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Abstract

To address the issues of goal drift and one-dimensional evaluation in the assessment of practical
programming instruction at application-oriented universities, this study employs Outcome-Based
Education (OBE) backward design to restructure the assessment framework and its corresponding
indicator system. Guided by the mapping of graduation requirements to course objectives, four hi-
erarchical practice tasks—foundation, enhancement, integration, and innovation—were developed.
Multiple sources of evidence, including process portfolios, code quality, collaboration performance,
and innovative outputs, were integrated to construct an attainment model embedded within a PDCA
(Plan-Do-Check-Act) closed-loop system, enabling data-driven, continuous improvement. Over two
teaching cycles, significant improvements were observed in students’ code standardization and
problem-solving abilities. The attainment rate of capstone projects increased by 13.6%, classroom
engagement and team collaboration scores rose by 0.18 and 0.21 points respectively, and both in-
structor and industry mentor satisfaction exceeded 90%. These findings indicate that a diversified
and quantitative OBE-based assessment approach can effectively support curriculum reform, en-
hance practical learning outcomes, and offer strong potential for replication and dissemination in
similar educational contexts.
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1. 5|8

BEE AN TR GERAR, TP B R IRE o s IE 7: 74 AL PR S R BE I G —FF, XK
WREABIE THE A, oy AL B ZEBS e BLnl, 42578 55 T )0 G2 7 %11 5 (C++, Java, Python). Web
JF & (HTML, JavaScript) UL M #0185 15715 5 (MATLAB, Mathematica, Maple)2 . SZ46 Sk 5 #% 77 SN Bk
ENAREFR R, FAZ mREIT SRS RIT T 2R R . RDRERIE “H3” MBBEET 6 50E
(A R PR SEERFCA R, SEBURTELR IR 5 A vPAl, BRI A dmfRae /1, i #0Um
FAH[1]. B35 W AT Java IRAR T 5] NI H SEBBE:, P BSR4 A T 2]
JARSHAEE T HE - WK, DA - BB BV - PP E M 2 o B %k R[3]. XIA%SET OBE #E,
WL EEIR GEHET AN BICIRE ERFE %, 456545 N RO R E S R AV, TR +F
SRRV BLEI 4], SEBERE T TE AT R I E SAMEA AR AL, FEEE LI E R 5 RS A [S]. EASE
BExt Web FEF SRS B A S 4b, 5% OBE F &5 B 1% L S st ife 6]. 2
TEFIBEIE OBE 85 T, KS 55, MB. SRR EZEE NLZYPMIER[7]. XL R
FERE T AERAERE ) MRS AL BYERRE, SRS E A7 E R AR R AN . R A =L
AR A S AT SO T = R RS L SI2E6 3 B Al SE I Be v 95 5 il . ik, A ERE %
JCUEE . BARIRED . ARG M— B %, BAEFTIE B H 5 S N 3 78 5%

2. PRI IR EAl

OBE (Outcome-Based Education) 3 il DA% > 77 H g O i S Il Bt o i B3 S0im i 5t Sl S5 PR R
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JER AT 2 S G550 AR O SE BeA RS S VR T e RS E SO, X B @y
77 SR BOVIRIE SR RO SR, R “ Hn. B B B S AR IE . TR B R AR
MIAA B FRESE, PECTALS AL GRA R T giEaE 1. i 5 Al RIREE SR INT R EZE R
Ths AL 57 AR AE IR % 1R A TR/ Be vt BN O S VA B S 51 g Bl A OR A RS 48 L
BB BSEERRE ) S A SRS R I E B, i, SR BB T BN AA B IR B G
AICHEET OBE BUSMEH 7 %, B REIESE 5 45 RAEHERSD, SCEE MU LS PDCA HIIAHIHFFEE
i, TR, AR PR RS (8], BARRIRR P i RIRAE, TR S R n] B35 50T
FORR SIS R RE ST, SR R R N RN AR BT S E, BRI “ 2 e . B
2. PR MISEBCE IR MG AR R, BRA BEJREIA[9].

3. IET OBE BAMSERHFERERLIT

AE TR, ASCUUR PUN A E i el 3 ) T Rl RER R wit) wRAE BRI
3.1. EEMVEESR 5igiE Birigit

R A R R Wi B8 O EE AV 22 3R (Graduate Attributes, GA)SEiH “AI A AlHE. AER” . fERE
FYERE &, CHA RFEP Y WA DR 7 & fehn S BB R a0k 1 iR, GAL-3 TREAARREE
MPEESR 1 TREAHVGER 4 Fats 1~3,

Table 1. Graduation requirement indicators

=1 Bl ERIERR R

EisL EPER(GA)
GA1-3 TR R ENURFE SR SRR T BRI, e T IR U WL gm AR I
GA3-2 %it/ PR BETH R0 S8R T RO HT 5 RGEE, T RAT SEELI AR T 5
GAS-1 TR A REAAME IR LR L H 5FF R MEEIDE. VCS. @&, MHRAESL)
GA9-1 B\ RETE 2 F BA R 2 1
GA10-1 43 REHEAT RV (K AR Rk 5 158
GAS-1 B HA TG 5 AR RE R R
GAl2-1 - 5%:>] R 5452267

CTHI A) 0 RARFP BETT) BRFEHE b2 7S TR AR B A7 (Curriculum Objective, CO). CO1 HEiEIF X 4.
B 4k, 2E. 28 R SRS OMEIEERTEMEmTE. CO2 Rrig G, KEISHF
BT T [ 5 B o AT 5 40 2 2R Wit IF v se BA0AS . CO3 Bk {# ] IDE. Git. #nillif. #80H. CI
ETRATH, ERaT4ed . @RS, CO4 fELIHR &M T e kAL T E Mseil . M S0y
WA AF. COS 12 MNP ATAT 45 i . AR # SHARICH, ABLEMESWIE. CO6 W1Esm
MY TR, AT BUR B SH AR, TEREFSS IR ). Bl Bk 59 H AR O¢ R 5 MR
22 .

CO1 X GA1-3 5 GAS-1 $#24tHati 7% . CO2 5 GA3-2 38Xt 5%, HETTI T W 2%t S5H A
At /1. CO3 % GAS-1 NitF w5, I GA8-1 5 GAl12-1 R E . CO4 L& TR T GA3-2. GA9-
1. GA10-1, iEIEIEARTHAE “ Wit SEl. MK KA A8 2R /7. COS X GA9-1 5 GA10-1 K
MR, SEEMNSVAEYERE. CO6 MM GA12-1 5 GAS-1 $2AtRF4LIR T+ S MTE R, S Fabrm g AR
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ST IREE HARICEI SO, e “ OB o ARSI R “AESS . IERANRER T INBCR A RIA K
FE, FFBCEPERRAE 5 MR LG RMEHEAT 2 W1, KRBT PDCA FIFE, AT SEEL ER ML 2R 512 H
PREG—EPE . AN T et

Table 2. The relationship matrix between GA and CO
2. EEVESR(GA)SRIZBEFR(CO)RI X R EERE

P H IR (CONEMLE R (GA) GA1-3  GA32  GA51 GA91 GA10-1 GAS1 GAIl2-1
CO1 EXFEE5RHE 0.50 0.10 0.40
CO02 00 s 5% it 0.30 0.50 0.20
CO3 LRERERRE 0.10 0.70 0.10 0.10
CO4 ZZEMBTF R 0.60 0.10 0.10 0.20
CO5 FI\ 5HAREE 0.60 0.40
Co6 ML EEHR KR 0.10 0.00 0.10 0.20 0.60

3.2. M SEREBFEF AT

NTESE “CHBR B BT -BHEIRNE (H R REEF ) B TR, SEERIAATIE <X
filiv $&Fb. ZEEMAHT” WU EHHN . SME—RH AR U, PHiER. IR, SRR
BE” R, S ARRIER(Git A S VPFE . BARGHE . Waa B, REHB) 54 RIEEChRE &S WA
TR, BASE, MAES ). FHIWIRERIT AN STBON 20%. S2 B BN 25%. S3 B BN 35%. S4
BB 20%. BT S S5 IRAE HARHERE DG R NS 3 fn . LRAE H AR CO3 Nl s, WA =U(1)fr
No

co3=Y (P BB, < W BURUEE, < R FF R AL, . ) (1)

sesl..s4

Table 3. The relationship matrix between teaching tasks (S) and course objectives (CO)

= 3. HFEES(S)SRIEBMRCORI X FR MR

HEWBN\REE B col Cco2 Cco3 CO4 CO5 Co6 A
S1 ZAtl 0.60 0.10 0.30 0.00 0.00 0.00 1.00
S2 &5 0.10 0.60 0.30 0.00 0.00 0.00 1.00
S3 ZRE 0.00 0.00 0.10 0.60 0.30 0.00 1.00
S4 AIFF 0.00 0.00 0.20 0.20 0.00 0.60 1.00

S1 FEREpBORER X R BB/ YR/ 2 R RE BRZHEEROM S 5IEE W M. ZbrBoE
i 3 YNGR EAL S ELIPPAR &, e e N AT RS 5 2R A STl e S2 32T H LA/ A /NI H 3K
Z T N S SRR, SEE VR 1 DB, SRS TR R AR, TR “RE
ihy FISEEL. AR KPIREED). S3 LRAWEL PIAFERPTARIEMINH, B A ARSI RS
WA BRER, JFAE R IR IBAT IR . SRS S W, RGN /R st Seal. IS
7 WA ESBE 1. S4 BIFTIY BAAE S3 LAk PR B O0HT, WtEREIL SR MR, SS R U E
Ky Je B A SR B S . 2B BORAZ R T R S X HESE . MRRe/ w2 ek . BREHS M A E,
ZSPL 1 W] BAL G
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AP SECLR T, 2 FR AP T A RBCGRIK A B 38) 5 “E%% . b, VRFEFL A7
BURTE A ISR, SO “FER IS + AREBIRE SO T ISHT. xRS, HEA PDCA
TR AR S TR . A e I, DAL NS TR BT 55 1R, A HA
TPRME . DRSS DU = BRI R . R E N B A SRR TR SO R, R
125 S5 T 00— U T RR A

3.3. ZRERIERERIAE

3.3.1. WitEN S B #iER

APRZ UL OBE SiE4E A O IFIA R, 3595 “ BAs. . S8, WRASGE” MM, (1) Bix
JETA S ESR SRR H bR (2) UEHEJZ T RIS Rtk S AR EdE . (3) EXUZ MRt #Em)
ATRTER, AR JE TS L AT A R B 512 R o 44 kR . (4) SO ZTEEN PDCA A/, T
—RHEERIAE AL AR (TR R R 1 TR IE S5 IR RE, 58 T
W, ATEEE. WLEEE. ATEXET .

3.3.2. BEHIERRERE

Fakr oy AEIR S [ @8R f# (Knowledge and Problem Solving, KS). LF2)fi & 5 1. H(Quality of Engineer-
ing and Tools, QE). HMF 5741 (Collaboration and Communication, CC)HAIHLYE 5 il (Plan and Growth, PG)
DU R AR TR, PMES KR LR 1, ik 4 s

3.3.3. iEE#EEIT S5RE

SEORPEIESR SR “isAT . RIEIE. Ar4Ey 7, G¥EDhRe S A HAEE . WlEd R 5B SR
SHESERE. MRS RS . S ORMIE . SRR IEE R < nE RS, AR, e, A
& Git $25CRE 5. PRICR #E S E . FoREE LS. ESEBEE SIS, MBICikE REH
E. SR S S B, NRAZIRERE, B “UML - RIS —5” 5 “@ibitiasy - Sl
K7 PRRUEYE A, ORAE AT TSI ST PR R 4 FE
3.34. (THAEMSITSIRE

KHVUFAT RIS A, BEIF. 5B 2 X E [0, 1] (0.25/0.50/0.75/1.00), F-He B4 & ik
PLREAR T . a0, QE1 MR 55 VP dnitE N : RiIE/INT 50%. SbE 50%~69% R EF 70%~84%
RF5 KT 85%, H.IC KBk Bt -

3.3.5. NERESHTHMM

FELRHLLL %A KS 30% QE30%-+ CC25%- PG15%, RIEEM AN FFE LA FBITHIE[10], $F
MR AR RS TR EE THEAAE, WESTO TG E AR5 BB P s e D4k . Bl 520
LRI RIEE MR A AHP tHEAIN L, HE R BT S L FImAL R 78, — B REAR(CR <
0.10), FrfHEHMNES FRIEL mEVIE . R 8dE b St PR R Pk S5 50 0E M R 7 40 Hr (KMO >
0.80, Bartlettp <0.001), MMFEARAE “ R HERAE. THERES TR, UMEEE. a5 8K UK
T RIS, PR AR N R AR AR BE , JR4E G TURY S AT I BRI, BAYE S1/S2 Bt KS &5
QE. £ S3 584k CC. 1 S4 584 PG. il b “ /0 #E i IR 7, W B £ CL R, ik & I Blocker.
AT S5 R T A DA™ A AR IR A B A fR RS CRETAE” , AR ATAMER LB, filk
My EUR TH R AR FUBMES TRV, 7ER20%EEI T, CO AR -HA S5 MHT R e, ¥
IO ALLE AR ) S R 1t 2 A IS 1 P4l
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Table 4. Capability index relationship matrix

F 4. BEIEAR L REN
e TRHMIR RFARHT Ea HEIER HrEmE
GEX R %) GERATTE) EEUBE) (S1~54)
MR MR, mg  KSUMSSEREmE: L e ERITIEN R > 85%,
5o . EkSHeRsH KS2 I - K - T Umld#%;F%%mW@ﬁzqm%
A zA. Rwman Bk e ﬁ;% R ES > 50%; S, S2
R AHL R SR KS3 ARG E 4 WS&@% UML 5230 —$0PE >0.80
KS  HXf BHRAR” o m), ° (BUE “RIF” K).
T RN, BE QR BERGTA: WM. BE  pmmx > 70%. S
R WTSEAE. B QR EEAESELR, Pk CURE 5y > 60%: 538
5 RSHEEE. Wit QE3 CLUBMRL A A& MERREW oo
TR HGRATSN, SCHS QB UML - SI—BCIE;  HEr BRI R <1008 83
QE  Zoff. MAElSWIE.  QES MR/ *. ClEFilid#% >05%  H)
g VT s CCLABOURR 2, s MR <20%
JRSWERL, Mkl CC2PRAXMIFRILEYS T N Ry S3 (£
5 L SIRE. Wis  PROFEIAIEK <48h;
Jo O BHEFEA. FREHYE SN L L m RO = S2. 4
/Qﬁ i%,f_t_\lﬂz%\ﬁ. gﬁi}%gi . R - éﬂg'@%’fht¥¢' ﬁ)‘i-ﬁ:lb H:$ > 60%; E':"ﬁﬁm)
CC b s (ﬁ3@%%@%¢@%§iﬁﬂ\@ﬁg W5 B 5 > 90%.
5T, i
PGl #liiBtr 5 £ &k
gy S TR, N B s FEEE =0
%m FEIURIBZ &S PG RBZA SYFE PR . KB B IREURIR = 0; S (1%
;E'[ﬁ i Ejﬁ}iﬁﬁ'@ﬁij? %i‘ﬂ; ﬁéfﬂ{%\ G é\%ﬂlﬁ‘@ﬁiﬁ =100%; éng)\
pG TR BRUAMTHSRIR pg3 mesyp s EAHE g m g e >
SEAE . % R P
RS .

3.3.6. ¥ - EFNHESESE

GA” A A SE. THERREREE AL, AL
EHE GA ARG R, KH “RREFE” 3

0.60 WAL o

NE

i

CO B = Y (FRTRFRTRFRbT < R AR AR < i B )
GA TR = 3 (CO EKE x CO - GA IE )

4. BRHRHKESHR
4.1. HELHLIE

FENFRPRGEE B AR SS 5 I B, B B FE H s S Eeb SR, A “Fabr. 155 BB, CO Al
o BRFE H bR CO B E WA RQ)FTwm. HlkE R
Wr: BEHIBMERT 0.75 H KT 70%, FAEAMEKT

2
3)

AURFERISE “ I H AR (R 2] TR VRN A S B BGE” MRSy, R DEE . B

IR A S PR E FEE 3 S RA 5 S0y, b A BV SR S5 ERAE HARAORT R G 2R, 4

BN HRHES 22 2I 3R T3, FR e it S s S ERIZ . ST JERERN BORAT “RibR. sl PE#E

i

MiZk>] . BIRF QIR ANA BT 1128, RO A fRRD I k. MES BRI R R B2, # B A e S b
FTHI )% Gz OB SR AR L . R DUNP RS0 STiEdE . BUMIRBN 45 HEH Rk S5t S2 27t
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BOOI NSO S Vit TARD #ed . AAEBVNEBI SR “ 8. Ml 5%, B E, FLRpl5%
B JFRIVE, PR R U B NS R UK TR PP O DA R AR ILPR S 1SR
BONE, R “REVHINA ARXFERTE o S3 LRE T BUR AN GIERIHALE>], RSN ERE S M
e, aia iRl B S “HoR B ATV, SBAAES R VA RIE Sk R AR R . T
PL“ a7 KImlHE S I RE VTSR S SR SRAR VR SRR N M E 5 AR . S4 BB BOT R 7T 30
A ENRUTHIETC, ARG AT TE Y SRR Skt S B E TR ik
AL I AT R LR, SRR 5 S Bkt o AR, ZHER A Ah I PEEE Son v ik, R
SIS BEE . BRSSP VRO S R IREZ BRI BRI RTTHE/ANIN. HIBAVE AR, 222 H
EEWPECH, SRR S IIREARE, EN BRI SRS, iR “H
- - PR —EOMEE AR TNESSE=AZE I FER .

4.2. SCHESR ST

AR PRI 2 B e TRl Rt R, 3B 2022~2023 244F N FE LR ALK 2R G0N FH A 7 28).2023~2024
AR R PG A BEHG ) L 2024~2025 FAE AT S (VU P SR B + ZoniEdl + BEEH +
PDCA). =i i [F]— 2 B, #FE RN G B —5, A 80 AMUAAHIT . Hdm kIR 45 e
ST MBS HIRIE . BIAE Y. e M 55K, 48— 5 Mbrib 5 2 W AR, KA “BEgdy
B+ AMEIE R BRI, FE AR A .

RRIE S R TE, I R TRR T DU oy S R T . IR H AR CO Zia (A
H 0.68 (2022~2023)F+% 0.73 (2023~2024), fE 2024~2025 i& 0.79. & F|HE K22 E S HHEZ 61%EE
69%, WAL 82%. LRE T H K CO4 SR MMES4E COS #& A i A i, 276 Tl H I8 il B R 20 42 1y
13.6%. R EENV R, TH A X R %/ IF R GA3-2 5 HIBAME GA9-1 [BEZ M 5 M IE i Le il [F] 25
T, AR TR “ TR - wert - B - WK - A R k. TR E S TA QE 4 I
ERPERE, DR 35 R EA T 52%THE 66%, ATHSLHiIL 78%. T TR EE I R 4 88% T A&
97%; MEFRAGEPL N, SCHBIE % R RIVE BIA FIX A . F1RS UK i KS L BES R E M
55300 5 P91 78 6 5 (R0 358, AR/K P B 5 PR A R I 2 kb

PMESBOLR YRR FIRECOW, SCREAF TRER “ AT E #15 TR Bk, RERNE
B R R3R T 29 0.18, HIBAIMETE R TFZ) 021, Y5 A BAFEE 5 L 38%TH 24 72%, &K
%) 52 N GERE L) 24 /N o BE S ALK PG 7T, w2 B R, TRV ANE SRS
FUAE AT St B B A Aidid . BUM 5 Ml S IMZEE T B EITE 90% LA bo Bt iR, SEahiss 4
£ S1-S2 BRad K, B&— @R E S3. S4 ML SR ES I H R . 7 ZOCUE I KBS 5 7 5
Brugef o AT 5 338 5 AN ) 22 I OBIR FEAN A2, JE gl id T B sy . WAL S R AR NS R, I
TR BB E 5 B A, DAE— 25 DU R A TR A M U R B 1 — Bk 5 4 282 S0k i

NSRS R AT, FRAAE “ S HDOER Y HE EOl AW RS . B AR R N =80, [k
BMAEN: S Shapiro-Wilk &5 Levene fr &5 IEASPES 1. ELLARPUESFEbR K H Welcht 1855, 4i—
WA BIME M. FrdEZE SD. BB Z) 95%CI. t 5 df. p fE. Cohen’sd. HLAIFEHRZ W LLAIRS 56 341 15
F 5l 2 e H: 95% CI. 2z 5 po S5 IR, 920t (2024~2025) X 3L 28 1H(2022~2023) 76 UL H AR gr ik il
THRFES TR, MESEESELERE A B ERIHNE 5), MEAREH 61%52 T3] 82%, W LAk 2
=3.03, p=0.0025, Z{H 95% Cl=[+7.4,+34.6]1NE 45 s [AIES “°F35 PR G IFHT K7 B 45 f(Welch t=
—10.74,p < 0.001, d = —1.70), FIHRFESHMERCEIRTF 5 5 ) BRBCH B EDIE
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Table 5. Inferential statistics (Welch t-test/two-proportion test) for baseline vs. implementation period

2 5. B& vs SUHEHAROHERT S T (Welch ¢/ EE I4658)
HLE M i M Z{HE) 95% CI

2 SD N SD N i3 5
HIRCED JEef (S - 45 R Pl R
WEB#H Co
0.68 0.09 80 079 0.08 80 [0.083,0.137] Welcht(155.86)=8.17 <0.001 d=129
LA IME©0~1) [0.083, ] eleh t( )
FF CI
R . . . =3. <0. =1.
Emes 88 8097 5 80 [691,11.09]  Welcht(132.55)=8.53 <0.001 d=1.35
NRBHR B B
e 02 18 80 T8 16 80 [20.61,31.39] Welcht(155.86)=9.66 <0.001 d=1.53
BROPEWE 0 5 o p 14 80 [29.41,38.59] Welcht(157.25)=14.82 <0.001 d=234
i H (%)
“F34 PR &3F
52 20 80 24 12 80 [-33.22,-22.78] Welcht (129.35)=-10.74 <0.001 d=-1.70
RUNT [733.22,22.78] Welch t (129.35)
"*-*m?f /%H‘M 61% - 80 82% - 80 [+7.4,+34.6] (pp) Wi 2 = 3.03 0.0025 ¢ =023
(]

T ELATRLEL AR Welch t #6556 3R % Cohen’s d;  LUBIR AP LLEIRT S, ZE(E B 4 B(pp)E s

43. BREREESH

WK 4% 58 8 1 06 RR 5 LA UNR A S & 0 ROF B S S . MBS 5%
THEWE . VP AP 5FEW . R % RS 50R . PMEARSS . TAEE A A I Ek”
EANGERE BT 28 N H, B RRA . ARIREUT S Al SR =280 R . AT P2 2 4 (2024~2025) 244 2L
FEA 182 13, IS 92.4%, UM 5 ML FIMARAEA 18 1155 12 . SR IR, A SVATH RE th Jk
LRAEI 84%Z4 1 AR 88% R Tt 2 A THI SEME AN 92%. HEER, “VRN AT 5B (M 3.92 T+Z 4.38)
5 CRBBIPE” (M 3.85 A2 43D IRFH R ANEE, “UMEERL” BEA RS FAE B PEHLH A e 3.78
FHE 426, “TAEREINE” BAUE, BURMAXNEIGH. BUNS A 30 EEE T = EAREE 90%LA
by Hodonh TR RIALRE SR AT i 4.45, X “ R ARSI U E R 3.62,
5. i1ig

RUEARBERAE “H - % - VP —8ESE 75 M EEE T Al WK, BATEER B — R AT B IEM
MR SAETUILE . B2k, MoFAEmE A B “ Nfabsms” AT, HEERERRS CTI4T
M 208 Wit e SRS itk . ook, #UMHS 5 T ES4EY AR LT, BHRHE. L4l ik
A S A P ZR AR N, SR NBEEIR RS B, RAPHER B S FE T
M 22 AR, & 5N REE R fn TARE L “IEBRMEVES 7 #2s foma i R IE HE (9 2tk
FRBLGSHE I P A UL AR R AR O 5 SR B ARTE W SR X 5, (HE AR, %
Gy kMBI 2% (% . OBE [ ML A R BERATT, M— B g Rl e S EBURE A “ %
SR AN BCE G R T B . ik, TS RSO R T SRR . (1) LA “FEA
A7 AR CWERAR” NF R EMES, FEMRS TEAMIERFNE. 2) @ i, & rd
5 BRI R UE S AL, 0] CRIFa bR A . 7E S S APV T T AR S S T T
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