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rhythm has in Visual-Spatial working memory

Mengfei WANG
School of Knowledge Science,
Japan Advanced Institute of Science and Technology
March 2017

Keywords: working memory, visual-Spatial working memory, finger tapping, rhythm

In this study, we aimed at verifying a hypothesis that short-term memory and visual
spatial working memory can be influenced and improved when the brain is stimulated by
multiple rhythm patterns in two-handed tapping task training. As a branch of short-term
memory, the working memory has been drawing lots of attention in recent years since the
1960's. Previous research found that the capacity of working memory is greatly related to
dementia in the elderly and developmental disorders.

The lack of working memory causes various inconvenience and obstacles in daily life.
Also, it has shown that by training in some way, the working memory capacity can be
increased by training. There are various training methods proposed, such as music, or
game software.

Various training methods have an effect in some way, however concretely how much
effect you can get is not ensured. Also, it is easy to give up because there are restrictions
on the training environment or age. So we also expected to find a easy way for training
in this study.
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First, a preliminary experiment was carried out to try the method of this study. It has
been said that there is a relation between Visual-Spacial working memory and age.
Nevertheless, no conclusive data has been given to corroborate this ideas. This issue has
been addressed in this preliminary experiment. The data from two groups of six subjects
was analyzed. The first group consisted of people between 20 and 30 years old with an
average of 27, and the second with subjects of a range of 30 to 60 with an average of 40
years. They were asked to take a Visual-Spatial working memory capacity test through
the N-back problem. The test consists on a series of pictures shown continuously. Subjects
were asked to point out when a picture is repeated with an N lag between showings. The
data showed that subjects after 40 presented a decrease in their working memory capacity,
but before that age, they had no significant differences in their tests.

Considering this result, 12 graduate students with an average age of 27 were selected to
conduct the main experiment. Some of these subjects also participated in the preliminary
experiment. They were asked to participate in sessions that were divided in three steps:
an initial Visual-Spatial working memory test, a finger tapping training, and the same
Visual-Spatial working memory test one more time. They were asked to participate in
four sessions, in which the first and last step remained the same but the finger tapping
training pattern was different each time. An electric drum was used to train the short span
and Visual-Spatial working memory at the same time. According to the data, and in line
with the proposed hypothesis, there was a positive effect of the training sessions in the
Visual-Spatial working memory capacity. Out of all the training patterns, the 2:1 time lag
has the best results. Therefore, it can be said that tapping fingers with a 2:1 time lag tempo
in daily life situations can benefit the Visual-Spatial working memory capacity.

In the future work, we think that there are several challenges. We would like to increase
the number of subjects and incorporate people of every age group in order to conduct a
quantitative analysis and obtain data that are more reliable. We would also like to increase
the number of sessions with each subject in order to increase his or her experience with

Copyright © 2017 by Mengfei Wang



all the trainings because we would like to address the durability of the effect each training
has on the Visual-Spatial working memory capacity.
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Y TCHRT D Z EIHMAEICHREES L. B, V—F S AT REO B
L —= U PRIRENEOMOE T r—~ L A EEE 52 5 2 L NG X
NTWD. BlE->T, V=F 7 AEVEED b L—=0 T IHEICET 2405
LT — AR, SESER L=V T HEREBINLTWS. BLFIE—#%
A S, KR N L—= U T HIRERNT S,

2.4.1 N-back iRRE

NNy 73888 (n-back task) 1% 1958 FEICF /L b F—IC L > TR SR T
L. V=% 7 A% —MO—FELIBICET 28 0 ER, A, AEICHN
SNOETH S [13]. HFESLXLFREMHEICEX TR 0% NER 272
NS ZZ — R L, 1 ORZTUT1 OENZ#EVIR LN SELRT 2 M &
G, TORETY =X AR ORELHERND.

%) TLHCHSCCQLCKLHCQTRR

Flo NNy VA AL TITH) Z&ICEsT, V—=F T AEV % |
L—=u 735288 TELETIE, ML ELTT IR —L7RET
JINED DD D EHLLITND. X5 3AREKNZ N-back #fEHIC L DMK N L—
=T = ATHD.

" " ? i
A ﬂ_ D .

G

o 2 8 b A

X5 bDFT I MEHELD 5 pEOR M L—=22714]
11



2.4.2 BEfFRIZIA I L—=2 7

SHRMRIC L DAL Ea—FR—ZAD T —F L S AEVREO N L —=
T ThD. FRPRNIZE > TERR L —=0 7 a—ARREL TV D.
Bz RObEMFICL DTV —F 0 7 2E ) OBERE VR N L —=2 70358
TSED. V=% ARV EREEET LRI PICE Y. Flo NEx
M P L—=0 7952 812K, —EOHBENIZ, —ED %, mEmyRy
—X A OUGEIILE R ERELND.

UTDAT v AT —=F o T AEY OFEEZ ML —= ZIIHRIE L FHiE
RS 5

1. f v HEa—

2, AA—KT T kEyTar

3. hv—=y7 (5HEM)

4, TEEDEY VIV

5, 7A0—T v/

12



® 3 =
B4 vy U BT 5 EERE

3.1 EFov Y

fi% v ¥’ 2 (finger tapping) |45 TH v 7T HEETHY | FIEOR
ECHRBRICMEEND. 584 v B 713 SRR ERTHEDILTWS. fl21X
B2 o B BBV TUMENM 25 2 & [16], WFTORE M NAZE
LIBIC K B % v B0 TiEEI Y — D T VY oA ~ —RUERHE & B3 L
THREDOMTEN DD, [16]

3.2 fK&EIEH)

FRIBEDE X 1T, FECEE L o 1M E I RE & 46 5 KK o BTEE BT
B EHEZT0D
D DEHR L OMMNICERFEE LTERBL WD IE®RS,. 5 MO
CEET D & & SANBREEDE S (FRV BN [CXviTEhR g shd L
FIRFIC, MELE SNDBREERSCRWEEN Y —F 7 A€ - =) 7I2H
WEND. G (1995) F7=, g (1986) DT —F> 7 XE Y LIEB) O
T, BIEHRTEF O OFAL Th 5 FESSEIETICET 2 2A 3N TE
7. AIEHATEF CH FOMEHE) VO BMANEE) CIEEI T2 2—nr b HDH 2 &N
HHILTWD., e FRITERICERNO L Z L LRBOLNE. ZHEFHL
WIZFIEOFEENC LV HETEEE (U —F > 7 AE Y OFE L HREZ 1b)
THZEEEMIC LI FEBRBI .

B ZIEL, MFORIEZ LT 22 OEZEDMOTEHAL L OFLEICEET S
EWVOIITENH D . [1TIHREGZH L XTE, PADIRZ G OE THE R
O RIRFIC SRR & L2 0 LT DL I3 58 00 &) ) ORI O T 7 7> & 3]
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WMEZTTND LV S, M%< OFRE RFICLET 2130, A KA
FECIEPE(L LT . EOMmTh, BUF - BEEE - 220 - 5 PsEEhiC B 2 M
IRAEFICIEFIC /2 A 2 LR SN 5T, BRIE D & X 5O E H1E
EBET DL MO L BB & 75 SRR L RET S LV WME L b

% [19]. F-MoMEIC LD &, FEHE EEEFE, BT, AR—YRARLE,

WFEAEDENEIC K - TERBEOHEEITIZE D B RV, BEROEZEET 25 H

LTEWERGEST-. [20]

AolE & AlRe

110 112 114 116 118 120 122 124 126

B S & ARE

X 6 X 3.21 #KExDEE LMo RE%

3.3 U—F U AFY LB LS

ERED 3.2 EOPT, RELELEOEBOMIZERIAH Y . FEOE X 23HD
EERICHF ST D LM Le. LR CIIMOBEEERETHL Y —F 7 AEY

14



W DOEIIN ED L HIIT/EH L, EOEDICEEL TWDLDONEHT 5.

V—F% 7 AEY LEEDH D MOBEE MR 2 O Al IX, S FH
SITENARE LFATICB T RIBIE L R DB CThd. FrEX, WE o EL7R
& O 7245 5 DB 2 REEE N OREFIZ 2 > r— LT DR CTRER E
BENLEELT D%, AEEELZ L VIS IS T2 N D 5. A AilsasE
[CHEVE R A S5 2 LT, ATEHEE &dE) Lo EME L L. SRIEIC @
ENTLEVIHHATH S, FFHELEBE LA T 2 2 L2k o T, gk
NI —=F L TAEVDREELEDONDERDOLENTND., ZDOZ LB RD
L. BEBOBERSBEN T —F 0 7 A Y OBINCRKEREENDD.

V=% T AF VLo TELS DFERERETE DL IR TR A
NS ORAZZ TR, BERELRADENEZHRTLLIICRDIDTHS.
TRED TITFREOHEI N Y —F 2 7 AF VITHT OB LRI L TN D.

7 RIS DIBALIZ I D R

15



w4 =
U X A—FriBht 4t

U X2 (rhythm) &1, R s ] &0 EBROBENE] rhein 255 &3 5%
U 277 rhythmos ([CH¥T 5 [21]. LATFO X 5 ITHINMESIST BT
5.

OAEEBEBENC G « R T 2T& & ThHhDH. LB ).

QW HiES) - T4 - XEL EOETORTOZ L THS.

O@FF R EOIEEELRED Z L TH D.

OEZOR IR ER T, FORFMNEITOMED Z & Th D, R
BRI L > TEVWRALND. —EDOREEZFRINNC FAyE T 258 ) X
A, BT EMEAEDE TR REREEEZELMAMY XA, HEOREIC
HALORWHB Y AR ERDHD.

IHIT, BELITEE LW WL EENEREICK T 2 < R b xR
THOELTHHLTEZ., Sz ol EoFEnEmEoR otz -
TelRg, T XL EESZ 22T 5. [21]

4.1 Y X A

VD RXLNFRBORKT 2 3 KEZETHY, 1IN H U XL EEEBD
NEOW OhDOWEN B A, FlZIE. VA W\, TR N, . T
EThD. ORIz, BHEREBICEELVOEET LS ELEDNLAMELD
z)o

NV A

SV A EIR, RN EE I T S, (R CHIBE SRR I & R C IR —
OHOERFZIHFLLOTH D, FRICEBW CIFRFMMICHE CHRBEOF 235 4E L
eI U OGNS, BIRIICHI 2 5L, A bhr )/ —LEEL L EEI(C
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TV INRIEDL—TEDHA IV TORMNDB/NIVAENWZ D, 7NV RAEIEREIC
BTN TENT., FAIVTOETLEELEY X LZGTe 2 & AN AlHE
ThHhH. UTOX8 DI HIIT/;mRLTWA.

8 /LA

ff(e—1)

e, VALEMHRL, BREBZO—DO—DHMNEHELTNDZETH
5. K E T, — 220 IR R LTS, £z, LT, Rk -
TR ESNZFHLRTHLHY, LA L VR EDORIZEKBNH DL D THD.
URALERZ DR, ZZICEENLIEEOR/NEAE L TERIND Z LN
AN

VA

T2y MIEHA ST LR, DRSOV LA E b Wnbivd . —
RANICERIZHBNT, WS ODROERENOF LV EFHSND. Z OEiHiL,
BORE IOHMPERE L THEDE LT LI LT THEEIND.
Fo, TRV FMEEMOE O Mo TEHE] oZLThDH. VWolEH, T
T MEIMTLLENEN L E2RTOTIERLS, ADLHEIZE > THELD
L, B o TWahH EE#MEINLHIENSIZEEHD. LFTOKIIZTRL TS X
5 ThHD.
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X 9 77 b

B¥F (Z1D5)

F&ix, PV AERERT D EEEk Lc, AEIICRKET 27 720 b
DRE—2Th2 [22]. HTOEX, FRICBIT 2RO EERZRET
HERNFTETHD., 7722 FOBLENEHICHY IEEND L AT 4E
FND, MNAICEFGET 2O L - T, 2441, 3. 4 FREDHT
N5, Flo, mFb 120778 bopE 1207 7y FTEZ2WIC
HhETERENS.

EZIX 2T 120778 B 1ODIET V2 NEWEZTZER 2
DOHMLRLMTTHY, 3HTIE 120778 MR 2200ET 7
NP TG 3 0MN LR THDH, LLTDX4.1.13 KUK 4. 1. 13
DEHTRLTNSD.

2 ¥
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L2 3 &1 2 3 ¢ 1

10 2+

3T

11 3 ¥+

T VR

TrREF, —ERFRICRIIBICKET 20 THY | 7SV ZAOHET
bo. MORS L BEDND. WHFEFRICBWTT Rz 2R 8ER J7 ik
EA PR —AIZLDbDOT, #RIFESOHOETEIND. [22] A%z H
KHTEIHORESIFFELS Y, 2P o VI TUX 1 HOR SIFTEL 5.
BlZIE, A ba ) — AR EFEADA T 72 ETE, WOE/FN 1 oMH-Y
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RN 2 BUE THRBLT 5 Z LR 20,

4.2 U XA LEHFTE

BEE Y X LANEHREBICEET L LB N TND. 572U EOENT

2 f GEHIEEOR E) DN OIEEREE LRIz D ATRER EV. U
R EIE RO ORI FICH 2 E T EFIT S, S BITR VR
DO TR E 2HIX, AEMICERNREROERICET S50 L Aled
[22]. 7=, BHEEORSIIZ, VAXL%2EHKRTH ELTHEHETHD. 28R
HIE, NE = EBRRT D720 X LD T 535 N EHEIC SRR -
TWOLRERHLH LB 6THD. [22]

U X LORFRIFIEIE, 281, 331 EWvoizk 51T, /NS ZRBEs TRk &
NIZHRE L TERREIND LEZFITRDBRARTSRD LI TH D, FeillaHufr
ERoTWD L LWIFFREIROEIL, 2:1 EWIOHETHDH. U XLOER
BT ARENICET 52 < OEBIT, FEIET DRI, SV ARRNE XTI
ELAT, FEBICIE, BHEZRREM O R E 2 % 1 O ERICHEM LT AR H 5
ZERbroTnD [22].

L ]
— e
N @
we
— e
— @
N @
__(JQ.
~e
|_\
[N]

12251 U XA
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% 5 E THER

F2ETHHLZHREMY —F v 7 ATV REOWEFEREIT>72. BiE
2. IR 2R —% 0 7 2AE Y ORZEIITIFMZENRH . FAZ L IR
WHY, RENKEIWVIEETU -7 AT U FENEL T, Fif & B ER
Wb ESbil. £, BT —% 0 7 A F VU ICHET 5 ERLEM:
BERERICI > THLMNI L.

J—% 2 7 A ZRET 5T A T reading-span—test 2 N-back 7
EMbD. EBIEALZY —F% 27 AF Y 7 X MEN-back iF&EIZHW B
HPRZEMT —F% L T ARV EFET AN THDH. HREITHRER AN E 5 2
NG, V=% 7 A VEEZMET S, AKD N-back REICEL D57 —F
YIRAERVRBEPRDIL, V—F T AEYDO ML —=0 712 b T
W5,

ARFETE, EREELHMREMETD.

5.1 FiE
5. 1.1 #kBR#HE

BRI 20 R~ 5 30 AR CHEFHn 27 w2 6 A, 30 {226 60 R E THE
FEHR 40 N 6 N THD. TRTOWBREDORIINIER THD.

5. 1.2 EBREEE

FEEREEE S L CIE, X5, 1. 21 IR L TWA L 912, Windows 2D H v F /3%
a7,
22



FEBRICHEH LR Y —F% > 7 AF U T A MIN ANy 7 3EICE SN T
[Cognitive tests: Working memory test | &FRIEN AR ZER T —% 7
AEVTANTHD. BHEOHGE, BHFROT VT 7y MIERENDN Ay
BT . 2RO Z AW TERZ T 72, flZIE, 13y 7
ThE, —ERICHZBREZZB LSS, 2EEORR LR 2. 2[HAOE
Wotkiz, SEHOEREZ —EIHEFRUNE I DEEZD L Vo FIET—RF
FERE A NET S, 3SMHAORZOH#IZIX, 2MBEORZEE 5.

Lalest message

B 14 EFfEbhF7 Ly b

5. 1.3 EBRFie

FTWBREICEBRTIELZIE R LN G, TE2{To72. K6, 1ITRLTWD
X7 Ly NEHICRER RSN EBZ R LREL. A-bob b0
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ATESDEFNIHRDIRT L X, =Ty bRy 7 A&7 ) v 7 SHT.

click on the hit box when the item you see
repeats what you saw 2 items ago

hit box —) next...

This animation shows 2-back in action

2-back!

That's it! Click “next” to end the demo. next...

current

X 15 2back FREFIEDOT E

o, gEEIC—ETE (5. 1.2 IR LTWAFEIE) ZiTbiv, #E %25
W LT, 2back iES 7> a B LD, AL~ LT v 7L,
Thack fRfEFE TEEIZ LTV . 1back iREEOEFR] 2 30-40 0 TH Y . 2back it



BEND Thack EEE T L TR 5 oo 7=,
TENET LIk, KEOEBREZGT 5. B FFOFWVWERORY %
7V w7 L, D5, 16 DXEITRLTNA.

2-back 4 trial: 0

click here to start

m;'njtive fun!

16 HELEBY—F 7 AEY T X FNOBRBEER

F7-. 2back] EENTWHEZAIIZZ Y v 7325 E ., N-back iEDIAH
% (back) ZEHLTHZ LN TED.

5.2 fE R
5.2.1 EZEROMER

EEAROVHEORER 25 5. 2. 2 |[TRT.

25



EZ RO IEHE

48
46
44
42
40

38

36
20K (6 N)  301kLLE(6
A)

£ 1K 5211 V=7 AFUHFR
2back FREEND Thack fREEE TO U —F o 7 A U RED LK.

IEXR

80
70
60
50

40
30
20
10

2back 3back 4back Sback 6back 7back
m20fK (6 A) m30fKLLE(6AN)

% 235212 % back HEHOU —F L AE Y KEO L
26



EREFR5. 2.2 BERRFLTCVDRERE D & 20 f8—30 RO ZEM T —
X7 A Y RET 2back FREN D Thack #f#H F TI X T back s O FEHIHE
1% 47. 489 A, 30 LI EDIRRZEM U — % 0 7 2 £ U FEEO VI 39. 956 A5
Ths. 2005 30 NFE TOMREMY —F 7 A€V HFED 30 L ED X
D 7.533 RAEWERD LN TN S,

5.2.2 t—EK O HIHT

20 F N30 LA D 2back FRIEDN S Thack fREEICEA TV —F U VI AEF IR
BOWHOEN 2T —2 %2 AL TSPSS ZHWT t-MELZITo I fE R A2
5.2.21 & 5.2.22 |12~

F72. 20 830 8N 30 LA ED 2back FREN S Thack REIZ W= 54
back BRE D 7y BT K CRERII AT Ot R 2 K 5. 2. 23 1T

F— Ttk

FHRORE

d—7 | B4 | Tom | meme | e
Nback 1 % [ 399550 [13e20ar | 227004
; % | 474004 |1885330 | 3142m3

% 335.2.21 N back EHD t-BE

27



R4 ILOKE

§alE0ED0 Lavenz 0
B

LINBEHORORE

Fil AEEE | tH

Aek

AERE(

fl

ok
-T5MY

20 I5% GHER

ifsRE | TR
147655 | -15.2698

LR
9709

Nback  §HMERETS 4807 3| 14

FolERELGL 134

!
63715

156

i

1334

JATBSS | 1327941

03

% 43£5.2.22 N back EHD t- BT

3% 5. 2. 21 1% 2back-7back DOHEFHAIZL AN 30 LA EIZEE~T 20 fRDIF
IMVENT L EZERLTWA, PMEOEEREGRZED 2.270-3. 142 TH 5. 72
bH, 200530 REFTCOT—F L T RAEFIVRENIORULEOT—F 7 R

EIVREBELIDEWVWERDOLND.

*7-. 2back-Tback AR ZEM TV —F L F AEF Y BRED t-FRENLD . AEMSR

1 0. 056 [T/RSN TV 5.

28



ST

Nback
HE R
NE 5 Fn BHE MEY¥YFR F 1E

> — AN\
7—7H (fat) 1021.821 |1 1021. 821 [3.778 056

1 IRDIE %

ROB R 1021.821 |1 1021. 821 [3.778 056
IN—TH 18934. 809 [70 270. 497
A:
R 19956. 631 (71

# 532 5.2.23 N back FEED S EASHT

7% 5. 2. 23 N-back iED TR AW OFRER N O HD & FIEIX 3. 7718 DT, %
DEEMERD 0.056 & 5.

5.3 &%

5.3.1 ME»H

FT. BRI LD EEROFHMEOR R Z D L. 20 R—30 ROHR
22U —F 7 A E U K& 2back BN B Thack it £ T T back &
DNEEfEIE 47,489 ., 30 RELEOHRZEM U —F% 7 A F V) FEOFEHEIT
39.956 ;i THDH. 20 f—30 ROWPREEM T —F 7 AE Y FEHN 30 K2 ED
PEREREL D 7533 ERENERO LN TS, THIEEY T, 20 f—30 kD
FIRT—F 7 AV EREITEW. iz, 2030 ROFNE N ERL T
DI, OTMNTE33 HOETHD. ZZTEMHEORELEEN TV RN &
THD. ZIHINOERNS, FH2EOK2.3. 1 V—F 7 AT U FELFifp

29



DI R L TWDEDIT, 40 DT —% 2 7 AF U KEMN 20 —30 {4 &
FIFREICL_NLDYU—F U T AFYREIZEADAZ EDHAL N 2T,

—J7, 5.2.12 D% back iEDO U —F L 7 A€ U FREOLEHERICL Y |
2back RN S Thack BEE CHIRED U —F o 7 A F V KEOFHEI h %
IZTFAD | dback fRED & ZATIZIER U L~ULil/e 7. LA L, 2back #f
RETZF 8 20 f8—30 R & 30 RULED T —F U V' AE Y REDZE27.945 L9
RERENRDD. TOVDTLRERNOHDE, V—F T AEY L REREE
& HIENEFIEEDS 20 fR—30 R TEW EE IS, FhuiE, 20 f£—30 1% & 30
LA 2back RN B FEHE LIZ U, 20 £4—30 fL238 LW b DIzxd 25840
RFEENE N2, 2back fREED F D@ NIIEmW ERO HILD.

E BT, %D Thack FREIZ 20 fx—30 8 L v . 30 LA EDFRE N & B b
N5, 2OV fERz NG, 30 RUENRT—F 7 22V LIS, BHEICERL
TR, RRER, EER EN 2030 KV EBEELVWIHERNNEZOLND.
Thack FREEIZE - T, M0 IKFHE N2 < T, FRHZ 7 SOHEHE 250835
MEEH D L) Z L ThD., o, 1INTH, V—F U7 AE) OREDEK
PERMUAAOERICHBEIND B2 LND. BIZIE, EEEEIPIMT R
ICX 0 G SNTRIA > T, ERPICHEBRENEE IR L 0D T A b
TIERRENERETEI R oT R H T,

5.3.2 DD

#£5.2.21 ORI HTORERIZL D 30RLLEE 20 /X —30 A EME=R 0. 56
>HEKHE0.05 Lo T, HENY —F 0 7 AU REICEES 5 WO ITEEN
RN ERD LTS, LWV D, FLIIMZ WA NARERNEE L T
WA,

30



72, 2back i8N D Thack i E THFREDFEIIEN R % IZ[F U L~z
720 . Tback AEEEHIZ 20 fX—30 X L D, 30 RLLEDIZ S @, 20 f—30 1% &
30U LU —F% 7 AU ORBEOEHENFELSMNT, ENLIE D BERIC
HEIND.

.4 XL ¥

N-back FREEIC L 2R EMU —F 2 7 AV FEEZRE L. FEREIZL0
WIEE R UL, FMEHEMT22LI280, U—F 2 7 A OFEN TN -
T Eoholo. FITHFR 27 ik & T 40 DO T —F v F AE U R
BOULYVIRERERNDNEFOONTL. UV—F 7 AE Y PIMNT, 20 1%
DTF BIVEEIMEIEE DO BN TR < A B AV, 40 fROFTHRER, FEk, EER D%
BRHLERbND. [26]

2back AR S Thack fREE THIEEO U —F 0 7 ATV REOVEENT

MY Thack FEEDO L ZATIRIER L LA TH 7=, 20—30 L 30 f4LLE
DERFIZHONT —F 7 AE Y T A M & ERTIUL, 2back X° 3back D
DED/NS L 72D TEHeWnh & THET 5.
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® 6 =
ZNEL

5 FEDTHERTIL, BBREN 200 E 40 DU —F 7 2 ) FRICKZ
RAERENIRNEA LN L. Lo T, AERICKFERBOSINE 2 5ET D
ZEMHRRIC R o2, ET2, TARFEBRICHEH Sv7z N-back FREICH W DA
ZEMU —F% U T AE U RET A S HBYERE N —E O K O MBI 72 R % 5
ZTo. AEIOARFERIZ HHT R OER 2R EZ 5 27203 6, F8EORIT S #%
BRI 2 D & ARERITE L.

ARIOERNEFEZ v VHEN —= 712k . SRR OMEIC
V0T 252 T LIRS L ORR MY —F% o 7 A ' VI 55
BEMATHZE2HBNE LTV,

AREFRIT SFEOERIC/TTCEm L=, LT TIE, b z2E5R0O, FEb
@, EBRQ@EMS. £z, EBROLEEBROIRF CHREMY —F 7 AT T
A Nl oTz.

ARFETEH, BREELFERICOVWTHRETS.

6.1 FHik

6.1.1 HkERE

BRI RFPEAE 124 THD. FHFEMITZ2THTHD. T XTOHRE D
AN 1—-1.5ThbH. Fi=., HBREIZHFOFROEE N ER CHEBETH D.
AREERIT 3 DOEBRIT/HIT BT,

32



6.1.2 EBEE

ARFEERIAE T U7 FZRAEE 1T, ERO L FEROTIE, PHERTHEMA LS
DLFELTHD. Windows RO X v FXFNEMA L. iz, ERODIEX
vy BTk L—= 7 Tld Roland 235 L TW 2B+ N LD HPD-15 Z A ]
L7=. UTFTOIX6.1.21 IZ/RT.

R 17 SZBROIHE A LIEF BT L

6.1.3 &fk

AREBRICIT, UTORTEICIODER (27 v ) 2o bn5.
FEBO HREMU—F 7 A€V T AR (Visuo-Spatial Memory Task)
EBOQ EFoE T RL—=

O MREMT—F%> 7 AEY T A K (Visuo-Spatial Memory Task)

33



WERFICE RO, QRVO@ZENEI, — A 4[F%EE L.
EBROROEBROEREMT—F L 7 AE YT A NOKMERUTO3@Y TH
5.

1. WFOREICLSTE yFRRNITHE v TT 5.

i . GO DR 7T P LINIC T 5.

ii. 7 A b EFFEROIZHT 3 [ M ERQDZIZ 3EFF6HITH L.

EBHOfEY v E LV THEICLD FL—= 7 NUTO 68 ThD.
. No—= T ORE—=URARE—=T3TF TS, 4 BN
T, EhL7z. i, LT L5175,
L fiE7ZR U (ol Zzsz g 2n, 54 v B Z7REICE D hLr—=
7L, HREEMY =% 7 AF ) T A MU FENE)
2. VAL L (BB vy 7ECE D M L—=0 7050, VAXLKED
BB ORENZ T2, T U X BB H vy B 7 35)
3. 2x 1 URA (B BV ITHEIZLD NL—=0 00350, U RAT
2R 1 OT URICEDIES v B IR, HELPLORIML H D)
4. 3XF1T VXA (FEX Yy TREICED P L—=0 7 RB 0 | U XX
3% 1 DOTURICE DY v B VHE, HELSOREL H D)
i RN OREA 13T 10, B TT#ITE 70 Th 5.
iii. MFOELICLSTE Y FRNRNIE v E L TT 5.
. I0fHDIELEHTH vy T L, ToLAl—DFAfbLARNI L TH
5.
V. Xy B T ORGEEEEE D D.
vi. 12 NOYERE D 4 /32— DEBRNAR DN Z N LIVEWICFERT D,

6.1.4 EBFE

EEO HREMU—F% 7 AFE YT A B (Visuo-Spatial Memory Task)

TR ST 2 ML DEEERIEED O L S TH HIEEE (IR
34



BEOZEETETFEE IFHIND) THY . BHEIIED ENTBFHB IR
HrelEAEZN 5. [20]

F9, R, FT7 Ly FoBEmICEHASETIHE (K 18) OFEAML
VIEFAEFEESE. (2 BIEFI) BB L%, RTEEE ZIEEICH T
BTV 7 LTHHoT-.

M 18 fARZEMY—F 7 AEUT A L

IO T 1) 7V yrsnsdé, MoHEBITEFHRESNLDT
(4 19), #EREFITFLEZED IRV OHBE ORFZIEFICHETZ U v 7 Lk
BasEl s, £, RETOREN TR THS.
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19 HEZHY —F% L V7 AF YT R B

70 w7 SN B OBFNIEME SEFRBND D, MiEo7HEVHD
HREDRICRD ETF XA LATHLEDL LI ICR> TS, #BRENFE LA
HOoMEAL BNV LN BELWABORTARELHES.

—ELREDTICT R TOHBEZ 7 Vv 7 T2 ENTED, RHTEVNC
HABSEZ T B2, b LIEESTLE D &, WITHRKE B O%FEn 1
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