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Abstract
BOPPPS teaching mode is a participatory teaching mode in the Teaching Skills Workshop (ISW)
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project in British Columbia, Canada in the 1970s. This article takes the “Solution of n-Order Homo-
geneous Linear Differential Equations with Constant Coefficients” in the course of “Ordinary Differ-
ential Equations” as an example to discuss the teaching design strategy of ordinary differential
equations under the BOPPPS teaching mode. Integrating the teaching philosophy of “student-cen-
tered and practice oriented” into the teaching of ordinary differential equations effectively pro-
motes interaction between teachers and students, improves students’ effective participation, and
enhances the teaching quality of the course.
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NIE, BRIEIMIT AR BA AR, RIr A SO B AT SR & A SR RE T SR 1AL
NHETT I, B ST RO AL E, AR RRER AR O 1~2 D ESERGE, 1R A IR O R
Ko BRI M EUEROR A I AR . 55— T O T RE A i riX — Hee ORI £ TR, A5
AL BE S0 R A R A R R B WA . X — S — B R RA, b AREEE AE, AR T
RMER L PG 2 S AOHE L o B TN IRE, SRR BE G BT BAEL 2. Hil, #EK2 MOOC
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IR AR R RS, EEHEHFH SR AT SO ERNBEER R, il A v, fEms A
IR, AU “n BYE RBGTIRGMEROY TR B, o BOPPPS A xUN H 21H oy 77
FEURFE R rh, S M S R R .

BOPPPS #i ki T~ 20 tH 20 70 AARIN K 3 J& B0 LU M2 A8 I UM H e TAEY (ISW) I H i 2
5B Bl 3 A (Bridge-in) 51 ABT AR, BUR A DGR BRG] H br(Outcomes), k%4
T 48 ML B AR TS 1% BB AT 4 BEAT RT I (Pre-Assessment), 1 ff2f A LA SR FE AR, RIS
3% > (Participatory Learning) 77 30, 12 AELZ ML S H5IRE: J5II(Post-Assessment) o Il 2 A4F 2 75
KRB HERIFRH R BT I R ) B (Summary), JLIE 2% 3] [3]. BOPPPS #2175 1 2k
A, BT RIATBEERT I T R —, 2 M R a0 2 B A o 20 SR U 1
— PP RO T NSRRI Z RIKLN 15 43580, B DUE AN S 2 0 IRRE N B E 8 35 T4
BB, BN BRI K Z0h 15 43 8h[4] [5]. 7ESCHR[6]H, EE RV T BOPPPS #5 xU7T H 24 2471 2% 1AL
R R, R T SEGEF R AE RS 5 B O ZE S . 42 5 & BOPPPS
BRI A R3S 5 0E), i @A EH ETh, BORS A S DGR, RS S
HHEFEWALE, MG B EAE BT N T, FHES SN EK. R, 2R A, #
HRIRN s ARG A U S 2 T ROR R4, X RIR AR SSRGS s S 25 #0350 : BOPPPS #4
XA RIS BEERNT, BT BEE S IRAE 1IE MW AR LA, A5 BT 20 58 b b 2 2R
5, REEFRE . AERBUFEA B S VAR B RA R, B2 B IR R AR T . 5 2 A
KICHR T LAZ (7] [8].

3. B\ BOPPPS #HERATH “n MrEREGTREMMS HRENEE" HWBFRIT

n B REGT IR DT R R B T AR N A EEL ATy TR, P2 L
BRI AT AR AL n B H REGTF IR LR DT AR . B, FER e i) RLC B EXHLER . PR ah s R
i, WIWIRS) RG 5. XRTTREEAABIEN, R RT DL AR J7 2 B AR GE 2 PR 45 2R 2 1) Sk
HE . XM MERERIEIEm, TR ANH. EEATEIRN 7 ) BAdEF A LE ., ATTAE
% H B LSV E S T, M NREE . FRAEARE S KA B R BNy 7 BRI B 2. A
AR E B YRR R R VLR n i REGF IR D TR B, BT I KA TR
IO S (T o1 I U i < TN Y (AW = WS AW D A W A e X AW 67 o - T N1 9~
TR IHE T SRAR BB T R AL D9 T B ) B TSR AREOT 18, B, ARABARFIEAR AN [F) 2R AR 45 Y n By
W REGTIRGAE S 7 R A 1 R ik 2

(—) PRAEF A5 (Bridge-In)

7t BOPPPS 2t R URBUM AT DAE LI T b 5] NSEf), W51 5 AR B T, B
UG, TR ST 5 R 22 S IRFE N A R R o 2 i IR i RESGHIRE MM T7 - @ i e =,
HED n B R IRENE 53 77 RV A (1) 28548 2

L[x]z%+ai%+---+an_lj—):+anx:0

Wil B B R AT x =™, ATREE n W REGT KRG MR 77 R — AR, b A N E 4L
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;iq:x":z%,x:x(t)o 51 S TSR AT = A B, WORSE SR,

(=) %> HAx¥A75(Outcome)

(1) FUREFR: I BOTYE, AR K H I H REGHIR A ME T7 R BT R REE T A . JE
HOME 51 F AR, ReR A RIRHEAR 2R 8L 5 i REGT IR E S o 77 R s A . 2k,
T2 n B H REGTIREAERY TR .

(2) eI EFbR: ARSI, Befs AR 548 Wi REGH RN T R SR A . Ji I Bom
SIHTRME T AR RE, 1k AR e A 2 Bl 38 5 A= 0] RN 3 R FH 2 LU AR A0 1 2 2 R

(3) THEEEMEM: EM e SR, HReERETNNE, AAREHEFRERNE, R
k2 AR 2 B AN [ AT LA R A RS, 10 1A) 2 v] DA E AR R ALY, BE 24 2 Jo i AR
75 AL TR I S ) SR SR

(=) BRBTIIA 15 (Pre-Assessment)

WA I LB UE T FE(2) AR X, (t) =sint, X, (t) =cost, T AfSA X i oy 77 R AR I A M 20 1 32 48
E-pUS

(9) = 53504 ] 111 (Participatory Learning)

S M TR, B AN R SRR v+ pr+q =0, SRABRFE T RERIM, R NEFIER. 5
SEERIIE R X, (t) = e AR R, SEMARILR A 2 r ARHERRS, X, (t) 18 —Bris s iz
R —AMi o DRI, FRATTRR ERHEAR S DLEEAT 7028, PIAAESER r,r, , ESER =1, ALHEER
r, =atfi =M. (@) AP NAFRRISRN, x (t)=e™, x,(t)=e 1B N Frifn TR A2
PETERHIfR. (b) HEM =, i, ECH X (1) AN, @RI X, (t) =te™ 5 — AR
FFTRHIR. () URIEHESTIR, 7R A 20 % () =, x, (1) =el M s W22, by
LUNIE

X (t)=e"sin gt , x,(t)=e" cospt

ZUk, BT WAL, BT, BgS I NS LR 1.

Table 1. Solution of second-order homogeneous linear differential equation with constant coefficients
1. ZMERBCTRE MM HIER

RAERR B P IR R
SR T, x(t)=Ce" +C,e™
2EHEIM =1, x(t)=e"(C,+C,t)
—XEREMRL, =atif x(t) =e“ (C, cos Bt +C, sin ft)

T TR RBOTIRAAERT TS n B REGF RGN T RERIRIE R ) S e PRy
TEJF R & A BRSBTS R & x=e™ RN n M REGFIREMERM TR
ﬂ+a1ﬁ+---+a d—X+a x=0,
dt” -t dt"? "t "

F(A)e" =(2"+aA" +-+a,)e" =0

Hie" 013 F(1)=A"+aA" " +---+a, =0 XM REARNFFAETT R o U T AR RAEAR AN TR 15 50
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TR T RRIIR? T8 RS NRRIEAR Y S AR AN AR, RIS Ol it .

TEIE—: RHEARSNEAR, B0 A, A, -, A, RAFETFEN n DM RIIR . Mo 7R 4?2 BR
S WRFAEAR B N SRR B4R, PRSI HE . (@) MHRFHIER A, 4, A BUNSEARIE, n B 2805%
LR R IEAR A X (1) =C, e +C e 4.+ C o™ o (b) M A, Ay, o, A, FEAEARAE AR : 35 7 2
MR 47 JBREAEBELRIEREGENR, WERBS R AR AL=a+if L =a-if, N
e® cos Bt,e™ sin gt #RZJF T FERIME, H o FHEMT K. Fik, nBrE REGHRE MM 7 R Ag R

x(t)=C, e cos ft+C, e sin pt+C,e™ +---+C e™" .

TEIE Z RRIEARAE AR : T TR AR AT A 2 B R R NRRIEAR Y R SEAR R S2AR, 4 PR i
WHte AT (a) HHFIEMRBASARE:, AUTRAHE S FEA k EIR A, wTLUAIE x, =™ N n B &3
FRBMEROY TTRERIMR . E I REGT IR TR e R, 58] x, =te™ &5 x =™ &t
ToR M. TR, SEEEHET B n B REGT IR T2, 7T45 e e %™ t* et o (b) MAFAEHR
BINEREE, AT DASLR I8, WAHE R K EEMR A=at Bi, W n BrE REGEIREMERY TR

e cos At te cos At, -, t“ e cos St,e sin St,te” sin ft,---,t“ e sin ft.

S n I RBGH IR Ry T R o K

ﬂ.ﬁ_ ﬁ+...+a %+a X=0
ar A g
DSk FAFAE TR A"+ A"+ +a, =0, RS IR £ 2,

Table 2. The solutions of n-order homogeneous linear differential equations with constant coefficients

= 2. n B RBCTRE MM HIRRMRE

FHER B KIS RIR
LSRR A x=Ce"
—XEEEWRA, =atip x =& (C, cos At +C, sin At)
k AR x=e"(C, +Ct+Cyt* +---+C,t*")

x=e“(C, +Cpt+ Cyt’ +---+ C,t*")cos Bt

— % k HEAR
+(D, + D,t+ D,t* +---+ Dt )sin Bt

() JEIIATS (Post-Assessment)——if & 2k > I AR

BIRE 1: K555 FE X" = 2% +5x = 0 (iE R . (LFERK)

AT AR RREARVEEAT SR . O 1 DU R R AE ARV SR AR I o 8, A T = FifE il
VRFEARBEAT 0 SR =) o [EII, ok SN 03 7 R Q)M I 0L o

(73) EEEHTE (Summary)

PPT BRAIMR R AR FEENE, smFE R, /NCsRiE e B4ER R 78 . ZUm ] Dl 7
FIFHM 2 BHE, Bt iy, aTRUMEB T 28k, mid ek n it s, 51 R2EFWEE, g%
WEAR A R SR ST, 513 AR RHEAR AN RIS AR ES th n i RS IRENE RIS T RE R g 1)
Tk BB HIEFHES THZ, ZUTHA S MR, AT Re AR 5 IR BEEBER .

4. GER
TES IR, R TN T 5] R 22 FE s RBR R A RIS L, MR 2k
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oo AR R n B RBOTRENE R TR SR AR AR R, Fa il I IR R
MR R R BIG5 8, ITTER IR A 3 18 B e . 8 EARSCIE T BOPPPS #HUA i,  “LUA4EN
sy DASEBON TR B#EE BB BE Moy R IREE T, EIEAER AL Bis. BTl 25305
s JE ARSI, AR RN A Z MBS, RErAERaNS 5, ik LR,
A BT RIAE N TR, B RERUR AR T B PR AR R

E&WE

2023 2024 AR EARR AL R E S HOABCE TR WIH , 2023 ) AR AR AU
HHRRAEUNH , 20232024 4 R DAL R AARHCE: TRETH , 2024 4 R AW AERA QU IHE .
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