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FFflRHl ORBALBE  —ERRRORE —

TR —X

DIEERRERE, ZHicED RESE - REFHEIC W TCOWRITH K 2 5TbhTED, %
COHMEPERINTETN S, BFiR. HEEL V- AN, REFICERINSRIN
OEE., RIRICRBINAERE, BERS . 520N AFREONEEY K ORMNEHE L X,
B A xS D REAE - BRERHMEICEE 2 RIET L AHLAICIN TR,

AT, BICRHERHEIC 310 58« ORMABROBRENC OV TRET 5. BOITLER
W FEIC 350 A FHEE. ke, BRI OWTEET 5, KIC, R, . 2. BEosy
&l K ORME) - EARAR SRR IC RIT T HEC OV BT R O#M R 2 B8+ 5,
RHEIC, REAHEERAOEELROBMEDOEALRA S, EELEERTIE. FELIhi:
HRIT. %h%‘h%&é?ﬁéﬂﬁvsz\fﬁﬁ% B EIND EE X BhTW5, Baddeley

(1990) X hid, SEMHOGRE - B ZzhZh, BT/ —7 (phonological loop) D
%ﬁﬁﬁk%aﬂyFD—Wﬁﬁfﬁbﬂéou@%ﬁw—7@ﬁﬁ§mKBH5&ﬂK%?
HERTBET 5,

1. OIEREFHREIC ST SRS TikE. BE

AR TOREL T TOBICHIc > T, BAFHE, B/ &\ - 7oHFEES, SEEHE - &
A PERL - BB &V o REHIRHE O A, £ 0BRRROWRICEE LS DWW TEEY
15, LEMHEOMRICES VTR XOHERPERERESELL, ELBRERRTHH
BBT—ROMREROERLT WP L THS, BICHROBFICOWTIE, BTHREOFICH
RBESLR SN 5 (Hicks, Miller, & Kinsbourne, 1976),

1.1 BEREREMEO A
B%Faﬁ@fﬂml)ﬂb\ LNHHELE LT, ROLS5HOMBB 5,
. SEEZMM (verbal estimation) 2. B (production)
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3. B4 (reproduction) 4. H#E (comparison)

SR, BRESRR LHEBORIEZRSY L v o o ARRIBEM TRE T 5HIET
B5, ERIE. ERESHARLBMAC, B5EIORERELHT L, BREZZOEID
HEZIEIET EVIHOTH S, BERERLCREORI 2, SENCRATHOTRR
EBICZA PO HETHR TS D TH 5, KB, F—FM & L THIRBEHER SN,

ISR U CRER L 7R ORHRR I 2 R ICRB 5 3D Th %,

REEIREANC 3510 5 RARBROBEZ AL D L T2HBEICIE. FEPIKA L2 DOERE
BAEETV. COBEIC & - TRER LR ORI RIOFHE 2 £ O & 518 L3 5 2HN
5, WS HERRAVS, AWAHEICLD, KREFHMEOE & BROBEGRSENT S, Ch
IZOWTHRE (1985) PEE L TWwARA, ARICE W Th ARMFHEEIC ST 5R & 2 O
RIZOWT, F-LFEEICS T BN FHE (underestimation) | & [HEKXEHH (overesti-
mation) | & WS ABPRIBRICOVWTHBEICE LHTHL,
| EREAHE L AL, NEARRL O OHEETD LI RTRA—Th %, HERICT-
7o ERAVERIEIC & - CGRHERRI SR < 72 - B8, BREBOLBNFHROR S (LENIFRH)
BEOBRIEICI VR koo bBRENS, COHE, HEIRAFGEI A 2EBIHh
5o WICEBRAGERIEIC L D FHERENE o 7cB . DEMMIEAEL k-7 eEX LN,

MRRILENFHf SN ERBIh 5,

PERLEE ik, $ER & L TH O N ARHERMOZL & DEMIRE OZEL & ORISR, 53
A LM B BRROERPICTT » 1 BIFIC & » TERRIB R K - 1cBE. £0OH:
PEIC & » CLERHOEAPEB -/ bEXL AT LB TES, 2D, ERINLRID
REASZBRNCER LRATIE, EEMNCT (OEAREICISWTL) oR3hciFicE
RELTWEWEEZONS, o T, fEREFHAR S Lo /o WHORBRIE. #BREOLERN
BESEL Rl L 2BWRT 5, fERIMMBR S %o B8k AKX, (RIS
%o 7BE&% E/NHE] LT ADBBERTH S, L L. DEKFHE] Ko2WTRAE. T8
KA | 13 EREHE - BATIHOBEMNRHESR XA I ex L, BAETILOENRESE
75T %EITEVD DI, AULEEAPHEICIVLBO/BEELEKRT A LICHEERE
BRAETH 5,

1.2 FRTERALEE & FERsRifEsRLE

ER Lk Dic, BROBRFD L VIFRFICFAS»ORE L HBREZICETIE, JOK
TIC & ABERIAE - BREEFHEOEILE 25, EWIHESHVONS, BEPRICTON HE(F
DBEERICOWTOMAE - I 2 ROEVEETHLBE, CORBELIERRHFE (nontem-
poral task) & '35, EABERICOWTOME - ¥z SLeiRE, B 5 WITREME - R PEM
FDHOuRBZEE (temporal task) X5, /o, ThZhOFEICEWTITbh 5 ERL
B, FEBSRIERAE, RNEBERAE LHS, DENREICT T 5EEORP. IR
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BOME R, W, NEEFRFEIC L5 0ENRROBLETHL D &+ 5858 Tk,
REIATE - BFRIFFEIL C O 2 DOBFHRABEBEOH N EHME L DICKETH L3 hch

(#1 2 ¥Thomas & Weaver, 1975), & %\ NIRFRIERAE SRR - REREISHAG O & 7x
L5, FFRERFRARIC LV FHERLEIFE YT S EE 200 T3 (Hicks,
Miller, Gaes, & Bierman, 1977 ; Zakay, 1989),

2 . ReERE BB OB A e i
2.1 FERERARROTS

REZER L COARMICERZRHOZBICHD 5 &, BEERBCEEZATZWEEICH
NTEORBORRFEII LV RAFHEI NS, ThidE ORTPECHALTELN T
BHRTH D, —H. TLEVERICOWTHE T OBE T3, FHERRE & EEOBR Y
kbl eBHb5NT\WwW5 (Thomas & Cantor, 1975, 1976 ; Poynter & Homa, 19837z &),
WINIZ LT T HOfRERIT. RHEOREBNOMERFRL S S REERUBEICEETL L
FRLTW5,

SEBRFHERIC LT, BERN2ROERICIIAEEROESSLETH 5, UEERITE
—DWERZFE OO TR BT ShAFREDOABBMIC & » TR BRIV bONKE
BFRZLEL 35, Wickens(1980, 1984) i3, AEEFRMEOKRITTE LT, (1) HHRAEE
B G - PRAE - RIG). (2) ADEXUF, (REN - BEEN). (3) BHRABCHY
bhsa—F (ZEPHRENI—F, SENI—F) 855 L eER L7, TOEFIVTE,
CEREEBCEVCEBREESHNOBE T — VAW O THNITERERNOFSHIIR. Ok
Wi, FREHOFEII DIV EETFRIT S,

B RAEAERNZRARE TH S T LR T7-0ICid. FERFRMEREIC 1 5 B EH
OEALICHE - TRAE - BEFHESEL T 5 Z e mtid kv, L LAEEEERICES
<o, BREERLESBVSAEER L., RRICET IO 5IERMENERAELH V3
WEBEFRNRLD, BRAE - HESIEREERAUEOFELYZT LW L dEX b5, &
B OREHE AR D RIRFHIZRTIC & > TERHFRAEOMRERE CTh HRHME - FERIFHE S ZE
LT BPBLERRNHIEICLD, CORBEIEREINS,

Brown & West(1990) i, 1~ 4 HORRIHARL 2HERRZ FEMIC. TA2RE
- RTORRET L LTER L, TNTORBERBET LIEIT. ThoORBOS L
D—D%IFE L. BRECZOEREHZHAELE TRET 5 L D iIckdlc, COERTIE, B
RRBOBDHE 2 51T L EREROFMIARERIC L5 L W ORBRBE LN, F/Brown,
Stubbs, & West(1992) iZBrown & West(1990) & EOHkxw AT, BEET 5 RERK
DEPE < Ix 5 & BHFHGREEIC A3 2 PHERF OB OE E /NS e B T L &R L7,
INHOER T, HREIEROGEMROBREEMICN L CEELXRS L. BRORKE
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AT % FIRFRIIC AT LT 5, RREERAUESERPVZAER CohT. ThbORRE
HAEIILERFA—DOFR T~V EH N5, - T, ThHORFE TR SN/ RHEREIC 3 5
EROHRIT. KHEFRLAESTEERERY LE L TORENRIBETH AL LERTIOT
B %o

2.2 BREHENZY M LA

FHHREORENOERZEBIET 5720, 2 2ORMFHE/ NS X4 ABBWbh 5, ZTO—
DRBFERE VR LER T AR, B TZORRICET 5N - FHEARDOONS & HHR
THEVDILDTHS, T OHEOREEE % prospective/NZ XA AT X BRI & ¥ 5,
prospective/3F &4 AT, BBEIHRELER L COAHICKHERICH L TEEYES
LTHRBORSZEABL LD LT5THAHD, O~ 2DORHFHE/ T &4 A, B TRREIC
SWTOHN - Bl RO B C L AAL BT ICRELRR I, BERETRICEEEZ kD
50D HDTHS, ZOBREORHEZHE #retrospective/ T 4 4 Al X SBFEIEHE & X 5,
FBREBIRELER L COAMICIIRERRICH LT LA LEBERS LEWEAS D, MmN
FEA ATIRREICH T 2EBRS BRZ - T D, &35 54 AT ARHERHEOKE 3
ARABRIRZ > TCBEEZLNS,

1 ML E ORI 3 Sprospective/N S5 & A L TORFRFHE Tld, REHICETINHH
BOREXHPHEAT 5 & OBEIRREITE 720, BAEEIC X 5@ RREIIE < 2 0. fEREEIC
X BIERFRIEE < 7B, —F. retrospective/3T XA ATid. BWEBICETINSFEOM
BREEOHASCUEOE ST, RN I &% RIT 37\ (Hicks et al. 1976 ; McClain,
1983), F7-prospective/N5 ¥ 4 AT Isi) % FHlilReRE & ARFAURERITOBI(R & iddic, FFRE
FORBIC BT 2ERAEEOH A - CHHERRI AR5 LW OIBERIELNTVS

(Ornstein, 1969 ; Underwood & Swain, 1973), % 7zBrown (1985) ®°Brown & Stubbs(1988)
i3, retrospective/$5 & £ AIC 3\ T dprospective/$ 5 & 4 AlZ & A BRI & B Lok
REH/T, WS HA1 LAPRA ULBREIEEEICRE L TCWE LERLTVS, LrLE
FIFHIEIC 310 5 RS PHREREOMBEGHOGRIINT TS M k> TRE D EWVWHFE
ROEF58 L0 —BHTH B,

prospective/N5 X 4 A TIIEREROE S & L8 & 3 % R SR AT 23R FFM O 2 &
Tx %, —Ji. retrospective/35 X {4 ATIRIREOMICERICHR S N/BROLONEERE, %
TR C - 22 ORB SRR OZERE & 755 £ 5 ThH 5, Ornstein(1969) 3. K
BHCERBICER SN ERECE SV THESFHE SN, BRINHERENES VT UK
BRAFHESNS &3 HEBREBRRRLRB L, BEERENGZHTIAMEHNBOND—
75T (Block, 1974,1978 ; Schiffman & Bobko, 1974)., Th &5 Ui WS & SHWE X
NTWwWs (#lz2i¥McClain, 1983 ; Block, 1986, 1992), retrospective/S5 & A4 AT & ABFEIEE
HIZEEBRBICE S 3D TH 5. CORBBRIIRLIEREFETIL R, HEPICER
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INAFSEPOEDRIBTH A & 57, Block & Reed(1978) L, EEh—FEOAFE KHE
TUBET &ML, BVWAE LR CUBE FATHICIT S &4 Clt, retrospective/N5 &4 Al
S AREIFHIIIEE CL VR BH T L &R Lz, NEKEDCH VE 2 ZNBEIIROEILTD
». Block Hitretrospective/N5 & 4 AICI\WT Z DERHMBSIIROBEAL B % T FRBELE <
FHEsh B EEE LI,

ERSERFRCRAHIUREILIC & 53813, prospective/N5 & 4 AIC BT 5 EHESHE D
BRULHB LD B725 DD, Ornstein(1969) 2. BEFPICERINHMEBR ST S LD
TRBIFERPVEEX B L, FHRPVBEEZ LR WBE TR L D 8 < FH
INBEVIREREE. CNRFABEFELLOBELONDE TSIk TRBBERERL L VE
RWICABEIh, X VDILERERECREINS 2D EEZ2 DN, COMRBIESWT,
Berg(1979) BRMOT ZA—Y a VBB A HREICBEI Y. ZORBOB X OERIZOW
TOFHPY &5 2% L Cprospective/N5 X 4 A L ARHEPHANE 725 C & &R L7,
L LBergDER CTRIERAES R L Z L2 RTHEEIRIA TV, FELFERHL
DI &> THBMOBREBRL &5 &7 HERENAESERICRD ., L4 ONEERY
BER L ORBHESES K-> T2 WO BRLFETH S, ToloMA (Poynter &
Homa, 1983 ; Block, 1992) Tii., BRABECEN LW LAREIN B 2 &M/ Tprospec-
tive/NZ XA A X HRHFHES R LS LW OHMR LB O TS, #- T, prospective/{Z
FA L L AREHEE R > EREEBC I VHEPIS0IIRETH S L2 5,

A SIREALE T IV TiE, prospective/N5 X4 ACBW Tk, BEiCEER AT & &
DIERFHFRBEONEIZ DOV COFRPEERE & 7 & LTHEL S h, ORI & 7 ORI E
MmO & 75 &L 3h 5 (Block, 1992), T OB Z 7 3REIESIRE(L 2 HiTh 5, %
7:Poynter & Homa(1983) & Poynter(1989) (IFRMISIIREALETIVICEBI L7z, BROL
ENZ & - CTREFEHEZ1T> & $A0METINVEREL T %, JOEFIIC ENIE, prospec-
tive/N5 X4 ATREREFRFRZERLLTVAZICGHE LE> L L, ZOSHOXkEX
HFROZEENEESICES LE3N5B, TATHICEL LT, Getty(1976) 13, #ERE Pt
REOIERE T O BEINER B E LTAT VT 4 V7 RTH DR, BELEEY—DDELE
DELTERTAED D, FERL LD & T HRRZEOLO/NIRRRBICST. ZONS T2k
BE L DB LR T 51T 5 BPRENZERFHIOZEE 5 /NI TE A7 THHE LT 5,

XREALE T IR D EE T )Vidprospective/N T X4 AITBWTHBREISHBTH LD
TH 5, £OHRPFERIIFRREIGHRAE & IERFRIBRAEO —HEFREER & U CRHRIFHERE %
Rz I2EBETNVEP T B 8B 5, Hlxid. Hicks et al. (1977) *°Zakay(1989) DiE
BEFNV TR, BREERAEI EHORREA (subjective time unit:STU) DMK A < —
ANOEREE LTHBIN S, STUDER WO AL, XRELEFNVICET BB Z 75
BOVEAEHETIICBT A5HBORREVOBRITBLLTWB L Bbh b, 2L, R
TFVEREILET VTR, FEERAE & RSB RN OB RO 2 P/ DA TR -
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TW5b, BEETTVAIERMESAE & i2Hs7 LR BEIE 3 5 — 2 A — 1) —REsEE#R
WEER Y ET HOICH L, BILETIVZEL G LR EIFRAUEZREY 3. FFEF
RIEHRAEIC B AL & » TEHNLRHOEBEZHEL LD & LT3,

L EDOB#H» 5. prospective/NS &4 ADRERFHEIZ 36\ CTid, FEORSE #5101+ 55
FFRAEER L., COBBICHE L S AERHNBRLEAESAVONhS LELZ LN,
RS RRT. BERS. TR TOAE L V- RAERERE & OB OBk % 38
T5LEOSEAICENTILT U HFERFEIERABEEBED ML LIcRN—RAA—H—bEZD
HEIFRV, IR — AR = —FICREREIRIE 1T 5 5, QB ETT D O AERRORSS &
PHE Y LR IERROABOFEYZT 55D EEZ D5, KECIIIRLEREDOER
T HNEER & REERAESER T HUBERRICOWTEET 5,

3 . FeFIREAE & JERr R SRRE O [RRERY AT

AH TR, BTAROFTHOY O TEAFERFEPIREOER I 5 AEERORME &, JEkF
RIFEEONBEADORE K & prospective/N 5 & 4 LI & A BEERFHEOBIRICOWTEE T 5,

SEfTEECit, FHEHE (Burnside, 1971), +FS v F /7 RE (Brown, 1985), MH 5
BEEL 2 A\ 7o IR B 2 (Brown, 1985 ; Tsao, Wittlieb, Miller, & Wang, 1983)., 41—
F48 (Hicks et al., 1976,1977), SEU/N—YI)VEEE (Hicks et al. 1977). A ML —T7HE
(Zakay, 1989,1993 ; Zakay & Fallach, 1984), B#icH - EERMOBWE DOARF (Grondin
& Macar, 1992 ; Macar, Grondin, & Casini, 1994), BEZERIBICRd 5 Bix 5N KETD
M (McClain, 1983 ; Zakay, Nitzen, & Glickson, 1983) 7r ¥, &R EERH VWO T
W5, ETHEDIZITFE T BT, FRHREOABERHFOBAIC L), BEETR VS
BECRBREIIVEFHEIN, EREYAVLIEASICRBRILIVESHMINS VO
REBABON T 5, B TR Lo WickensD S EEFHERIC L S5 ABEROGEHICE DL &,
CHODBBEOIF LA CEFRUBL2LEELTE5IDTHS, £ rSvFVIRBEDOLIIC
HBORIEELEET5308H 5, TLFBERCEWTHEEX Y74 LBEEEF YT 4
O™ABRCLNTVWS, A MV—7HRED L5 CZEEN - RN — FALABICHWOHIS
FEE, SREVNYIVFEEOIDCEEN I — FPABICAVWONAREOR T D5, T
Thb, SERFERPE T HAEEFEO T TORT T, REIHROAE & FERFRHEHRAE
OFBPELBH XD TH5H, HEFHETCHWONANEBERIL., B—FFEEHR (Kahneman,
1973) BPMRET A LD TN TOBEORBICB W TERIND LD hH{BHRIETH S LD
CBbh s,

BEPCERINSHHENLSVIT CEHEHRHESRFHEIN S LWOHRIE LN THS
(Thomas & Cantor, 1975 ; Thomas & Weaver, 1975), ZNi3FcEwEER (filled duration
illusion:FDI) $ TN AHETH 5, ZKEVFGEORETIL, RENICIERHENZERS
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BERIN D FERERBORTAERIND X5 THRERBOIZ D A, RN TOIHRRIL
BERROONTVWEBRELVIREIFMEINS WD LD TH S, Thomas & Weaver
(1975) ZRRBIC OV TORRIOMER & RBURROWIER &\ D 2 DO LI UEER %
Exlce MEVEHETNVEHINAHELDET VT, TNTHOUBRNDOEERIL L > TH
WEFROWM N BEZ DT G, ZOH DO IMEFHHLEIRFE & LTRSS h5 & LT3,
FRFRI DR 31T K > THERRINFRE ORI - R T S RB R 5 DL, 3k
RERECB W TITON AUEDORNNZ L S & E 2 b b, FDUT DWW TOMFR T, FHls
REGARFBEIKENDIDOTHD, TARBEFTRREBERINS T TH S, #BREIR
CORBITH U CHEMBRNET O 0, BB WVIEMEITDICT 4\, Hicks et al. (1976)
BETHREOMBEZERE L, gRESERINRBIC OV TSN ZAEZTHRVLEEI
RRRFPICERINIFMOR - EHSICH-> TCOEMIMIIE 2D, BB OV TE
BB A RD b B & LEPEITERLEEDHKIH, > TR BB WD Z 2R
LTW5,

Thomas & Cantor(1975,1976) 3. BEEORLAMZHME L THY, HBOKXEIHX
EWVE EFHERRI AR 725 Z 2 i L7z, £7cThomas & Weaver(1975) 13222 &
DHXFrERLICRROF PRV IR T, BERLIFEZREBETAHLOICKRDS
LD ZEDEAPEESC LRRLIC, TNOHOFETET I NAIERHFRBTIMEN
LDOTHAHD. BAHVIIEMERBROLHE TH S, /-, Thomas & WeaverOmEFHET
VSR PTRE 7LD R X 13100mseclA FCH %, MMEFHE T IVICITRBORE - &AM
AZRAENTOWEWL, Tl LI BEVIFETIIZORBEOF CARNLE X ) Bk nE
BAOZ LIZHEEETH B, f- THicks et al. DIgHET AREBIVNE & 13, RN TOEHRD
BRFE - BRI EOFIRPWUETH S LT 2 5,

4 . WERIFHEC 350 B e RO R E

Fortin & Rousseau(1987) it. 2 BDORFEDIERK & MRFICFCIEERFEE (Sternberg, 1966)
EBETTHLEVWIEREB ko, HODERRTIE, £F 1 ~6EOREEy b EF) &
BErdh, RCHBOERSE I N/, TERBAA D H500msecfBRIC 7 X FRIBBERX
hic, MERINCHRIERR Ly MBSV ER Ko7, BiREy MIOIEREFRICHT
HEBIMBERTH > 720 TOERHM S, Fortin et al. 1T I\ CRRITER & 50iE
BROAFAICETINDHE, RBEERLESHEIN TS LiER L, CO®RIT.
Rousseau, Picard, & Pitre(1984) iC kB H7 VvV EZ—EFIWICE T D TH 5, Rousseau
LIZ/ISWAEERTAHAZ L CREEAIZRB IR 7T 2 LV —X B RE Lic, T/-REREESIC
XL TEBAAT 5N T 5 & ZITIION, SFRFHERRESEAT S MFRERICER AT 6
N WEOFF e BB —FERE L TI v OO VAREEY — 2RV TH
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2 ALAV—FTEEINAY, BEESF — FROFFORICII/NSV AR — P 2@BB LIV, L
- CIERFRHIRIERE 2 21T L O AR RIS IE I N S,

Rousseau et al. DEFIICED b, RBIERHPICIERFHRE Th 5ilBER 117D
N5 &, ZOMEBRFICIIRHITRREY T, SRIRERRICH D - RRIZZOERRFRIA R < 725
CEBFHIEN S, Fortin et al. iC L AEBTIE, BREFRPICEEREy FOREEE, TR
FREIB Ry FOBERTON TS, BHEEEAR. &5 \WiTEHRRIC BT 2085
FRERAE 2 35E Lo, FRRHIAR ko7 eE2 6N 5,

Fortin, Rousseau, Bourque, & Kirouac(1993) i3. 3 #OREOER L. EERS TS
B ¥ A PEMRERATOLVWRERRRETHAG O ERE TRV TERYT- 7
COREHRFB I Treisman & Souther(1985) K L AHbDTH %5, HIBFHEEL T
LRI (feature-presentFH) % FIMM (feature-absentFIH) DOHH LR T HDIIESH T
EEMICETIRTH . RICKRERERT 2R OBOEE 2T x\v, —7]. feature-
absent 3 % feature-presentFB O+ GHEH T 2 OTEE T, HEICIESNEELLEL
L. RICEBREETAHBOROEELYZT 5, I ORBEitfeature-presentH| B & feature-
absentFIBD & H L BBHOBEMN L7 - Th, BHEEAR L% L\, Fortin et al. &
feature-absent Pl AR & 72 A 44T, RIGHEE TR 0 ICHRRPIBBICH > TR -
7es, (RS ERABBOEEBAZ T VWO KRE B, Thid., EERS 2 LELE
THRECHAMERAFEA L WRECTHANIIRMEGHEE FEHE LW E2RTHRTD
2

Zakay & Fallach(1984) I3EFREOFRR D OBAIC L 2 RHIFHE & COM OB % #1E L.
R % R BR L 7RIS Z OFFeiRe ) & 3l 9 5854 (immediate estimation) &, FFREEBRD
5T H H90seck BB IS 584 (remote estimation) & H#s 7=, #1E Tid. FERREIE
B RS & THRERMIIER o /o, BETIFEREOBRE X OHRIIR OGN,
HEORE X OFELBEE T WOIL. retrospective/$5 X4 A BT AEREIFHME TR OGNS
BRTH D, 2.285THNRI- L SIT, retrospective/IT ¥ 1 AMIERBFECHEANELL KIT
I0DEL, BPERICEFEL TS EE2LNS, BROKT » LEESERT ICoNT
BAUERICRREEINCREBRIIBE U, KEHECFIRTE R kb, JDD, REOK
T » 590secM EE L /ot OBRFEIFHE Cid, REARRAZFMOZERE & Lic/icd, FERERRED
S NFEREICHE Lsh - bE 2 5N 5, AHEERECARE X h AEEEROBMFILM
OFRICEBVTAHEXI N TS (Guay & Bourgeois, 1981 ; Guay & Wilberg, 1983),

BT, FERFRIERAAIC 3o\ CTH/r AEMOREH 21T Tl < BHICH U CREBIN L LB 3 TH
N57% O, REOMBEHOHKITH - Tprospective/ N &' 4 AIC & % R I < 7
%END T EERBRNI, F/-. Fortin et al. (1987,1993) IZ L AHFFETid, BBy FO
KICHE D> BB HERRE OB M & ERREOBMBEL L T2 & WS HASE LNz, —T.
B BROBRE - ABOMERICHS VT, FEERV AT LOBMERRBIN TS
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(Baddeley, 1986), EHIRERIIBH CE—DOEHNLBRITRE Y% 2 201K LT, 1EE
R THERAERUBDIZDDW L DPDTMY AT A THERINSE8RER Y A7 L%
EY B, ZOEEELIBOBE T prospective/ T X A AIZ X A RRHIFHEICEA S 5 &, 1FEEL
WBOBETALY AT LAPREFHIEOF TED L D> BEEFEOON WO RMPAE L %,
Fortin & Breton(1995) (&, {ERUEIC X A REfEIFHM & SRR RRE 2 A G DR - KRIC
0. RBROFEHFIIEELEATOREE LY FEF A MM L OBRAABRBETNTVEE
IZid, By FMOBREPRONEWT ERR LA, COBRIT. BBy FEREL
TWBRZT Tk, AR ZREBRABEICTEHELZVWEVWS T EERLTWA, IHIC, D
1. SENEENESYEVAEEOIRIC OWTOHK A RO AREF AV, 2R3Nh5
HEOFEHEPKE {253 ERICHE L IFRERI DR ko, ZRINERERVS A VE
a—7—¥ g Ve AWICRETOAROBREE -, ChHOFBERIE, LR AV L
BIC k> (HRHIBRABESHEINS C L &R L, E-REBRISEN - S50 - H2M0
HRYUE S AEFLRRO TRV AT LEAVTOASZ AR LTV,

5. KB

Klapp & Netrick(1988) (3. fEEEIRICKIT ANE L EROEBROLDICHAV LN AER
& LT, BEENEEVER & EENERNERY XA Ui, #5idProbe Digit#fi (PDFHE)
&, Missing Digit#R (MDFRE) &\ 5 EEORIRERREEL v/, PDREIL. R
Ty FE LTI~ IBEOEFELERL. BEIL T/ O—fzERT 5, $REDL 0~
BO—ORNCERINIBHFZERLTIRIET S EVWOFRETH 5, MDFAIL., £ty b
CEENBWEEDS S 0~ 9 DIMEOBEFOFH1 0 I EEER L TRIES R, Ex3hiksy
ST BFRBERTHEVSHEETH 5,

8 18 Tid. PDFRE. MDEE L EFLMFAARMNICTbIhL, TRy FOBFE
REFABCEFE2RETH5M0L. BEERLABCEELRETRET b BEF 548 G
Flmigs) BHAVON/z, PDREECIIESCHEIC L D EERAKE ET LicDicH
LT, MDEFE CREEXRDETRRON T, -7z, #2ERTIX, PDFEE - MDFRE & 22/
FS v F Y ZRERRRICITbN ., MREL LM M5y F U7 L ORBNETRICIIES
ROETFTHBRONAH, MDEBEOEERDIZINL D KREET L, ThEORKRIT,
PDRESHEEY - SHEMERICEKE L, MDEEIHER - ZRIMERCEKET S L 2R
LTwW5b, EEERRETNVICES 6L, PDREERXFELV— T2 FEHTAFEETHD,
MDBEERIBRZERAZ S v F /Ny FEFERTHIFETHHLEL DN,

Klapp et al. i3, fEERBICB T AUEDOOOEE L, TRODOERZXF LT
%, ERR 1, 2B DOIDOEBERICOWVTHAN LD TH S, 3., 41THROIDHOE
FOFERIZOVWTHENED & 95DDTHY., WA AD 5 RETOPDERE, MDEED
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ETDBRDOONI, EB3 TEEOEDOT VT 7 Xy FORFEL WS FENLERARSAVD
h, B4 CRZEMPNE — VI X 2EMPEIEER SV LN/, PDREISENLEA
I &> TFBEZ T 7o MDREEIZENERATIC L > THITLE#EL L2TFEEZT b
>7e THHORKRIY, PDEERBROFROLCDICHEEN S BHERYHVCIHETHS
T EEART, TAMDRBIIEFERRIC BT 2 AED /- DITITEEPNAEERZ B\ 528,
MDFEIC B ABROFBICIIERVERE DT 2 LoAWEWI 2 AR LTS,

AECHRE T HERIT. FFBEIC & 2R HIEHE & PDRREOZETT & RIREHIICIT . RERIFEAME
LB BEER - SENEROGE L, TV — 71T SEIERAE O ¥ B 501
TAHIEEHME LTWS, PDEEORTIC L » TREFMM A EE L2 5 61T, fERE
I & AR FERRAICRES A ERL—72FA L, $2EED - SEVRABRER
BELBELTHI ERHLNCES,

51 A%

wBRE HREIARAKFEAMREROFERAE, KRERELA,

HE BB PDREEOEMETS&M (Figure 1-1) T3, TRAMAEBIET 5-DICH
By P LT4E, 6. SEOBEFE2ERL:. 4HOEFYERTHEETIE. 0~9
OBFEOS> L0 A@%E 5 VX LACEY, 100msecflfd CHRER L7, 6EOETELY +
BRTHBEICIIE 3R &8 4 WEOISIZ500mseck L., 8EAEZERTABEICIIFE IR
B ARB, F6RWEE T RMOISIZ500msecE Lz, Thick Dty M3/ v—
e h., BB REX NS (Klapp, Mashburn, & Lester, 1983 ; Klapp & Netrick, 1988),
Ry FORBOBFEBERINTHL O 1 secBIl /B —NFBBRRIN, ¥—F v b
Ry FRFAIOF TR —REEE LTERINAEBFORICER SN EETH > 7
iRty MRS 4E. 6 EHORE, RUICERINIEFELTHRSIRNTOREL Yy FHOKF
B, BLVWEES—7y Felkol, iRy MBS 8EORIZIT, L 3FB. S5FBIC
ERINBEFRI—7y F &b d, ThoUAORFBLELVERY -7y FEiksTs,
FERBLICOBFEREL., FVF—TEZOREFLH L TIRIE Lz, RIGODERET 4+ A7V
AREERRLT 74— Fy 7 L,

PDFFE L BERSFR O RBZ T & (Figure 1-2) Tit, &ty F2RRLAE. 7

O—NPWPERIND LsecHIC [# ? ] LWORBMEER L, ThidkeREERBG %R
THDTH- T, BREITO—NFMBERINS LRy PR L. REEERBER?
O APPEER L/ LR U R CPDEREICH 3 A RIGF — %3 L TREER AT L ¥
bbb, BEEROKRT EPDEEANOKEH 1 ORI TTbhic, RIGDEEZ® T+ X/
VA ECERLUTEBREIC T 4 — FN\y 7 LR, fEREBIC W TR 74— Xy 7 Lied
27
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Figure 1 —1 PD task performed solely
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Figure 1—2 Concurrent processing both PD task and production

FRIZIT/N—=YFIava—% (NEC PCI0IVX 2) ZHW, FBERICIIZDF 4+ A
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BEMEICEaVE a—FABRD XA <—ICE A\, B/PNAEEAIT10msecTH - 7o,

FEx HREIEINCEREZTT - oo PDREICOWTOHALT - /oth, #HREIIPDE
BOEMET#T o7, iRty MBI 20RT 7Oy 7 2ER L7z, £70 v 71330
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TR, BREIETOy 7 OBRBINICI0RATORERT 2T - 72 ity MIOIE
FahRidssRER THB I hi,

WIZPDHE L BREER ORIBZEIT 21T - 7o BB OV TOER & FRHC, W43
T, KMTURLELELRVWT L, FRl L TEFPREEZE A LW e 2 BR L, &
Tt PDFRE & BSRAERL O RIEFRIZAT O % 10881717 » /2o PDERFED BIRZERITRE & FIHRIC.
Rty MBS 3 DORT Ty 7 MED N, &7y 7 TRIRATET - 1o, BBREIZE
Ty 7 OBERIC. 4 BORRIERD A DRIT 7 10RFT1T - 72,

5.2 R
PDFEREMEITRMIC I8 5 RIGKR. PDIRE & RERIER O RIRSEITRMEIC B B IERURE
f%Table 11C/Rd, PDEEL B TET LBE. SRty M Z 5108 > TRIERE
MITARICR <Y (F(2,22) =91.8,p<0.01), ¥/ MEEREDHA L, ChiFERL Y
P2 S L TERAMSEAL, PDRES I VR 272l 223 TDTH S,
PERREF IR LB AM AP R VRISV T, EEOFRERE TH 4B LIV R -
7o HAEBEFRENIGEIR Y v PR 8 ORFICARICR o7 (F(2,22) =13.99,p<0.01),
7272 LELB AR OBAITAE S (ERR RO MU RIGR O MU R TNE e » 7o BHER
ZOEKIR O -7,

Table. | Reaction time for PD task and produced duration as a function of memory set size.

Reaction Time (msec) Produced Duration (msec)

Memory Set Size Mean SD Mean SD
4 1034 247 4180 549

6 1240 411 4341 599

8 1576 867 4359 593

Total 1283 614 4294 586

Note - Both reaction time and produced duration increased with memory set size.
This result indicates that (1) increase of memory set size leads to heavier memory
load and makes PD task more difficult, and that (2) increasing memory load
lengthens duration production.

PDFRE L FRIFRORRETRBIC ISV T, AT T H v 7 ORIICATIE » 72108417 DR
TERLDADRITD 5 B, #¥ 5 FTIC OV TOIEREHE 2 Table 2 1279, A0 5 84T T,
PDFRRE & ORIRFHIRFRIIER & Hol LT & 0 BB RIER 21T > T %,
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Table 2 Produced duration in the condition subjects performed production only.

Produced Duration (msec)

Trial block Mean SD
1 4035 306

4048 282

3 4005 232
Total 4029 274

Note - Production was more accurate in performing production only than in per-
forming production and PD task concurrently. This result indicates that subjects
can produce duration accurate if no information processing required during
production.

Table 3 IZPDFRBEOBEMATR & RFR & ORRERTIIC B 2R ILE 27~ T, PDFR
BOBMBRTR LD b, REER & ORBETROEI > BBERIERITE Koo, H/oBME
IR, FARFZRITRE b, SRty FAKEL BB ON TERIGRDE Ko7
(BRI - 22(2)=69.4,p<0.01 ; FREEITHF : x2(2)=41.6,p<0.01),

Table 3 Error rate of PD task as a function of memory set size and dual - task condition.

Error rate (%)

Memory set size PD task only PD task and time estimation
4 1.39 5.83
6 3.89 10. 00
8 16.39 21.11
Total 7.22 12.31

Note - Error rate increased as memory set size. More error occured in performing
PD task during production than in performing PD task solely. This result shows
that increased memory load and concurrent duration production deteriotrates PD
task performance.

5.3 #Ex&
PDEREEIC DWW, BZETkR L 0 SRR & ORRERTRO TG PBRIGELR 2 -
Tk D, FREER & PDREORTOMICETFENLRbhiz, THIZRRIFRICH T 2R
Bk o TPDREENDEEBRSEDPDE It el R L TW5A, T/, PDEEE & FFREIIE
B CAEBER 7 — VTSI EARL TV,
ity FAKE KRBT OoON TPDREEMZETRRORICRHIZE 20, BRIGERPSH
{Txolce COFERIIKlapp et al. BPH/AFBREIFUTH D, PDEEOERTICSWCIEE
Ty MM ON TEELEROAWARED., ¥—7 vy FORBIC L VL ORREIBA L5
IO oM T EHERL TS, —F, SRy MBERT DI, ERBFE DR
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hirv, AEBRTIE, fEREEROMUII ISR QMU & 0 /& {7z - 7z, Fortin & Rous-
seau(1987) HAER LRAKIC, TRy MUCH T AIFRIFHBIR OB X B RICHEIEE O
HEEIDSPEILBS T EEREL TS,

R %, BHX A < —IZ BT AEBORHEN (STU)OERBREKET 5. C
ORED S & TiE, EREBIC X AREIERIID A B E CSTURER I NS LIERZITHY S
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BRI B RAE 217> T AMIESTUDERITH I h Tw 5, JOBETERBFMITIERER
AU DERRSRE &, AELEHBICET S ETORMOMERS, TI T, HFEL—T7HICR
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Ty PBREVTEFRRTOXEE L L 2EBRBICET HRRHIIEL %52 LTk 5 (Figure
2),
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‘Figure 2. STU accumulation and duration for memory search determine produced duration.

Production is assumd to be based on accumulation of subjective time units(STU). Two factors influence
this accumulation process.

(a)Accumulation is interrupted while memory search is performed.
Therefore, produced duration increases as memory set size.

(b)Phonologically — coded information, which is stored in the phonological loop, is treated as accumulated
STU. Increase of memory set size leads to decrease of required accumulation. So produced duration
decreases as stored informartion increases in phonological loop.

The present experiment showed that produced duration increased as memory size, but the increasing rate
of production was smaller than that of reaction time. This result can be explained by assuming these two
factors.

ARRTHBONLT—F 00, COMROFUHEICOVTILICRESDIIE LY, LAL
HFHRV— 7 ORBIREICEE T SRR, REOHEMR X L OLERREOBIRIC DWW TOR
BROMRIT, FREFEBRAEAERL— TN TITLIE WS BRAZEHELTWS LS icE
z2bh b,

FHEN -T2 3BHBICBROB SV AF ATH 5, Baddeley, Thomson, &
Buchanan(1975) 3 & x5 EHELELHREDOITREB I P IBEB I EEEINICLL, B
BEEII NI BB LR LI, CNIIBRYELFTN, COFBRIEZTV—TIERHT
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VALELTHESINT, BBEOEV—HOF L LTHRINS Z L &R L7, Getty(1975)
i3, HEECIAFREMOAINCEWT, 2HUTORE CidWeberOEERIS L < BT
55, 2B ETIIH#ERE SN/ FHERBORERENFRREISR 210 ohaick
{70, WeberDEERNC & VRS A B TNV LR LIS, Jingu(1989) i3 v v/
THBE AV TGetty (1975) L RROMERE LBz, & v V7 HROBERERZEIL250msecD ]
@ Tid20msec, 567msecDEFRE Tldo0msecd k- 7ce THHDOEERZEL FHBRICKIT B
s & & 2 5 &, 250msec, 567msecDTFOREN, Fh LN OB % 12B8 2 5 C
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6. K
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Cognitive processes in time estimation :The role of working memory

Kazumitsu SHINOHARA

In order to examine cognitive characteristics of psychological time, most studies on time
estimation have assumed two processes; temporal information processing and nontemporal
information processing. Temporal information processing corresponds to subjective timing
activity. Nontemporal information processing corresponds to other kind of cognitive
processes excluding timing. It is supposed that time estimation is based on these two
processes and their interaction. It has been shown that nontemporal processing shortens
reproduced duration and lengthens produced duration.

In prospective paradigm, subjects are instructed that they will be required to estimate
duration. It is expected that subjects attend to the passage of time, and that temporal in-
formation processing occurs with allocation of time. So prospective time estimation is based
on temporal information. In retrospective paradigm, subjects are not instructed that they
will be required to estimation duration until they finish experiencing the interval. It is ex-
pected that subjects does not pay attention to the passage of time and that temporal infor-
mation processing does not occur. So retrospective time estimation is not based on temporal
information, but based on nontemporal information. Thus, temporal information processing
is used for prospective time estimation.

Brown et al. (1990,1992) showed that temporal information processing is intentional
cognitive process which requires processing resources. Many kinds of nontemporal tasks
have been used with prospective time estimation. And most of them showed interference
effects on time estimation. Temporal information processing seems to require single un-
differential resource used for any kind of cognitive processes.

Fortin et al. (1993) reported that attention-demanding task which includes no short-
term-memory (STM) load does not influence concurrent interval production. This finding
suggests that temporal information processing includes STM or working memory. The
present study aimed to examine the role of working memory on time estimation.

In the present experiment, production of 4 seconds interval and memory search task,
which was called probe-digit (PD) task, were performed concurrently. Klapp & Netrick

(1988) have shown that the memory search task uses phonological loop, which is one of the
subsystem of working memory and contributes to storage and processing of phonological and
articulatory code (Baddeley, 1986).

Results showed that reaction time and error rate for memory searching task increased with
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the number of memory set. Produced duration also increased. This results indicates that
production uses phonological loop and that temporal information is phonologically or ar-
ticulatory coded. The counter-based model proposed by Rousseau et al. (1983) predicted
that nontemporal processing interrupts accumulation of subjective time units which is based on
subjective timing, and that their predicted that produced duration increases at the increasing
rate of reaction time. However, increasing rate of produced duration is smaller than the in-
creasing rate of reaction time. It should be considered that temporal information processing
is not completely interrupted and that it is influenced by nontemporal information concurrently
processed.

One possible explanation of this result is that cognitive timer is located in the articulatory
loop and that the amount of memory set storage influences accumulation of STU. Some

findings from preceding researches seem to support this explanation.



