el Bl (36 %)

F R AT

BAVRE B TR BT A E L, 43 A8 ARAE L. £ AR
BB REPIA, SAVNEM FA AR AR B AT 5T, i, AL AR
Y ZFARREFTE A —HE—3 T —i” 89F4, BEKMS T T

Ah, BMNFEAAERN: MMER SR EELSNER: AXEYATRES
REAN o Ay S W PAE S b 89T e RAVIAAZARAL T A (1) F “E 87 ATE.
BEKRAEF TN T 2R NAZS TN E—ARLE YAT KiE 5 A & RN
iRk, ZEELSETEHOAKE R, (2) MARFRARTG IR (AKX vs. %
A RKIESEA) foff AT X (BB ES),

=, SAMEITHENE RIS, A SRBF M “W ER R T EE R
BME, PMEBRBE R BAR EFELEF: AREMAZEESTE &K,
noRiE S AR AR S T E B EA L FARSLE R, R THAEN
“I LRI 515 LW E R

wE, BAMT@kETALFHE, FRE FA—RME—F T —iTr” &
BH, ARM: BRI ELER (NMARIEEEELNER). BT E (ALXS
LAl KB RA) Foif X (EAEBIEES), #H&: IRALHHTR (2
FEANR G KBS A EFURLAIGBE ). Tk (A TRATEEF6
PR ZIIREHRA), 2R (BRAKRFAREGN ZERKIN) T GFAMN
WREIE T 5 R ERAGEL). 31 F: RAMMBE LT REGILEFAL KiEF
AR R R RN FREFBINT, FHMXELN A, FIERAHFNEBEXL
BARIE, FmA2B T A A& R A TS X A9 4T R R ILAEAT ) °T 45 S $ a9 A
FIIREREA, )5, MR BRI T fo A T A7 £ 220 69 5F AR K. 3T
#: RET RSB R I 2 RAT RS RIT, AT AL TR
Fo KBS T o

b, BMCELE AFAH L, FERE” WEIBENL, TR AEGIT
FRE “AAA—HE—] Tt Wy T A, 48RS A TFAR T AR
tr, EIEARE I R AR IE



Bl (%)

FROBBAFIEE K

B, RAMNBIRE MBI FASE RN 4 (ELRIFE “M
#” T AEBRIETHEA: AR EREEXTHREEMNA) BREYERE
ARG BIE N o RAVRIE T 2 & WA, SAHZIT T INE T 69152,

WBRHBRTHEEL, SiTRF W p EHFAE N REE 342, i, &K
1 €038 37 A ATUIB P BB L IRAR G AL R AT (B 77 &) 50 A Ay ik dm 3 A e i R
FpaALE) HAT R

RAEFR/ERGEL, KNTAAFT LR OMBIR, HEREALIRE, £
& Ty kT ARG R KRR AAREALRE CoT A FERR £
T ARBFAZF, RABARLER, WRTRIRAL., PALLIMEAEERE

To

S\

TaRNELTFHERELODE, FHEFH:

ﬂ



FREER 14

1. 5l hib ST, BHE LLM R4 FERI G N RF, Ei5 &
I, SR ANLEME R Gt 2R E ZE(Niu et al., 2024). "H4, AHF
T 25 RS AC AN EIME RGBT B s 242 Sk @, g iR
I o

B RMFAERREOETZEN, AMNCAETE PG “43 2Rt
ERBT, AANAENBTHITESL: (1) ALY I: AeEEHKET
BEMAEERERFEF AT AR EIAGRS ST, I Stk SHAHNE
FREERZHATE LLM; §2ELSRINEBH AN TP R IHAEG R
THALEF: (2) Rz AFHEALHE R, KRMNRE&EHAMLLM
By B HE AR AR T AA A LLM 3E5h &9 BR Bt BT DI 5 4% & A 80
B T3 LLM 247 CoT #7895 X, #RAZREZIA; LLM £ Zfaiz A
RAM LA BT A B A A RO PRARARIT R “ B LR ALl RALEZED
Wl BARA KR RAEITAS 4.3 34, AL T XL

“HEEBRBTIE, F—, BFERFLANAIWNE R %0951 AL 2R
TRFEIRGEYE, TR EHES 2B, Blde, ERIVEFESEF, &
LLM &3t b E 522 2 KR ZE S, AR TR, EHMaike
b, UAAEHNSHRTORRREE, $=, HHaRAAL LLM &Y
FRA AR — @, AEXRTABEAT LLM D442 5, A A3 /R
RIEFHRI 54, LT GRS 20T LLM 247 CoT #4977 X, A A
AR B B AR R AR H B R & AL (Ericsson & Moxley, 2011); % — 7 &,
LLM Z23% 0t £ SCanqept gl bd, ST A8 A R 89 “ARARARIT R % SUR AR HLH]
R ELHZE, ARAXENFZEREAER SR EZEANE, BRAZRERE
(Lee etal., 2024), LiX &=y & i@ BARE IBL 4+, AAH LR FbLF],




2T ANRKME LLM 451 ERAZ SR, AR aENA: £R
FIRFAES S, LLM 5 ANFERRILH AR R R "IRAZ 7 B AR AT
A AEFEIFARN A HTKEIERNDA, X538 BMEA S 45 SR i A -
n, A2 LLM FIREAA BR R SCmse s, AR mIiciZae s, H
BE N BE BRI A WA,

BE: BRMFRERREGT AN KMNTAEI T PRmEE, HBAK Y
AT RFCBRARN LR EFUBRALK L LLM Z M 694 £ Fo —7
@, ARRMA R NG T RA M BGE S, BATMERELH0ES: & LLM D
AFARRGETFTLH D, #F—#e A%t ES; F—F®, KMNIL
T/\;%Z%‘E‘L)\é:‘jﬂ'}i%éﬁ#%,‘;\, ﬁﬁ’fi‘%}"@T/ﬁ:%flj,k;{{f%q:%jﬁg\%*%i,&o
BARARRBITRLEIHS, RALTL:

“RIRMALKEE LLM S o 250 R, LHEHLE. Ak
T, AXRKBE NG TR IR A AT A IR, AT R T it 4R 2 5 5] £ 4
TR RS RN ETR T IMEARE, AR &GRS L4580 F A
kitdt. mET Transformer Z24#49 LLM AR ER — & AAME, EFH—H
RFEX, CHORYETERKEG ETLRICE T, T A5 A5 ) i AR
AR EMMIRAE &E, 2AEENNFNAEEEAR ) XEEELRE 65
PRk (Shan et al., 2025). 3% —3R 4 £ FARILIE 2k BRI R M L, AL S
WL, ARRFAINRYT, FERERZH. £ 2R %k (Pessiglione
etal., 2025; 2 A%, 2023), @ LLM M E A £ 4h 5 & 5L L8k dm 51 737 IR
. LR EFHTE, £FERBARESD £ BRI F R 27 kA5
W, BEEEARRGREEL, 7



3. 5l FER A BB IS T Z MR, Hoh, BERFAURKGES B,
bb, SO B AR AT F IR R, A RT K AR A,

BE: RRTRERREOTZREN REEQGZN, KNI ZH9HATT
VATF L5 @ 69 44aT,

VXT3l 528, KANTBHRET 5 TR0 00LH, VORI FHMEFo 7 &
P BT Bl T ok HIR A A, G —Fd PRI, HER R
LR TR F IR KMAMMERX — LR FARE F R FBINF, REZSR
A—AXE LLM 8 AP R 25 &4, RETAF LB SBIE—A
A5LLM W AP 2R ALELER. HRWEBEX (IGT) 5BLM AL EE S
AriER (VSEARARD ; B, BT ARG MBI, B, ArER
BT SENFAERS K, FATIF S R T AR AT
(R g

QX T L, RMEFI FTOHERBKE, 3T —AN%5 FHM e AR
Do AP AT LD HAR L AER R AN, 5 VSE A XA H (o
FROME, MMARBE., AR) ST T BB, AN AT,

“HRTAT X BAER A VSE R A A KR E, AFTRE AT HORIL:

(H1) AR%& F Az A (BARF AN A #) | VSE #8435 AR & Ko 70
Fag A LA LLM 69 IGT & Fhudl. Xk R TARAE VSE BRAG R EAHR LA
AE S (H2) AXMRAA P GRIRARIC R IR IR L AZ LE A, KA
ABEAREZGEZRE;, (H3) LLM X AEMEAKI . RE—RF 7 d Rk IA%k
W ARIA A B G GMERE B AT AR, 7

PVATEHEREHEAN, KMNAEIF TOERBEERMT 784 F REBAF L BATIHAT
ST S EAR A BARARAR . “AE LIRS PR LLM B 58 AR AR E
RAAT LR A9 B R (e.g., Lu, 2025; Luo et al., 2025), A& 50 H AT AT T H A+
BT E: D)2HRALREARL LLM & : FA3 1763 2 ALK 5 LLM #
T3 e Q) FRBAEBEARE LLM bk HRIERL SIS HIR, AA
FHOR P e b A B A RAEN 48 oA (5 LLM AR HE R E) |, Ak
“ERBOANEMER, 5 LLM #HiTt oA, 7

I, BAEEANEMBFRTT 24, FRA. 2R ERERBALKE
ABESANAR (RAFKRE, MEBRE., ERRE, KEFIE, KEH
#. BT HAE) MHAM). REESD)FFERE (N). 24 SELERET+
RBHEAF R KR ERBHERZ G EF, HFRHITTRIERARRRHEE
Fo A REMIFRASITASF T KRB, H5 242, 36 4.2, shAH# & S5 3

2o



4, KT LLM HRIFIR SR, EHIREYE LLM i&$ L, JANIGEEHE T A
IR HBE 5 mT B (Ivanova, 2025), KA T ...... IERE A E R, bR
AT A7 VEBETE R 2 R K m PR RE LLM”, QAR RE M i, 12
ToVE RO = PERE LLM” . B4h, fEFEAUERL 7 E 7] Deepseek-V3.
GLM-4-Flash 1 GLM-Zero-Preview =287, HARA S EFRF7 LLM (40
GPT-4/4.1. Claude 3. Llama3 %) , BAYJEHE & ReHAER LLM B4R

2
Be?

BE: R FAEERGETE

(D) AkAGITH, &RATKILCBZ AL LLM” /22 P 454X 69 A AR 2k 48 495 I A 22 fF £
% TARNGT F1HZ2 K69 LLM =54, Bk, &MASITRYEHET “SH
Ae” B9 kR, FHFE EHERIPANE S, VARMANIG S0 HTE LLM &1+

“Ht—F ot B ERBFF I K, GLM-Zero-Preview 72 71%489X.k . GLM-
4-Flash £ 25 67%489 50k F 2 E WAL X (3w A-B-C-D) , HJLFH%
(GLM-Zero-Preview: 94.8%; GLM-4-Flash: 96.5%) #f® #%)ifsn, X Ar 44
BIMR R B Z MEA) R 69 FAE XA, CMNAEAKEMH T REEMRIGT 49
BAr. Hb, XAAELMHE LLM #BUXAE B 04 PR, RE&MNE LLM
%45 : Deepseek-V3 (3% ) . Deepseek-V3_CoT. GLM-4-Flash_CoT. GLM-
Zero-Preview CoT. ”

QX TRBREAMNE A, g4, AL BARFIFFEERTEALN LLM
kR EIHEL, MALE LLM 5AEXE IGT b8k T AElfe 24 £ 7
M, AEFERILE, &MNFETHE. FR. THME (vanova, 2025) , &
KIEEG ST E LA AN, LI T : RE AR Deepseek-V3, 1Kk A&
1 49 GLM-4-Flash (2025-01-16 A2 47 % -F & #& £ Flash %&.3% APIAR) , AR
72 F 1% 89 GLM-Zero-Preview. #%4% SuperCLUE & k% (2025-01-08) , #&Ai
#3F 6942 A Deepseek-V3 F= GLM # 7| & it £ B 74 X & : Deepseek-V3 VA E:
5683 ML T E AN H—HIN, HH AL Hard 425 (= Agent 4£4% 75.0 4. &
132 58.8 ») Ao XA HEE (doikZ 2K 86.5 %) Rt &, U ChatGPT-
do-latest (70.2 %) , HAEEREFAEMLT BELA TS /. GLM £ 714
65+ 2 B —H N, ZAFAR R RSO B 2 T R RGN E T 7. AL
515 #2775 & F B SuperCLUE & R4 (2025-01-08) 1k A HF k¥,

Wb, AP EA LLM, &ATEEZE T A X5 CoT AATRTHRS: HXK
BAERKBEENBLARBRARE (HBEEHF. LFIMLHEE) ; CoT MIRIERL
HA R DT R X ILIMOT IR B R 5 R 094548, EHREFTE
KARA LB A KR R, Bl df.

RG, ERREGITieT, KALRAT ERR KR LT ARG EHRA KK
FE: “HRRERER, RERALALALY EEABGTELEE R 2 WO
LLM, HERRRE, KB FAZ G FERAFRE. 7



5. LLM B R0 AN 48, BT RXA/NUFEAR, LLM A SOy
48, FETIXA/NHIREA, FEXF 2 N ARIBR A0 25 FERE R AT AN AR 7K i H X
IR AE R 2 HT RIS X A R UR 2 RS2

B E: R FiEE R,

AR, HAHFERMEFHERAFRAL LLM XK ZORERFRE: K
A5 LLM A A% 48 69k ek B 4 M 4a T 7 ikt (24 #Rp <BIR A 2 A0
=48) , FRIiDAF-FH. KAVERED] 3 MEAXQ L4448 MK = 288
LLM #&iX. AFFx B A HEAEL (N=1763) 5 LLM 49 IGT #9555 8 T
YGi— 0yt HAE R T ST REAT, AT RSB IE R VSE ZAEYS RATHI R £k
REARINGT /789 AR,

AR RMNAICRA T B2 m A i (A& TRER
# BIC. AIC. -2*F 694 48) , L4246 T Net b m ey A b 77 ik, [
UL AT ¥ A8 3K, 8] A s A ] 69 S5 PR S NAE AL G IR AERAR, AR A T AV
A0 1 UARAE 2o R B TR Bl N S B A AR BEAR B B 69 AR AT AR o FE AL S AT
7, BN HETRERME (GRERRREME D VARG HK) Fo AR E
(HEFARF ARG ARKBRGEBHE) . 33T, LibAAHK
AEFER vs. LLM? L Z“ERBARBFER vs. LLM 85 #7 7 £ T, VSE #2444
LHRFT R B ASR R fedif 1 69ABARME, Al 45 VSE EFIRAK-F L6
IR, KT HAERARA,

o, hE My 4 F AR 52 KA 509 2 3% T 2 A48 2] Cohen's f >
0.082 (52=0.006) #z 2=, ¥ AHILE|fHKEGa940 18] £ F




6. CEAETTIEE D I T LLM B ASSERR 6 (GEZL vs. CoT) o

%o, N AR BIL CoT %4F, HEXXHIFRNA. Hik, HEERED

KRS d, IR WAHZAR & ERNFATIR G M4, CoT 22K

B A U E R T B, HERREENGE LLM WHRERIL. 25
LR SHE, BERRRIIB A LB,

HE: RMFAEERGETERL,

(1) XTALSL CoT £4698E: KMNASITRT LA T REME #E—F 3
B, ARSI TAATRTRBALALMAAL IGT PHELBRL, ALXMK
RAES PIE AW P B hEEF, mAFIMIELTAE, B NeAs
FHT RAAEFERA LLM OX B = A& Kb £ F 48R, W R A sk 3091 69 4 32
M. CoT KMk EFIET AMMAAM T RKANLER: K LLM £RFZ AT
HAERE H IR, Ak R FRIIEERE . HRLE R KA, GLM-4-Flash F= GLM-
Zero-Preview & 3 & 4+ T AR 2 AR5 BAR, ARARILA AL R AFE, Rk
BEMHE S RH R RAMCBEZ THFAT X T RBRFE4IEEFX
E:

“h =, A LLM £ Ak F %S S (Evansetal., 1993), 5 & A,
Y LLM Ak B — 2 AR, AR A A5 I (Wei, Tay, etal., 2022). Wei,
Wang, et al. (2022)#8 - 7 iX A Hfe 3238 % 45 8h« 442> (Chain-of-Thought, CoT)—
—PP—ZZaRiESTFR SR —RFAREHEZR,

“HFABAERZT T AR KM, BPAK KM CoT &4, KM
TARET 484K REAEMHE ERTRIELAEMIXAE IGT ¥ 89F1RIRK
2 ARE AW P Mol dF, mAFEIMeEREAL; CoT F40 &K
LLM 22 45 a7 4 o 432 5 %, 7

(2) A F CoTREFRZEHKE LLM 93 R I: HAVEANZEMF P AT
Deepseek-V3 AKX & 5 CoT £H I FEILRLER, £R 2T, ERMELHK
RHAECOT XM TRESTALLH, RARAHOEFHAKLITEK
P, XBLEREH, CoT £—2A2H L& T Deepseek-V3 6497 £ 12 &% 45 5
WrRA, B AFRLUERAEZEF KT,

# S4 Deepseek-V3 £:2k 5 CoT 211355 LhiR 45 3

28 75 (CoT-Baseline) SE t df Padj
5 &2 e -381.04 299.41 -1.273 93.94 0.709
Il UK = 0.05 0.045 1.111 86.52 0.800
U ES -0.16 0.038 -4.19 93.98 <.001
R % -0.084 0.053 -1.575 91.05 0.517
R -0.428 0.14 -3.065 84.47 0.024

FEMESH 0.367 0.181 2.03 93.45 0.260




7. LLM 7E52 5 IGT A& FE 26 A0 CoT 4448, fH2 ANBHORAE 5B A IGT I i
WIS A, TEXCHRHRNE, RERIEHLE, &2 F T CoT 47

HE: RFAEROEL, RANESITET CANLLAA LHRAL IGT v 49
FRAAE, ARRRAEFTRPREAQI P MERE, MALFRSMEET
2, B, AEZIRRAZLES LLM 89 £ & 54, @mdE CoT &4, #F LBiT
e 2.3 FIRRALGY KA

“PF ALK, FRAALSLE IGT — &, #RAE AWM P &K
ik F, WAL FREELIAL, T LLM 4K, FIHEE L&A CoT &
e BEAREHTRTFLLMAAABE 24 i 2 F 2R, m s Rt
A2; & CoT &4 TF, &MFIB KR ABRE EBFZATEHE R T ayiEid

ﬁi 29
o

8. NSRAF AR T2 U4 B 1y ) J DR DA AR AR A 1 AR U R .

BHE: BRMFAERGE L. KA B ZIURMARARATRICAR I R AEFE A X 5 T
ERHMINFRALE, BT, SAMAAL T RMREILR (Fuzzy Trace
Theory, Reyna & Brainerd, 2011)49AL A o ZHE T AFARX L LLM 4952 1C U]
KA L EAFFREI, £ IGT EH5F, XIREARXEBR LK
REOKBMR LR, BLERIGENBE, AmARILE £ &6 E ZmE, Mk
T, LLM 4% F X6 LT Lnle, EFITICRBT @A LR R AR, 4
A1 gk A LAY ARARAT TR BL 5 A o m T a9 RR T 38, RAVAAARES £
CEEL LR ERSMF MR GLER. i, KRMNESTFALT LLM 7T
DG BN RGBSR IA], R EAE AR, # MRk R Z (Lee et
al., 2024).

“Hok, ARIEAL MR I 2248 (Fuzzy-Trace Theory; Reyna & Brainerd, 2011),
AN EARIE RN B ARG R AE 206 B Fh LB 45 <& Lk 4E(Gist Representation)”, iX
AT R AEAUE] LA ARSR AU ORE, T AR R BRINE LT, REE LKL
KE, BB AR FERAAZ, AXMXTRAFENKKGRITE L, &
WA AL . T LLM RAR B & ETF SLiTht /), 2ARIBAL MR 3T 22 98 49
A%, HARM T shAf 695 & & 4L (Verbatim Representation)” AL, = —ANH Al 44
#FeiL & % (Jiang & Ferraro, 2024), XX E LR EELG R TR
FAEHuE, TARESKERMK, 7

“B—7 @, LLM A3 BT TIeAuk ey, KT A S A R R ARIT”
RBEXEFAMA R LSRR L, ARAXEOBEEREFRNER LR EEIMN
#, #AxF M E(Leeetal, 2024), Lif BT E @i LARE %, VA
H AR FnMLH . 7



9. “LRIPFEARIE X ik AEE LLM FEAILE SRS R BON g, 7
. OREZRERAIFEARL LLM ML EHEAL LLM 1T
i, (B, BREHASERNEHANZET A7 RS

B E: AMERMEEERTEREHLRAGXE,
(1) XF “ERB” HANKE, KNCEFAEGI TP ERBHELAG T
L EpBHETTH—FANLEEF:

“fg BILA R TR LLM 5 58 AR RAURE KT IR TR R % (e.g.,
Lu, 2025; Luo et al., 2025), AR IFATIIT T AL T E: (D)2HRARELR
5 LLM rbi: K430 1763 12 A KK LLM #AT3F b 47, (Q)“EF REA
EHAL LLM i ARIFERLFIREI/TN, AAEHR P HE Ak E LN
RAEG 48 24X (5 LLM A RK B IEE) , BR“ERBALHEL, H5
LLM #4734 b 47 7

fified, &MED2 ARf LLM @9REA AR ok £ 7 AT
i RO B TS ETIRIA T AT O E R £ F RGBT

“AFRAERTA LA LLM BB, SITIHT O K, BHRRT, 2%k
AXHEARAL LLM d9tbi Rk T EBAH S LLM 89 £ 5+, mERBAHE AL LLM
LB N THESEZAREOALRE S LLM B3, AT EHNERE T
AV AP R RN EFLE LT IALERGESERIKFO0, FRXE
R E AR R AR R, 7

(2) AFERAMALLRARMRGER, FHPHHTONELRET
AEERIAE LLM 8 25, FARERTAILRRKFHGALE RN LK ZE
5, BANEMAE, BB T AR, F R A SR AR RO AR
AN LTt RER. BREAY, FREFAELR-FREHEAESAX
AR LAERE 257, LAERAFINE, MMEAHBE, EZRBEF
T @, EREFARILELFORY . WEFIEERANMMARALLFH
25, mEREHANREEEAAIZ KT ER-EREME, RTEEEH
AJe SR T R RAR G TAS A0 3R 45, AR AR ob . mAES 2R E . AAKIERL
A F A A :



“RAESS BT T AR, FRE. AREREFREALSAE AT (RAHPKE, IME
RS ERRE WEFIAFE, WEBE, BREBMALE) 6991EM). 1k £ (SD)FH A
F(N)o sbsb, ABLRET F XEM Ao R-F RBE ARG L7, FRITT R
Artelamm Z . BREAYN, FERBHALSERERERBALHERE S AN KRR
REAALEER, LEARLFINE, MEHBEE, ERABFERRBIHT G, FREHE
ARAEIEFORY . WEFIFERANMANALEZ 2R, HERXEFANIRERSE
RALERT 2REREFRBALMEL, RTFRBELALERFTTRIMA TRZ, 4

IR ERIAE T 2R K
S5 k. ERY. SRERRE YA S LA TES 2 BRI K50 45 R

ZH NEFEAR N M SD ZE5t t df P
Ak 1763 -1277.15  1034.49
o 24U A TRY 48 145771 665.03 281141 2851 1761  <0.001

Ak-ERY 1715 -1353.70  934.17

Afk 1763 0.28 0.19

A BU LRY 48 0.50 0.28 0.22 556 1761 <0.001
E-ERY 1715 0.28 0.18
Afk 1763 0.61 0.26

WA LRY 48 0.78 0.20 0.18 6.04 1761  <0.001
B RY 1715 0.60 0.26
2k 1763 0.41 0.21

RRFSIR LRY 48 0.45 0.27 0.04 094 1761  0.351
SR-LREY 1715 0.41 0.21
ot 1763 1.82 241

RZEM LRY 48 -0.96 248 2.85 788 1761  <0.001
SR-LRY 1715 1.89 2.36
ot 1763 0.67 0.42

FaE S LRY 48 0.55 0.32 -0.12 263 1761 0.011
SR-LREY 1715 0.68 0.42

R ZREFR TRUMANME - 2E-TRPREABME.  REIR BN T REREA K- TP Z A ZE R, «



10. MFHERin s R MM G IR EHER A R, IS0 R R A
KU E LR .

= E: BRMEARAERGEN. KRNESITAFLA XL ENLERBRA IS
FATSAT TILE . Blde, HFKEIS, AMNELRI2HHSAHLETES
B R, ERAMSIBATINS, KAVKEE E 2. R A= 7] A 24 & 45
RICER L 3, EAFULEINY, RMNMEELER AP EATALXS LLMZ
B AR GEREER, RELEEEZF, RNEEANFEALBAETLR
AT ANIAM AR S2 2 S3 F, sbib, KRAMLEAANEMFFIRETEAXSE CoT
AR E SRR (K S4) BB EEEN:

“% S4 4R+ T Deepseek-V3 #A £ AL &5 CoT A# T FEILKRLER, A7
RO T EAGAETALL LLM #4931k, BiiX$2 2 KA LT L0, M7
T, ERARFELIREH AL COT X4 TRESHTAKLMN, mAfssas 2
FHRLBN D FARF, ZLZRELH, CoT £— 242K L& & T Deepseek-V3
WA LR EEESBREIN, BHFARARRAKERAEZEZF KT, 7

# S4 Deepseek-V3 £:4 5 CoT KT 5 LU 4

ZH 725+ (CoT-Baseline) SE t df Pad
o8 SELIE N -381.04 299.41 -1.273 93.94 0.709
P e B 0.05 0.045 1.111 86.52 0.800

TR -0.16 0.038 -4.19 93.98 <.001
WRY )% -0.084 0.053 -1.575 91.05 0.517
R -0.428 0.14 -3.065 84.47 0.024
etz 0.367 0.181 2.03 93.45 0.260

VE: pagg NG Games-Howell £ E LK IE G p {H -



11, LR BRIR BRI 5 A, (EAE AT, (EEEF P AMEEK
WA SRR T NRAESAT YRR AF SR ) I 5, (Rl VSE B a1
UEEHE, (HIHBETF AR BE 7S 0 Fl FE SR ms U #e 1) ) 25 1k #2 (Feher da Silva et al.,
2023; HAEE A, 2023)” BEARE S O AR B N RS a] REAFAE SSO, HIS
2, FERRAYIERERT, R SSO ENAh AR, A 100 HikH, SISk
A RERIUSZIR, (K HAE R LU R et o8 B AR /7 o

HE: AMNFEFRMFR/EEIRENI—FEL TN, EeERighey, A
REPALLE IGT £ T A& R 533 % (Feher da Silva et al., 2023; A% 4.
#¥,2023), R, AARBITE, SAMAPEANT FEALFALRE #) SSO EA
HIT S EbE, BEAMSNLE Rk 3 BT, £ B R B AR AUBE AT

¥ VSEMKREMA RMAAEA B EBAKE ERERMBEALL LLM 49
REHAR E—ERRT: TRA NS ARMKGHE R E X, 12 VSE
AR RAFFAE @R LR ZARGRBAER, 2 L, KMNAEETF/AK
HVAVSE 1% 2 B MAER 69 T35, {245 SSO 1F A 5 AR A 44 ANAR A Pl 9

5

R 3 AR AUL A 1 ] R O AL A T A 5 15

. s R4 BERLRUR A
SATAHT )
Hom B R
ViE 3 BIC AlC -2*F BIC AlIC F
mx
EV 527348.16 512068.84 517203.24 0.06 0.02 0.11 <.01 0.39
ORL 489640.02 464174.48 483099.50 0.05 0.10 0.12 <.01 0.49
Lok K
_— PVL 505196.86 484824.43 492190.65 0.01 <.01 0.07 <.01 0.38
i &
VPP 502895.43 462150.56 475391.92 0.12 0.15 0.02 <.01 0.50
LLM
SSO 524819.06 484074.20 485195.30 0.23 0.10 0.03 <.01 0.42
VSE 476542.47 451076.94 467441.96 0.53 0.63 0.65 >.99 0.52
EV 46859.62 44983.9 46499.09 0.01 0.01 0.05 <.01 0.70
. ORL 31142.77 28016.57 29624.56 0.17 0.13 0.17 <.01 0.79
R
PVL 31781.97 29281.01 30514.95 0.05 <.01 0.17 <.01 0.77
AR
VPP 31968.14 26966.22 28578.80 0.26 0.24 0.08 <.01 0.81
& LLM
SSO 35691.80 30689.87 30864.75 0.12 0.04 0.01 <.01 0.75

VSE 28893.97 25767.76 27910.75 0.42 0.56 0.53 >.99 0.82
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GLM-4-  Sub3 4 After my third selection, which was Ijp, resulted in a gain of 80 and a loss of 150, my
Flash balance is now 2150. Here is my reasoning for the next round selection:

1. Ijp: Although Ijp has a history of gains, the most recent round was a loss, which
brings the overall gain from Ijp to 280 (from two previous gains of 100 and 120)
minus the loss of 150, resulting in a net loss of 70. Given this, Ijp is no longer the
deck with the highest net gain. However, it still has the highest chance of gain at 60%,
which makes it a potential long-term strategy.

2. NHj: NHj offers a balanced 50% chance of gain and 50% chance of loss. It doesn't
have the highest chance of gain, but it also doesn't carry the same level of risk as hlt
or nLO. If I'm looking to minimize the risk of a significant loss, NHj could be a safer
bet.

3. hlt: hit has a 40% chance of gain and 60% chance of loss, which is less favorable
than Ijp but also less risky. It has the potential to provide some gains, albeit less
frequently.

4. nLO: nLO has the lowest chance of gain (30%) and the highest chance of loss
(70%). This deck is the riskiest and should generally be avoided unless there is a
compelling reason to choose it.

Given that Ijp has not been consistently profitable in the last round, and considering

the potential for significant losses, | will shift my strategy to a more balanced
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approach with NHj. This choice allows me to maintain a steady increase in balance
without taking on the higher risk associated with hlt or nLO.

My selection is 'NHj'.

As | look at the four decks of cards labeled ILI, ysm, KzR, and eQp, I'm trying to
determine which one will maximize my balance. Since | have no prior outcomes to
guide me, | need to make an initial assumption about the potential gains and losses
associated with each deck.

Wait, perhaps | should consider the labels themselves. ILI, ysm, KzR, and eQp don't
seem to provide any obvious clues about the nature of the cards. They might be
arbitrary labels, or they could represent something more meaningful. However,
without additional information, | can't make any assumptions based on the labels
alone.

Maybe | should think about the possible gains and losses associated with each card.
Since | have no information about the specific rules for gaining and losing, I'll have to
assume that each card has a different probability distribution of gains and losses.
Perhaps some cards have higher potential gains but also higher potential losses, while
others have lower gains and losses.

Wait, but without any data or patterns to analyze, | can't make any informed decisions
based on probability. | need to gather some information first. Maybe | should select a
card at random and see what happens. That way, | can start to build a understanding
of the potential outcomes associated with each deck.

However, | have a loan of 2000 play money, and | need to maximize my balance.
Selecting a card at random could lead to losses that | can't afford. Maybe | should try
to minimize my potential losses while still seeking gains.

Wait, but how can I minimize my losses if | have no information about the cards?
Perhaps | should spread my selections across the different decks to gather information
about each one. That way, | can start to identify which decks have better potential for

gains and which ones have higher risks.




However, | only have one selection to make in this round. | can't spread my selections

across multiple decks. I need to choose one card and see what happens.

Wait, perhaps | should choose the deck that seems the most balanced. Since I have no

information about the cards, I'll assume that each deck has an equal chance of

providing gains and losses. Therefore, I'll choose the deck labeled ILI.

My selection is 'ILI'".

MRS HAE: RA1AE 2025559 A 10 B (GBRAEH-B) 4 Deepseek—chat (F %

&1, N=12) #2 GLM-4-Flash (CoT &4, N = 12) »HlMEH KL &A= CoT £H09K %, &
F3 (5FAFRRAEMRE) £REMFEZAPAAILE LMD 2, RAE LLM & F A

AT kI miRe RATEYPIAAR
— ) SRS AR A AAE S AR

“H R — 8 IR A R AR 7

IR? HAAA P EBL —H 1 2DLAE B Exclusively in—game 2 Used outside
Wik 25 R F R, KAVFEE TV RIS 5 b et L A AR
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The goal was to maximize my
| preferred decks that showed consistent
balance by selecting cards that
GLM-4-Flash 1 positive outcomes and avoided those with  Exclusively in-game i
consistently provided gains with
unpredictable or large losses.
minimal or no losses.
GLM-4-Flash The goal was to maximize my
| selected cards that initially showed
balance by selecting cards that
2 consistent gains and avoided those with  Exclusively in-game i
consistently provided gains with
sudden large losses.
minimal or no losses.
GLM-4-Flash The goal was to maximize my
| preferred decks that showed consistent ~ Exclusively in-game: My strategy was
balance by selecting cards that
3 gains and avoided those with  based solely on the gains and losses 7%

consistently provided gains with

minimal or no losses.

unpredictable large losses.

observed during this session.
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The goal was to maximize my

balance by selecting cards that

consistently provided gains with

minimal or no losses.

The goal was to maximize my

balance by selecting cards that

consistently provided gains without

large losses.

The goal was to maximize my

balance by selecting cards that

consistently provided gains without

losses.

The goal was to maximize my

balance by selecting cards that

consistently provided gains with

minimal or no losses.

The goal was to maximize my

balance by selecting cards that

consistently provided gains with

minimal or no losses.

The goal was to maximize my

balance by selecting cards that

consistently provided gains with

minimal or infrequent losses.

The goal was to maximize my

balance by selecting cards that

consistently provided gains with

minimal or no losses.

| preferred decks that showed consistent

gains and infrequent losses based on

observed outcomes.

I switched decks after experiencing losses

to explore more stable options.

I selected cards that had shown no losses

until a loss occurred, then switched to

another deck.

| preferred decks that showed consistent
avoided  those  with

gains  and

unpredictable or large losses.

| preferred decks that showed consistent
avoided  those  with

gains  and

unpredictable or large losses.

| repeatedly selected zVo due to its

consistent gains and low losses.

| consistently selected bjT after observing

its reliable gains and infrequent small

losses.

Exclusively in-game: My strategy was

based solely on the gains and losses

presented during this session without

any external information.

Exclusively in-game

Exclusively in-game

Exclusively in-game: My strategy was

based solely on the gains and losses

observed during this session.

Exclusively in-game

Exclusively in-game

Exclusively in-game: My strategy was

based solely on the gains and losses

observed during this session.

o

o

o

o

o

i

=
T
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The goal was to maximize my

balance by selecting cards that

consistently provided gains with

minimal or no losses.

The goal was to maximize my

balance by selecting cards that

consistently provided gains with

minimal or no losses.

The card with the highest potential

for gains while minimizing the risk

of significant losses.

The goal was to maximize the

balance by selecting cards from

four decks with different rules for

gaining and losing.

The goal of the game is to maximize

the balance by selecting cards from

four decks with different rules for

gain and loss.

The best strategy was to select the

deck with the most consistent

positive outcomes.

The goal of the game was to

maximize the balance by selecting

cards from four different decks with

varying rules for gains and losses.

| preferred decks that showed consistent

positive net outcomes and avoided those

with unpredictable large losses.

| alternated between Zin and kuE based on

recent outcomes to avoid repeated losses.

Select cards based on their historical

performance and frequency of selection to

balance gains and risks.

I rotated between decks to avoid

overreliance and to maintain a diverse

strategy, selecting the deck with the

highest potential gain based on previous

outcomes.

| selected cards based on the historical

performance of each deck, aiming to

maximize gains and minimize losses.

I continued to select the deck that

provided the most consistent gains

without losses.

| alternated between cards based on their

historical performance and risk/reward

profiles, aiming to balance gains and

minimize losses.

Exclusively in-game: My strategy was

based solely on the gains and losses

observed during this session.

Exclusively in-game: My strategy was

based solely on the gains and losses

observed during this session.

Exclusively in-game. The strategy was

based solely on the gains and losses

presented during the game session,

without using any external information.

Exclusively in-game

Exclusively in-game. My strategy was

based solely on the gains and losses

presented during the game session,

without using any external information.

Exclusively in-game. My strategy was

based solely on the gains and losses

presented during the game session.

Exclusively in-game. My strategy was

based solely on the gains and losses

presented during the game session,

without using any external information.

o

o

o
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The card with the highest expected

Select cards based on their historical

6 value should be chosen to maximize Exclusively in-game 5
performance and potential for gains.
the balance.
Deepseek-V3.1 Select the card that has provided the most ~ Exclusively in-game. The strategy was
Maximize the balance by selecting
consistent gains without losses, while  based solely on the gains and losses
7 cards with the highest potential for i
considering the risk of streaking and the  presented during the game session,
gains and lowest risk of losses.
potential for significant losses. without using any external information.
Deepseek-V3.1 The card with the highest potential
Select the card with the highest average
8 gain and lowest risk of loss was Exclusively in-game &
gain and lowest risk of loss.
selected to maximize the balance.
Deepseek-V3.1 The goal was to maximize the
I chose cards based on their consistent
9 balance by selecting cards with the Exclusively in-game e
performance and low risk of loss.
best gain-to-loss ratio.
Deepseek-V3.1 Exclusively in-game. The strategy was
The card with the highest historical
Diversify selections among different  based on the gains and losses presented
10 gain with no losses should be &
cards to manage risk and maximize gains.  during the game session, without using
selected next.
any external information.
Deepseek-V3.1 Exclusively in-game. The strategy was
The card with the highest average
Specialized in the card that provided the  based solely on the gains and losses
11 gain over the course of the game o
most consistent gains without losses. presented during the game session,
was selected.
without using any external information.
Deepseek-V3.1 The goal was to maximize the | selected cards based on their historical  Exclusively in-game. My strategy was
12 balance by selecting cards with the  performance and the risk associated with ~ based solely on the gains and losses 7

best risk-reward profile.

each.

presented during the game session.
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Who’s the Better Gambler? Comparing Humans and Large Language Models

on Exploration—Exploitation in the Iowa Gambling Task

Abstract: Understanding the differences between the sequential decision-making mechanisms of
the Large Language Model (LLM) and humans is crucial for optimizing human-AlI collaboration.
This study employed the Iowa Gambling Task (IGT), combined with Value plus Sequential
Exploration (VSE) cognitive modeling, to systematically compare behavioral performance

between humans and LLM. We contrasted a large human sample with three representative LLMs



under baseline and Chain-of-Thought (CoT) conditions. We hypothesized that the VSE model
could effectively characterize the exploration and exploitation parameters in samples including
both humans and LLMs.

The study utilized a clinical version of the IGT with dynamic reward/loss schedules. Data
were collected from 1763 undergraduate students via a standard computerized procedure. LLM
data were collected via the official APIs of three models (DeepSeek-V3, GLM-4-Flash, GLM-
Zero-Preview), simulating 48 participants per model for both baseline and CoT conditions. To
prevent LLMs from leveraging pre-existing knowledge about the IGT task acquired during their
training, the standard deck labels (A, B, C, D) were replaced with random three-letter strings as
anonymized labels. Furthermore, the assignment of the underlying deck characteristics (i.e., their
reward and punishment schedules) to the anonymized labels was counterbalanced across
participants using a Latin square design. LLM interactions involved system prompts delivering
instructions and user prompts requesting choices. They incorporated dialogue history and
feedback on gains/losses from the previous trial. An error-correction mechanism ensured valid
responses. Cognitive modeling compared the VSE model against four alternative models using
Variational Bayesian Analysis for parameter estimation and model fitting with non-informative
priors. A parallel analysis approach was adopted. We conducted comparisons between the LLMs
and (1) the entire human sample, and (2) the top-performing (based on final net gain) 48 “expert”
human participants, matched to the LLM sample size.

Behavioral results indicated that certain LLM conditions (baseline GLM-4-Flash and GLM-
Zero-Preview) failed to follow IGT task instructions. They exhibited repetitive non-adaptive
patterns and were thus excluded from further analysis. Well-performing LLMs (Deepseek-V3 and
GLM-Zero-Preview) achieved significantly higher final net gains compared to the overall human
sample, but their performance showed no difference from that of the "expert" human sample. A
thoroughgoing investigation involving model comparison analyses robustly identified the VSE
model as the superior framework for explaining both humans and LLM choice sequences across
two parallel analyses. This conclusion is evidenced by better-fit indices (BIC, AIC, Free Energy)
and higher predictive accuracy for choices. Parameter comparisons derived from the VSE model
revealed key differences. Regarding value sensitivity (accuracy in perceiving reward/loss utility),

LLMs showed greater sensitivity than the general human population, although comparable to that



of expert humans. Conversely, human participants always showed a superior ability to integrate
historical value information over time, reflected in higher inverse decay rate parameters compared
to LLMs. Differences in exploration-related parameters (learning rate and gain) were also
observed, indicating distinct exploration tendencies between the groups and across two parallel
analyses. Finally, LLMs consistently demonstrated significantly higher decision stability
(consistency) than each human sample.

In conclusion, this research demonstrates the utility of combining the IGT, cognitive
modeling, and a multiverse analysis framework to dissect the nuances of sequential decision-
making in both humans and LLMs. While high-performing LLMs can match expert human
outcomes in the IGT, their underlying cognitive parameters diverge significantly. Key distinctions
include the LLMs' heightened value sensitivity (akin to human experts) and greater strategic
consistency, contrasted with humans' superior integration of past outcomes, potentially linked to
affective systems like somatic markers absent in LLMs. The VSE model provides a unified
computational lens to examine these exploration-exploitation dynamics. These findings highlight
the unique cognitive profile of LLMs. They offer insights for developing targeted training to
enhance decision-making. They also inform the design of more effective human-LLM
collaborative systems that capitalize on the distinct strengths of each agent, while acknowledging
potential LLM limitations in less structured environments.

Keywords: lowa Gambling Task, Large Language Model, Value plus Sequential Exploration
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