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Abstract

Objective: To investigate the effectiveness of an innovative teaching model based on Outcome-
Based Education (OBE) and CDIO (Conceive-Design-Implement-Operate) concepts in the standard-
ized training of internal medicine residents. Methods: A randomized controlled trial was conducted
with 90 internal medicine residents randomly assigned to either an experimental group (n = 45) or
a control group (n = 45). The experimental group received innovative teaching methods based on
OBE concept combined with CDIO engineering education model, including case-based learning, pro-
ject-based learning, flipped classroom, peer teaching, and reflective learning. The control group re-
ceived traditional teacher-centered teaching methods. The training period was 12 months. Aca-
demic performance, clinical thinking ability, learning motivation, participation, and satisfaction were
compared between the two groups. Results: The experimental group demonstrated significantly su-
perior performance compared to the control group in comprehensive theoretical scores, clinical op-
erational skills, and medical record analysis ability. The experimental group showed significantly
higher scores in all five dimensions of clinical thinking ability and total clinical thinking scores. The
experimental group also exhibited significantly better performance in learning motivation, partic-
ipation, and satisfaction. Conclusion: The innovative teaching model based on OBE-CDIO concept can
effectively improve the quality of standardized training for Internal medicine residents, enhance
trainees’ clinical thinking ability, and increase learning motivation and participation, showing prom-
ising application prospects.
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1. 518

AR B T RGBS IR B 2 N A B 3R A SR BEIAT, W I KR TR AR 2R 0T IRy T i A &
BE N WEHMEAIRIRE S WEESR, JORFRED . WiEER2ZE, SRR IG R B 4ERE 7
BITH RS E R E R B . AR, S0 “EBN 1S B Sy . sk
SRR IR B AERE IR R, L R IR B E M m R IR A R R R SR T
H (Outcome-Based Education, OBE) 7 i A% > il SR Oy Tt 1a), 11 5% ) & fig /1M s F= FK FE[1]. CDIO (Con-
ceive-Design-Implement-Operate) T2 H BT “M 8 - &it - 500t - iafE” ECEHE, il >)E
FE B S EBErh 1 L B 2 IR SR AE 18597 (2], ¥ OBE &5 CDIO BERARSE &, MRS EH A L.
B S R O, R B B TR A B IR 4 1R i B R i AR, B N AN EE TR R ¥
HHVURARNIRZ OBE-CDIO ## i M [3] [4], (EAE A RHE B B2 A A 55 )1 o (¥ R G FT A 7
FEXF 2, JH 2k R TR 0 S e S AT 75 3k — S IGAIE AN 58 35 o PR % 2 0 AN 75 B 2 48 4L SE R P iR,
R AARBUIER e WA ERAE R R A R AP IVAERE /), 1X 5 OBE-CDIO B & i i I RE /1 85 9%
HbrmERs. FEit, AW EEEI 3T OBE-CDIO Bl & i 615 2 i U AE N RHE B B2 T 56 Ak 35 )1
R AR, AR EERE IR IR & 5685 R F 2 H 7R R AL STUR RIS A0 S0
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21, — AR

2.1.1. FARIMER
eI 2023 5 1 A & 2024 5 6 A AEA e A BREAT (I e B2 TR AL 1 I B BRI 9Bk TEx 5o

2.1.2. ANFRE

1) HIRSIARMERE TGRS 2) 48 22~35 %, 3) EBiRIGRE ST, 4) @it
T B A% AR ISR PO E T 5 5) B AR, Aels e UM ERIZR; 6) RS S AM IR E
EniE FE .
2.1.3. HipptRfE

1) BEAEAWRHERIBRIZ T 2) EHAEERE O 58 B /B BRIBRLYE AL B s 3) ARG ™ HE R Ak
TR RS ABT, BEIA IE 2% )5 4) BR VIR RS N DR o iRt B R B) il Eh 2K T 90%; 6) 4E
# 2 STt 7 Bl IR R A R

2.1.4. $MEH
K HBENLE 7RI FF B IINARIER) 90 ZAE B EIHEENL 0 ARG AL A ST R 2, 4% 45 . R
ZH R 5T OBE-CDIO & AL B i U AT 55 Il KRR R R AL R s i = AT H )1

2.1.5. EIEHA

PR 2L I 2 U 2 R I A o I T R S8 A 355 N b v 52 RO 12 S L I I RMES B 11, 153 9 0
FHIGZEST, RS . FAEERESE 2 AN T .
2.1.6. BEIHE

S GO TIE, PIALCEBE AR . PRI, 5K B VI ER 6 B S LA
MBS, BAA BIFMT e, BAREELR %R0 H e WL E 1.

Table 1. Comparison of baseline data of two groups of residents

= 1 MEEREIRREL BRI

BLRFE I (n = 45) FHHEH (n = 45) & P{H
FEW(%, XES) 268+2.1 265+23 t=0.672 0.503
AN (%)] 72=0.180 0.671

i 26 (57.8) 24 (53.3)

poq s 19 (42.2) 21 (46.7)
2PN (%)] ¥2=0.048 0.827

AF 28 (62.2) 29 (64.4)

fii R DA E 17 (37.8) 16 (35.6)
BRI RS (5, X£S) 73.2+8.4 72.8+8.9 t=0.230 0.818

22. BFEIE

2.2.1. RIEEHFFEFET OBE-CDIO BB HiBFER)
(1) |MEFEESELEE: KA KBRS 1R2E (OBE)HEE, 454 CDIO TRAEHERH, M “H
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B W - S - B R BCEESRL . DLES RN S, RIBITTBCE N AR R R, SRS
TSI REE SRR

(2) BEEERERE: W A RMEBE IR RE I EER, AR AR FhE . ZR = AN 1 Bk
SOV, BHE: EENENE RIS AR, B RIRR YRR AR R BE, B R IR R KRNV I8
VAR

(3) FENEHA: 15 CDIO HMRYLLH ENE:

o R (Conceive)¥tBt: 5l 55 G HTIG IR N8, WOK S 2B
o Wit (Design)frBL: filE MEA ST AT IR

o Sjf(Implement)B Bt IR PR SE B AT AU 25 5

o JZ1FE(Operate)ffrBt: VAR 2= S ROR I RF gt .

(4) BEEFELHE:

@O ERPIF R TE, K CDIO VIR BEHSRN H W IRR A F ek, Dot 135 B H N,
HE) B BRAE T s 1 Al BOE TR B 1 W 2, % USRI e Wi, FIHRW S, X
T BAERSS B i, 2 0 o8 O SEAh e A AR B R B & o0 i, &5 JE R = TR T S
Wr b8 IF i e 2 2 VAT T s SR B ER 2 YR B R HUTERE . TS I A Vs, U H N
YN BV 2 0 IR YT RN FE R T & IBIEM BIER H R ST RV RS, TEHRIAITRER .
WRE A M W r RS U H &, UG AT 3~4 Ik, WBEARF RGN, RS
7E 12 A~ H WL & 50~60 4™ 5E% 1) CDIO i %6

@ T H 2 ) Do Eish A EO ], TH N 4 A 55 1B NI E J& 305 SCErit s B, %
PP HSHUT S B, {WECFEEHRE. TG, BT RE. BEHEEANSEEHETR, Hr
FCeHK . SCRRIG 2R IS Mt SERCCEREE I FIYDHELEMI B . 5 2 RN IR Sl S5 B e B, 2 R
TEM 5 WU 10~15 BIBRF Bk, 0 RRr26. PP d . TR, S 511U A PE I,
HAE P IARS VIR IR K. 58 3 A N RIS B, £ TAEY e 22 M T2 Bi297
TR, WA VRS R, g S A B I A BOE M, R LG AR S A BT AT . S 4
JE AR R ST Y B, S AL AT 15 IR E R, AR AT BIRTEN. PR AR
FNEFFE M AT BUFtE. FIBADMEDUAYEE TP oy, TRF5 7 RMARL S IR R R K5l
Wil L e RO B . SRR RS AAE . BRI E RO T 2 3 AN H .

@ BHFERAL DA I SRE 230 B, BT 1 B T & R AR R T L SR B AR R
5 DU 56 FCIE 22 36 FRAE W DX R AR 1) 8o 5L SR 2 DY AP B SR — B B 30 40 Bk AT AN s A I 5 2
5, ET R R R I R SRR S5 B B 40 A3 B AV A TR SR e i SRE A, PR L
HVUNIETT KRS s 255 =B B 40 20 Bh SRR, 7 B I s PP OGS e SR AU 2540k s s SR DU EX 10
P EAT R IK EE 2SI B SRR RSB . W RS R ERER R, e
GRS B b E 3 2 5 m i SUE B FH I B, BIEGR S H eHF 2-3 K, TR SR 2E . BB IR
FARERR B8 A TE K H I 55 L 2 S O

@ [FEBCEE R A R 6 S H LA ) SRR 2 A e, &R R R R R I
OHEAT 2 /N TAEY o DA R ST E R B ], AR TR B AT 3 RN EUAAT 5 M & UK, IRA
FARHEAT 30 B R HUR UM N2 502 1 TR T, ARG 50 4rh B BN 4R 5] thIGAE Bt 2 DB
VEIF B2 BRI R 1E, B35 30 40t B se iR W is S AT B 00T, )5 10 2B i 6 s % B
R AR SRR AR IRERE RS R B RmR, e e R, A
ITHREB AL VPG DB L. 20 3 % A e 3 as 0 L . BEEE. ME RSB
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© SRR S R A BUE A TN 2~3 NI O sz, BEALAE AR ATHE R 10 A A
BB, WACTREIRIRZI R AR BRI R R T ImR B 4E R pEE P . FHY A
bro SRR IEBCRMEBEXE R B HEAT 60 7> PhERMRIIT, HiZin=2 SOl i rid e, Kb n 2 MmEn
PR AL TT 58, 3 i R PSR B R SR R4 AR R AR . 455 30 70 Bl 03 7 5245 B0 21 D5 i A
[V P2 . fea 20 73 B GO0 BA T AR ZHER 1B, A BCE IR NI B R o BEAL2F D1 4
PANFAMRIC R A RBE R, BE@E TR RG], ARV i 8 22 il
R .

(6) HERBEME: BT EB YT QIR THR . WIBHR . fELILG . 2% T3 R ER A
IR IR Bo& 7 F AT SN . RIS B O PR BLR G I ZRA LR 20 44
PRIEACIR N s AR5 UL AL oA SR SN SR B S il T H e Ol BRI . OB H AN
B BRI ST B

2.2.2. MRBBEFH ARG HFEX)

(1) BERARBR: RAMESEH BT ES” FEEARE DR E, M EUIRR I ST A>T

(2) BFENBEH: RIS HA KNP, RGIHZ R RN, G AR A 20 B A 2
CWIE T R EE A

(3) #ETFHE: © WEIHEZ: HUTRH PPT BT BEAT R ML @ IIKERIE: 2% R EREE
HEEIMHAT IRRE S AR GIE: © HifeR#: BUMBURIRKERERRE, S RMEY>]; @ EMHEZ:
i BRI 6 2 ST RCR

(4) B EERAAGEIR, @ EIR WM B RE AL VTl 7 S 22 ST R

2.23. HFEREES

2R R AR TR] PR T 5% L BN £ 5 02, i 08 I3 R AR R A DL R R, HA & IR R & 560 A0
YR . FIE S — NECE R BRI A R, B RFE TR AR AT bk . B 2 rp s A 3 T
SRS, KRR T R

2.3. YEIgHR

2.3.1. BEEERE
RSV EATUE A AR EMPEAE S, SFER. Wil FHERUNE IR RS, i
PR 2H 1 FE 2R AE B AT L

2.3.2. EIMFELIER

B G5 A (BRI A A ) S PRAAE B R I BEAT S8 5 PP (s 1) SRaBIR st RARMEML IR
B W7 100 7rs 2) ImPRIRAEERE: W ARHEIL IR ELRES V-, 52> 60 705 3) M HTRE ) R
M5 ZAP (75 6 70y RIEF4 0. — B30 BE 290 ARZE 190), VPASAE B B ITx il AT 51 ) 2 Ay
H e

2.3.3. lmRBYERE M

B 45 3 5 R R I R B 4 e F 9P A B R BT . Rt Sireerat ZE[5]JF A AOFH J) 24 B 4 46 71
AN Charlin ZE[6]42 H 1 PRIEB A —SOvE e BB JEnt b, 254 55 A1 PR SRR s 2 1 i . R
EHAYERE, AR 5 T 4 = RBE, 24 = 8%, 34 = — i, 45 = BRI, 54 =
)
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(1) ISRUWEEREAI(5 43): PPALIRIURIEE B 5 AH OGS B RURE T, ALE L [ I B AR R
MRS WM SR SEIER. E¥ M RE 5.

(2) RIFRIRBIRESI(S 43): VEALTRAAE SO R 10 B A RE 7, L% BRI« DGR BH PR AR R HL
FEF G R SRS WsA .

(3) AHTHEERRE SIS 4): VIS FH B = AN AT A F A B8y, AR B A FRALHIAE T . 2K
T DRI R A IE Bs 24 E FH 55

(4) PSRHIERESI(G 4): PHLHIEIZIT T R MR ), BIECWITER AR 16I7 7 Rk, KU -
W VPG . MR YT RS

(5) REBIEMEES(G 4): WAEXHS T I R T OB S RIRE S, SRR ORI . KRR 4
B BRE XA FRatohi g,

I R SR AE 253 9 AR FEAS 4y 2 F0 W03 25 47 e

TEAEWAR: KA SBLEE & Hr 7 TPl . B0 523038 BE N LA EX 3 NI 1 5t 2 61 (e A
Al S AR ERAR [ RGUB0), 1E 30 M b e &I [A] J5 462 % E A 1), 25 B ARE 3212 (1 [l 2 A R i A2
X HANYEEE V. BB 5 4 NENE EATERIT & UL IR E KA K, WASERANES TER
ANENBESZARE (1 /3 A5 L. RS2 R VTGt 3 BB B MANLSE K, 5 B RENLEC i (R0 5 B VA5
HZ A LB Y . VP RAEPR 3R, B IABIPP 2 — B 2R (1ICC > 0.80) )5 T Al 2 5 1E
XPli. 3 BHEMVE BCFSMENE %1557 -

EESREREN: ZEREENEFHERATNHZ, OF REFCEE SR, AT
RS H (n=30), =R Cronbach’sa Z2E0N 0.91, %4EFE Cronbach’s o %7 0.82~0.89 2 [f];
SR (kG 2 JA) N 0.85; 1F/r& Talf5E ICC N 0.88. WAMEH 8 LWRIHELFM 2 LESHE¥L
FE, NEFZIRE(CVI) N 0.94, G5 F %5 M it 36 UEPE R 720 MG 36, TR TR AL LA R4 (CFI = 0.96,
TLI =0.95, RMSEA = 0.051). #bro<BE%0% LL OSCE ETN AR, #9%& % r=0.72 (P <0.001).

2.3.4. EINIS 5E TS

FERG YIS AR RIS U S5 RN AT VAL, SR BV R I R AN 058 43 ZEL 175 0 PR PP A 2 58 FRGVT 4

(1) FEIFPRS: S5 ERIPEREZHE FARCET I [7]. SERET B RICERE IR, B
WAEZIHL. SMESIHLAIZ: S B =N ERE, FFAYERE S 5 N6 H, KA 5 70l Likert &8RP (1 = 58
BATFE, 2= AKFFG, 3= AHIE, 4= HERTE, 5= ZRMTH). WIESNHIYEREVFfL 2 0 RS HR
- oA B RS SR P A 2 21 B Sy AMESHLYE VR 2 L R AN AR . AR e ) AN ERNME K JE R
SRIM P2 AR IS 1B T 2 I DG AL BE VPG 2 510 RS AR AN R TAER PSR . PHARZESRIIEE 6
ARG 12 AN A ST LIk, ZAFELES NG, &S — MY RIS H RN, %
AL LR A FE B BRI A T A5 B R A 50 0E,  FEARF A5+ Cronbach’s o &% 0.89 (NTEBIHL
0.87, AMEZIHL 0.84, 2=>]NER 0.91), FEINMEEEN 0.83, 45HRUE L IAUE MR T 20 M\ = [H 71844
4 K IF(CFl = 0.94, RMSEA = 0.058).

(2) BIHSE5ERS: 2ERES SRR AR R[8], B L3R AR, tTieZ 5 RERIE
FERT R = ANERE, FEANERERA] 5 A iE o (1= ARAMIRZE, 2= BUDIRE, 3= — )k, 4= BEZIRL,
5= REZMLF). FINHEITRRVPAGL 2 AL B G S T 3h4R H r) @ A BT & 1182 5 Pl A
FERRGIDIE AN 2T P B R S BRI DT EE s A b 58 BOBT B VAl 27 5 58 B S AR S5 1) S . e
PERIREE o VP45 By 202 ARAE 55 I 0 #8 rh 1) S PRaR LR T VEAL, AEIFUIES 6 /N ANEE 12 /N &0l 1
Ko NLRVEI 2 MPERTE RSN, SR LT © 5 ZE8 A0 B O 800 2 AT 5y, A%
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106 LAt 2 03 1) 7 2EL IS DU R REAR T FE BT @ VP4 B T AR AL VP 43 R AT 2 AT Jo i b (2 inl I i
. TR EI K TR RS H4E); @ M G 3 AR A 2 Ly, BUFHAME; @
PEor (B — B ER 1ICC>0.75, 1EIER P BTEAT VP2 Br I — e IR . % 53K Cronbach’s a 5%
790.86, vF4r3& [AMEFE ICC N 0.81, 5% 2] G HIAHIC 2% r=0.65 (P <0.001), ‘7~ R 1 M RbR SRR

235 FIHBEERE

R G5 o e SR B T P A e ATV, S 1) BRI, 2) #UEAE R, 3) A
IR BT . BHRPRR I 4 R RIEARE S WE. R AR, St &g NEO P S R
2.4. Gt sE

KH SPSS 26.0 it # A BT £ v . TFE TR LIS £ brifE (X £s)Koax, 4IA RS phar
FEAS t K56, THEBOR LLGI BRI 7 20 e [n (%)) s, ZHIAIEL R 24606, S5 R R ARG 36 . LA P
<0.05 NERBG IR . BTG LR 5602 3 FH UM S 56 o
3. &R
3.1. FAEREIFE IRESEEIZER DT

S AR BB G, PAEREIRE SRS Z e L EREEER . RIGAEZE SR
FRSR A PR B A 45 RE 7 T 240 S5 3540 T R BB 2 (P < 0.001) . 7E995 J3 2 BT g JuilAdi o, BRI 41 A4 55 F0 B &
SR s T IR, R A S E (P = 0.002). FIRERSTE I BARGHgE BRE R 2.

Table 2. Comparison of the assessment results of the two groups of residents
= 2. MAEREIMSEZERILE

LiREELED R (n = 45) SR ZH (n = 45) t/Z 14 P{E
ZEAERRG(D, XLS) 89.0 4.7 81.9+6.2 6.122 <0.001
R ERER B (2, XES) 51.7+4.2 440+6.8 6.463 <0.001

W AHTRE SN (%0)] 3.186 0.002
755 47) 18 (40.0) 8 (17.8)
RIF(4 4)) 19 (42.2) 15 (33.3)
— @3 ) 6 (13.3) 16 (35.6)
BZEQR2 D) 2 (4.4) 6 (13.3)

3.2. FLAERREIRIGRKBYERE T

TG AR B YERE S S A YEEEVEAL o, IRXIRA R R & 3 Pox, WRIAEE SR
71~ WRRRBIRE S A MTHEELRE ST DR E RE T UL B VA BE 0 S TUANE L P B R 2 v TR
(1P <0.001). WmARELEED T, WIARMEY RN TRA, ZRrEARESTEE L.

Table 3. Comparison of clinical thinking ability scores of the two groups of residents (scores, X£S)

3. MAEREINIRRBLERITIEEB(S, Xt59)

pieids WG4 (n = 45) Xt HB4H (n = 45) t{E P&
15 BWUEERE S 43+0.6 37+08 4.025 <0.001
i R R A BE 44+05 36+0.9 5.285 <0.001
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SriTHEBE AR ) 4207 35+08 4.419 <0.001
REEHI BT 41+06 34+09 4.357 <0.001
R EFHEE T 40%0.7 33+0.8 4.408 <0.001

[ YIS 21.0+2.3 175+3.1 6.087 <0.001

3.3. MAEREIFFE IS SRS

TEFSPEL THE, RIGHENEDINL. IMESIHLAI2: S MM =AY E PR E TR, &
RN TESI LN 2 2] R 2 R0 N R 35 (P < 0.001) . F5UlIERE TR 2 5 VS B, IR 4L7E 3038 7 4
®. WS 5EMELSENRRESE ST ENTSEA, MR L% 4.

Table 4. Assessment of learning motivation and participation of two groups of residents (score, X+ S)
4. MAERERFE SIS EETEGT, XLs)

LT RE 4 (n = 45) it R 4H(n = 45) tfE P&
SEAFBHIEF (4, XLS)

WAEBIHL 42+0.6 35+0.8 4.631 <0.001

HMEBIHL 39+0.7 3.6+07 2.040 0.044
Eoppas i 43+05 3409 5.782 <0.001

BS540, X£s)

ERE LR 41+0.8 29+10 6.247 <0.001
Witz 5 44+0.6 3.2+09 7.352 <0.001
ARV 58 OB 42+07 36+08 3.838 <0.001

34. MAEKRERFEIFEERE

W BB S R E R, RIGAE SR N EEE L. A7 R I R AN 2 2] B8R i = AN 7 T 1) 8
FELT XL (Y P <0.001), RIGLH T 3RAT “ARFWER” VRO Y BUE #0000 = B2 Fi b vh 25 B X2 v T 0 fiR

A, R A AT R U B SR AR T HRA, R R T A B VR > AT LA 5 TR

Table 5. Comparison of the survey results of the two groups of residents’ learning satisfaction [n (%)]
5. MAEREINF JFHEERELSRELR[ (%)]

WEEER RIA (n = 45) % fB4H.(n = 45) zZ1E P1E
BENFHRE 4.232 <0.001
e 22 (48.9) 6 (13.3)
W 18 (40.0) 19 (42.2)
— 4 (8.9) 15 (33.3)
= 1(2.2) 5(11.1)
BEETERRE 5.016 <0.001
EHHE 25 (55.6) 5(11.1)
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Yk
b= 16 (35.6) 18 (40.0)
— & 3(6.7) 17 (37.8)
AN 1(2.2) 5(11.1)
FAMRHEE 4.117 <0.001
e = 21 (46.7) 7 (15.6)
W= 19 (42.2) 16 (35.6)
— 4(8.9) 18 (40.0)
AN 1(2.2) 4 (8.9)
4. ¥ig

OBE-CDIO #U#B A NI E SR EE 7 ), /£ LAEHE S O 3212 B HEEUS 23 K
o AR, ERFHE R F IR B X — QR B A N 7. EAME AR, ET RS
Il R S 24 20 BB A R T = AR I R RE T M B 32 7% [9], 1 CDIO A5 U7ERs 7% 2% AE S Ak ) Al 7 i
Y75 THI e I R IR A [10]. SRTH, K P A 20E B HLAL G I E B T BRI RE A B I, R AR TE A
FBHX — LA SR R G AR B = o A TR A% B BE AL RS 7772, % OBE-CDIO 6T
FUF I EAE O W RME B B2 RS A 35 IR (0 B2 R A HEAT T AT, X — 2 b AUk ) 20 SO 5
DUBR T BRI SHIEIEE . FFAG R R, RAGUHBUEE AR RS S RSt IR YERE ). o)
BIHURIH 5 5 45 22 N o P 38 56 3 A T AL B i s e IR . X — R AR AIE 7 OBE-CDIO HU&{EE
BRI A R, T g B 2 TR AR5 VI B0 OB AR A T ) B SRIE S

OBE F s i L2y > RN T M) B S M BU i [11], X R e AR R B R 58] 1 2%
k. IR T RMLRE IR NSUAF] 89.0+4.7 4y, BN 81.9+6.2 4TSt T 8.7%, IEIKIRIER:
RPN 44.0 + 6.8 77 ERFH 28 51.7 £ 4.2 77, $&FHIEEEE 17.5%., SHONHEZENE, 1EW I Hrae1ix
—RILE S R RBEEAR b, IR RIS OL TS VPAN 1 2 51 U = iA 40.0%, A2 XS IEZH 17.8%0) 2.2 £
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