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Abstract

Students in Numerical Methods courses routinely reproduce formulas on paper without under-
standing when those formulas apply, how to implement them in code, or where errors originate.
With generative Al, instructors can now generate code, plot functions, and construct counterexam-
ples in real time, while students can probe the same algorithm from multiple angles. Whether these
tools actually deepen understanding, rather than adding surface novelty, can only be judged through
controlled trials with intact cohorts and measurable outcomes. This study reports two years of such
trials in a Numerical Methods course. In 2024~2025, one intact class from the 2023 cohort (n = 24)
received instructor-led Al demonstrations, with three parallel classes serving as controls (n = 97).
In 2025~2026, one intact class from the 2024 cohort (n = 21) shifted to student-driven adversarial
Al learning, again with three parallel controls (n = 84). Both years concluded with a final itemized
assessment covering 10 knowledge points. The experimental classes outperformed their controls
in both rounds, by 14.55 points for the 2023 cohort (p < 0.001, Hedges’ g = 0.78) and by 12.00 points
for the 2024 cohort (p = 0.009, Hedges’ g = 0.62), and both pass rates and excellence rates improved.
A difference-in-differences analysis showed that shifting from instructor demonstration to student
adversarial learning yielded no significant additional gain in total scores (-2.55 points, p = 0.645).
Item-level analysis also showed uneven gains across topics: curve fitting, algebraic precision, nu-
merical integration, and numerical differentiation improved consistently, whereas Newton’s method
and portions of the complex iterative content showed only limited benefits. Generative Al can im-
prove learning outcomes in engineering mathematics, butits value depends on what is being taught,
how instructors scaffold the work, and how classroom tasks are designed. The shift from instructor-
led demonstration to student-driven adversarial learning brought no extra benefit, and the gains var-
ied sharply by topic. These patterns suggest that effectiveness is not a simple function of how much
students interact with Al.
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MR AL BE SR r i, S TE BAE S I SR UM B AR R AN RS 76 B[R] S8
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A, AEEAE AR R R R R XA S, AL B fT LR — AN EIE R IR 56
WEAILEE . (H T RN RS, %) HANABIKA . R SOERIERIXAN X s fE— 1S TR R
T2 Wi EARPEA ] A 28 2] 4 b, MR AR R AL RS BGET 4 AREGEA 4, DLROXFh K
BRI IR 2 2

CA R FE X — I et 7R, (8 R A FEREI . RIS EAE AL 2 R e 2 ¥
BEWM. PP SV BIEN RS RS ITE R, Zawacki-Richter %645 H, 128K BAfELE ST
OB HE A E R E[2]; Ouyang 55} 2011~2020 EFEL FS5HE Al SGET ALK E—5
KU, Al BAESCRFZE SPIRAS TN . BRIEHERE . H AT A2 SR Ie sudt, (F A I 5 REdE) &5
B M N BT IAT5[3]. Crompton AT Burke #5 2016~2022 EE25#E AL WF 7T A NI . TN, AL BY
Foo BEESITME S E SRR, 5 ChatGPT 2K T R IEA MBI 7L 4]. Al Al B85,
Kasneci 5 A% ) & AN HMLAITI0 T KE SRR TR I WA ORI 2] SCREAL S, TR
AR EBE L AT SR e . P AN SAZ A 1) [5]; Lo %t ChatGPT #E SCHRI PR LR KB, ChatGPT 7EA
[F] 2R R IIEA T, TEHAEBOCAAT S R RE AR AR 75 BB RS IR VAN K 51 B[ 6]
Wardat %[ 5¢ ChatGPT ¥ 20 # ZBIHE H, FLRIRH RN B30 /1 580 = IERE ) 947, B A% )
T SB[ 7]. TEEN, ARAFARIL BREIR S 5 BCE BB RN 2070 0 A R PR = e 4 A it Al
INRFEE N, MARIEEA T EERZM8][9]. LR kLA B 7 — A3 Akl AT
BB E A DA R0 1He, (HE TR IRTE . B HARPE, B8 B UK FR RUZ
TH] 7 J3 PR (A SEER R SR AT SR AN 2, 2B WIF AR “TTUMEH” BEm, s “CERERA AR 1)
IE %o

A ENNLEFER B BFELPEN (BUETHEIE) BUFSUESE, kB FdR SCERAR BE R 21
FARI ., 2024~2025 2445, [FAER =AFAT BARPER W B, — A EARPELE R 5] N2 AT
Ny HOMPREENERELS, B AL AERG Python FEFF . 2T I MRRZEAML, 5| %4
FEACAD 2 R FNH A T R R . 2025~2026 224F, [ =APAT HARBEAR SR - E A, — 1N ER
PRt — DR A AL 2 AR E S s AR SR A, 5 — A A B AT R RS
ik, PSR . RS E BRI RN A R E. % Ouyang Ml Jiao FEHIM) Al #E —FEAKE,
R TEHNE “ALSCRE RIS I B UME” SRR AR HE M T 3 AL AR 2I[10]. PRIRECELL
AR SCAF LAIRI B B 25 = AN T AR D — AT SR 1 irl e 55—, ALFBIRE R BELS . K&
FE PR M T HEMIRE, £, WFUN ALBRE R4 ALHRF ST, R i R &7 1
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BB E AL ZE RN A, 1R RIS S B R P AT BEAEE I R, 5] 525 AR ARG 45 5 B0 SR FRT R
Ko GRS E S AR AT BARUHE, R IEH R AT AR AR nEE . B,

HE R OCRTHI 24 RSEIYE, SRR AT P IR, IRETES B AR - R - IIF -
FOB” I AR SRR AR A, R AT SR E R BERAE, S R . 1
LA MBUTIL R AW R E, AMESBEHRE 2 A, ORISR A S8 EdRE. 58—
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S ExSHELE

PRSI R F [|) 28y T A% 7 2K, B4y 100 43, T 26 10 NE1HE A AN HHR A4 10 43, 9% Lagrange
M Newton #HfE . HHZRHL G FUEA . ARBOREE . BUERS . Runge-Kutta 7. Newton 7%, Gauss-
Seidel %A0FI LU 73 fift. HZUMGBEIRNE, BN EIOPER. THRE R4S R

HE K E PR % Bxcel &, JRAAEUE 1 U5 1) R A1 45 S5 0 A BRI AR Bt 8 SCUR ST — IR RA7
TEGE AR AR N SO B AR 23 BRI U7 ULIRAT: Bk 25~26 FAERBAE T 24 L&)
IHAEGd Tk G— A BRPEG AR P (R A% S5 R A s RS B0 U U7 206 5t ATl Bh #0310 B SR BEAR 1
NIIGHE, HARFELCOTAT ARIFRICNXHRIE. Sh%nt, BB ST II2S A e FIZE 0 2k
Rk, R AR B B 4% T 0 b3 S B Jo ik o A guit i 5 KR B B A analysis_repro.py
DAL 52 BEALFP 7 R A, T e B IA SR 1~7 5 1~6.

(") G5

AR DIME + EERIR. B A HECKH Welch t £55%, JFLL Mann-Whitney U R 3614
Faf@ ke e . % e SLIGHIREAREUN, RS8R Hedges g [11], HMEZE SRR EEXERAES
4 Bootstrap 724t 11(5000 X EAHFE) [12]. MAS R R TSR K 2 K050 Fisher FEARIL, H 5 A
Et.(odds ratio, OR) A Him L B AF X [H] o IR 55K 56K F Benjamini-Hochberg 77 ¥ 4% il £ 1% & BL % (FDR)
[13]o NARIRE “H AR UR B~ AR BN e, GENL 0N 2 5 1) 22 S A

Score = f° + B'Treatment + *Year2026 + B*(Treatment x Year2026) + ¢ (1)
Horp g2 3RS AL ST M T 20T AL BURIIESN L, BAFRAEGRR A HC3 Fafdfbih[14]. 7
BRE A E, SEIGHEAFEE A ERPEQ3 2024 A 24 21 N), BN RIEERE AR, BT
SRR FE R BRI, A REHZER” BHE “BHEER” .

DOI: 10.12677/ae.2026.1691968 836 HEHRE


https://doi.org/10.12677/ae.2026.1691968

ISR

3. 58

(—) BaamS5HRER
1 EoR, PESCIGPESME L T N BT, 23 RSZIRHT RN 78.17£12.37, FHHRPEN 63.62+
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Table 1. Descriptive statistics of total scores in two years

F* 1. MELSDERGT

FH 25 n WA + IRlEE H Az B/ME BKE
23 % Xof HRZE 97 63.62+19.78 64.0 15 98
23 % SEGHE 24 78.17 + 12.37 71.5 59 100
24 % Xof HRBE 84 64.95 + 19.52 65.0 12 94
24 % g YE 21 76.95 £ 17.43 80.0 30 100

IS I — D RFIX— 2R, & 2 BIR, 23 FSLR U IREER 14.55 43, Bootstrap 95%CI N
[8.27, 20.77], Welch t = 4.51, p <0.001, Hedges g = 0.78; 24 ZSZIGHFR A IEHER 12.00 4+, Bootstrap
95%CI J9[3.38, 20.17], Welch t=2.75, p=0.009, Hedges g=0.62. Mann-Whitney U ¥:3& /5[] —%(, 1
B2 R IR R S ER I RSN . 1E 1 DAL E R s U RaR TRE RS, S PR B
AR o BEET, FRARCASHIE.

Table 2. Comparison of total scores between groups

= 2. BB

O OWRESH FREME  WEEOS%CD  Wdeht  p (UM Hedgesg
23 2% 63.62 78.17 14.55 [8.27, 20.77] 4.51 <0.001 0.001 0.78
24 %% 64.95 76.95 12.00 [3.38, 20.17] 2.75 0.009 0.011 0.62
2325 (HUBAIER) 2445 CEEASHRAES])
100 4 A=14.5 *k*x (g=0.78) 100 4 A=12.0 ** (g=0.62) |
. A —— ] o 3
3 e : s D
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Figure 1. Effect of Al-assisted teaching on total score distribution and group mean differences
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R ST B T s R TS %G, LIRS N B . 23 Ui P A A 95.8%,
XTREHER 62.9%; 24 FSLIGHEKAEFN 90.5%, SHEIERN 61.9%. LFHRITMH, 23 HLIWYEHN 29.2%,
STEHEN 11.3%; 24 HIRHPEN 28.6%, XFTHRHEN 8.3%. 7 3 B4 B, T sZidirt A ik
/N, [EIEFRES Fisher K& 0656

Table 3. Comparison of pass rates and excellence rates

3. RIBRMMFRELE

F£45 Ei7 7 SEUTE puficesis K2 (B 5) OR (95%CI) Fisher p
23 % ai s 23/24 (95.8%) 61/97 (62.9%) 32.9 13.57[1.76,104.82]  0.001
23 % h75 7/24 (29.2%) 11/97 (11.3%) 17.8 3.22[1.09, 9.49] 0.049
24 % Fek 19/21 (90.5%) 52/84 (61.9%) 28.6 5.85[1.28,26.79] 0.017
24 % T 6/21 (28.6%) 7/84 (8.3%) 20.2 4.40 [1.30, 14.94] 0.021

T WU 2E 09 LIS HE LI 250 HEBEEL i) OR DSBS HEAR RS T X HEBE A LLAELLE -

2 4 AR R R 5T R I AR . BRI 1) (KR I L5 TR B WA BB 141 3 ReheA
FHEPARS . REF 55 KA AR DA BEBIHE A R, ATUUEREE 2. SRR X
PR T EARTLN AR — RIS Rk - BRI —REROYTEK, AR R DTS AR A R T
AL BB o R A AR I FERAE T LEX R P AE B E IR, IR IR St it rh « FRAREL S
IR 3K — ML (0 50 B BIER -
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Figure 2. Effect of Al-assisted teaching on pass rates and excellence rates

2. ALBBNECE ST R A R T BB

) EXFAZFII R

PIAESEIGHRAD o T B, (HIX A T 55 80 “224 A W] — el Fi— “2uUi
AR o B2 I LU A S0 JEAR N T4 R B BRI 22 S T 4k 4™ K 23 LS8 HEAR X X iR
Y 14.55 77, 24 ZURPEAR O X PR 12.00 73, Z R I ZE R N-2.55 5. % 4 WoR, ZTHIARE
(p=0.645). 4 LL2x2 3 H LI PIAIME M 05% BAS X 18], PEGELITPITAT, BB —
e IERAE S5 BT RIS 5 — 50 AR 2206
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Figure 3. Score band composition of experimental and control classes in two years

3. MESSRYIS RIS R, Al HEBHFNIEET ERBTRIEFERRE - RIFERITR

Table 4. Difference-in-differences regression results

F 4. ERPHEREALR

TR 30 HC3 fafgthraeif t P
AR 63.62 2.02 31.51 <0.001
SEEGHE 14.55 3.27 4.44 <0.001
24 %% 1.33 2.94 0.45 0.651
SEIGEE x 24 %% -2.55 5.52 -0.46 0.645

T ZRADN 23 O IRYE; brdE R HC3 Fafifliit.

ERTHESR: BRAFRRGERIINE T8

85 -
80 1 74 2
0
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1 -0 xtEH
3y £H 14.5 - WP =@ 120
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0
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(HIFALETR) (FEAITTHT)

Figure 4. Difference-in-differences analysis of two rounds of quasi-experiments
4. ARESHENERFNERDN. RERANE S%EREXE, BEEL
IEALFATIR AR KA R AT RIS 185
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X—g 1R, A AL ) BARSE T IR G 3 2 5 1%, (HIERAE 5 Z T = A B Bk
Weai. IXULEH, Al 5BV SCEEATE TSR MR AL R 2 /0, i 7E T A8 B 2 75 -5 A S v i A
PRAE AT 55 25 1 AH VT AL o

() SR = 2 T R R

BHI S A R T A 2R & 5 ME S5 BoR, 23 &G REORSE . Runge-Kutta .
Gauss-Seidel EAUH LU 40 fE FDR R EIIA B EZE K 24 b diZll& . BB R AREOR A
HUE 72 FDR RIEJG 13 M2 R, Newton VETEPFEH IR KIHE IERL T Gauss-Seidel 124X
1E 23 GBIME R N ACREOR, (BAE 24 Zep A i as S il 2. 14 5 dhsiit sk FDR /R IE
JG q<0.05, T RRRRIEZARE, 0] R Z SR EDET TR AR RTR A

Table 5. Item-level effect sizes and FDR correction

=5 BHIRENMNES FDR #&K1E

FR R STRVEHE HEIEME  BHEE Hedges g(95%CI) P FDR q
23 4% Lagrange $fi{i 8.08 7.60 0.49 0.23 [-0.17, 0.62] 0.268 0.334
23 % Newton fi{H 8.21 7.39 0.82 0.31[-0.11,0.71] 0.149 0.248
23 4 thZe & 8.58 4.89 3.70 0.93 [0.54, 1.34] <0.001  <0.001
23 % HUH 7.71 7.01 0.70 0.25[-0.18, 0.66] 0.262 0.334
23 %% REOE 9.12 7.59 1.54 0.47[0.12, 0.75] 0.008 0.021
23 %% HAH o 7.33 6.64 0.69 0.19 [-0.20, 0.56] 0.336 0.374
23 2% Runge-Kutta % 8.12 5.62 2.51 0.68 [0.39, 0.98] <0.001  <0.001
23 % Newton ¥ 6.04 6.35 -0.31  —0.09[-0.57,0.37]  0.695 0.695
23 % Gauss-Seidel %1% 7.29 431 2.98 0.92 [0.56, 1.32] <0.001  <0.001
23 %% LU 4 i# 7.67 6.23 1.44 0.45 [0.09, 0.80] 0.017 0.033
24 %% Lagrange i {i 9.14 8.55 0.60 0.30 [-0.08, 0.63] 0.119 0.169
24 % Newton JifH 9.05 7.96 1.08 0.36 [-0.07, 0.75] 0.099 0.166
24 %% thZe & 9.57 7.76 1.81 0.57 [0.32, 0.78] <0.001 0.001
24 % HAAR 8.57 6.90 1.67 0.55[0.10, 0.97] 0.017 0.042
24 %% REEE 8.67 5.76 2.90 0.72 [0.34, 1.09] <0.001 0.002
24 %% HAH B 8.48 6.38 2.10 0.54 [0.13,0.93] 0.012 0.040
24 %% Runge-Kutta i 5.14 4.06 1.08 0.30 [-0.20, 0.82] 0.253 0.316
24 % Newton % 6.95 7.79 -0.83  —0.24[-0.79,027]  0.372 0.414
24 %% Gauss-Seidel %1% 3.52 3.57 -0.05  —0.02[-0.54,0.52]  0.953 0.953
24 %% LU 43/ 7.86 6.21 1.64 0.46 [0.03, 0.89] 0.042 0.084

v BT E R N 9 4h#E ;g N Benjamini-Hochberg FDR #% 1F J& 45

%6 W H AR S X BRI EEAN 7S T LR R BV AR, BL 23 N, Rac KR a5
Gauss-Seidel ZEAAEXS BAPE I P2 75 70 R A FUI AR 7504 0.49 5 0.43), i W] HI E BT HHAT 57T
ML 1T Newton 72506 BEEAG 70 R AMIRO0.64) MR I 2, SR FOMBAE TSI 5 B 40, JF
I ALTERMPATHA N AT, FIRGR “XE” AR, AERPER AR, AL BERKEHEAR.
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Figure 5. Effect sizes of Al-assisted teaching by knowledge point (Hedges
g and 95% CI)
5. TRIAAREY Al HBNSBF MR 8 (Hedges g K 95%Cl). SEIL A
#/~ FDR #IEf5 q < 0.05

Table 6. Item difficulty and discrimination of representative knowledge points (excerpt)

6. RERMAARBEEMRES X5 ETIIE)

FER
23 %
23 %
23 %
23 %
23 %
23 %
24 %
24 %
24 %
24 %

HHESE1/eey
240 &
Gauss-Seidel £
Gauss-Seidel %1%
Newton 2%
Newton 72
FRBOE
B
Gauss-Seidel £
Gauss-Seidel 154X

47
X HEBE
SR
X HE BE
SR
X HEPE
SH Y
pagicesis
LR
X HE BT
LHYE

XEBERH
0.49
0.86
0.43
0.73
0.64
0.60
0.58
0.87
0.36
0.35

X 2Bt
0.41
0.22
0.38
0.31
0.33
0.35
0.36
0.19
0.40
0.41

SRR = RSPy XA = ST 27%) S5IR 0 HE 27%) 80 FR . SEREAE R LS
$ 53 table item diagnostics.csvo

() FHBBETHSHEMNLH
Brak SRR S Z AL, PN R B “HEZ . RS2 BB, K 3 CA BRI T
BR A B A 0 b - RIFBIER: B 6 53 7 0y R 8 31 . 24 i &
A IME N 85.50 73 (n = 14), TG RIPEFE AN 59.86 70(n = 7), HEMRTZELN YT A4(58.42 73). 23 &
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Figure 6. Gender subgroup total score distribution of experimental and control classes
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