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Abstract

Probability matching is a classical behavioral anomaly observed in lab and field studies. When
asked to make predictions of two mutually exclusive random events from Bernoulli process re-
peatedly, people tend to match their predictive frequencies to observed event frequencies, which
violate maximization assumption in rational decision theory. Previous studies suggest there are
two independent psychological processes that lead to this behavior: Associative learning, pattern
searching. Previous researchers’ attempts to distinguishing these two processes are failed because
of the confounding of latent variables. Our study tried to use a cognitive auxiliary procedure, a
dynamic feedback window, to extend short-term memory capacity of recent events. By mani-
pulating the length of this window (at the level of 3 and 9), we can separate cognitive process
of probability learning. The results showed that: First, by checking how responses are sensi-
tive to streaks/runs of events, we find that the recency curve showed a complex wavy form: A
mixture of the positive and negative recency effect. Secondly, as subjects gained experiences, neg-
ative part of the curve is gradually replaced by the positive effect, suggesting that the process of
pattern searching is overturned a process of associative learning process. Third, the pattern of re-
cency curve also changed when window length is increased (from 3 to 9): at the high-probability-event
end of the curve, the shifting from decreasing to increasing occurred early in the condition of 3, but
latter in the condition of 9; but at the low-probability-event end, the opposite is true. This result
implies that the process of searching patterns may embed in the strategies of encoding and infe-
rencing of streaks of events, which are sensitive to task situations. In conclusion, by using a dy-
namic feedback design to manipulate short-term memory, our studies separated cognitive process
during probability learning, provided new evidence to associative learning and pattern searching
hypothesis of probability learning. These are both meaningful from theoretical and methodologi-
cal views.
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HE: EERWMIEST, RIEMATREFMEREOBRRILCATIRTUAR, 2T AEE T EM
PEREBHI BRI . DRI AL R T LRI AR PR H—RRE TR RRNERS ES
72, BIERRIN/EEAMEIRNE; HoRRE TEEZHHEBER RN, LnBEERRES. ABA
ZRA AR AR LI AR B . Tk WFS08KR¥EAE, EEEMNESHHMSIEE
AREE, EFEHHANES, FOEFRRERIMIFANFE(E25N). SR 1) TELEM4HRN
AT R AR IR RN (181 1) T B R i — RSB A SR B (A TR R FR) B3 2) 5
BRFMLL, RARFET SO RS KN R (RKE)EK; 3) BELRKEHT, FEEENZ
HFWIEEREBTERAR. 48 APTARAFHSREATER, ABEMREINANGDERERE T 5% LR
BR, ALEHRTARKPARERE T BRI

XKiEid
R, MERES, DLEHBER, AR
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1. 5|15

H A6 T A SR K 2 B L RHIE, AT ZE A A R s AR 15 52 T it b ke . ELAnoT
TR RAE FE TR R B A, AR SRR RS i PR, BRAEARIE AL REIRIZ W 1 -
FE L il R, ERAE O R B4 A SR U DAL SR A AN [ IR T2 O, I 24— mI LA
B AN PR S OB T AR AR T B (ELans SR A AN, AL 72 0 AR AR 22 4y R I o SR T KR
SRR TR, AR SR LR TN FaR il U, JFAS SR RS A6 25 HH o B B A R IR 9

1.1. BRFE I SEETETH

FEL MR 2 SHESS o, HOaRE ZX WA BRI BENLF AR AT R 2R TN, B I 21 4
ST R 25 BRI, 20k BB 70 70000 0.3 A1 0.7, MR fa e B s i FE b ORF AN A2
FE_BIR A, G 2RI A (2 SEA R SRS, ROV . BIFFE R, A AE TS bk i) i e 5
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5l 2

BB RIS o FHS AT ) T AR S R AR R AR DT AR ) F00l, R BA 307 A Lu gl
TR, 1X— a7 N ay 4 N UL ECAR 2K (probability matching, PM) (Vulkan, 2000).

12. CECHERFAEFERSL

KT UCECAE AT N A ORI AATE — 8 4, A AN IR 78 2 2 SCRE AR UL . 12, IRAh 2 2
TRUEIA, PM AT EER B T MG (8L 55 40 2 28 56 1) 147 40 SR B (Erev & Barron, 2005; Myers, 1976).
e sk ECAZ o DA SR LA R, A B, R T S IROR
A, BUMUER A B S EER S TR ZE, R NAT e . Hk, BRI R AR U FIRE A R
HLBWENALR, RS MATESS JF L FE o A7 7E (16U (Gaissmaier & Schooler, 2008;
Plonsky et al., 2015), HIT# iRk %5 JJ IR R IR AANAETE, BLaUHE 2R HS R S BUKR R PM .
S, VCECHEZRAT AT fe sk H PR A TS rA RIS 72

— St F R R I B N G A KN RE ) AR B X A X PR R (LR 1), HEEAB T .
2, B R (B OUE 55 R ) 2 S5 JE I CAZ SRR, DRI A0 6 T 0T 22 06 A BBk 5 2 SR U3 Tl
PM &880, RUAICIZAE BTN, SR T RHER; ARG & T R S A, w2 PM K
HIREEA M RE, G MK PM 47 v, R, ST IARIRE R A2 28 &, TRAs 2 IR T
D, CAZ 2B S AR AL T SEHERG, DRI PM AT A BRI BT mnic 2 2 5 5y (8 gl iR = g,
A 2 R B UL T AZ 25 B AT PM AT R IR TE ARG

TR AR FEAT B A, AR BLLAEM A R4 e AR 2 A — B (3 2). B2, MG IE
o SCFEA A S 230 PM AT Lol (R A7/ ROIE & LAEICIZAT S 8 TR KA M TaE ), &
PEA S RLA ]~ 235 0 T 5%~10% (Wolford et al., 2004), 53— J5UA| F 5 4 B 3% <5 18 BN R A A 1 90t
KILT AR5 18 (McMahon & Scheel, 2010). {HRX—45R %A UG SR EEE, i Otto A
(2011) AT R BT 553X E 55 ST B2 A (Otto et al., 2011). SEBR b, 24SZ86# 6] 7 i IuLf PM #
TS AR 2 2 BRI S5 0 0 (FERR 15 R RO MERR), — Lot 703 ORI 2 SR 5 S Rl B — B, 5
AL Z AR VA1 RS (Schulze & Newell, 2016), RIAKN G473 0 PM. (HJ2 %4518 RAERRIR AT 55 %
PERA RO, RARA k.

SEOX AR B R R TREA LA R L. B, IWHRESIR PM 17 R 2 IRl H et ] e —
ANAEE B RUESE,  RUAARIRE /10T LUB IR 2 AR g A —— L ansEsd . &0 ARS8 SR R S ng
——F A A3 FRIAT 25 AR 4T 43 (Stanovich & West, 2008). Fiik, SUES4RH, SEIb# 16 FI i
T IAE 55 FE1E 25 7 (Wolford et al., 2004; Schulze & Newell, 2016; Otto et al., 2011), %F )L 48 F (K5 Rk
I4E55 T (Denison et al., 2013), MbAk, INFIf AT SINEIRE /7. SRB& Z [AIAS BAE FHIE— 0390 T 45 R 1)
M. Pk £ 07 (2010) 1 SRE R FHRUE 5 it FHiBId He 508 BRI T 5Rns: — AP T 5
WA, FORA RS B AT PO (SR BT EC A ) 5 — LTS5 i R A v i R, B SR A AT R AT
Yo AT R AT RESE = IEHR 2 (O T ICFCAL) o &5 SR R BAR ST T B i DT O 20, VAT 45 B 6t 43 BT G e 201 11 5 i B
K AR BN FRE FOnf AR e 5% ) FHRAAR Bt ake A L, BR68 2  BRTHBAT 1 AT 55 B8 (7K K17, 2010)
B, DR AFE AR BRI, T RER S U0V X 40 26 2 S I R A R 2 00 32 B2 A
1.3. LRI

AHIFFE 23R MR B B A FE e, ASRERIZF AN B8, i A 3t ) P 3l 25 S A3 A 113X — A/ 3 4 B
FEANBICZA R BANEES], Pk ] RO TR rHd 2 KRG A e . & ARFZ
ABTE T, Bl 2 S R 7 B8 ) SR AR, DR B T 32 488t B0 ) — A 2 1 I ik T i 1k
BRIV 1E 32 [R %4 % (positive recency effect); #H sk T 1E 12 % (gambler’s fallacy) {7 & i 2048 2% s mg 2 S 80
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Table 1. Explanations and predictions of two different hypotheses of PM
= 1. AR T AR R T

TR BREEE ) RRER
AT R CiEiipin Clibk Ly B R
WIS 1 (LS PMT(CIZE R/, SR EAMET) PM | (AU ZHAFIS5 77)
WaRE 1 (R IZ A R) PM | (R At v S HE) PM1T(J5 e RA)

Table 2. Summary of evidences from cognitive load/ability manipulation

2. INHGTET/RE SIS B

PM 3#m PM F&f% EER
“’}f” XUES: Wolford et al., 2004; ik 14, 2010
o MAES: Schulze & Newell, 2016 SUAES: Otto et al., 2011
"m NEIBIEE: McMahon & Scheel, 2010
"%fu STM 25 Gaissmaier & Schooler, 2008; Kareev et al., 1997 STM Z&%&: Rakow etal., 2010
|3
j%;g JLE: Denisonetal., 2013 JLE/BM: Derks & Paclisanu, 1967

RN, BB S A S . Sk, AR W =AM
RV T RES A (0 DR 20 17 Ik Hh T 30 PR 30 PR L F) B
B —: XA S S U A AT R s i A R T B VA B Ry, AT DR A (R A1 R B
Rik=: k& ERLE UGN, 7 RCiZdmET &L, R0 PM 178 2 R B
HRSFNG, e BN T IR 5 S I R

2. F
2.1. #ik

VRHUPG B 241 50 44 KA REAR (26 &4 Tk, 24 & 4k), SERTEETE 18~25 % 2 A (CFHI4EHS 21.2
%)o YA ENAFITF, BRI 50, W IEM RS, ARG EMER . Guit22 77 R FE .
SEEG AR NS, AR E AT S SR IS 12~14 JCHIHREN .

2.2. 1£5%

FE/¥ Hi Matlab ] Psyhotoolbox % 5, 155 1 St A — M AT Tirak: sl it 2 i 4 h Jek]
WP, IEF KB G e 8emh, B EJ7 Ehas R e D SO ik, i 1 s, £5%
71 8 NPT E(Block) i AT, AN BL 50 MK, AN BCZ A4 30 RPN IR AR KOO AR, DR
Fer RN B SRE, MO RS SR L MG ], 1 RS RIURB. RBTESE =ANE
gr: 1) ERE TR E R ITRAEE, STRS0 BT G R0; 2) REBERR T
e as RS HE (B R BoR) B CE R . 3) LUTHIZhA W D R, W OMNEE RS, sA
I DU S SRR BN (8]0 1.5 A, $36 Bf e rh R PR R “THE#E.” , BEATT — Mk
T8 P L IIHE 5 MBI A IR, B 5 BhBlUR B R MOl e Be, A & BENLE i —
M P29 1.8%M B8 TR AE L, 7R 80 73 A X L sl BR) -

2.3. TEMENFITH
SIS RS IZ R AR IS R AT VAR, B R B AS R E RS B SIS B AR B
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Figure 1. Sketch of the task (length 9 condition)
Bl ES5nEEEE I £

o RHPARER KT, PSRN B A% (F4 25 N), & 3 %00 T & 1 R )
SR, AR KM T A NI 9 RFE. B, Il A A E LA R A NEE T
Fh oA AR CAZ R B 22 7 (5 08 3 71 9).

ST IRER T 51 B 58 A B S R FR AR i, Forh — Ry s A H (B L2 0.65, 1K
MEZSHA A L), RS 1) S B (L Bar) BA S 21 e A B A7 B (70 AR ) E R TR 2R AT BEA LA R Ab B . 3K
RN AN R . FEREATAE S AT, SR s HE R I AE AN Y S, B R TN AT SRAS A4 Y 0.3
I AR i FE 400 XTI 4 300 IR IEHf, HoaWaii 5 + 0.3 x 300 = 14 J6. 1RSI TFAAHT,
Pk AT 10 MRS, B ARMESEF . 10 DIt e w8 % F A [ 1 77 51
(H-L-H-H-L-H-H-H-L-L-H A& R FHA).,

24. A%

KHEBI A, KIS R G ZRPORTIHE . W8 FEORELLT U 1) St
AR 2) ) i P SR A PR 15 VO DA S SR A TR (e “ AR T BRI SRR 2 7 CARIA TR S B
&5 7 )s 3) WP RIS P AR R, W RA W ESRARAT S AT A A R .

2.5. #iEatr

FRGHE: BB R R, 1) ®FEE RH) = %8 H FHRMEBY S G E: 2) s
(switch rate, SR) = &SV HANEY SR B, Ak DI IEER A e — MR e A [F T
— AR IR R BT A R Lt T2 6 I R7 41 HHLHHL, JLUI#aisch 3 (ks ds
T=W), HifY#Es 316 = 0.5, —MlNy, VIHRFE AR B T AN E RO N IR RAT . 3) IEF%
(recency rate) = T [RISIEL/ Sk £ E . I RIAEAR 2 t DGRBS -1 IRFAFAHE I E . —RRIAN, i
DRI 22350 43 S RE 1 Bk 2 > R8O A, IDCAEL v 1 B 0 et ) T B 5 A — RS D P a2 49 [ el 2 1 i
o 4) MRS, 5) IERER.

BRI 2R 0 Rl 28 s B T O SR A BUR AT i, R T IX A B A A o) R S R AR
(Plonsky et al., 2015). HRHEERLE % I, LR H AR R S0 80 2 38 I X PO 2 S AR i), R FR0IAT
RSB M IE IEE IR %508 (positive recency effect) . [AITT 24 LA S: H B MR S04 H FRBONRE S, & H F4E
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R R ZR Nl 1 T DR 2R, PRAS 2 ST B T it 2 2 i . A Rangaal i i “ 2487
FRHRARER IR SN, W] RE 2 7R 8 tH IUAH (5] 251 J SE AT ) T T AH s 2, 3 300dt ak 10 3 ] iy 28 (870 PR 2%
) (Boynton, 2003), TR HUA ¥ 3 2 J5 R 0] RSk AR B R EE O . BRAS 5 ) R HE 2R N A2 1] DAL AF
B, PEhmr A 2 s R HE 200 IR ” FEA(Altmann & Burns, 2005; Boynton, 2003; Plonsky et al.,
2015). LA, —LURFER 2L 5] SR m G A B R RN (Edwards, 1961). ARAERT A MR T 4518, BATERE
A M ER: 1) RRFCIZ S FEFOE RS, HL AT PR KRR 25 B B3N s 2) PR AR
R SN 2 [BAFAEAE BAE R, SR S B 11 25 B 0] A7 30 DR R0 FR) 52 0 KT W 8

3. &R
3.1. #WAGHE
% 3 B, B BERAR A B A THEOA TR, 258 3 A& 9 251 T P tHE 2 )4 0.673 (sd

=0.07)#10.685 (sd = 0.08). 5 F 54 0.65 A LU, A B& A A il I ) , 3X 5 T A 4518 4H— 2 (Otto et al., 2011).
BN DA BRI B R 2T AT R, BT AR B (0 2 ) 22 S B ARk B B K

3.2. IEEMR

2 R RHEARY B R i 4, WhESEFAUR AT I AREA R W DR B A TAEEESR . WEF
AR S|, BOESHI H (SRR S IGIN, PR T I DA 235 200 Se 0 - JE o - PRSI
CUIR” A, XHET ARSI —(Altmann & Burns, 2005; Plonsky, et al., 2015). 1EZEAMET
PRI R AAAAE — W ZE R AT 3, A& 9 WA T FOE RS RREE I TR EE G i
PHIELE 3 X H FATFMG, EEEE 8 G4 “RIFt” , A MIAES 5 IkJamk “E” (7 F18 41
t {051 2.53 fi1 3.82, @it T Bonferroni £21E). b4k, E/MERFEL L 1030, BE 9 K FERN
JIRE “HEaFh” fim, BRI H GEEERREESE L B i AR 3 RN R R IR “U” B, sk
L /b 5 BN, “Ead” , ik 5 NI 7, HIRFEREIN( “-5<” & t i 3.66). XLLLERK
W1, R RACIZ IR RS DO T AT I P S, DG T I A B R A SR A7 DR R

I P ECRIAE 2) 0 fE BA(KE 3) I R it 2 v LA I, SR DRSS £ SR 1Y) IS B BCRE A RS )
TG JEHN T8 9 5, 78 H IELH I 4-8 IR, Ji 58 B 3 ol At 0 ) LT 58 A s 38 B AR (B 1 7.
8 WA D EIBIRIER) . UbAh, BB B b Ak AR PR ) 22 AR S I B T L P s iR T, IR
> R0 R 25 ) B 52 B
3.3. RE&ST4A

AR i) 50 2 1) S WA FH A 0 6 B i AT 20 20 PR AR R B (b “ Rl 3 AN R AR —FE Bl
BEMZHIA—FE. 7, “BIARGEH LAAHNANSGOEE 2 4.6, R, GEF. 7 )Pl
RHE)A 28 N, FITH 22 NAIERZEFH .

T HELREE RN, FATRERRRAT 3(434H) x 8( Bk block) ¥ = Ml & 75 22 7 H(r-ANOVA) . 7314
SR 4 FR), EFEERIE I B0N B35 (F(7,375) = 21.6; p < 0.01). Zr2HR0N .35 (F(2,375) = 14.3; p < 0.01),

Table 3. Mean(SD) of descriptive statistics at group level
= 3. KRG EBREFEE)

g iHE HERER IE X LR P ms IE#=R EMERMA T
HES3 0.73(0.08) 0.34(0.12) 0.66(0.09) 760 (183) 0.56 (0.03) 0.67(0.07)
KEO 0.74(0.09) 0.32(0.10) 0.67(0.09) 840(236) 0.58 (0.04) 0.69(0.08)

DOI: 10.12677/ap.2017.710152 1228 o3 2


https://doi.org/10.12677/ap.2017.710152

25l %

SWREHML, SRR B TR seng . ok, AT S B AR AR T B2 KT
(F(14,375) = 2.21, p < 0.05), ME/RIRIREE 2 I IHACEBEWE, ISR RIS R, Buhh, VIHRss
HERZ RN B RHARIR. %2R SR 745 1R FHY)A (Unturbe & Corominas, 2007; Yellott, 1969),
RIS AR A I BB AL A A 52 2 R 4 K A0 ) TR FH PR B DC T AR SRS

4. it
AT FEBEE R LSLE I T o FATR I T PRIRS AN A7 U R30S 7] B A7 7E T b 3 - U 4T A
0.9F 1 4
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Figure 2. Recency curve in late period (1~200 trials) of the experiment
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Figure 3. Recency curve in late period (201~400 trials) of the experiment

& 3. SE3&/EHA(201~400 iR R) I [ 2k
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Figure 4. Learning Curve of explorer and unexplorer
4. REF(E)FIERERF S Ehzk

R, PR BRI DR 2R RS 2 ST MR S 2 AR I A7 B T SRR R 4G 2 > s (7 3L
LA, T I AEIZ R A5 & IR IR 2R SR (P BT AR o AT BRI S, FEIESE L2 1R(3~8 1K)
BRI H I, PO KA SR N R 2 SO IR (ARSI 2 (5 IRV E)L A
I A0 R L R S RO, BRIV TR 0 2% A 0 S0 R 80 B e

4.1, HERRAARID R

X AT BT LS AZ g R AR . A AT AR A BB IR A5 P AS A AR S0 s D S, e D S
N &=t 0 EIN . AT AT A7 A2 520 (Altmann & Burns, 2005; Plonsky, et al., 2015). {EAHT 5% i
ERIPMESS T, AR A S B e CE B, 2 BT B 2ok o — e B (b an 5) 9%
SRR AL R —FPOR A, R UL, AL EEXNES: 5 YO 5 K DL AT BE G M X (B Pl
2R IAS R VASCHRPAAT 0 K (1 18 2 S A R OR B A T VR () S ) o ATIE 0 AR R B30T R it 28 7 T I 3
PERE B 3 SR A AR AE AR AR 22 ) (R N BRI Fe g it 1 2R BRI (Carlson & Shu, 2007)), X{E—ERESE
FFET BB, FOAE OARREE AL EIR, A2 LA . WU, 7R e
BERSZLVRIIGFATN, Az A BOE S A S SRS e 15 4 RN BEUR: A, Ao Am i &%
PR A E R R R BE BRRS, XA B GRS s I AR A L. SRR, TE
B9 A N AR 0 A — Fh S A R () HEAT HER I R

G b SR PR A ANHE IR S TRIAT 2, S BOBIRTE I R i 2k (Altmann & Burns, 2005; Plonsky, et
al., 2015): 1) ELFM M RBAERIY IR AR, B2 il it 2R A GRINE LGt AN [F) BT 26
2R\ B B FH W GE 2R 1 SR FIUM A S 1) 25 2) e SR B0 I G 1 PR 5 Bl A 55
AT, TRINNES . X AE TR IEMA R 3 264, bt ERR (B S)[EFS 5 BRI RN
HREYERFAE 3~5 YUl P, B 5 i MBI R AER & 9 264, 4 1) 573w (8] (i) X S bl 1 i (L
B 8 b A HIL AT o oAb, X TR I L FA R — o, PP SRR 2 B [ERE R INAE 5 b, DRI
FAHEM B it ERRRBCN 5. Bz, EWHEREMERNSE 7905 ERR, i 520 g g Al
HEVR SRmE i 7 I R M R 22 5, % RAE— e AR b SRR TR R .
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5l 2

BEAh, RIS A BRI SRS 2 RS I TR b o0 R e X A S A
B SR, RN 5y BA, BT ST VRN, WAy 500 DR CHBiRt) 3 59 e S D i
SEVIUIR. V24 T A7 REAT OB P 14006 7 0L S 9625 5] M

4.2. REME SITAENY

SehR b, RN AR S R — A BRI EAR R . FONEAR R RGOSR, RSk T ke
PUS 2 e AR E Y, IS B EUR AT T RE SR T AR RS 0. R IAIE TR I, AN 2T DA SAe
R LSRR 45 A 115 & (Green et al., 2010; Schul et al., 2007); 58—, b6 5o LLE1E %
TE SRS (i A, RIS B e (AR BEAL) 5952 1 O B R AE £5 R HbE 78 B8 2 M (BEML) AT 45 7h o 3ok 000 2805
Sket, AW IRIBNA G RO RE B S A A R RNME, SR R BRI PR B U AT AR,
HFer 2 B 5 TR A I ZE 5 AR 7T AT IS A SO BRI O ERAE, S E LW
H W o

MAR I B, IR EEBUR AT NPT RE S S 1 R FH (exploit) P58 e v KA (1038 I 14 S o L AR 5246
FEH PSR R SR I N A T 1 25 R PR S ) S g, A A P 855 v P 8 7 £ TR B R OB 2% AT 0
X PP g B SR A BT R SR A IR o AR R AR 5 24 B 22t OGN N e I AT S R AS HAR . L
WA R Ao A PT BEAE T 26 1 N FRARATE S B0, TAE ) — L % NIRTHES S8 Mol Bioh 15t
AE BRI IR R R S RE FIAT NG R RRMIF TN 2 Tt e R4 AF

HAERRE, BADREATEAARCERIVE DR ERERREmW, XTS5 ERATMTUNART. —
PRI BE AR RE A, XL AR Y M 0 W i 55 T /MK 1 — S B BE B S BATS Gt i,
KB TR SR DL R e TAT AR AR DG i 5, e 2 T — SR mR & . Bk, 7Ef
PR AT BRI B, AT PR A GeiE aT BB T MAKCT AT AR 22 5

5. &hig

AHIT TR — T2 B B SR, I X S ORI AT R AT 8T, Sl B T R
WP RIS R XS DA St AT otk i 2Rt b, 9 ULECERAT NP A B SR gt T SO Bk
FRIESR o

E&UH

AU R 1 SRR 342 (31400959)  H SRR BE AR 5 96 T 75 4 751 1 (SWU1509422).
Hh [ R} 22 o B (B S S P BOR A 4 (KLMH2015G0L) it H [ 52 fith 280 75 5 2 W 00 [0 37 v
H % X FFIR 5 (2016-06-014-BZKO1) 1 ¥ B .
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