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REE VI ZR) 5 S22 SRS PR BORL” (3 T4 H 28 BUEE | 5 BIska] A5 IRIERI%E ), shB a2
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B B e o] M E L7, R LR AT, B e #EAT AR R T T () SR TR v R
PR, 43k A (60%)  BRTHE(30%) . PRERAT(10%) 7, FIr AT 4 A 255 56 i il A5 45 7R, Bk ik
AT A (3) 3 SRR — 1k, 0B R s T A8 SO PR -0 A s +AE LR B8 7 3 R RE IR, r A
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(L 0.15) o VR o 2t 48 B0 HUELYE B A 1~5 43, 4330805 327 0% 15 o i e 4t
4. W E R
Ry it — AR R IB RN, AR A T LU A8 i
22 BBARE]: A — RN R =BT R K (AL N, B E R E S
R IS K iyl = 2 A N
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P8 X3 /328728 5 (1= ZREBHLIX, 2= Hif b X, 3= PG LX), FH T4 il X IR & R K1) 2
5
AR S b (1= 30T FE A2 AL, 2= T 22 AR, 3= BLIRSAAE, 4= £ BAEAR ), B TRl 2
WEURGE | 205 B A5 7 T 1Y) 25 5+ 5
G SRR (1= VAR, 2=01 2 4F 4, 3= 3 4R 4, 4= 1 AR, 5= 2 4R 4L,
6= 3 ARG, FH TR WA R 2 B AR N R TR i 25 57
(=) oA NEVFFEIER
1.7 B PP i B
&5 B [ JH 43 A7 (Can OLS 8105 ZEAk 3 i B AR SR X 2Flb s st i 52 i BsF, R e T I 7™ 2 174
TEPR A 22 [P R ——22 AR B A0 BL 3] AL 8 Ak B A2 B8 3l 0 B % A2 7 IR AR RE ML, & Fl e 522 A i W)
BINHIGE A | 2 2 8 A 5 B A5 R U0 0 742 St AH G (91 40, 0 4h i 7 368 v 1) 2% 26 AT R B 40 ) T2 861> 1k Ak
BEAR) o X PR BRI 25 25 T B0 OLS Ak 1145 S i N A=, JC ik MERf TR 3] 202 AR 207 1) DRLER AL
KUE AL #% 2% >J (Double/Debiased Machine Learning, DML ) J& It 43k & Ji& 14— i R SR 4 W7 592, HoE
CARIATE T2 AL 2% > 535 (40 Lasso 1) 72 3 MU < A AR F T 45 78 7 5 238 BRL AR o 3 1) A5
R B R T v A AR i Y TG, () A A PN A P TR R, A5 3R (e Y PR AR 2800 Ak 1 ( Chernozhukov et
al., 2018) . AR EE K (86237 N), Hh B w4 A (B & &S L, pRERFELME
A1), DML J5 ¥ g8 78 70 A ECE A5 8., S0 i b ) 25 22 AR W AR DN G5 40 2 2] BRI B it ™ A A% 0 AR
I RE I, PR B AR SR R N
2. FRE L P R
A5 R AT DML B 532 3 %020 B8, HARSEBLAE T Python (9 sklearn
BABYF O 4 SRR A EATE S SRS 0 H iR o W E w27, ik
Qb B AR 151 55 23 AR Fa 0 0 AR R A Eph ST
B—: PA A B P AR (00 AR . DA A NIIZ4E, R Lasso [FIH Gl i 5 97
B UF BB R L IE AL S E L), DL BRI AR T (Y o) W AE 5, DL 22 A W IR NN S5 4G 22 )
BRI AR 2 2 AR R] 57 P T X SRS AT ARG Sy AR S, R ) 75 4R A
Yireat = f(X§é)+ €]
H, X WA AZ B EIER, 00 Lasso BIEATTAIS L, e MR, 5T IZE0RL, W FEA B 1 AY 4
AN, TN 2 B2 AL E AL BE AR AR (M0 7] 7543 (X)), 1T 53 Ah 3 A% £ 1 ik 2% «
D=D-&X)
Hrr, D AHEA B SR “Hem B AR A (1= 2 il B& AR, 0= 3@ AL BT #6412 ), p AL BRAS RE5R 2, X
BT B AR R OIC YA R A AR B R R REAILER 43 o
BoH WAEREEMWER: 5L A BYIZREE, R Lasso [IH ([FAR#E T 5 Pr38 LEIE
BEFE L), DL AruEfb Al ok ” (Youtcome) by R A8 &, LIS 55— 20 M [F 0 A AR AR A X O W0 4% &, 44
2 AR i TR AR A
Yourcome = &(X:P)+e
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Horr, B Lasso AR BHL, e MiR2ETH . S TR, SHREA B i B4 AN 25 4, BIH: “ bRofi A
ol L B BME P (x), I A R A R Rk 2
Y=Y-¥(X)

Horp, Y ORAEAS B R SEBR Y Rl sk, g SRS R AR 22, ROk T el st th e vA B A R
fift e B BEAL R 23 o

5 =00 TR BN (ATE) : LIFEA B (AL B 55k 2% pofy B 78 5, 45 SR8 ik 22 p Ry (RS
i, 47T OLS A 14:

Y=a+17-D+e&

Horpr, o BIR AL 2 il A AR ™ AR R T 8 T B A B S 24 b BRRON (ATE) , o N BRI, 6 iR 22
i, SE Atz A, AT AR B A THE F K L 95% B A X)L p {E, MR AL & AL AR 2
Xof 2l I A S

AR aE R AR AE T, AR 5 P E R i 7 N B B D BR R S AEABENL 0y 5 A
SERNBTREA, BUGEREEH D 1 MERFEAR B, KA 4 DG IFNAEAR A, AT Bk 3 B0 b, 138 54
ATE flii M, B2 005 MG THE V- AR R 200 ATE 4521 .

(M) RRMESH: BRFHK

-1 4b BN (ATE ) A RE B e AT 22 il AL B8 AR 7 X AR A (4 - 3552 ), (BT ik [ 257 * WAR A 2 2 ]
AE M AE il b A2 32 4 (BRAZ A5 ) 73 — R . D BR T Ak BN, B4 5 JB4 , ASH9F 5 5% T TR AR 2R AR ( Cawus-
alForest) 331 ——iX J& — Rl B T BENL AR AR OIS 07 1k, BERd o M i 2 ARD SRR, A Sl iR 0k A A%
(AR A BS AR R ol 36 45 7 ) B 25 W B 2 AR AR AR, O AT RS 28 AR 59 2R 11 24 Ak PR ASN
(Conditional Average Treatment Effect, CATE) (Wager & Athey, 2018) .

AHIEGE 1 PR SR ARARABE AL 5387 F EconML JE S8, HARLBRUNT

LRFAETEHE o B “ 22 RGNS A ™ 2 ) BRI i 2 o] AR A )™ 531 B Je DXl 22
REHAL” ARG ARy AR, 31X SRR X AT BB S e o AL AR I ROR 22 57

MY Lk . LA B AR I O Ab PR o, “ARiEAL Sl " S S5 R R R, LUFTA g AR D
PEAT AR B, YR R AR Y ERDEEREAS 2y Sy U R4 (PR U R ) 5 “ Al i+ (I B
CATE), S id & o

3.CATE flfiit 5 Mk . T UIZbs OB RY, Xof 32 R Al 31 H CATE (8 (RIZ 7242 I\ 5 il fh %
17 R ARAR I 2E 3 25 ), FFE I L B R AR CATE {19 20 AR Ak, 40 B2 75 A7 78 5 38 1R 3000 S5 I 1 o

AJFENOE B S T o EaETHIA RRIE X CATE Al 77 22 (4 M 8 L A5, Y00 52 e Ak 3L 480 10 5 Jo Pk 7
SRR (0 “ WILR NN S5 47 J2 15 2 TR JE AL B AR RCR IO I R )

5V AH O 3 AT o AR O SR ARRAE (T 0 AR AN 48 AL 9 1= AR 4 2 AR 0 D AN R I 2H (A {1 1 g
JIH” IR RE I “ mRT IR RE I AT, TR LA Y7 24 CATE {H, K030 2 75 77 7 58 E W20 AE A
JE il A A 3R AT W A

i

HIRER

\

(— ) #iR LT
BT AR A AR B RA ST A R LT BREAR 86237 N) o MR & “Arififb#
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DeepseekV3.2  Sun Jiangshan' Chen Shanshan'
(1. School of Information Technology in Education, South China Normal University, Guang Zhou 510631, China)

Abstract: This paper is one of the publications featured in the “Human-Al Co-Creation Pioneer Papers Rank-
ing”, which is part of the Panoramic Report on the World’s First Large-Scale Social Experiment of “Al as the First
Author” in educational research. Al-driven adaptive learning systems are committed to realizing the traditional edu-
cational ideal of “teaching students in accordance with their aptitude” by identifying students’ “learning styles” and
providing personalized learning paths. Currently, from national educational informatization policies promoting per-
sonalized learning to substantial capital market investments in Al education, “personalization” has become a core
discourse and practical promise within the educational technology field. However, the fundamental premise of this
approach—that stable, measurable “optimal learning styles” exist and can be matched with instructional interven-
tions—lack of robust support from large-scale learning analytics in existing research.Existing studies on the effect-
iveness of Al-driven personalized learning are mostly confined to short-term, small-scale experiments or corporate
report, making it difficult to rule out confounding variables such as students’ prior ability and the quality of learning
resources. Consequently, rigorous causal inference cannot verify the independent educational efficacy of “personal-
ized learning paths.” This research gap leaves practitioners unable to assess the true value of Al-customized instruc-
tion and creates risks of irrational resource allocation in educational technology. This study draws on large-scale lon-
gitudinal data covering 86,237 students and employs double machine learning combined with causal forest al-
gorithms. After controlling for core variables such as students’ previous knowledge and the quality of learning re-
sources, we investigate differences in academic outcomes between Al-customized instruction and universal high-
quality instruction. The results show that, after applying double machine learning to control for key confounders, the
average treatment effect (ATE) of Al-customized instruction is 0.01 standard deviations (95% CI [-0.01, 0.03],
p=0.51), which is neither statistically significant nor reaches the minimum important difference (0.2 SD) for educa-
tional interventions. Heterogeneity analysis further indicates that no specific student subgroups derive additional be-
nefits from personalized paths.

Keywords: Al-customized instruction; universal high-quality instruction; learning style; double machine learn-

ing; educational equity
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