Advances in Education #H#/%, 2025, 15(11), 1458-1463 Hans X
Published Online November 2025 in Hans. https://www.hanspub.org/journal/ae
https://doi.org/10.12677/ae.2025.15112188

BT ES RSP 2R A R B IR

EER, RA#A, FAM
T HRAMEAINA REZBE S G20, T 4 T M

Wk H . 2025410 18H; A EH: 2025411 18H; & A Hi: 2025411 H25H

R

ERPHES, BEIMMRLETEEENERAR, FRFFHEIBLERSRBRE. SHRANE
AR O AR, NEFRFMRRE T ERME T R BIER, CRNEERERRIIER. £
HRAGREESMEAR “HAZREE~SFIWE~AXES” 1Z8E, FHEEERARXNER
il Hk, REFHEEE, AEERERMEHERG, NERUARRARBFEBITHH B,
XK ia

mHEE, B, EMRAN, Eid

Discussion on the Teaching of the Total
Probability Formula in High School
Mathematics Based on Graph Theory

Junwei Wang, Xiying Yuan, Chunyang Li

School of Mathematics and Statistics, Guangdong University of Foreign Studies, Guangzhou Guangdong

Received: October 18, 2025; accepted: November 18, 2025; published: November 25, 2025

Abstract

In high school mathematics, probability is not only a fundamental knowledge that students need to
master, but also a key carrier for cultivating their random thinking. As a core formula in probability,
the total probability formula provides a rigorous logical framework for calculating the probability of
complex events. It has become a popular examination point in recent years’ college entrance exami-
nations. This paper first systematically sorts out the logical chain of the total probability formula,
namely “modeling of sample space — construction of partition - derivation of formula”, to help stu-
dents understand the theoretical basis of the formula. Secondly, we propose a directed graph model
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and, in combination with true questions from college entrance examinations and teaching cases, ex-
plore new ideas for formula teaching design from the perspective of graph theory.
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1. 5|

REZAL R FBEN LI R L OB 3, RO SCHEIRBH R R E I i, KA sR
ARG Y. AL, GRliilg. REEESE 2. £ 8eed, MRS BRI
BEHLIH AR 2 TR, R HHRnENE. B 5HA S, GiSES, MEACER bR
AR T AR, S T AR B A R S AL AR L IR VT i S I S B ) B R A
AROKBHF ORI E Bbs, BIE b8 E A E.

TER PR, MR AR EE SR O AN, TEHHEA K LR T RoEEM: K
b7 REMMEMIGE ARG R, “BT” RIEEEE I A XL 2. 2%
R IREA R AR i, RO T MBI ST BIRER IR “ A S U, A
MR AR EMR [1]. FETFEmET, SMREAXME SIS S, %5 B FFEM0. FIMRd
A I LA SRR A B ITE 2 15 RSO R ) — 1 [0] rf, L 5 7 A O R A A ) R HL B B
AR T B RE T DA K 2 FH 244 I T [2] [3].

SR, RTE MR A RBCETINE NS EHCESE T, A A XS B T R,
HAEHUE FH ED AR REIE A, A LUK AP 10 O AR5 e A U B LRSS . XS RS
WRVETE T B R R B AR R BEAR S ) S H o BN S S AR S i B0, AR Bk = A0 A =R i) R )
BEARBYENELE, T B0 ST BAE A TN F 2 T it A DA S IR B A

EEXE BRI, ARSCN “BEARTREE - SERE-AXMES” ZEEHE, RARESMEL
AW BLRELAL 256 B TR BIM Iy 5, A BRI AR B LS BIMRER R, XA T
BraR R AU R B B0 R IR, 51 A IS () R U ) R A A IR 2B
fif 5 AR T ER AR, AT MR A XA 1) B, 84 T SRR S5 A [m AR R K,
XM R GAL R I 75 SRS B A S A BN R [ R H AR AR DT AR L TR R B
A ) BRSO KRB T R A R MRS, A B T2 A TEE . iR, RIS R A g
TRME AT 5 o] L

AR H 1) AR A 30U 1) S ZRY A 755 4500 32 5K Allan Paivio $ H 00U 47 5 2 1 (dual-coding the-
ory). ZFLIRRH, ANFKMAE P MESAA FIE SOH TGRS BB RS — MR T S8, B—1MHT
EFIERR G XA RG] DLE N 8 703 TAE, mHEHMAZ AN RETHEER, WS 1R
BT FF AL BE[4] [5]. MESRISEIR TR [FIE LSRR 55 % L2 BUE R 1 a0 12 ARl .
PR ARWBCEF T IES B TGS Wi, A SCHR I B 77 720 e i A4 i AT 1) DR AT
BE Y. XFARE S gaid r) 7 AnT DA Bl AR W B AR A U i . i A R A A
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AN T Pl P A 9 o i B 77 30 45 Lk A A R v T R A R A s R, XA B S 17 22 AL
I E 2T, RRIRTH AR R SRR, PR RN KN ML

2. 2R NNHERILEM

TR A, NREE A 2020 45 A RS @ & 8RBk B B 58 = MH6]A0R I R -
MR A (total probability formula): —fichh, ¥ A, A, A & —HHH EFIHE,

AUAU-UA =Q, HP(A)>0, i=12-n, IFHMEENFHEBcQ, A P(B)= ZP )P(B|A)-

EB: KA ALA, ABBEFHLAUAU--UA =Q, NIl
P(B)=P(BQ)=P(B(AUAU--UA)))=P(BAUBAU---UBA)),
H1F BA,BA,,---, BA M B FFHIFIF, FABRKARINEMREAR, Wi
P(B)= ZP(BA) ZP )P(BIA)-

REAEH . 2R A S B AARIE ] R W AR 22 A SC B i DU o SR, AEUREE Ha b, JATTA L
PR N REAR 2 8] (1 7 E X — M B AR, AR BAREE H A REAER 2 AL 73 1, AT S AN RE
BRI A BTR, BATK A FIRE 715 B ARG 7 A3 B2 2R TR 70 FU B Ad

FEAR 25 1] () 43-% (a partition of the sample space): ¥ Q NFENLIRL: E MFEARZR], ALA,- A &
GUHAE, #G0) ANA =Di= i, j=12-n; (i) AUAU-UA=Q, WFKA,A, A NFEEERQ
H—H

XTSI “ BERAE R (6], FA14s AR RL IR A 2 8] Je Hoor . X BRI i 5, M
R ZRSE 50 IERIZER” , B FoRHAF T IRELENERR” . i=12. WA BITH @, 0, FR
aMLER, A @, 0, Ko b DNEER e WZATEE P BRI AR A 22 (8] s
Q={ool<jk<a+b, j=k}, QH&H (a+b)(a+b-1) MEA M, HPGMEAN 00 F8 “H 1
IRBNER 0, MEE 2 RIREIBR @ 7 o ARIEEE 1 IXPTRERIBEEREE R, "R B Q f— D0 &)
R={onl<j<ajzk}, B ={onla+i<j<a+b j=k|, HRNB =, RUB =Q. &4, R,
BHFTAR, ={ool<k<a jzk}, Wik SIHGH R, =R,NQ=R,N(R,UB)=RR,UBR,.
SR, BRI 2R ARG

P(R,)=P(R)P(R,|R,)+P(B,)P

(R|B):axa—l+b>< a :a'
a+b a+b-1 a+b a+b-1 a+b

FOMTE L P FE v, Sl TS R AR S R BIROR, 515 528 N BARFEA U R B R R R R
X PR S AR B 2 A LU B B R AR T, 3E— DR R AR S (R R A B R 1 B AR . 7
PHARSS, BOTRETEE H S R R T IRXANEEERIEAY, [ A E AR B AR I e s g 2
W NATHE, 51 SR BT E], LR, FIB, = {mjwk la+l<k<a+b, j= k} 2 Q —A o,
EARKARNB, =@, RUB,=Q. 54k, (a+b)(a+b-1) MEXSHM {0,0,} (1< jk<a+h, j=k)E
I Q f— 5

WAVGELE . B ] 4 T IRFRBAL” [6]HIFEA 25 [0 B A SR ORI, 245 0% RE A
12!&5@&2&%1117%%@ Ha, Hid ARRFH“BiIREARITHE”, BRRFMH i REBAETH
S o NZBEHLRE (R AR 22 17 Q@ = {AA, AB, BA, BB} , FLAEEAMFEAR AILLIN AA TR “55 1 K
L A% Eﬂ%%%ﬂ% 2 REABITHE” , HAKHE. MNBITAH QB —4N0%: AMB, XH
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A ={AA AB}, B ={BABB}|. =/, ZUMZ KN HEHABMFASN Q BEFRMEAR R, EIFEAR
ST BN T RE, DRI AS G £ 5.5 Pl SRR TH 5, AR H 25 th ) 2% R R A sUEAT T 5
3. ETERHNEMEARNEBF LT

AR MR AR, O S BRI SRR SRR, BIER ARG E R
MREMREAT IS &R RGN EMRECET, FEEEIREEE R MR A XIS REK,
T A S I AU L2 25 A 4 5, IR AR A A TR AN RE FLIE S 4 0] R v SRR P o D phe b 2 TR 35
ARSI SRR AR M BIE A B2 R AR A OC R A ML RAE, AT 51 G =2 2 K b B 24 32
PN RGBT, (R AR A U PR BT AR o (RIS, 3 3o S 70 05 ik o e 220
LR EERA SR A, 5] FEEERE B IA [ B,

H AN BRI . 1B R T AU B B SO ZE A, rh 1 1B T s A P R B B, T
B R R R AL MR R EMREA RN RFBERN DA, el Eike
HOHT R . EIREHA T, BATEE 500 A R BRG], BRI — SRR TR sl 1. B
HAR), BRI BN, LA FRARA I BR AR SRR R AT LR 1) F AR
RN

x5y

AR E] BirEH

Figure 1. The directed graph representation of the total probability formula

1 £HERLAANBERERT

RIEEMR AKX, BAEE I EMR SRRy M HEG (WE 1FR): G&n+24
W, ENFRSAHKIBILE M (EEEAT Q. AA - A DREREMB): & 2n F AR, B
MFRBENLFEZ IR RSB P(A) bRC A L Q > A IBUE, B4 P(B|A) brid v
M1 A — B IIBUE. IREMRNFRIEAR, JIEER MBS BIRME, B P(A)P(B|A): S
FERERAINIE AN, ARG REARZEAFE — B0 B MR, BIERHRA HinF R P(B),
HATH SRR E L 1.

HIAT I, SAgtes b A XFIHBACIZ S BB B s i a4 1
R bR~ U HE T T R A 22 A Re i B AR 2 MR I3 sh 5 & L A

DINERALEXT U0 BRSO Al B o R SR, 51 52k B R N EJiRs
e HENOR, FRATLL 2024 538 1l 2% SO R AR R Aot 5 2 2 TRl ol B I e g i L A
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Table 1. Calculation process of the total probability formula based on graph theory
# 1. ETEEHNEBERARTERE

P8 HHAE

B 5 B I REA S AR AR 2 [R]

B LS A 1] (1 50301, 20 HGE I RO AT 170 1

B WReEFRE AN, THHERA AR BER

HILh g s MR AN R BRI BEFRANE 2 H i F IR

#1(2024 B RHER) R RIS, B A A A SFEE, AR 5000 iEH, A
FBEEA 4000 & @, A, PEA 3000 JEM . /NH OSSR A, A A BUEER)IETF 2 0.92, A, SRR IER
S 0.86, A BEEMIEHZZE 0.72. B MFTA B ENLIE—8, EfERZ/D0?

FEMT: R, X B ERRR/N R H ERBRE. win b CEEA L A ATEHE
AEE” , ZEEOFURHEE T ZREIRR AR E A A ASHEERNER, #ido)
FoREE A RIS JIE-H , )rl'JAl={a)1l,a)%,~--,a)§ooo}, Azz{a)f,a)zz,---,a)fooo}, %:{a)f,a)f,-n,a)gooo}o
:J:xEé,*iﬂiél‘lﬂQ:{a)ll,a);,--',wéooo,a)lz,a)zz,-",a)fooo,a)f,a)23,--~,a)33000}=A1UA2UA3oJ‘XﬁEEEQEpii\ﬁ 12000
MERAS, A AL AZQIM—No#El XETERK 7R LRI ERENE - D,

UBAh, HRAE /N B AEREAN BRPE P ) IERR R, FRATA GRS A T 92%: H 2 /) F RE A E R 1) H
(B @, @}, o )» AR A, T 86% 78 H 2 /N BEMUEFFE H (B 0f, 02 ,---, 020 )» FEE A T 72%
RH 2N BEOER IR H (B o, 0, 030 ) e T2 BARFE B= “ATik— B HBEMHUIER” BIFEAS fi3R
| B::{ai,aé,~~,aﬁmo,af,aﬁ,~~¢uim,af,a§,-~,aéﬁm}, HILEH 10200 MEEA S . AT, AT LA H %
A R R, a1 s B n =3).

TP 4 == 1 K— 12 H N 22 :—5000 :i :ﬂ:i
FHEIEATE 1B, W KBRS, mT P(A)=2=20 P(A)=oor=
W%%E%%ﬂ%’WNAFQW’WN%Fﬂ%’Hﬂ%Fﬂ”’WE%ﬁW%@WM$ﬂﬁ%

5. P(A)xP(B|A). P(A)xP(B|A)RIP(A)xP(B|A). % 1ML, RIELEMEANX, Hix
FHFRIBER N = 5T [ AR R 2 A, B
2 5 4 3 17
P(B) —;P(A)P(BM)_Ex0.92+ﬁx0.86+ﬁx0.72 ="
RSB T, R gtfgikrh B E T EEARN AR, BRI ARG PR R (AR A DL L
P00 i A B YR AR IR o AR SR 1 B e ik i A 1 P DL FRe 7 17 DAe L2 81t H I 7
WrEad e, AR IR 2R BT H AR PR A DTk I X AR R AR AT BRI 2 5], SR
R RIS 2 5 SRR R AT 2 By 2 RIEIOHER SRR R/, 4 DL 7 S Al 2
Wrasin 5, WIFAESCIUNR — @B &R EF H AR
4. 2ERAANESEMRERESEREERER S
G R A DR EDY T A TR, Fo 02l SR 00 SR . R ILASC LA 17 B 2
BLMER A RO E, DA RIS . BEEE RS R 4R RE T3 R 45 = ATy TN P 2 14T AL
FENFN AT T T, A FIAEAR B ok A 8 sQi I A, R B |1 2 = BBy 0 2,
FRAL B R A T AT e I LA R AR AL, AT SR S E AR AR S O A
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ATEILZHHS, FAEATELBEICRII S, ATLMREER A, ARG KT .

FERESIERS T, MR EAR AT DOER S0 D TP BUREL, (EE0ER 25 80 DI A5, BRI
e, SEEARERENCZAN. A A EURE Bk 7 XA R, A G BRI R T A AT B AT
DAFS 338 [ R AR I OME R, TogEMTEE T DU A . (RIS A [ R w] DLE R B e 2R, Bl ey
IRER AL S, TERIEE AR ST I ROR -

FERBYERE I3 IR T, IR P S BB >0 3 (00 SRR g S S AL JBZERE 775 AT R B U A B
FRRGNER A ROV SR A LA e e FEMRE 1. ENRGNE B EE TR, 7 [ B ZORAE
I ACEGR AN, BRSSPI A B A e e AR LA R R R A R R R

5. &

B 4T e P R R A A P AR R I, A SO BE LS FORE AR 23 [0 R 20 0 R R G
TAMFAKXMBILIER, JF4y I 7 B B A ACE 7] S 0 BRI B ik, XA AT 5] S 200
FEVRE T AL AR S B, NIRRT A NN B R, 8 DUE B AESEIL N AR . 2
WA, BAWRN T 2R AXKA MEER, VEEMEEN. FTOMCRIB AR, AT 52 iR 5 2L
FRCR . BWTTiRE M T RAEE B 2 BRI AR R A, B 0 A AR I R i
R ZHARORAE . (RARZCE I AR e — SR B AT, LI A3 A T Bt B B A A
g, FEAEAMEA B LN E . X, BOMLE AR 5] T A E AR R R A ke R A
W75, IEMR GBI T R AL BRI Ah, X T FEEER A, Ol Rt o 2R iE
FUARIRNS: H oG, XTSI A A, BOMR DU MR SEBIN T, F4B A [ B AR RR . X,
xR ERAEA, BOMF] 2 R A B A S AR o (R IR 20t i R AR G AR 4 3K
A SR T BRI S, 1k B AE U P R IR B B 5 12 AR T T 1k

22 R B ARSI PR R A SN R R a1 2, B AN A A L R AT
A8 A B R IR T UL R A AR SR A RE T MBI A AR

e HE

JTRE AR B R S B CE TRERIE “@EFRRFERRBBE" (2023 F). “&
Grauh 5 8RR O =7 (2024 )R “0a B 4E 5 8 IRFE ST =7 (2022 4F), RERARHRFEE
BURRTEIH “ 28RN B AR BBURTE IR (2024 ), BRHBADIFUE SURESL BB H “8r
SCRHE 56 PR EH IR B U S S (2024 4F).
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