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Distributing Working Memory Resources and the Use of
External Representations on Problem Solving

Kazunori Otsuka and Makoto Miyatani

Abstract. This study examines how problem solvers use distributing working memory
resources over internal and external representations. Participants played three-dimensional
versions of number guessing games. The playing of number guessing games is directly
related to consumption of working memory resources. They could use arbitrarily the
game record windows which are the external representations of these games and, thus,
they could distribute working memory demands over internal working memory resources
and external representations. The extents of their using external representations differed
depending on the participants. The participants (8 students) who used the external
representations on all 10 games did better performances than the participants (43 students)
who used the external representations on several games not on all games and the
participants (19 students) who did not use the external representations, and got more
game record windows than 43 participants who used the external representations not on

all 10 games. The results provide evidence about the roles of the external representations
and individual differences on the extents of using the external representations.
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AT EARENT. F72, Cary & Carlson (2001) i,
RIS RIS A B 1 B K & SIS X /RGO
BRTA AT VA LOSMYRG ORI DTN
WM U725, IRV 720 1 E DO R HA M S
ELTRSSINISND 2 &, FhwERG L LTtk
T AHBILINE NI E ENDLAITRHFSND
MRGER DB B 2 L EHEL TV S,

NS DWRTIE, SHIRZDOFIHZ Db DOH M
BRI AT TR B R E AW oM AT OV T
SICHET ST v, 22 TARIFZETIE, [EF L
BT BB ERDON A ST 2T —F ~
7AEY)EREBEIIBWT, SMWREOFT - FEFIH
& o TRILBRIIR 2 2 00, NNERZOFIHILE
DORENT 5 = Y AIHRTHLOH, iz, il
ANV D XD BB EAMOMNZEORELD b D
EVo ROV THETAZ L2 HE T %,

BRI BT 20807 —F v 7 X' HIFICH L
TEBRWICINS QR ERET 5701213, fFiuafE
BV THNEZOF AP EE L ZEL RITTIen
HoENTHY, T—F2 7 AEY) THRZHEFELOD
W% HEmm S 5 &) WHIIY 2 LB 233K S B SRR
HEPLYETH B, Z 2 TARIZETIE, MyuBficBwy
THNEL O N EE 2 X#H 2 R7-L, »2HHRD
—IFRYPREE & 2 DWLBASIEF BT S N DD
D, FUSEAOHMIRFE L 2R T —F v 7 X
B REEZERREE LTHY %,

— 228 —



[SEfRINC B B 00T — % v 7 A ') B E MO ERL ORI

EERRRE
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DIERIZ—IE R B DT, F—2ZEIC/ED L)
b2 CRIL 191). L7z25> T, FEEBRBmHE
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Hr— DI — FBEET 7 4V RICRfESh
720 2B, BUGKH OWEITIE, GetTickCount BI%L
ERH L7z EBBME I S—VF VI Ea—%
(NEC MA10T) ETHr—2%fiorz. EEBINE I,
KREBEIIBWT 1A —2EERY » (K1ho
See trial record K% ») %271 v 7352 L THE
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A1 $oHATwE, RATI2HHORIMARY F T
W 24T o 72 RIHCRII O FAEDT & o 728 E 1S,
T 4 HH ORIBCRI O LIRICR 5720 2D EHITL
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DigitSpan 6. 73 0.91 6.43 0.80 6.33 0.94 6. 50 0.85
WordSpan 6. 41 0.79 5.96 0.76 5.98 0.93 6.08 0.80
ATEH 5.96 1.56 5.30 0.97 4.75 0.59 5.42 1.17
R E 9.74 0.56 9.91 0.37 10. 00 0.00 9.87 0.41
Bio— FEHERK 0.48 0.40 0.34 0.46 0.06 0.05 0.35 0.43
RIGEE 5353.24  2106.23 7632.06  2537.59 7859.14  1566.45 7039.48  2530.91
NRZSREHK - - 1.43 0.96 3.28 0.75 1.25 1.24
SRR S BRERRE (ms) - - 11644.37  6831.46  13994.41  7511.75  8752.33  7976.43
NHRRF AT — L - - 5.53 2.48 10. 00 0.00 4.54 3.67
SM3R R FI AR IR E - - 3.73 2.01 2.36 0.29 2.56 2.21
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TF—LHThHD, Bla— FEHEOHIE 17X — 2o,
FERSMF DS — A L7 a— P2 HEMH L7
M TH D, 107 — 228U 2 M 2 — FFF [
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THhOH L2 ETOREMTH D, FMOZELFH B
&, BEEY A Y PR L2 — A28 5B
A4 Y B REYICHE LB ATHRTH %,

% B M @ Digit Span (F(2,67) =0.39, ns), Word
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(¢(49) =288, p<.01), [HERIC ALL B, MIX BB W
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MIX #IZBWWT, ARG OFIH - FEFIHICBT
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M — FEBEBEIIEFHFICIEREREICE o 2
(t(42) =272, p<05)o F7z, NWEZOFM - AT
BT 5 SUSIHFEICOW TR L7 & 25, fiEk
W 2eh otz (4(42) =179, ns) o

E 512, ALL BT (475) & MIX B
ARG IEFH G O34T (371) &M L7z
KR, MIX B O A R IR 0 S 30T | A
HENA AR (#(2271) =361, p<05), MM &L Do
720 ALL ORI 2 — FEBME (06) & MIX #
DOHMYERGIEFH IO T3 E M o — FEER K (21)
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F A IEF A
HEIRE
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BETEE (RRON—3FEREETY)

FI A
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FL2OFM - IFHIC X > THRULBRIZ 2% 5 D,
A ESRIZ VD, EOREFH INL DL v 2ht
WELDOFIHZ D b DODFFIBIEL /8T + —< VA
RETHEBIOWTHRHT LI L THholz, TDD
2, fRYSERIC B TERO — R & 2 O MLEs
WHNIEST SN B UEADH Y, FHIEA OHERIK
HLBWI S ST — 2B 0T —F v 7
AEBVEETH BT 4 AT VA Lo HCHE M 2%k
JBEEIMNESR E LTE Y DI,

EEROKER, SRS OFHFE X ERSME IS
Lo TG>Tz, BAEMRIC L > THINEL OF)
JHBHEEZ R 5 2 L ZRBT AR TH D, 2D
LIRS OFIHESVOEWIZ L - T, GRS
N7 F =RV AFZED L IIRLLDONIOVTHS
PICT BT i, FHYELR ORI Z D b OASFIGERE
EXT F =3 R KT TR E L OEND
WCHRETT %) A THETH S, 22T, AWETIE
M EZOFIIHEEIC L > T, ALL# (105 —2F
NTIEBVTHRR R L 2EBRSINER),
MIX # (107 — 2 RS 2RI L7236 LRI L
%ro 1253 B RS INERE), NONE # (1077 —
LT RTUIBWTHNIEG ZFIH L 2 h o 722N
HE) \CEBRBIMEEHEL, TOROHHELT 572,

ARG A 2% (Word Span, Digit Span) ® 3
fitilx, 3WBCTHEA IR - 72 WEROBHIRED
THHROUTHHE & L CoiEE BT 2013 L, 77—
F U ARV, RAMEOBRITHIEROT 2R
fEsha e viozz, THROLBEEREZ B 2 300K
VAT LADWETH S (Miyake, Just, & Carpenter,
1994) o AWFZERE R L, FHOEL ORI & WHIFLRE A
UGS LN EERIRTLHDOTHY, KFER
HEICBIT BN ELOFH AT —F ¥ 7 AE) KR
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FINZDOWTHE L2217 %8 (Cary & Carlson,
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720 ZOFERIE, ALL BEOEBRBMNE O MO

2HICHARBELEN TV I L ZRTHDTH b,
ALL BEOEBRBINHE L, NI SIS D72 5 501
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