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ABSTRACT

Interaction Between Procedural and Declarative Memories

During the Serial Sequence Learning

Kim An Na
Advisor : Prof. Cho Dong—jin, Ph. D.
Department of Physical Education,

Graduate School of Chosun University

Understanding the underlying mechanism of motor skill memory formation
and storage i1s a critical factor for completing the overall theory of human
movement learning. Long-term memory for motor skill can be divided into
declarative memory and procedural memory. Previous studies have suggested
that the memory consolidation takes place as a result of the interaction between
these two memory systems while based on the limited amount of overall
memory storage. In this study, we’ve investigated the characteristics of changes
in learning when the initially acquired procedural memory is exposed to the
secondary procedural-only memory formation process. 30 healthy college
students were recruited as subjects and divided into 2 groups (Control and
Experimental). SRTT tasks with 12 sequence were used for the experiement.
During the secondary procedural only learning task, additional tone counting
task was given. Acquisition of the initial and the secondary motor skill took

place in the morning and, 12 hours later, retention and transfer tests were



given. At the end of each practice and test, free recall tests were given as
well. Subjects who did not show the skill improvement during the secondary
learning were excluded for further analyses. So data from the total of 14
subjects were used for the 2-way ANOVA. The results showed, first, there
was no different learning pattern between control and experimental group in the
initial task practice condition which was designed to serve as baselines for the
later retention tests. Next, the secondary learning task that was designed to
prohibit the acquisition of declarative memory of the skill was introduced to the
experimental group while the control group practiced in the random sequence
condition. When compared to the control group, participants in the experimental
group showed significant procedural learning while not forming any declarative
memory confirming the intended of the secondary task practice. Finally, the
retention test results of the declarative and procedural memory formation was
analyzed as main dependent variables for this study. While the amount of
procedural memory of the participants who had experienced the changes in the
procedural learning (Experimental group) showed no changes, they had
significantly low level of declarative memory of the initially practiced skill.
when compared to the control group. The results from the current study shows
that the interaction between declarative and procedural memory processes aren’t
as simple as previous literatures have hypothesized. Strong resonance of the
initially practiced skill(procedural) memory might have facilitated the cognitive
binding. Therefore, this binding even survived the strong influence of the
secondary procedural memory formation process. As a result, remaining storage
of the overall memory experiences the shortage resulting the less opportunity
for the consolidation of the declarative memory. Such interpretation does not
discard the idea of interaction between two memory systems. Rather, these
results bring up the importance of considering the characteristical difference of

each memory formation when interaction is taking place. When the nature of
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the task to be learned is movement oriented, procedural memory such as motor
skill memory would develop strong preference. On the other hand, when the
purpose of the task is to understand and acquire the knowledge about the task,
goal oriented declarative memory formation process would be more likely take

place.

= Vil -



A1F A &

Ald A9 484

(Motor Skill)e] 1 ojw gk A S 74, oj" )
g TESollA Az T

TE7lEs FRdE AL Ax s vlse] oud JuEE -2 AlA W
of EAsta gele olZAg ool wet 7t AFEE = ook v gt #E7
=9 A gigk AAA] =4S dRbHoR ‘Fo wogtietal FF AF S
ARt AAZ 1 7lmo] 2 AA Wl oW FHE EAsta JdEH =Tkl et
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=AAE MARE Aolu A9 Al 7 £A ] ASAR] FAdES TEM xS
T A2 ARE] oA"Y Ao A 71 Sl s AEVE doHeR Me 2
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2. 7199 &9

HM: 423 M” MY 9@ Baekn sw sele] obd Aelth e A
29 74 BAGon, FENEEE 1 R4S WA e Aol ofede 4Fold
G A S Ahel Sl AAGEE AR ARG, HME 55
W3 o] AANYOH, AT ATAEY wHo| s FAYORE svpe]

2/34%, BEAY R a@n 1 FH AAES LFT FYolYnty nuH

(lobotomy)2 +d@zte] HIEE F43| FAshs & ogioz
Aok FrrEo zed A7dE A du ¥ Clivest 22 &34 719%
(anterograde amnesia)o] b= AMEL A3174 7193 on)d 7198 P4 & 5 ¢l
= W77 wsk

et 7ol T QIA7Is M B ds AuEo dve HE drlEE
o, wo] EARee o 8 ez2A sdFevt xgE HMe| At#ElE 7]
ool & AA7IsH g = 1 g o] 7eolehs AMES Ko
T Ta% A & 4 vk (Morgan & Squire, 1993). HM3} o] Ao
= Qo] Aoy dutAls, A7}, o] §o tE Tl Wik Ao gled

°

A 71 Rke] deHowr AL Uelll= A% E 71944 S35 (amnesic

LN

syndrome)©°] &} % gt}

7t @717199 3% F71719
7199 0] shvte] ddgk A AT okt FE 7hsd SAAAER T4 o

= HHolA EAH R AFH7] AAE A Hebb(1949)¢] 717193 &7]7]9
o] FES Aot ya FE otk (Baddeley, 1995, A ¢lE). @771 o] F =<
719 (working memory)¢|gte= MNP 2% WAsA H=d HAEE @77 Ast
o] o]AE o] &3] thHe A& A T F e AAHE T Azke] w@r]7]Y
Aol &S Digit Span(%=#F 714 719 PA

o Ak Qe BE 8/ Axe AEKH =AE 1Y e o]

EEAE LY
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F717199L B dAEe A 01‘5 As 71998 F At 52 W 7192 oy
strpelal AWE we] 7]ojolgta T At A= st FrI7ge e
of AAL okt B 7HA ] SFYAAR v 4 ks Fo] wE AT AUy
°of BERHE saritk tE2th gy A2 P ol WelsoX e 2~Fko]d
(Squire, 1987)¢] &7+ H71719S A =7]9(declarative memory), u]/ﬂ%ﬂ@j

(non-declarative memory)2 A F&3tal ok A&7
2 AHor Hsta QlEste] R A
%fi?%, A}, =78t FHsh wgst e

7192 oA H o] HA fe V|de HIH
EHF %A Schacter®} Tulving(1994)& =1

A }7] 9 (episodic memory), &7 7] (semantic memory),

SR

L
719 (primary memory),
A 21719 (procedural memory), A|ZF3%4A] Al (perceptual representation system) 2]

S7TFAIA A = At

7|24
ctz|7| 2
=} o = =
A =719
M| Bl M= 7o
(7|2 (&=712)
o A|Z+A L [=1R=: k=i3
Qst7|of o|0]7| 9 A7 | L ESIEPY =
==t e

a9 1. 719 AAY 25
Y. 45719 (implicit memory)# ¢ & 7] 9 (explicit memory)
A71719 0] M=l d HAEd 7|dom UHEHAE AdA B F

719 glo] A== 7= ot

A= AAH

g4 BES FUE FE du o474 B JE
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1L 383 vsaA FES= o 843 =29 F8&

alstz] 913k Fogk g = 7ol 27l Hdl AGA AFEH=TAA Fol &
T Atk HU 2o B, 2E7lE 7Y SHg 55 T 159 9
o AU A At mEA B Ad F A dv 259 5xe 3
2S5 Agstn ZEeA Qe APer Bue wed Aot a3y AFsn
ZAE3 B HAEES I e A9 e UAYUES S84 o]FoiAE AL o}
Y, thekgk Wleol EAskA "k o] wf 2o 9o B2 At HAHE
Foohe SAAEA A dits FAdS dEete YdEATFY AHowm
& dom olyg HEA FEMY BAATFHHL deAFY AAHLS 747 o
2 ¥ gA43 A2E S ddEva dH A3 JdH(Grafton, Hazeltine, & Ivry,
1998). 53| olefgt Zt7te] ¥ HEZ = FHy HlgHe me tgE IS we
e Aol 53 vttty 524X 4 719 S s Bl v)gko] £3HH &
5o A2 A9 §F FUIE AAL F T FFEAFH V|G ET o A M
S =E Rolal Jth(Braun et al, 1997). o224 A= & ¥ A= FHIY
Hl=H Alolo] M2 & 57]s 74 Aol SAdu= AS vbSt. AR

Be A8 ATNME ABAGH s1og wo] HEHA

=

2457 dojut= A

el vk EHA A 71 MEA] RS FEAM o3 &4 E B

3% A5 A7 A= (TMS)

< NN = FHA & 7193 PEAFH 7]
M 43 ARE T FHARd deAES st JdHE Blve HEs
H$ gu3tA A A gk (Muellbacher et al, 2002; Baraduc et al., 2004; Hubber et
al,, 2004). o] < fMRI o] & AFoM+= F2% 39 A (Primary motor cortex;
MDD EA &4 717t T4 (parietal cortex)S EA x4 7)ozt 7 5o
A3 Y= AYRES Holal dth(Peigneux et al, 2006). 13y 54 t+ e &
& o]Fd FytE= Fast AL FAAGFHQ AR ol F A FFA <

R

A= olx wWEstA FTHEAE B 9o (Cohen & Robertson, 2007) ©]&

A
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| S Atk weA B fMRI Aol A
detd 7)ol deld we $AL wolm Utk olUd AT
wE F3 Taste] dFe Wl A 2HEs 7
(Walker et al., 2005; Fischer et al., 2005, Maquet et al., 2003). ZL&{1} o}
ATE F9 ol Folx BHRYE Folo] ofs vhebd ¥ o
of of@A wolst=Als WA Bon, ol FH o 54 4 549D
b doldow s the gge] BYRE Fus) Hie 0 ge
W Qe gre] AsAgel QTG B 5 ok 54 ¥ gelo] Fase] 7]

& FYPHE A Y] AAAE Tusk Bl 1 ol
st HAveE AS SHske Ao 7 Ao oF . o] & fleiA, TMSE
AAT = 54 599 ¥ 39 q(ES gide=z gl
Zm3lar 2t (Robertson et al, 2003).
e ool QA ol d EOERIEEEEEE RIS
& A EASEE SRR Aot EF YRHoR TuE B3 ol
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7190 Wl wet Zol7t Ut} dE Eo] w wo] 7Y Al A9 offline &
As7F ¢ v 4 B5ol A Y ERGTHBrown et al, 2007). WHA, who] g
o] 719 Aol AF A Auwt FA 37 Yebdoh(Plihal & Born, 1997;
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Arstrlel= Aol Atk HlE ol d fEldAtel 719 Al="RRe] A 71d
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BE e Aol fdstA yUrkd B¢ F 7HA BEFo wREe] Alxge] st
frakek = oh(Brown & Robertson, 2007b). 9 Al wWzg] Alx~wle] {2
of o) Atk AzhE Ty BlFAAl Sfiuke}t Pt e A
SAY wAYSZo] wHAstY, NREM(Non-rapid eye movement) <°
Fo] AsdY wMAYFo] ofd AHRRY dfrtm ALy = oy
A A olH g AAAA] Wk dfntel i 9 A
M2 AsAGE gASHA Hol W A" fFHE fFEsiA "o
(Isomura et al.,, 2006; Tononi et al., 2006). ¥ A3} sjule] AT AL H =2 W3l
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of WA Agtoltt AAAH o Hold wa oley J Ans
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ol 159, BEAGGel 1592 27 44 stol 4¥e WAk e 234

ol Al 139 3 @A7k A free recall B7FNA 1248 ok Az B A A9
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A2d A=A

A gAHEe] 2 GFelal
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A (SRTT)S d<5(practice)® HIAEZS AAEon 127 7ke] Ad & o5
8*] (Session 2)° I}A|(retention test)E AAetG Tt FAAQA AE AA= 29 2

oAl o] I7he] EFOo® UrojAH, dF H HEZE-o|AHA-FAHZES
AR FAEARY E5 Wl FAAHFA - AT AR ] AR T
Aokt FAHZE S5oM Y &5 o sAA A} FAAX ALY Aol E F
3l 7= e AE otste] dAH 719 d5E B Al

H2E7L 8 § FojdE9 w24 Ao gk =4 719 95 dotst
7] flsto] A} 3] (free recall) = S 7FATE free recall> b &7hete] et
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Free recall #7l7F €4 § ntz ARGy A G 2H2he] & 243] 9] wb

2t} 2 2

ol 3= 2ak HAlE FEA



-

{ Practice i
) 1
) 1
E Random Sequence Random E
. 1-2-3-4 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15 5-6-7-8 !
‘\\ —_—— _/;
‘ I Free Recall of sequence test l
,," T T =N __-..“\‘
Secondary Task Sequ-ence ranEd'om

| | | | |m| | (m] |m |m [m |m | [

Experimental group (Implicit sequence) './}-‘) g T——

(N N

. Control group (random sequence)

e ———————

l

_ . . wr Over 12-Hr
] Retention Test i
[] 1
E Random Sequence Random i
i 1-2-3 1-2-3-4-5-6 4-5-6 i
Y I

AE FAH #AZ Wdstel 7 1259 £AS WE FAss Hu, odd 57
2AY HAE o dBAGNE GRA sl AF HAAW, @A s AP
g BH e Fu A 5 ek v

Ao A¥xq = SRTTE 38 & 4 = Super Lap Pro Z2190] ¢l

zgsol Qe ARUE ST AP FolAsk AFE 2UE Lo oo} EF
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g ZIERE=S] VBN, 'M"e] JlREC] L EE AAE AT HAANY 7R =
& A3k}, free recall H7F Al "V'E 717 "BrE "2¢ N3 ‘MTL44e AR
AEAANA AAA A Aok AP A A FAlol EUE ] Press the space bar
when ready’gh= £H StHolA AY oot Ado]lautE FEA HW EUYFE
of Azt ol vk vl JH7F yEu Al dnh 22 vk gk W) Zol= 2em,
7} wbro] 7FAL 10em® AR stgon, vta= mUEHe A FYdA o
Has o] Stk 800ms ¥ & Ul /e whx < spibe] BR Qhel ek ¢ HE
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2 Qbol]l AAH = A A ASe 127449 4
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S 2 uepdth v FAAAAE 7 8
4-3-2-1)9 A= T4 FAol A o =A

_,d
32,
o
£ o
>
24

Ao Azt As= FEN oz yepdn, 74 a<l
A 71l o) o S& E3 vkE A @S5S oWetr] st AlZ) Azl g
Hhg-ol dojit & 400mse| the Az Alsete] HAS FAT w3 A e 12
Ml =xE AJdA7F A4 & ¢ J=F 7] fste] b= 12709 A4 a4t
Al ZLE 7] ol el & 1400mse] tAS Flew, 1270 vbE T wiA e wkg o] %
EUy Tl AA7E 249 28-S S8 v 12709 dAet o ¢ EE
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22k A o) A 8= EAbA A e A AATE B s ddEH St
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N 2HE S sarh 2 BA mE FE4 e A% 2155 A% oAl
1
s

oA mRel F o6Me] wed Agiste] PR sl
=

F 71 A58 RES fEsAL odE 242 Bal AAAT AL HA
54 BAGWR APHY B FAHAAZ A4S fEsdrh dnzow
ARl N0l gl ARl fure Jlmach ol AnAe A
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3e =g EA4& WA Super Lab Pro &2ZE ¢ o](Cedrus Co., U. S.
aPE olgste] EUH Ao AFAA HFH JIREE ol&d HE
S F3 WA ZF osequenceE EUl=dl AQW AIFS SA4ST of

MS Excel Z2I192 o] g3 L2 FAHIAAL =RAA ] BT

Free recall& SRTT9 HIZEZ ¢5% A% Ao 127]9 %_]%9] SA=
19etes FEs Brbske AowA, 8§ of thgk Ak F4]
2 TAE g3 e gE Hrse d8 59 (2-3-1-4-3-2-4-1-3-4-2-1)¢
HA T A2 2314 7HA 0 =AE 71gind, 438 s o g

Free recall M52 Ea A&7, A3 314 Ayo] wrE 9-&A7F 2Jo] S o]
&sto] AA71o S HIbsk Atk
T oA ARG ARG BFolA 4 1A e I @A A free
recall F7Fell A 1248 Wrol A3 FA oA AlQ]stit. Mt
2polE ol 7] 93 two-way ANOVA@RX2)E A A&t o xfaA|e A&
q 7 AolE BAEY] 9t EY t-testE AT Avk 7
S 24387 95t two-way ANOVA@RX2)E AASAT. E AoA FA4

$o 42 057 AYTh

m

w3 dRreel s

F free recall #}o]
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A4 A4

A%T7E, 22 HATL, AANAAF Fre] FaAMs FHE <39 3> 2ol

vebygth <29 3>9 A8E SRTTE 53 dx3 7199 FAdzgo] ukg-A|zte]
etz ojg A wWalsl=riet AAF A AA #I o= FHr fl& A
d Aor Ax BAE Y3 =40 EEFS 53 vuE o] FojxA &e A
o] T},
e
—4— Confrol p=11)
=0~ Bxperimental (n=10)
4@:'_ L
]
£
=
c 3 1
o
T
g 10 AT T
t L,
[
%) 1
& 1
Praclice Phase Secondary TaskPhase  Retention Test Phase
(15 trials) {12 trials) (6 trigls)
E]:ij|--|||-||--|--|||-||--|--|||-||-.||-
Number of Practice

a3 Assgh, 23 A Y, A HAE ko] st
Al 4% 3 A9 2, HA ) B4 2 #eAZ B

z7] #A AF T 7 Ao, FAEA(Sequence, Random)ell & S s} =
<a¥ 4> yEhY o
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450

—e— Control (n=11)
400 - —O— Experimental (n=10)
£
= 350 -
5 — 2X2 ANOVA
& 300 -
@
o
250 Sequence Random
Practice Practice
(15 trials) (3 trials)
200 ! 1 1 1 L 1 1 1 1 1 1 L i 1 1 1 1 1 i
Number of Practice

a9 4. 95 F 4 A4, FAEA (Sequence, Random)ol] W& =3 XA 3}

A5 T 4 Jd3 Sequence FA 3 7F Random A 3 F3Fe] HHg
8

¥ 1. 9% = 4 3
TZFe] WA 7
@+ ms
Ak HE-S-A| 7F Sequence -7 Random T-%F+
A3 M 291.46 378.10
(10 ) Std. 38.30 40.73
ZA4 M 277.63 382.34
(11 %) Std. 87.63 73.46
A M 284.22 380.32
(21 4) Std 67.45 58.73

st 243 Adxde] Sequence THA
46, ¥=HA+= 3830, Random IA| <=3
SAIZF Fe 37810, EFAAE 407308 vEyY 3 B4
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o] Sequence IHA 3 G7bel] Wik WHS-A|ZF Ht S 277.63, TFHAE 87.63,
Random A =8 F3be] tfsk REEAI7F H2 380.32, FAHAE 587382 1}
Ebut

HEgA kel gk e IR E
Random)#to] & Foz8&  Lolr7] 9ste] o] dEFEA (two-way mixed

= =
ANOVA)S A% A= <& 2>9F 2o

, AT A 48 F3F 7HSequence,

¥ 2. WESAIT] tigk Hek I AE, A4 -7 7HSequence, Random) o]

@49 ms
el SS df SD F Sig
between Subject
Ak 240.724 1 240.724 .056 816
Error 81717.662 19 4300.930
Within Subject
A 95896.723 1 95896.723 23.602 .001*
Heks-3k 855.992 1 855.992 211 651
Error 77199.550 19 4063.134
*p < .05

HEgA kel gk e IR A
Random)ztoloF A& 28&  dolr7] fste] ol dEFEA (two-way mixed
ANOVA)E AAE A3 Job 3k Algzke] F(1, 19) = 211, p > 058 #9344
sAgaA gl AeR YEdth Jo 2 Aol EA AR F(, 19) = 816, p >
052 #bol7h gle Aoz vty oy 3k 3k Aol= F(1, 19) = .23.602, p < .05

, AT WA 48 F3+ 7HSequence,

A2d 24 BA ] F&aH A=

ARl Sequencez T H trialdt FAF T AT A9 Randome = -
A triald F3WMs = <28 5>9F o] YEyT)
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450

400 -

350 -

Reaction Time

300 4| —®— Control (n=11): Sequence performance only
—{— Experimental (n=10) Freguency matched random performance

Number of Practice

19 522k Al Wef A S wE 3 st

223 A ¢ Sequence T-%F# Random %8| WHG-AIZF ZpolE EA 7] 8k
=9 totests AAIR A¥bs <R 3> 2k

¥ 3. 233A 9] Sequence T-7F# Random T37Fe] ¥HS-A|ZF =)o)

@49 ms
N M SD t Sig
Sequence -7t 10 340.402 49.155
-2.311 .031%
Random -3t 11 391.323 51.553
*p < .05

2234 o] F3F 7H(Sequence, Random)2] WFS-A|7+S B3 A3} Sequence T
7He] Hr2 340402, A= 491552 YERSES™ Random T-3Fe] H
391.323, ETHA= 5156302 23 #A| ko] 4nE = A FHAA Sequence ¥
A 8 Fzrol Aol whE-AlZto] Random FibelAl Rt} whE o= UERRTE
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Ase A3 t=-2311, p < .05 & YERY Fd 2o]7f

A3E A AA T A %, 73 T vSAILE Bl

@49 ms
=t HE-S-A] 7H Sequence T3t Random T3+
A3 M 295.89 357.33

(10 ) Std. 57.09 50.51
A M 292.54 376.00
(11 4) Std. 80.03 65.66
A M 294.13 367.11
(21 9) Std. 68.35 58.27
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