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Abstract

According to dual process theory, there are two
types of a process in the mind: an intuitive and auto-
matic Type 1 and a logical and effortful Type 2. While
many previous studies about number estimation have
focused on simple heuristics and automatic processes,
the deliberative Type 2 process has not been suffi-
ciently studied. This study focused on the Type 2
process for large number estimation. First, we de-
scribed an estimation process based on participants’
verbal reports. The task consisted of dividing a tar-
get variable into relevant variables, retrieving values,
and conducting calculations. Second, we investigated
the influence of such deliberative Type 2 process on
intuitive Type 1 estimation, using anchoring effects.
The results of the experiment showed that the Type
2 process could mitigate anchoring effects.
Keywords — Dual Process Theory, Estima-

tion, Anchoring Effect, Problem Solving

1. FLC®IC

ARWGEIE, FHEEEZMESEOHE IS T 5, #AF
EESHEED T X ERRAEMG U, BIZIE, it
S vy OFERED NBD K S LEBUL, EHEN
WM BAT-D, BELEZDTEILVPRETH 5,
IO &S RGE, BEINZAMHERERICED E,
fEAHERE TN D,
CHMBHR T, HoMEXERNRR ]
&, Kfilz» 724 720 2EHOMELSRD &
INTWS [6, 7, 12], Evans & Stanovich i&, &A1 7
2 OHEFRA, XA 71 OHEIZNT AL, ZTORREE
ET2M@BIZHZELTVS 6,

AW TIE, FHEFEEZESHEOHEIZB TSI

RAE - =i - SFH - (LE (2016) ONEICED L,

SDHROMEARFARSL 28, BINFICHIB I N5
WHFH T O & B 2 2 ) e 2T b8 2, BIE
[ EBNHEE |, BEE [ REBWHEE | LIRS,

ORI 5% < DIATIHTNE, EREKRZ 1
T1OHEIZBITS, ba— VAT 4w 7PN NLT A
IR E YT TS [4, 7, 13, 14), A% TR Z
MITT=RAEEZESHETH D RA T 2 0HEIZEH
L7z,

THEEMEZES EOHEE DGHE, HEIZHERIFR
MARLTWSD, AVAILYIal—rarPEt
HABLUT, SENRicREd s LIEARAHETH
%, TD7=, HEEHFIZEERN R HETE % S BB
HEHEMPHBIT D, HEEHD, LDLIIT2D2DX
A TOWEZ A, HEBOAHEEEZRFL LS &
TE5D0, 7z, BECI O HEMBEOIEMED ERT
L0 e Uz,

FER 1T, RETOHFEN S, HOHED Tut
AERME U7z, B2 T, BRWHEIZEWTE
UINAT A%, REZMLESHEEIZEDENTE 20
Z, TV v IR E KRG L T,

2. =1
2.1 AH&x

2.1.1 BmnE

i B R DA 20 ZAYEER 1 I2SL 72,

2.1.2 FHEE

KIIIRINDZBELBDEEZHEEDNGR L Uiz, X
Uz, SEIFEBHEE L LT, 10 R TEHOHE
EMEZRE LU, 0%, BREZMESIHELLT, K
MR CEDHEE 21T > 72, SHFHILX, AEEMED
HERITKE RV ORMARE I NG, 2, BINHF

— 131 —



20170 00000000034000

F1 ER1IIBIDHENR L TDORELA

Bl HEE TR DAL INFAH INFRBEE
FEHAEME HAOKFIZEET L5 FEHEDK 257 H wBEE R
7% Fifi 51 RE H A D [E i %X 20 J3 2,825 B EE - WhER S
EHEEME  RKHZEEO 1 HH7zh OFEREH 8 1,410 % R ZE gk e
R R HATHbA TSRO 1,087 J5 2,000 —MEEIEA <y b7 — Fiie
i e e e N DR % W5k 3 2 Ak 60 Jk FOAEFE [ Y 1B)

®2 ER1LIIBUHEMDE LD

Gs02- 5

=R w5 KEEHE
i n

OME mi#fi OME rp i t P
EERARTE 19 1139 1005 0.410 448 75 4.640 < .001
%% i L 20 1.049 3074 0.632 133,000 2238 .037
FHEME 19 1066 44  0.690 35 1.915  .072
R [ 20 1.561 100 5 0.519 1,000 5 3.732  .001
AR 20 3.653 35f&  2.699 2 Jk 1.915  .072

ZIHEE R OEENEDHEFTARD 5N, ZTORT I
B, BkEiE N,

2.2 FEREER
EReM

HEMITEDMEZIS T EELZ W2, SEEMR
Nk o7z, EFRALDZORTOHEEME %2 W 5L #i
UMtz iz, 224, EREHEICBWT, #E
TEWE N S 3R ED LT W22 inE % 1 4
TORMD SR 72,

HEEOEMEDOREEL LT, SEREHLZAR
B & e H D 72 E DM T % absolute Order of
Magnitude Error (OME) % i\ 7z [3], 0 1TV FE
AFREITEL, 1IX 1 HOEEZRT, £2ICHEL
FE®5, OME IF, EEWHEE X 0 AEZMHES HEE
IZBWT/NS L, HEEBARMEITED W Z & HUR
Nz,

2.2.1

2.2.2 EEOW

FESAERMEEFIH U2 REEO o, REEZMED
Here & [ oM | GHE |[ A& |[ A% | o 4 FsHD 7
DL AZ2ELZEPRBINZ, FFEORIIZEDLS
T, TEORB»SKRTETE L ToR AL LTES
O ZDEEREBZ T, UAFIZE T O AADSHE
FLHE & FEEEH &2 R T

o N MOMDERIZE MU, TOEELLD
BEANEHWEEZRBIT UGS, [ A | »Tbihi
U7,

Zh#E 11 (ZEO) KFEOEL», KFOH, (LKL
FZGAE) 1 Il d B AL S S 7%

o fHiL: BRI o2 BOMZRBEL 2856 %, |
Ml | 217o- e EH L7z, BERNIZIE, £ E
TEASEEINTOWAEL- 7228, FHEIZLS
TEMEMEEEN O Y TRah% [ HE | & U7z,
S 9: HARIESMITAZ? LA, -1 £Z 2000 72137
1 %2000 &3 3

o FtE: MEINAZEZHAVWTMHMOEHDMEE KD
-%it%k, [GtH | 2707 EHK LT,

ZINE 3: 1000 AL SWE 1 #EVWDEEXT (22
TR, 4 21T T, 4000 AL H5WVWAND

o HE: MEEINMEEEHBEIZESTICEEL G
G, [ | 2i7o7-2 U7, 272U, FHEMER
D RAMI OIS A AZE U TIKRAEIC & £ 0,
ZMMF 16: 1 75 2000 A, TARIZHHERRKIZWED
MR, - ZARIZWD PR, ZEEKIZ 1T 2000 A,
8000 A< HSWIZLT,

X3IIBMEZ 0K T ADHEKE RS,
B, Zhohy aNOKTIX, FUELKOMALEDLYE
EHWV, HE2ZEZCHEUVELZRIZ, FTLVWEHEZE
1ol UTHA GA0BRZ2 RS, BN# 4, 7,
SIkFtHEZ 2L T L2 T->TH 67, K¥E2fRe
PHEZE R LT, TN OSINF IR R, B

— 132 —



20170 00000000034000

*3 BT ADOHBE (FEBAEME)
S off FHR R FHR

P1 4 6 14 0
P2 1 5 1
P3 0 5 0
P4 1 1 1
P5 2 9 0
P6 4 7(8) 14 5
P7 0 2 3 1
Ps 112 4 5
P9 0 5 4 0
P 10 1 9 12 1
P11 3 4(6) 1
P12 2 3 0
P13 4 9 19 0
P14 0 6 10 2
P15 1 6 6 1
P 16 2 3 12 1
P17 0 9 7 0
P 18 2 5 9 0
P 19 1 5 11 3
P 20 1 56) 8 0

SUHFEEOIEL, HEEIT>TW, 727U, #
e UTHIRNIZOMRD Tt 2 2 fTbi WSINE
L FEHELUT,

X512, X 1IN RO 0 E RS, Sk
INFERE ) -V L, BEEMZRINAZ ) — %
VYO TORE, BROMEXY N7 =2 LTH
LTW3, HlXIE, Z& 11 OATIE, 12EHY

1 D FIAER & B T b, 1 FHED
A ERDZZEERLT WS,

1#DOBMEERE, ®TOSMEIZONT, HEX
DEBRIHZHLOD, ELoH0, HDWIEMHHDF Y

NT =2 %3k BZ N HETH o7, 5D, 14
EERZDEHOERANE DML TEDY, TD XY b
7 — 7 R AIRETH o 72, PALEOFERIE, RN
NREBWET D2SMELGFHELZD, FIFETDOS
INFZ D, S Iz AR E MO EBOMAL LI R
L, #EEZ2TH>TW\WEI 2R,

3. EBR2

TR VIR EMENS, HERIZGZ SN

EDOREIIT, HEMDREINHEINDINATA
ZHW5 (9, 10, 14], Tversky & Kahneman (&, 7 7

Gs02- 5

ZhE 9 PERER

185 521D AN KREFEEK

/‘}mﬁ@)\u

181 521 DEE 65@1103)\13
//)\\\\\\EKGAD///\\
65U EDEIA
(a) 2% 9 DR
S0 11 FEER

N

NRZDFAERER

1% OKREH
1R FEDZEBER

////L\\\

FERDPIRER/
(b) MM 11 D43
1 ZEO 5]

VART AV NDEEZHEI R BIEIZEDEE
M 10%, F72iE, 65% L DEZWVh, Dinh X
7z [14], TOHOHEETIE, 10%& L Z2#H
XY 25%, 65% & LLER U 7= 2 #1307 45% & 8%
U, TV h—DEENRI N,
ERAHEEIZBWTEL T v H ) v IR,

%%ﬁ5ﬁmvib,%ﬁéhéﬁéﬁﬂbto%%
IHEEIZ & D, N T AZRENT57-0121%, UFD
QDB EL IND, B 112, ABWNHE IO HE
WU THENRE SNDEHOHEEMIT N T ADE
Uip\\WZ &, H2.iz, EBNHEEOREE2ENL, R
B EDREREZRA T2 ThH D, EER2 TIE
ZD 2 RIZBEL THET 217 - 7=,

3.1 A&
3.1.1 Bm&E

Fli B R DR 38 HAVEER 2 (2SN T2,

3.1.2 HENSK

A, RN, RBREMEOKMET, R4IIRL
T2 EOAEROMEEHE I, X—7 v NEH

— 133 —



20170 00000000034000

Gs02- 5

F4 ER2IIBTBHENR L TDORELA

el E DR He R R D EHK AEME  Toh—
Ky VBB HAOKBIERT pRmEoR v o0
S P 105
s 2 K 1 R¥H 720 OFERAEL 2,340°
= 17 ) ORFH 250
B—yy N HADEA 20 72805 1 LOOOT
] S—— L ke d 72 b DR MK ARB b
e H AR 18 J3
. e . & 1,000
R—rry NER BHZED 1 Hbo ) ORRER 8 71,410
Tl A 1 5,000
2 FEIBEE 1 872 b DIREL 1857
= 1 W5 B 72 D O FATHEFER B 322

& NFRAEE T L
b AU B S B ARMHIFAE L 72\,

&, EER 1 L FRRIC, BAEICHEE DR D 5N B A
Tholze TVH) Y IHENEMS NDE D% MGHT
57O Wz, BEARIE, MENHEICBWT,
R—ry NAEBOWEDMIET, HERNGLEINDA
BUEPEVWERTH D, ER1IZBWT, 2<DZ
e, Hffz@8L CHEDONRE I h-L8H%H
W77,

H L, REWHEERIZ, D2 EL CTHENSSRE X
NEEHOHEMIZENT T ANELBZDTHNIE,
BEZBIZEWTD, TUh) VIR BRI
¥ cths, —H, bL, BEERIZBENT, 7TUh
VY THMBREBELT, =7 Y PEBIZEWTODHA,
REBIZBET VA VIMAPBEINEDTHN
X, 2E1E, ERNETOMSREE2ENTET, AF
HEE DFERZFIATE D o722 e DREINDG,

3.1.3 FE=

TUdIZ, BMEZXZ—=7Ty NEBRDERT > —
DEE Y KREVWDR/NI WA ZE 10 BUARIIZEZ L 72,
TUH—DEAREZA Y VR =T AR SN, F
D, Z—=7v NEK, 2 DOBEESBOHEME T
NZN 10 BN | U7 (EEIHEE), $i0T,
SNEZR =7y NEROEZ, e RV 2 AU
MMEHIR CHBENCHEE U7z, HiE®, BLEAHOHEE
fix, =7y NEBOWEMEZFHORIE L (E
WHERE), RRIEIMET LzRIZ, ME I, HENR
BIOHERNRDMEZ M > TW i EE IR, FD
%, FMEIZBVWTYD LS IEEREE L% HEH

ER OGP St e

3.2 EREER

FER 1 L RIBRIT, HEE 3O B % S v #r
WHWS Nz, #ERR T2z, FEERETH S H % B
ThHhotlz, HEENREHS o7z, HEEMEI )
5 3 EEMEMRE DL EBEN T WS & D0 h S Bk L
7o F7z, BHZEETIER L 2EOEEOREEL E
e U7z 1 % %2 REEFEDO DM SBRINL 72, &
EXNRTODS 114 (M =1.93,5D = 2.74) H43#r
PRI N,

#F2MNEDHHERONE 2 TIT, B E2MNES HEE
WZBWT, DMEERTR- 10RO ITDRD -7z
DRIV, SIMEEZ B U, EBR 1 LRI,
KH5ITX =Ty NEBOHEEMEO EMEMEDRRZ R
T, AREEECOAR, AEBEEMESHEICBWT, HEM
D IEMEMED T E L 72,

BN T, WAL HEHEMEZ 122 5K
WAL, 7V h—@mETnZTho et R EH
U7ze K212 2 BROHR ZRT, 2D VBB
%, FEEBOHEHEIZB VT, 2(TVh—: &, &)
x 2 (#EE : K, #FE) OBINE NS DI &
Ulze ZORER, Z—=7 Y NERTOART V-
K e EERNORHEAERAPERITELR (F(L,32) =
10.847,p = .002), FAIMREDFER, X 2(a) DI T
ZIZRINDEY, EEWHEEIZENWTIET v —
MREVIROHEEMEP /NS WIFOHEEME L AR
WRED-7D (F(1,32) = 25.892,p < .001,7° =



20170 00000000034000

Gs02- 5

#£5 FEER21IBIIMEMHEDOT LD

e nE FREHE
il n
OME R E OME R JAE t P
oy Xol))
FEAERBE 35 0.867 200 /3 0.648 198 /5 1.570  .063
& fili [ 33 1.278 3K 0.670 10 A 5.828 < .001
EFEME 31 1.269 10 /i 0.683 6 3.626  .001
ey AW
EVERME 20 1.040 302 /75,000 0.630 1,300 5
& Fii [ R 0.886 30 /i 0.805 52 4 5,000
Bk 1.050 27 Ji 5,000 1.035 35 Ji
— BEBD  ATUN—E 4. WHREER
oo T PRRL mren—E AW DORERE, FHEFENEZ PE S ORI B W

11 -4 1

0.5 1 fj: % 05
W

0 N

0

+<ff; 05

R RE 17 @ ==z
(a) Z—7"y MEKK
X 2 z B3RO

3R

-0.5 1
-1

A47), REEESHEIZB VW TIIAREMDOATH -
7z (F(1,32) = 3.650,p = .065,n? = .102), ®hREITH
ErEO5WTBICBVTHAL TV, BB, TVh—
BROEEPERITEL (F(1,32) = 23.653,p <
001,7m% = .425), #HEZERNO EMRIIARETIE LD -
7= (F(1,32) = .076,p = .784,n? = .002), — /i T, &
fRIZUBED R =7y NERTIX, 7oA VIR
BRI R SN ed o7z,

F7z, BEAERO 7z BROHERIE, K 2(b) DT T
TIRINT WS, #HEEEROEMEIE RGN T
Ho7z (F(1,32) = 3.587,p = .067,1% = .101) A4+
2, ERRPLZEMFHBARICEL L o7 (Fs <
1.500, ps > .200,7%s < .050), Z DOFEFRIL, EREAHE
e, BEMHEZ, TUR) U IMBIREC RS
= ERT,

AEDHEERMNS, AITFD 2 mNRENG, F—IT,
RE RS HERI, ERONREZE UHEDONSR L
SN (BEEER) Tk, 7Y A—DEOMER
SR, 7201, HENTRETH D, BT,
ZTDEOBMEEHNVE =7y NEROEZHE LT 5 Z
Ciz& Y, EEMHEREIZZ D AE UL T AHDNEN X
nd,

T, WEZENFTHEEZ T 2%, FROLHE, %
NERET 2MOERIZ AL, EOME, R %@
LitE 2752 2B on e Lz, ZOMEI, ¥
BEMEIZBEVTRENT WS, ZEDTIV—TIT,
HENROLEB 2 MOEHEHNTEAMET 2205
MRE-HLTWS [1, 11], AWFETIE, T 502, 1
ANOZE A Taw A2 S E Ui,

FEER2 T, TOLOLHEE R ML, ERHEER
WCHEUEANL T ADBEMPAETH B Z EWREI N
77o WHZ, DEIMMTONMETRENPECZZ & h
5, BRONRVPEETHDELEZO6ND, BMEHIE
FHEFEMED E, DF D, RHAE [5] DIEROHR (eg.,
2EOFMEDAE) %, RAEDOEHVHROMAS
DY (eg, 1 RFEDOFHHAERKE 1 HOKRFE L AR ERT
EB) ICEESHMA LIk, HEOKEE BT X
&L, EBIZIEMRHEZITATZEEZEZ LN (2],

— /T, EBR 1B AMEMETI, 24T
bz oz, Tk, AROMBEEILX AR
THY BT onsd720, (ho—HoMfae thx, #
HIEIIMEL o722 ThHh b eEZ 6N, DED
SRR EBEATIFIZEA L T, S 5RBMELPBET
H5,

ZE Xk

[1] Arlebiick, J. B., & Bergsten, C., (2013) “On the
use of realistic Fermi problems in introducing math-
ematical modelling in upper secondary mathemat-
ics”, In R. Lesh, P. L. Galbraith, C. R. Haines,
& A. Hurford(Eds.), Modeling Students’ Mathemati-
cal Modeling Competencies (pp.597-609). Netherlands:
Springer.

[2] Block, R. A., & Harper, D. R., (1991) “Overconfidence
in estimation: Testing the anchoring-and-adjustment

— 135 —



20170 00000000034000

hypothesis”, Organizational Behavior and Human De-
cision Processes, Vol. 49, No. 2, pp. 188-207.

[3] Brown, N. R., (2002) “Real-world estimation: Estima-
tion modes and seeding effects”, Psychology of Learn-
ing and Motivation, Vol. 41, pp. 321-359.

[4] Brown, N. R., & Siegler, R. S., (1992) “The role of
availability in the estimation of national populations”,
Memory & Cognition, Vol. 20, No. 4, pp. 406-412.

[5] Diana, R. A., Yonelinas, A. P., & Ranganath, C.,
(2007) “Imaging recollection and familiarity in the
medial temporal lobe: A three-component model”,
Trends in Cognitive Sciences, Vol. 11, No. 9, pp. 379-
386.

[6] Evans, J. S. B. T., & Stanovich, K. E., (2013) “Dual-
process theories of higher cognition advancing the de-
bate”, Perspectives on Psychological Science, Vol. 8,
No. 3, pp. 223-241.

[7] Kahneman, D., (2011) “Thinking, fast and slow”, New
York: Farrar, Straus and Giroux.

(8] KA 340 - =#h FIA - S3F - - L BEA, (2016) “
BEEFEELGRIZ D < RRESEME & A S MO HEE (2B S B M
7, DERERFSE, Vol. 87, No. 3, pp. 229-239.

[9] Mussweiler, T., (2002) “The malleability of anchoring
effects”, Experimental Psychology, Vol. 49, No. 1, pp.
67-72.

[10] Mussweiler, T., & Strack, F., (1999) “Hypothesis-
consistent testing and semantic priming in the anchor-
ing paradigm: A selective accessibility model”, Journal
of Experimental Social Psychology, Vol. 35, No. 2, pp.
136-164.

[11] Peter-Koop, A., (2009) “Teaching and understanding
mathematical modelling through Fermi-problem”, In
B. Clarke, B. Grevholm, & R. Millman (Eds.), Tasks
in Primary Mathematics Teacher Education (pp.131-
146). New York: Springer.

[12] Stanovich, K. E.; & Toplak, M. E., (2012) “Defin-
ing features versus incidental correlates of Type 1 and
Type 2 processing”, Mind & Society, Vol. 11, No. 1,
pp- 3-13.

[13] Stanovich, K. E., & West, R. F., (2008) “On the rela-
tive independence of thinking biases and cognitive abil-
ity”, Journal of Personality and Social Psychology, Vol.
94, No. 4, pp. 672-695.

[14] Tversky, A., & Kahneman, D., (1974) “Judgment un-
der uncertainty: Heuristics and biases”, Science, Vol.
185, No. 4157, pp. 1124-1131.

— 136 —

Gs02- 5



