Z=9F B 17} 9191911.5)

T2, BT 2% Alof — 9% u]
bEEY, 2L M: QEE Ao} 5 OER

W], AT A ipsic 7] 2441

contents of working memory? o}a} DL-PFCX.Tt} sensory cortex©] 4]

DL-PFC? sensory cortex? fMRI A|Z& o
https://pmc.ncbi.nlm.nih.gov/articles/PMC4379324/pdf/nihms-673125.pdf
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A. Sample (4s) Delay (9s) Probe (1s)
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Figure 6.7: Behavioral task, BOLD timecourses, and anatomical regions of interest (ROIs).
(A) Top: On each trial, participants were presented with two faces and two scenes and in-
structed to remember the relevant sample items (faces, scenes, or both faces and scenes).
The sample images were immediately followed by a blank delay period, after which partici-
pants indicated whether the probe matched one of the relevant sample items. Bottom: Event-
related BOLD timeseries were extracted from each of the ROIs, normalized, and averaged
across participants. All error bars are s.e.m. The horizontal grayscale bar indicates the phase
of the trial corresponding to BOLD and decoding measures, adjusted for the convolution
with the hemodynamic response function.

g HAR:
e study phase: 27} A2} 2709] (7 scenes)E Ho|F
— 2 D2 7198 / " 7198 / BT 7194
e delay period: 9s

Hl A 42 ROIs

e Visual sensory regions:
extrastriate cortical regions, the parahippocampal gyrus, and the fusiform gyrus (in
both hemispheres)

e Dorsolateral pre frontal regions:
the middle frontal gyrus and the inferior frontal gyrus in both hemispheres

study phaseo]|A]+= DL-PFC @43} &4, delay+= o}vf = 4 DL-PFC+= working memory
A OPE?

A7 2] 717 working memoryE AAFslE @AL olu gl B wEle spAck

- Fe 9F Bk 42/Fel o 94, TR 92 Pu 93/ ¥ 94
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A% W T classifier TS 71, 92, 4/92 37442 Be

B " M Guess Opposite Category
[0 Guess Remember Both

3 1
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c S o030
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‘g e
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5%

&3
N 0.20

IPFC EC

Figure 6.8: To distinguish between the storage of a sensory representation versus a non-
sensory representation, we examined the misclassification of Remember Faces and Remember
Scenes trials during the delay period. The classifier was disproportionately more likely to
incorrectly guess Remember Both than the opposite category (i.e., guess Remember Faces
on Remember Scenes trials and vice versa) in EC, consistent with a sensory representation,
but not in IPFC. * indicates p | 0.0001.

Proportion of Classifier Guesses: (E4 439 €9 B 7<) / (AA EH & 75
— 7}A o wet sensory cortex”} working memory 2] A4 Q1 %7
BAE oI AR,

M)

DL-PFCO] working memory7} A HtH= AL vjet2el o] 2. o Bhe 7 Hetegy

6.2 Working Memory and the Hippocampus

3flu}: long-term memory<?l episodic memory®} item memory @} I &0 Qo]
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Hannula Ranganath, 2008

A) Example of a Single Short-term Memory Trial

Sample (3 sec) Delay (11 sec) Test (3 sec) ITI (9,11, or 13 sec)

B) Examples of the 3 Test Displays

MISMATCH-POSITION MISMATCH-SWAP

Figure 6.9: A, Illustration of the events associated with a single short-term memory trial. B,
Examples of the three types of test displays; test displays were always rotated 90° counter-
clockwise relative to the sample. Object-location bindings were intact in match displays,
one of the objects (drums) moved to a new, previously unoccupied, location in mismatch-
position displays, and two of the objects (drums, birdbath) swapped positions in mismatch-

swap displays.

AL

e study phase: 47| B4 Hol=, AA}of &
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e delay phase: 11%, 90° 3]HH 25
e test phase: A4 Ax|6h=%] of 5 tid5f

%2, ok o ool

e study phase: 3fjn} z}o]

e delay phase: sfju} z}fo] o}

e test phase: Sfjuf 2}o]
= A 2 ity plhese, Ul el S Aol worlil i SEIS B A
Z7!
? CN o] 9]

e working memory®} A4 I H FEL2 delay phase, 2}o] §lof

o 5, 64 22 AF — ot St

o 37+ Aot & Pl — fmi!

e T} s, tA] term memory encoding processes TrAY?

L working memory, STM Z-2A &2 |5 71577

%https://pmc.ncbi.nlm.nih.gov/articles/PMC2748793/pdf/zns116.pdf

Bergmann, Rijpkema, Fernandez Kessels, 2012

(@) Encoding

1
=00 TR T -

2.0s 0.5s 2.0s 0.5s 2.0s 0.5s 2.0s 0.5s 2.0s

(match) (re-arranged)
-HTIEEREEEE

10.0s 20s 055 20s 055 20s 055 2.0s 0.5s  2.0s
L J L J

Delay Probe

Figure 6.10: Schematic overview of the delayed-match-to-sample-task (a) and the two long-
term memory tasks (b and c). Panel (a) shows a schematic representation of one trial of the
delayed-match-to-sample task (with high-arousal stimuli).

A AP
e study phase: 47}9] 4=, A () & Hol&

e delay phase: 10s
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e test phase: 37}, 547 Ajujd?
e surprise!: &AL HAR

= AT long-term memory®} working memory® Us 4= ¢1o],
flul= working memory v L, long-term memory o o !

%https://pmc.ncbi.nlm.nih.gov/articles/PMC3530455/pdf/pone.0052616.pdf

— f|ut9} working memory A EaF= fMRI S v v
brain lesion A& T A ZFi1n}

(Finke et al., 2008)"

A SAMPLE DELAY PROBE
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Figure 6.11: Color and/or location working memory paradigms and medial temporal lobe
lesion results. (A) During each color working memory trial, illustrated at the top, colored
squares were presented during the sample/study phase, there was a 900- or 5000- mil-
lisecond delay period, and then there was a probe/test phase in which participants made
“match”—“non-match” judgments. The same paradigm was used for location and associa-
tion (i.e., color and location) trials, illustrated at the middle and bottom, respectively. (B)
Performance (percent correct) on the color, location, and association working memory tasks
as a function of delay period duration (in milliseconds) for patients with medial temporal
lobe damage and control participants that did not have a brain lesion (asterisks indicate
significantly impaired performance in the patients as compared to control participants).
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1] 2} right medial temporal lobe |7 & 34

delay: 900ms/500ms

5000ms, associationo| A 22} z}o] #

2242, association I working memory 2} st TAQlE= =

CN o]9]:
e working memory™ 900msT= A ¢JojoF, 5000ms long-term memory ¥}7 157
o T St

e lesion©] sfjufRto] ofik, the right amygdala, the hippocampus, the entorhinal cortex,
and the perirhinal cortex

%https://pubmed.ncbi.nlm.nih.gov/18705734/

& A
- Baddeley, Allen Vargha-Khadem, 2010 sfjupt <~AFH Skzt
- (Allen, Vargha-Khadem Baddeley, 2014 5% 22tz F7F A| @ Wil
= dfatel ¥ e %7
HM. A 2 7

6.3 Working Memory and Brain Frequencies

working memory ¢ frequency band:

e theta frequency band (4 to 8 Hertz)
e alpha frequency band (8 to 12 Hertz)

e gamma frequency band (greater than 30 Hertz)

long-term memory #]3... alpha: inhibition, gamma: binding of information in different cortical
regions
long-term memory: theta - sfjuf-1] & A S 28 working memoryo]| A= 7777

Sauseng et al., 2009

theta activity, alpha activity, and gamma activity during working memory”7} -&+=3]
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Figure 6.12: Color working memory paradigm and EEG results. (A) During each trial, an
arrow cued one hemifield. The memory array/study phase consisted of two to six(???) colored
squares in each hemifield, followed by a retention interval/delay period where the stimuli
in the cued hemifield were maintained, and then during the probe/test phase participants
indicated whether or not any of the colors in the cued hemifield had changed. (B) Left,
theta-gamma synchronization as a function of the number of items in working memory (i.e.,
working memory load) at contralateral and ipsilateral occipital-parietal recording sites (key
to the right). Right, alpha activity as a function of working memory load at contralateral
and ipsilateral occipital-parietal recording sites.
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e delay

o AR’

6.4 Brain Plasticity and Working Memory Training

ik

ftlo

Z1S brain

rr

DEFINITION 6.1. brain plasticity working memory S%0] x| €52 H3}A| 7|

plasticity2}a? Stct.

— working memory ¥4 A|<5)! — improves performance on that task, improve intelligence(!!!)
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NOTE 6.3. Jolles, Grol, Van Buchem, Rombouts Crone, 2010 https://www.sciencedirect.
com/science/article/pii/S1053811910004234?via%3Dihub

3571 23 A4 AA =718/ deer 7] dei— 1) BTl 24 &4 HE =9

= 33] 2584, 6F Oqg

<5 A (timepoint 1), ¥ Z(timepoint 2), AF 67]2 E S (timepoint 3)

- - Time point 2 > Time point 1
it Sl |

Accuracy (% correct)
~
o

= = load 3
50 === load 4
load 5

Time point 1 Time point 2 Time point 3

Figure 6.13: Behavioral effects and brain effects of working memory training. (A) Working
memory accuracy (percent correct) as a function of time (time point 1 = pre-training, time
point 2 = 6 weeks of training, time point 3 = 6 months after time point 2) and load (key at
the bottom right). (B) fMRI activity (in dark gray) at time point 2 versus time point 1 (axial
view, occipital pole at the bottom).

improve with training, particularly for higher working memory loads of four or five items, and
these improvements were sustained 6 months after training
the anterior prefrontal cortex and the parietal cortex &g A/the A= H4A7 ofLjol,

@229, 499 7l

SH= “01‘4 A8 BAA7]= 52 chunking?} attention -§-3F Z 3+
o 7] &
95 37h/ s BT
o ©7] ERA(1AF njsh);
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it)
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increase in behavioral performance: dorsolateral prefrontal cortex and the parietal cortex—
working memory, long-term memory, imagery, and attention ‘5] 3
working memory+—= SA| imagery 2] ©@<e5| th= T 7?7
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CHAPTER 8. MEMORY AND OTHER COGNITIVE PROCESSES

QB2Zo] A H AL attentiondteti= 2 A S =T},

Right > Left Left > Right

Figure 8.1: Spatial attention paradigm and fMRI results. (A) Attention stimulus display with
two overlapping arrowheads at the central fixation point and a flashing checkerboard stimulus
within each visual field. When one arrowhead briefly turns red, participants shift attention to
the corresponding visual field /stimulus (illustrated by the dotted circle). Participants press
a button when they detect a small red square within the attended location/ stimulus and
ignore the unattended location/stimulus. (B) Contralateral attention activity in early visual
regions (axial view, occipital pole at the bottom). The contrast of attention to the right
visual field and attention to the left visual field (Right § Left) produced activity in the left
extrastriate cortex (in purple/cyan), while the contrast of attention to the left visual field and
attention to the right visual field (Left ; Right) produced activity in the right extrastriate
cortex (in red/yellow). (C) Attention control activity in the dorsolateral prefrontal cortex
(the rightmost activation) and the parietal cortex (the leftmost activation) of the right
hemisphere (in purple/yellow; lateral-posterior view, occipital pole to the left).

A (Figure 8.1-A9] Z} panel &9 &):
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4. P A A o] o 2L B2 attentionFhe}.

fMRI A3} (Figure 8.1-B):
o 9Z visual fieldo] attentiondt W], @ & extrastriate cortex’} A5} =t}
e Q22 visual fieldo] attentiondt W, Y& extrastriate cortex’} &AJ S} Ftt.

— contralateral attention effects(early visual regions, including V1, V2, and V3) =~
contralateral attention effects in visual processing regions(Chapter 1)

+ attention E% I9-S 713}SE e,g., color — the color processing region within the
ventral visual processing stream

Thakral Slotnick, 20092] A¥ https://www.sciencedirect.com/science/article/
pii/S00068993090193377dgcid=api_sd_search-api-endpoint

B

Attention (14 sec)| | =

Stationary (14 sec)- Stationary (14 sec)

Figure 8.2: The flicker protocol was a circular checkerboard that reversed in contrast during
attention and perception periods, with no flicker during stationary periods. During atten-
tion periods, participants were instructed to press a button each time a red square briefly
appeared.

Attentionyd} perception H|W (Figure 8.1-C): dorsolateral prefrontal cortex and
parietal cortex control regions(Chapter 6: working memory®} <)

working memory contralateral visual sensory effects =~ spatial attention(L
||R)T (gcontralateralvisualsensoryef fects

Aclaude &, F2: V8 o o (MAF 22| & o)of|A] strong response
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8.1.1 working memory2} attention
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Ikkai Curtis, 2011
https://pmc.ncbi.nlm.nih.gov/articles/PMC3081523/pdf/nihms260559 . pdf
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Figure 8.3: Task and results summary from working memory (WM), attention studies.
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8.1.2 long-term memory%} attention

long-term memory ©|o}7] & sl Q.

A7
e study phase:
to-be-remembered stimulis )

2| 2E7F . o] & HojE

rr
il

e test phase:
S50l BR=71 old} new F=o] Hojzih w2 “old”-“new” TS gtrt. 73-9-of wht
context memoryT: THEHSF 4= QT
271 9] long-term memory &5 (Episodic memory and item memory)2} 3 % sensory process-
ing regions2 21} Zth: the dorsolateral prefrontal cortex, the parietal cortex, and the medial
temporal lobe
MTLE A 25t eF 99, attentiony} F L5}
— of] skat &, o] attention©] retieval@t @f attention©] itemo]| tisto] WjF HEE (internal

51


https://pmc.ncbi.nlm.nih.gov/articles/PMC3081523/pdf/nihms260559.pdf

CHAPTER 8. MEMORY AND OTHER COGNITIVE PROCESSES

At
=

59 3St same sensory effectso]] 5o long-term memory @} attention©] e = o] Qlck
53

rlr
o|N
L
il

v}

Slotnick, 2009
F449 BOFg A=02 sh! IMRLERP ol

B
Test phase

Study phase

Old-right

Old-left

Old-left

Figure 8.4: (A) During the study phase, shapes were presented to the left or right of fixation.
(B) During the test phase, old shapes from the study phase (previously on the left, old-left, or
previously on the right, old-right) or new shapes were presented at fixation and participants
classified each shape as old and on the “left”, old and on the “right”, or “new” (correct
responses are shown to the right).
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A Lateralized fMRI activations

N

mOld-left-hit > old-right-hit
mOld-right-hit > old-left-hit

B Old-right-hit — old-left-hit ERP topography and dipole source Old-left-hit - old-right-hit ERP topography and dipole source

Time = 154 ms Y Time = 180 ms

Figure 8.5: (A) During the study phase, shapes were presented to the left or right of fixation.
(B) During the test phase, old shapes from the study phase (previously on the left, old-left, or
previously on the right, old-right) or new shapes were presented at fixation and participants
classified each shape as old and on the “left”, old and on the “right”, or “new” (correct
responses are shown to the right).
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Figure 8.6: B) Toward the center, posterior view of differential ERP voltage scalp topogra-
phies (with ROIs delimited by black ovals) are shown illustrating encoding-related retinotopic
activation at the mean timepoint within select lateralized epochs from above (color scale at
center). Corresponding occipital dipole sources underlying these voltage topographies are
also shown (dipoles in the right and left hemispheres are colored red and blue, respectively).
(C) Toward the center, spatial encoding-related fMRI activity in retinotopic visual regions
projected onto a cortical surface representation (posterior view, with the right hemisphere
to the right; gyri and sulci colored light and dark gray, respectively). Retinotopic encoding
effects were isolated by contrasting encoding-left ; encoding-right (significant activity shown
in red) and encoding-right ; encoding-left (significant activity shown in blue). Corresponding
event-related timecourses extracted from two regions of activity are also shown.
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8.2 Imagery and Memory
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Figure 8.7: Visual perception, imagery, and attention paradigms and fMRI results. (A) Left,
perception stimulus display, with flashing checkerboards rotating around the central fixation
point. Right, imagery and attention stimulus display with only the outer arcs of the flashing
checkerboards rotating around the central fixation point. During the perception and imagery
condition, participants determined whether a briefly flashed small red square was “inside” or
“outside” of the stimuli. During the attention condition, participants determined whether
the small red square was in the“left” visual field or the‘“right” visual field. (B) Perception,
imagery, and attention retinotopic maps for a representative participant (posterior view;
colors correspond to different spatial locations in the visual field as shown by the semi-circle
key between the perception and imagery retinotopic maps). Early visual regions are labeled
(in black) and cyan ovals show the regions where imagery produced greater retinotopic

red in the upper left hemisphere) correspond to repeated visual field representations in early
visual areas (e.g., the lower right quadrant in the visual field has a unique representation in
dorsal V1, V2, and V3 of the left hemisphere). (C) Activity associated with both perception
and imagery (in green) and activity associated with both imagery and attention (in orange;
key to the right).

A A Figure 8.7-A
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Figure 8.8: (a) During familiarization, pictures of objects were memorized, imagined, and
then the mental image was compared to the picture of the object and corrected (words in
parentheses were not shown during the experiment). (b) During both memory and imagery
study phases, pictures of objects from familiarization were presented. During the memory-
test phase, words corresponding to old (studied) objects, new words, and control words
were presented at fixation. Participants responded “remember” (R, 1 key), “know” (K, 2
key), or “new” (N, 3 key) to old-item words and new- item words, and responded with
the corresponding response key to control words (“left,” “center,” or “right”). Example
responses and the corresponding event types are shown to the right of each word. (¢) During
the imagery-test phase, the same word types were presented and participants responded
“high vividness” (H, 1 key), “moderate vividness” (M, 2 key), or “low vividness” (L, 3 key)
to old-item words and new-item words in addition to the same control responses. Example
responses and the corresponding event types are shown to the right of each word.
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e memory test phase:
old objects, new objects, or control responses (‘left’, ‘center’, or ‘right’)7} 2lt}. old
7} Yo mdz= “remember” ' “know” —“new” E T}, new’} L} Q™ new, control
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e imagery test phase:
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A¥} memory-old-“remember” 2} imagery-old- “high vividness” 9] HF-8-2 control responses
¢} vl e o dorsolateral prefrontal cortex, the parietal cortex, and visual sensory regions,
including V15 &4 35}stct.
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(Memory-old-remember > memory-control) N Memory-old-remember > imagery-old-high vividness
(Imagery-old-high vividness > imagery-control) Imagery-old-high vividness > memory-old-remember

Figure 8.9: Common activity associated with memory-old- remember and imagery-old-high
vividness projected onto an inflated cortical surface representation (gyri and sulci are shown
in light and dark gray, respectively; top, superior view; bottom, posterior-inferior view; key
at center). Differential activity associated with memory-old- remember and imagery-old-high
vividness projected onto an inflated cortical surface representation (key at center).
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7] A7} greiE|o] gle.
e imagined autobiographical memory:
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8.3 Language and Memory

217} ik,
e lesion in the left inferior dorsolateral prefrontal cortex — isolated word production deficit
D 5 gAY B2 o]aF 4 9tk — Broca’s area

e lesion in the left posterior superior temporal cortex — isolated comprehension deficit
olsfet 4= AT U &= Qltt. — Wernicke’s area
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Figure 8.10: Language processing regions (lateral view, occipital pole to the right). Regions (in

different shades of gray) are labeled and arrows indicate the direction of information flow between
regions. + angular gyrus = BA39, inferior parietal cortex

language processing?} WHEH FHo]of Q.
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7]
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Word production Broca’s area inferior and anterior to the motor
visual word comprehension® | visual cortex, angular gyrus, Wernicke’s area
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— semantic processing — language processing regions(the left inferior dorsolateral prefrontal
cortex and the left posterior superior temporal cortex (i.e., Broca’s area and Wernicke’s area,
respectively))

memory 4] language processing At

e Semantic memory: the left dorsolateral prefrontal cortex (Ch 3)

e False memory: the left dorsolateral prefrontal cortex and the left posterior superior temporal
cortex (Ch 5)

e Conceptual priming: the left dorsolateral prefrontal cortex and the left posterior superior
temporal cortex (Ch 7)
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8.4 Emotion and Memory
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Figure 8.11: The amygdala and the hippocampus. The amygdala (in dark gray) and the hippocam-
pus (in light gray) in each hemisphere are shown within a semi-transparent brain (lateral-anterior
view, occipital pole to the right).
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8.5 quiz

Which brain regions have been associated with visual attention and visual working memory?

How do the brain regions associated with visual attention and visual long-term memory differ?

e Are imagery and working memory different cognitive processes?

What are the two primary brain regions associated with language processing?

Which brain region interacts with the hippocampus during memory for emotional information?
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