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Abstract

The gambler’s bias refers to the preference for alteration patterns when people generate random
sequences. That is, for example, when tossing fair coins, if one side appears, people would prefer
to anticipate the other side to be more possible to appear next. The gambler’s bias is generally
thought to be human brain’s misperception of random sequences which results from the repre-
sentativeness bias. However, Sun et al. (2015) uncovered the latent structure in random sequen-
ces, and provided a neural learning mechanism for the gambler’s bias using this statistical struc-
ture. This finding not only gives a rational explanation for the bias but also provides a mathemati-
cal description for the cognitive processing of uncertainty and randomness in human mind.
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TEFEB R AN BN RS B TR BRI, VNERBITRERE T E4F, WRH
WTERE—ME, BAETENETRHIAS 1, WARKEHIAFE—m. BEBR—BEINAIR—
PR BENLFR S A R, £ET “RIEMWIL” (representativeness bias) 3| #2 /). HSunZ:(2015)
RIEEE—Ap = 0.5 HFEHTES, WEE—EHEFES M (1atent structure) W R B M FEw B K
PEZERITT DUBIE AP SR BR AR . X —F R AR R n IR AL T —FhE M ARRE, o ARt
A MR BEN LA A SRR R AL T — M R .

KR
BENUFS, WEAEBIR, WML, TR

1. 518

T 412 7 45 (gambler’s fallacy bias) A AI17E =42 ML 51 {3 FH 22 % 42X (alternation patterns)#g i & &
B (repetition patterns) ) .. TEAEZ IR BAREFF RIGZR, EADAMCKEABHEZRN — Bk gp—
—1913 FEAEZHF RIS E A A0 DU 4L 26 R S EATIAE 15 IRE R B O )51 B E Lt 3
1 o TG AR — M A 2 — b A % BE ML 51) (random sequences) ()48 15 &1 5t (misperception) , & H1 1« 3%
AiEw L7 (representativeness bias) 512 M. Sun %5 (2015)#) & “Latent structure in random sequences drives
neural learning toward a rational bias” 3= ECVE pi & WEAEZ R I AL, B FE 1 AR AN 2 P AN BE L R
Hlo AH Sun Z5(2015) T3 B A i DL PR A 28 JEE itk ] DASE I 28 X 4 AR AR SR AR o I HLIX — # 2 AR TRY B 48
PR RIRSH,  RIEARA G0 A BN S AT 9 HEAT I B — o DL A

XA X — 2 BUEE LA, — R\ IR 2 i BRI Si it 45 1) (statistical structure),
KRR RN R E 75— X —3 4 p =05 FILE R 2 H IS 2 T 1) IR . Ex FEvLF
FI(RP LR 2 O s L), X R Hdh— e, R R|— 25 L 0 P34 A (the mean time sta-
tistics, #124F frequency). 10565 — KI5 Fh 45 20 A 1% F5 09 8] (the waiting time statistics, 1E LT
variance of mean time) | & 7 — /MESFE BRI GIFE . 28001k0, BIETHIH AT B —F, JiX
BEEEHEGHH B TT) RSS2 KT H BRI B A5 HT 80 TH) RS, HIHE 08 6
WA 4 R WA —A AR, HEEHE B S —RHIZ N (come in bursts, #1175 HHH 5
T 2AEEHE HH), EFHTHILZ R EBEE K. W Sun “5(2015)1 1 1(a), @R pA (probability of
alteration, HILZ B HAEWMAE) = 12, M2 EH 100 —IRE G BRI E S 4 S 1 &R %A (0
HH>HT>TH>HH) LR IAS B A A 1 S A K (0 HT TH>HT). Sun %5(2015) 14 1(b) ik T
pA FIFL R B — RS IR B 2 MR &R R E A M B H A - FIR I —FE, W) pA =1/2 2)iA
VA WRE R A B A SRR A 2 —FE, W] pA = 13 BIAFHA:; WREFHEMLE
HA WP Y0 M FISEAE I (0] —E, W) pA = 317 IE R FHA . Bk, MSERERMAETE, BIEE—Dp=05
(4 BLBE N RE Y, HAEAE — 58 RV AE S5 F (latent structure): H543 4H & (HH B8 TT) &SR i) K T2 B 41
A (HT 80 TH)R SRR ], 5 I AEE R0 L ED &
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Figure 1. Time of patterns described by the probability of alternation
between consecutive trials (pa)

E 1 ESEMXEFESHERER, URESMZEES LI ER
REHE HIMEE (pa) BRI (R E Sun et al. (2015))

2. HEESHMEMEERE

FETREHLF P R Get 4544, Sun 25 (2015)3 H 1 iR N S8 AL B 22 OCRE X AL I BE AL 51 13 22
W LAY, ABATT AR N AT S 2, — 22103k H A T P21 B % N JZ (sensory input layer),
TR G AL AN R XS TR — U A TR A P T (A P 2(a)) o X 8 I 285 1) 5 4 2 ABL T
TR JE AR 22 TG ) R B (15 S 45 M REAE (40 layer 5b 1 layer 6).

Sun 5 (2015)3X — R (1 f 32 BB A i B JZ 0T T 7 AR B AL 21 AR a5 F] g S5 S 24 B i) 60 48 5 B[]
XPANRFPERURR . X — (R B A X — R 2 = A [ TR 2 25 T X et 28 X 46 3027 2 I XN 7 9 1 B v 45
REAARD UK XA T (S ECN RN A 78, TR AE = A BN LT 5 AT A A

ROATTRIAE R AE AR [ ) pa 25 0F N HEAT 14— 25 4F 10,000 VRFSCHT 3 200 (1011 25, 3 26 9)11 5 DA 2 2 2 471 1)
HER M TERR, JRIEVIZRE HEAT 1000 IR . S IX R AR, BEHKERN 2 MERHAEPHRE
(repetition detectors) A2 # 20 & 9 1H 2% (alteration detectors) g is 22 j¥ 28 45 704 v & 45 20 S 9F IR B 8 H L 7T
DAAS 2T ) 25 A A BB R EU(R),  [RIRERY, i =2 B 40 & R R 2% 1020 H mT DS BT 1A B 40 A
LA -

7E Sun 5 (2015) AR, WA pa = LV2(RIEWAET), FBARE=2E1) RIA B (T & 5 240 &/
A B A) N 0700 IX—45 5284 NIHE R, BEAE—A LMW MY T8, EEHEMEEHE H
BUR IR BOR N Z A —RE, BA)idi, RIA LU 1. A7 R/A E/NT 1 S BAE AR 22 3 1 e e R
fHE A APHRIS LT B H AR

M RIA B = 0.7 HETTATLLHF B BIE R 102 B 4L thBUREE p), = —+ !

R+A 1+R/A
0.59. T SEUEMT 7T H R AL X M L T 1 32 B2 24 7E 0.58~0.63 [ (Falk & Konold, 1997), 5HiX—#%
B 75 i
Sun “5(2015)7E 45 pa il RIA ELISE RIS EIE 2(b), FHHRIIX —RKFR2ZE KM, e
pa = 3/7 B, RIA FLIXE] 1 P . [RIETE] L(b)RTN, pa = 3/7 ISR PATA U6 B = AL BN 51 1 7252
3] Y- R AF ] 01 55 AR5 BT 1) 2 PR S0, 3K A1 10 B Sun 25 (2015) (4 28 I 28 B e = A BEATL T B 1R 47 9 (B RIA
. 2
LEW} (AR 2.
E[T.]+E[Ts]

(A2 1) =

EE) 52 )1 243 I ) R £ A5 ) 1) 2 AR §E 0, I HLIZ Rz mea] A % ~ {
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Figure 2. Neural model of temporal integration to capture the statistics of pattern
times in random sequences

E 2 ETHEZSHMEMEER, URKRBZHIFIIHRZEAES BT
FHFMERE Sun et al. (2015))

3. BEHLAFFI4E A A0 DI HTR
E LM 5 A RBEHLIF S AT RIER, SR B A A TR AR BT S0 1T

¥ DU . Grriffiths 1 Tenenbaum (2001) 7 Ui A P(R = H ) = 1 elfﬂk (A= 5)3kxf“ Zenith
+

e A5 S8 7 (Goodfellow, 1938) IR BTG . “Zenith Fuflszit” 354 20,099 A&, & 5% BRIk
WA 5 A ZHERIFRICIBENLF 1 . Griffiths £1 Tenenbaum (2001) ) DB AUt 16 N0 BEFE 51 TR 15
AN BT A (] 3(2)), (BT FEH HTHTH 2030 T mifli. Sun 25(2015)I0 X 2 K HTHTH
EFUNZBHHE, HELAEEMMEZEHAR RSB HT THHAASHUELR), KILMAII17E Griffiths Al
nmmwm@mumﬁﬂ%mLMAMuﬁmzm%%iﬂ(ﬁﬁQ,%ﬁ%%mﬁ%ﬁﬁ#ﬁﬂ

H

P(Ro=H)=— (AR 7).

1+ Mk
FHEREME, TRARXSIERAN T #HHFE—DSHO KUEEIE . I 3 & 3(b)HrTLLEH,
Sun 25 (2015) FIHMEALAE A = 0.51 MERARAENL T, XF SCUEHEC A 3R AL & F2EE L Griffiths I Tenenbaum
(2001)4F o X FIX —AT AR RPN T I R TR BN A R XA T Il A5 8iA 7 nf LI 3|

m=w&=ﬂ&=H%Lé%(&ﬁm%PN%%EM@%@%%M?W*i%ﬁﬁﬁ%%%$,ﬁ%

A8 YL A IR GE 2 R L) — NS 5 BEIN 25 B AP AT o p AT (BRI A5 1), WIS
A= —Iogz% (A 9). AATAWEE T HITEE (A = 1/2), fEMEMERI PGS RIA =07, MHAX

38 0= 051, WBHFRITARMPKRRSEIE. LA 2T ARG —A 8 S8, TR A H
TR L SRR A AR . (R AE iR 2%t IEmAE B TR R 1 RIA 453 L BT RAT R %A
BRI ESHE . X205 A2 MR B IR BRI TR B S5 AT iR B th 2800 5%
R ARIIAF R i 2GR 2 F— /L, AEW] T Sun 25(2015)2 TRENLF 51 H 5 St it 45 K 1)
ML SR RENS N AR A BB AL SR AT O, 3 T e Ao 2 [0 2% R R M AT D B 8 Al ST A 2800t

2T NATTAE BRAZ 7 51 i 4 B A s AR -
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Figure 3. Bayesian models fitting to human data in random sequence production

B 3. DIMEE R B SeREL A F I s R RO A (R B Sun et al. (2015))
4, BE5

Sun %5 (2015) %8 HARAT TN TE FLBEHLE 51 e & ROME S G i 254 R, R T IR GE BRI AR 4 27 2
B o 3X— R IR N 0B AT BeAE HEAL HhoRHX SRR N 41 J5 IR RRAE AT A HERA 1 5 S L. F HL,
Sun #(2015)1)\7'341*31115’1 kSRR 7 T R[] 20 A5 QT 2 2] (temporally distributed predictive learning) A4 %
SE kSR Ak (abstract structured representation) 2[RI IR 5. FF HLomAk 1 20 X 25 4580 o (1) i) (] 4 5 R A
I T S B 2 AR R A IX — SR, 73— JE B ART- g T A A5 i LA T — Tl L A 1) M
R N0 AN 7 1 A BEATLPE R R R BRI T — P i B 2 A iR

EHEWH

E K BRI 4T H 31371017 % B,
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