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7l Bk

BB

(HEst AL B G INARL 2 ERE, AT 50BN T R 0=, AR 5PV RERE AR A0, Jbat, 100871)

m =

RESFAE ST WA A AN P IR S I IR ) o DIERIFFE R, AZETELE dn BTl TR RAERR )y, 8

SRS EAMEAERAERE S, EOZRE RN TR, UNiE S L S ST bl L, AARAERE ) BAT
B — B S e, MR R AT BT R TGS R S AT IR SRR 0 R G, AT i AR
FAERNHU R RIS RE, b & B in TALZ BT AR R B 00T s 32 AR AR AR R SR AL i B8 5 e, %
BTSN Bt i T 5 72 B A BT 31 S I R 3 A (A [ DA RN T 53, LRI AR AR R ) A BRI s e Jm 4R Ak iy

TRERIIE T
X§ER

1 5]

NES AN AR S S IE R 7 AR
EME, SERHE TEREG . PR SRR RS
P EXEZENAFBE S . “HRR” X —HEEE S
ST BB R OARRR M, Fein. AR NI AIHER
5 60%; FERE R [T S AR AR 90%; K
PR N E T EET 2 — MREE
e T AR R A AT RENE . FEH A, A
IR B TARRAE BErAs REF, FFoenidei .

AR LM, ANXFEAm PRI T
X HE A5 B B 50U (Denison et al., 2013; Xu &
Garcia, 2008 ) , Jf HAEEMEFETHER(E B8 1T M,
WOl AR T A P (Denison & Xu, 2010b,
2014) o XFPRESI BN T4k, AILETE
PTG, S5 EREI R BIERG R (Xu
& Tenenbaum, 2007 ) . 4R EEH—HAy, —H
MA— RS AYEE, IS VRO 4 7t gk
SR FREE T X — P 04T R
= FURTR A s, Ul S A XA~ 4 F

T

* RO RIE A AR R4 i I E (32371111) AY%ERD.
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MEREAE R BomnT. 2 Gt

PERFE— A S A . R PR Y LA A ok B
PEEATHIFERT, ARG R RSN, PR
B ] TN AR A S, HeAh,
B LRe s I TSRS BAEWT RO EDIRE, 0
Il 52 K ( Diesendruck et al., 2015; Kushnir et al.,
2010; Ma & Xu, 2011, 2013; Wellman et al., 2016; Xu &
Denison, 2009 ) | fE40IRZ (Asaba et al,, 2019; Doan
et al., 2018, 2020; Doan et al., 2023 ) . 452564 1
FELEFAETY BRI A LR (base rate ) B, 22 L0
] TR S I W AE A 22, X VT RB R T
SRR R R SR LS (Attisano & Denison,
2020 ) o TEARAIAGSEEAT S5, SRS ( chimpanzees,
Pan troglodytes ) ( Eckert, Rakoczy, et al., 2018 )  FlI
K =F %9} ( kea, Nestor notabilis ) ( Bastos & Taylor,
2020 ) WL 1RSI R O 22 RO U .
AT UL, WESRSRAE R ) BAT By Fh— 250k 5 Sl —
fBePE ( domain-general )

DI B N T, 38 4 T (%) 00 A g 23
FAENHINTHLER VP T TR T EA IS
UL SRR, AR AR R AN T

(DRIEA ) LA AL A5 32 ZER A 2 0T S B LAIAE Y R U SO B A2, A RO SE T il e ) ) J 2
A UXIREASAF A SEASEA ST, FT AR HA T S A R DR A T 96 ( Xu & Garcia, 2008)
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PRI EE B, PR AR AT RERYAITTE T Th)
2 BERFIEMENLLEEX

WERRAE A H F L g = E 2 A Wb iy
7 (violation of expectation, VoE ) 5 — 43 3f 1% 71 =X
( two-alternative forced-choice, 2AFC ) . Wfid7iE
SR S AR [F) 25 SR S5 0 1 A ], 3 T
e WA 15 BB L T LR A5 B X 45 3™ AE IE A 73
W15 a0 XN AU A = e i A R LA
XA R ZE R FAA A TR, SEMIHEWT A RE A S
TAERAF S I R A I ok

WrrE sl E HT 2L S 3hase. niE 1
JIR, SRR AR AN R N S AR A T TC L
[l (R BERLIAE , B A5 80 FIRZTERAI 20 5 FHER
TEIZSL R, S e A T B AR AL 5 4 7
ZLERAN 1 BIEER, RIRFE SR RS, DR
B BRI PIREA LS 1 IR 4
WEER, BUAFF & SR REAS, R/ M,
6 ™A KIHZILXSATF G BRI 0 REAR R B T
W E R AR RS R 6 1 H RIWEE L
MR FAAFAEIES T ( Denison et al., 2013) .
8 M H KA LEAEARRIAAE 55 h i R 13X Fh il
1, JIf HIHAGERE T SR A UFEA 25 51,
e TR SR U SR 04 (Xu & Garcia,
2008) o N T HEBRENGEVCECAME (A SE I, SCHH 4G
BLE B PO & AT & SR A R AR
i, BULEA R B AR AR ], X
LA AN R 25 S 0 RS 1) 22 S AN J2 i v DS e
R B, TR AL S BRI — 455

(2
A

YooY Y e
A A A AN

KRG R

ORI A AR s T AL S IR A A A B BRI 1Y) 4
PR, Hrh 3 A ek, 1 NEAwIk, Yk
Ly ikisher, ZILRME TR EERKNEML
A IE) SR FHARLS B2 O 78 A5 8 T — B0 45
( Téglas et al., 2015; Téglas et al., 2011 ) . FHE RH
FREE AR R R T —3045 R (Denison
etal., 2013; Téglas et al., 2007; Xu & Denison, 2009 ) .,
W18 1 A g v FAE % (rhesus macaques,
Macaca mulatta ) fF57, 4R ZEHE R AL
st — BTG, TEIRER L T KA
PLAFE] ( De Petrillo & Rosati, 2019 ) . {H7ER FHE
PR E AT M fabr i Se g, ol B n] LA 2
JAFAFER, B rAr A RS T IrA B
HFE R IR AR REAE XS A S5 25 SR ik 1 7
eI BEREIE?

LU e 2 s o (2 B iR ML vk N W A R o 3 AN )
B LS AR FAF G R TR, DA 50 X
HERAE B A BRAEFIHERT ( Denison & Xu, 2010b, 2014;
Fontanari et al., 2014; O' Grady & Xu, 2020 ) . TEI%IE
W R 3 Bz e TN e o AT ESSIEAE S (I TR
PRt BB SE T (5 A T SR T
B LR 58t . 7F 2AFC S25rh, st
HHE 10 ) 12 4> RIS LS B e e il
7y, A0 H ARG ACEL R TR AR i m
PEERbE, b R R G ACUE R i i R A
UFr) . PR EEREAE S a8 T I BCR LU AR, IeAd
SRR b S R BADNGOESS 0 S i
PLEdAR” o a3 o3 5 P25 25 rh BEAILHR
FEWHIT | GG 2R R MR A e 40— AN AT DLIRIRA

" 000 1’
IEREGR

1 RS S0 ER (E4HE Denison & Xu, 2019)
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(0D ERAR 53N 675z I 37w ity NI K /W SN N 11114
B R TR 25 TE = ( Denison & Xu, 2010,
2014) o ZEERUL, 10 212 4 H A9 LAEMg
T ARAF B AR SRS R AT BT R 5 A
CERSRE, RAHRIEE, BFEE kK 3 3 5 %
JL#E (Alderete & Xu, 2023) | 7% 12 %)L& (O
Grady & Xu, 2020) DL S /D% ¥% A#F  ( Fontanari
etal,2014) tL HAMEARFZAGE S . KT 2AFC
XS TR AL 1 Bl — B R R AR RE

( Bastos & Taylor, 2020; Caicoya et al., 2023; Clements
etal., 2018; Eckert, Call, et al., 2018 ) .

DL PR s T A e A, B

I AE 7R BN BE JIAAAE 22 50 VOB JE U 4 5R Be
e O A A5 R B, (BAEIZ AP AT 55
O SR IR RIrE 4R, I T ok
MW B A BERE TN AR M 25 R s 2AFC
TR BRI S RN AT WA S 0 T 738 %
FHE VoE YUz &, AEWE S il ixlRE T Ft) e 1 £
IR

3 BERRIEHSKIEFRIESE

WERFAE A SEUERF 5T E RS H R o
Je, NI A R B T AR A 8 A A
IR THERAE B8 TUuk, HaXFhae I A B
Fh—2k; Hk, BPRFERE I RR T3 —4%
FENGESE, HAG—Metk, HAEAAISRE T
TR A A EEAEH

FHMIR R Z M, 7S H A
AMEILE 2RI X5 B BUEME  (Denison
et al., 2013; Xu & Garcia, 2008 ) . B 14 HEMR 4G A
SYATHEWTREA LM I REALE R, UREARZE AT &
SRS, LRI T 8 K A TR [
UL HA B2 ) LRERS AR 3 BEA LR FE AL R 5 EHRE
AREERIMAEFI T . 12 D KRS LEA R Ry 52
IS T R I T RS (G B BURE (Téglas
et al, 2007 ) , AT /INBE 8 45 5 =542 (1) T A s [a]
BETER, WA RIEEARLGER, LR LXTMAAR
RLE AR R B ASTT DL R AR R e e s, 221
T M T A TR R BT O A 2 SR
JET ( Denison & Xu, 2010b, 2014 ) . LI FAF5EIENE

PIuii, AZE7EAEar R O 2 B e RS B
B, JFRRARTEHERE B I AR A 45
FHe FHEAT R HAA T BAE R T 24 LXT
PR S UM ( Denison et al., 2013; Kayhan et
al, 2018; Sim & Xu, 2017) , HfgH THER(E B 46
94T (Liu et al., 2024; O' Grady & Xu, 2020;
Szkudlarek & Brannon, 2021 ) .
YT AR R T AR, — T G HE
WA R RAERE T (WF I R B, 45 TE A 2 30
SRR ALAIAE 0 ) BRI, TR Y 3 A
I ) 4 2 TR DS A AT LA S ) R AR A
HOTEALAES [E]  ( De Petrillo & Rosati, 2019 ) ., %5
e WIHE TR X BE R A5 B A U, RBAS L TR
R A W AE AR 25 R v gk, HEMRZ R
FH 2AFC X, RN PRI R 45 SR i e 1 v
re#t. toan, w4 BRSSP
FloK SR 25, A8 T Rk SR 0 250 L A
&5, YT E A2 o S B AL — Bk R
(ORI UL ) ISR e ey, AR
EE ZHERE T I ORME R R B R A K R A LT,
RIBEEE T AL 7 B K EL A 1% i - 7K SR 1 s A v
HLA R 7K S (Eckert, Call, et al., 2018; Rakoczy et
al., 2014) o RIIERIATE, IAEBFTEE K BLR
PiA (gorilla, Gorilla gorilla ) . %25 (bonobo,
Pan paniscus ) . SR (orangutans, Pongo abelii )
( Eckert, Call, et al., 2018; Eckert et al., 2017; Rakoczy
etal,2014) . #& F M% (capuchins, Sapajus spp.)
(Tecwyn et al,, 2017) . K Hi JiE ( giraffes, Giraffa
camelopardalis ) ( Caicoya et al., 2023 ) . BKFE IR
( Bastos & Taylor, 2020 ) L HAMERFEAEGE T7. 1t
b, E—TAA AR KBS ( grey parrots, Psittacus
erithacus ) ( Clements et al., 2018 ) HERENEHE J1HY
gErh, BFRETE— D258 TN 3 SR AE AT 1 3
BORZE, SR NP BEALIH —JHEAETrh, RN
JRESRG X 5T F AR VT Tan 44, 45 R Ak
RG24 AR S 2525 Th A AR Lo i — 3, RP
AU KRGS X BER LA 0 25 SR P05 B AR A — 2
DR AN s L R R PN STIL 7/ RN W S PO 7
FEREUEME, I H RS ARIEE S AE B Ak
IS H C BRI T, BIESEERNERE ) A
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Prh—3tk

WEAERAEBE Ty I A SRy BR T3 — 4 T 1
B, HaT i AR B b, BEA s — ek
HoE, MARRAERE AL S AT T S 2
( Cesana-Arlotti et al., 2020; Ma & Xu, 2013; Wellman
etal, 2016) . %241 JLRESE ) FIAE R AR GE I PEL AR
[EWNGEP=NE RS TY s W e g R L e e R R TP
I, HAMFESS RIFA M SR BIMER S04, IS 10
AN R B L2 0T S 308 e 0 S b 4 SRAFAE
fi%f ( Kushnir et al., 2010; Wellman et al., 2016 ) ,
I L T X MOARFT SR IR 45 2R T 24X A
R 225 IAEA U TR i, 2LMPR S HATR
FEXT S M AF (Ma & Xu, 2013) o 425 R H1F
FEAAEAR I, LB D0 2R A AR ) SR T
PRI AT, ean, YA TED AR AN 2T
O RANE BRI AL, WA T
CLEOMER LU R AS , L S HEWnZ A
BRLLAAHER (Doan et al,, 2022) o Ak, JLE Y
T4 PR SR RAEA ¢ (Doan et al., 2023) .
Hean, ML TS T RMER LRI AR, A
AT T /IR SR I RS, LB SO MA T
2% ((Asaba et al., 2019; Doan et al., 2020 ) DL Az B it
¥ (Doan et al., 2018 ) . BritSLEIN, BYILTE
FIFIMERAE SR THEWTRT, o B LR Y
M e s ) N NS Gl R R A R RIS = & 1 SN
Bk, HAAEY R SIS g/ NER T Bl L
Rl S50 5 R 2RI A/ NER Y S A bt i s 1
FRE BRI R IIREAS, 11 N H KL AL
W AR TR A, BNZE AT G B LR U
( Denison et al., 2014; Denison & Xu, 2010a) . 7EA
[T LR RAEAT 5580k, 224 LREas Kk
PAFIIUESE SR8 5, DUER 5 O Ry
g5, ROHEAT DL Ay, Rl , X eeir ks
AUESE A R BR TR iR T, B4 LREFEA ]
TEEE NS TIERRAE, RIS A MR R
e U — I

i LR, MERERAERE ) & — R A 5%
F R E B AIARIRE Sy, 3T AN 284 i 40
HEA YR —80E, 8 HAT 5515 5% 1 Sk — i
giaas

4 BERFIEPHIBEMT

WA I A EERE, MRRIEEETX AR
FEAR Z [RGB A 58 P LA i A
SR SFEARM LERAE B2 —3 Hitk, A
WA FRE T (Denison & Xu, 2019; Xu & Garcia,
2008 ) , MRS FRAF S HE ST AT HEARAE B i
T B, Hean S Sk AR 80 LIt/ NER I
20 SRR, XEEIABEFTREALIEE , A —A
21/ NERIHER R 80%, MU — A~/ NER A
H20%. WEFAE B SORRIE A/ Nk S AR B L
BlE—E0 . EZBRULESHEZE T, MAXTEE

B RIS A 58 iU AR R AR ) B BRI R

DI FE R H 2AFC JE AR DA% LE 5 R K
KPR RIET R E S L, K 2 PR,
AFF 5% 38 R FH 87 B AT LA RS A A 32 ) I B A e ) L 2
PIMERRAERE ST, RIS IR, WIRETEREA
R LE 2P S, XA B P 5 AR R
B LRI SR EU/NER S L E/NER, InZe il Sk R
o/ NER R FER N 80%, A A H R 2]
BR 5 EAREE R R 20%, TR S AR A A LA R
HAA/NERIIER Z Ll 4, 2R 2 AR o e
R Z It (ratios of proportions, RP ) , %385 e e T
PATEI A5 3 B ARSS AR A AHNT 25 5, AR 22
FEEORIN, WIS HE, P LE R Ef R A2
Mo WK 7~10 % JLEAE 2AFC MR HIWHTS5
SRR RP 2617251k (Liu et al., 2024; O' Grady
& Xu, 2020) , 4 RPBKEF, PEAR L R(E BB
WSy, JLERIEFRE S, 2 RP VN, 7
SR LA BHN R, LAY IERf R AR
BEARIRSE R, JLETEMER AT 55 h iP5
R, HAZR ARG B (F B A g R, X
VLIRS, JLE ST Z ML T LR — IE#f
PR BRI B e AR AL (Liu etal., 2024; O
Grady & Xu, 2020 ) .

F 5% 2R TS ARL AR A 0 FR A A () AR 3R A
REJT, 153 T 5 ILEMFARLIES R (Eckert, Call,
etal,2018) o AL, HABHFFARABL 1 RMIR M

(Quetal,2024) , Himn 7HERFIEATRERSET
ITECE 224t (approximate number system, ANS ) ),
DL R4 R e 1A A A RE S8 SR AE S ST AR RS
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TSR LR, A TERER ST 55 i RIS i
LB R AE LR AL ( Feigenson et al., 2004 )
JEHWAMR LM, R RIS 5/ )L
FEAEMERFNWT 55 R B A G, YILERE
RIE i FRAE R R = i, FCAEER S WA 55 i
IE#RM#E  ( Szkudlarek & Brannon, 2021 )

5 H A B TR RAE 5 50 1A 2 0] R 2R
KR MBGEIREE D, AARMFFE ] 38 5 G 1) 38 % A
Wi TR SE s 2 ik, BRI RRAE B9k in T AL
il

5 MERRIEHHIIBEEHERT

M EEHERT LA RE, AR AR AR 5L %
Jr A T Re 2 A A, B A AT R S
frivie, demifghssie. B2 EERR T, B
AWM B S R AR AT ety . (HIXFp
FAEPTA AT RE S Be I IR AR R s e &
BUATE R, MTRESF R4S R Z A 2 HR 1, &5
58 2R I B2 41 JLAS HL 48 53 il [m] s R 4E 2 80 B 19
A AEF 45 R MBE ST (Leahy, 2023; Leahy & Carey,
2020; Redshaw & Suddendorf, 2016 ) . X A [f] 45

2 JLEMRREM TN Z/MEELETEXER (EX4 A Liu et al,, 2024)

A IR B °
? ANERZ: B — s 2
B BMLEIE C MR °
?

3 ENHIRIBIRER (EM4RE Leahy & Carey, 2020)
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AR FRAE S B e BT A, R X
Tl [ RF RAE AN [R] 45 3R AT Gt 09 e ) PR o B S A &
( modal concept ) B # 4 ( modal logic) ( Leahy
& Carey, 2020) . 41 3 i, SFA4E— X5
I, T AFBA—ANER, FIRr R A
THMAE BB & 3B AR RGBS S
AN TAS, A R A — Rl MEERAE (minimal
representation ) 145 R X F 445 KL HEATHERT, P
KB I, A AT RS BB B —
YERESLGER, E b IR, K /INER A ZE 4 18
AR LA R, SRR SR SR, — I
JLE RS KB (Redshaw & Suddendorf,
2016) , 2 % JLEEFISEAE AT RER ] T B/ MERAE
F 7 AR A TRER AR, M1 — o S T AT 55
SRSk e R SRS ENTE B N p A B =S TR
BEAEWS I A, LB A8 ok L 3C 1 0k
SERHERT, BRI, FEE 3C H, MK
e[l I AR WD B () AT REZE SR, T4 I 58 Bk oR
DA 1) L Refs (W] i) S8 A A
D4R R T LB S SR &, #51
R LM, 28 ILE M A RGBS S AZ
4 (Mody & Carey, 2016; Redshaw & Suddendorf,
2016) o 4nfE 4 s, BESHESINEE 1SR AE
S )lEERMAR S, Hbh—d R A5G

(AR , —HAWINES (A SR0%5
), MIREH R R as s, IR
— S A R ) B R B B S ek R T 2 —,
IR N AT UL, R e i AN i R A
FAE H (I R ER O A . il 2~5 B 1Y JLER
R ERFRER ., DB IL
HREEX M — A AR T REPE AT RAE, RiE (e
Ha e aan b EA nTReEA B2, AN AR
M E 2t e A AL, DA e B e i a5 2%
1Y EL BN %S 100% AT 25 25 5 A RS
SRS LE TR — R 2 AR S B 6
sk ah i — A 22, FIER —kZk
A2 2SR AR 2 50% ROMERgE T, A2
AR HEREE N2 50% (Mody & Carey,
2016) o Ja LR HZERIAE X (Leahy, 2023;
Leahy et al., 2022 ) LA K — X 43 37 % 18 7 =X ) A8 =X

(Leahy, 2023 ) W53 T — w4548, AW 2~3 %
JLEE M ARG BSME S

B L3RRI BT SR A S 22 ) L AR (A
HEATIB R BCE A TAR I P RN AT DL AR I 2=
fiE, R EIT f 0] BE B SRS RS HE S L
IR OZAE S . MR 2 5T R H K 5
IS AR T 55 i L2 RS (Alderete
& Xu, 2023) o TEANEHUESS H, POl ZHA R

B/MERAE

WEEHR

i il S 2

B 4 ESESHNIFIRESER (EB%E Alderete & Xu, 2023)



B/MERAE
A B
At/ ek [SREVINE At/ hER K/ NER
iR ik i O
B&SZH
C
H o /NER A sk o eR
iR HiE:)

B 5 ESHESRHEYESER (B X4 8 Alderete & Xu, 2023)

FARS AR WA I T, SR AIZAE 55 B
FERIN3 4 LB RS XS A AT RE AR A THERf BT
UL O S S AR R, JLEAE
THRAT S5 v I ) J R o] RS LA TR RE &
SRS, ARG R IR S FS5 R ( Turan-
Kucuk & Kibbe, 2024, 2025) . 4k, A% LIRS
W& BL, 14 4 H LT REE 4 HA XA E F
45 FRAE  ( Cesana-Arlotti et al., 2022 ) . I,
A REEL  UBSHE S Y & ST 25 3 A AL

ERHEWTOLAA AR S BRI T LA R RN
[F], SHOCTEMERFALAZAEMELR, RIJLEE W 5RAS
XPRESErh By B AR VE B, TS i T A D B 22
R MEZRAE o iR v B (5 B B S5 Akt
X PR A REAHE R ] BB S e T AR R AE (AN [R]TA R o
b

6 it 5RE

ST C AR RAE I AL A Bt A 5
HERFFEIES , AR 8] Al EIF AR BR B,
TSRS R A AN RN T AR ATEAH
RAFFET PR M & 5 R AR A AR S 57
HAEBARIARIBE ST, (04 Al RERSHE S 5 40
I T FRG B T HESR A AL RS, RIFE IR R
TR L5t AP . AR RN ) 22 SR A i

BN RN A5 AR LA 132 48 1) e 5L
RUAIRI S5 R4 TR & A RIS R & A HA |
Frbes Mg i I A R AR S AL 1 i A
WERAE SRR, TEMARREEE T PRI (R BT
SR BB AR BT AT, SR TR R
WHRHEZE XS REA P i Bt 5 B T Al B, A
2AFC HE55H, LB ZEMUT IER A FIWT, B2
P BRI — AR B, RSP
o SE T REVE B, I BRI Rl 2 1 =55
PHEERFRR; HR, JLEFREARE SR R r 5o
SrAtEOORAE T BRI R AR AR, SETTARE
W B, MERRAENAUL FEALHI A A R B 5
ATREIFARE B OCR, Mo AR 1z T
AN, A5 A58 AT R G MRS 30 ATk
SBR[ DG AR

DAMEA S HE S A DGR B i, R4 )L5E
RS 32 B AHE T BN R R e S B A T R
PR IEATHCES 15 XA () = A 25 S A B0 it
T, eI SOk 545 2R Y A SR T R
( Cesana-Arlotti et al., 2012 ) . #R1f7, 3L TiZPhHE,
N AFERIFFE I A B N2 A e St T A6 1) HE
RFAETREIFIE “HIEM” MERRAE, FOMEFE
MER AT A B 3 2 L i AN EA RS HE S, B
RAAFR AT GEPEME &R FRA#  ( Leahy, 2023; Leahy &
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Carey, 2020 ) . XTUb, PIREAFTEPIFPAARE: 55—,
N A= i Y i o A A 3R R A S i e MR
MERYIr X SERy, B B L R e, I
FRFIER SRR FTAE; 55—, AJA e b an A0t
A DL AT B AR SRAE, (H i T DA G LR
SRS TR AT 55 1 g TR 2%, BRI
i TILERIBE S (Alderete & Xu, 2023; Leahy et al.,
2022; Turan-Kucuk & Kibbe, 2024, 2025 ) .

AN, DI JCEE 4 LR RAE BB TE &
GEMERYAT 55 R B3 B, X AT RE S8 B E
EEARRAE A7 TS 4 R Te kg —. N,
— T OB LR RAE IRl T R IAGE BR AT 55
(Téglas et al.,, 2015) , 455 EM, AR
PR, BILA BRSNS e R = 25
T, WA R X AR S ER O, X
AT RESE RN BB ERAT: 55 B0 1 B AR R &
4t (object file system, OFS ) , ZZRS H X/ M
PEATRSHA N T, ( Feigenson et al., 2004 ) , K ILFEKR
Hom S5 T AT B TR 5 B AR R A
M 2R FIRECR W 5 2T s ¥ 3R, L RE
BEAE RGBT A TIERAE ( Liuetal, 2024; O'
Grady & Xu, 2020; Stahl & Feigenson, 2024; Szkudlarek
& Brannon, 2021 ) . JLEMFFEHWAAAEZELII S,
MW E WS AR BN ST, Bl Rt
BERTE (Alderete & Xu, 2023 ) o AHFFTAT LR
B AR S0 RS oK, RIS G 22 4)
JLBY SR A AR R AR RE S A T &5 AT &R
Ve RO RAT 55 Z a] %) S [, S 4 v b 7% 45 22
ILIIMERRIERE )

e, ASRBFFE A% JER ] 2 MO iR R
FAERE SRR ML Ban, SR A28 2545
R 5 AU AR SEA TR HE R OB 2 ( Shultz
& Nobandegani, 2021 ) , DL HEMIAE R FAE YA A
ITALS; WA R BS BRI R AR RN T IA
N TR, BIAnAR 308 EE ( Cesana-Arlotti et al.,
2022) , MRHLESETT,
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Abstract  Probabilistic representation refers to the ability to perceive, judge, and infer about uncertainties. Human infants, children, and several
nonhuman animals, such as great apes, monkeys, and birds, are sensitive to probabilistic information, as well as capable of making probabilistic
judgments and inferences, even learning based on probabilities, suggesting inter-species consistency of probabilistic representation. Also, human and
nonhuman animals are capable of integrating different-domain information into probabilistic representation, such as spatio-temporal information,
physical constraints, and mental states, suggesting domain-generality of probabilistic representation. Domain-generality and inter-species consistency
indicate that probabilistic representation is of great importance for organisms’ survival and reproduction. However, how human represent probabilities
remains controversial for a long time. Understanding what cognitive mechanisms underlie probabilistic representation and how children acquire the
ability to represent probabilities would be of great importance for understanding how human learn and reason about the world, as probabilities must be
the core information of the world in which human and animals live.

Existing empirical research mostly used two paradigms to examine probabilistic representation, violation of expectation (VoE) and two-
alternative forced-choice (2AFC) task. Violation of expectation paradigm was mostly applied to infant and nonhuman animal studies, as infants and
nonhuman animals were not able to give meaningful verbal responses. Two-alternative forced-choice paradigm was mostly applied to child and
nonhuman animal studies. Compared with two-alternative forced-choice paradigm, violation of expectation paradigm could only indicate infants’
sensitivity to probabilities, as it always showed all the information to capture infants’ visual attention patterns toward expected and unexpected
consequences, instead of making infants choose uncertain choices based on their predictions.

Researchers have examined human and nonhuman animals’ probabilistic representation by the two paradigms mentioned above, and have
discussed how human and nonhuman animals represent probabilities from different theoretical perspectives. Two theoretical explanations have
been proposed to construct the cognitive developmental mechanisms of probabilistic representation, numerical processing, and logic inferences.
On the one hand, theoretical perspective based on numerical processing, or intuitive statistics, suggests that we represent probabilities based on
numerical information, such as the proportions. Some research indeed showed that children and nonhuman animals exhibited similar characteristics to
numerical processing in probabilistic representations, and numerical representation acuity was positively correlated with performances of probabilistic
representation. Children showed increasingly better abilities to represent probabilities based on numerical information with age. On the other hand,
according to the theoretical perspective based on logic inferences, we represent probabilities by enumeration of all the possible and exclusive
consequences, which was referred to as modal concept or modal logic. However, some researchers argued that we were not born with the ability to
represent probabilities with modal logic. Instead, they proposed that infants and toddlers represented probabilities by simulating a random consequence
from all the possible consequences till age three, whereas older children and adults represent probabilities by enumerating all the consequences, or
modal logic.

Combined with the empirical evidence and existing theoretical explanations, we expound the theoretical explanations for the cognitive
developmental mechanisms of probabilistic representation, including different perspectives from numerical processing and logical inferences. This
article proposed an integrative hypothesis of probabilistic representation, and suggested the possible directions for future research. Additionally, the
two aforementioned proposals may not be exclusive to each other. Each explanation focused on one aspect of probability representation. Therefore,
we proposed the integrated theory to construct the cognitive developmental mechanism of probability representation. Logic inferences, or modal logic,
allows us to understand that all the possible consequences might happen and they are exclusive. Meanwhile, numerical processing helps us estimate
the numerical information of probabilities. In general, both modal logic and numerical processing underly human’s probabilistic representation. Future
research could focus on explore the integrated cognitive developmental mechanism of probability representation and apply different approaches in this
field.

Key words  probabilistic representation, cognitive development, numerical processing, logic inferences, integrated hypothesis



