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ATLERBEFAR F1EF2H
SR INIE, CEIHR A BB AR ] B8 . ZHEESNAEEIMIZEAR T, VPR T Al
AEHFRE RS, ©

SR, 38 KRB AAE T X —FRIR SRk A N AR IE o o0 SRS () 35 1 0 R A = a1 B At
HRUES AT, KU BAREE 2 AoRON” i e 34 o XFREETE B E Yol i i =
T BER “BUFEEET (pedagogical defect ), HE ML HbRZ — 58 74 RO R ZE | 1) R
HBETIHN T2, REEAERE AT T R MR B A R R . @ 5 BT T
PRI BT N, ATRESSRIRF AR T A s Y IEIXE” (desirable difficuly ) i #2, MMIBHARIRE ¥~
%, @ Bdh, BRI EA 45 (hallucination ), FRRMHIL . FFSUHHRAE R, 7EXTHERRIERN 2
PEERML R 2O T, LR R R OR, X H TR R S, @

(=) BRI BRI B bR 5 s = 2 T Ry g

PR e sia” PR R EORIEREE, MR BT R 5 I CEE B Z AR AR sh o iy A
TEFI ., KR NTESR IR T RO A BAR S 2 2 EN R 2P G . © 3l FIBRA BT 1R B
=), HAZ LIRS R BBt MR E IS 25 T, S 5 A ARARE R E IR T P RGP, Tl
WG | VER RS SRS TE R . ©

SR, BUREEHLE, FeillJedt 32 X (Constructivism ), FEH5 222 IEAEB S BRI, 1M
S HIETOAMRMZE, Faid Bt Wi ft. @ A (Plaget) S5 3 EHA Sy,
PICEBL T A, A2 2 > 3 S i BB Eahig . O FGRBEF N 2= 2] F it
JHITF-42” ( Cognitive Scaffolding ), 3#id g A EEM] . 51 FPE RGNS BEPRAR, B2 EEH O “Hik
JKJEIX” ( Zone of Proximal Development ) W THRZE . © WX MHEHMT , 8B B AE R
MATR, PEPEGEE T IR A B G RR Y

RPN TE 5K 13— AR BAE G AL B AR I [RI4E 2 vh 28 b o R P ASEALIE SR BB FH P S st A 30
Z SRR, AR SR DE R A2 TE RS . ITEE A%, Rl &t & OIS T A
MR, AR FE— 18, R, KA, W R, —Am e izt Rg, KNTERm
BILT 25 SR 2500 ] T S8t s i fe K A B BN A R . X —ARAS PR R JE A T A B0 T L4
WA HKEFHA (Educational Large Language Models, Edu-LLMs ) A2 5 Baa

(=) “Horr e PRI A A7 S 2O e s

PP ELE LR RS T — DT IS AT G . — D2l A7 a5 IRE” TmidEiE SR
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HEEHEABERAWARER: NEME X “HFRE BB L, BAGHF
RIVEF P 3 /2 RSHY Edu-LLM, Fn 32 g il AR A 47 XABRSOFAEICHE, (HEZORINITER A
E K. Edu-LLMs BRDIBEECRBE— S TE B8R Bodld 2 B r i it b,

— ) BEdu-LLM i st i) 58 i 22, JFAEAE BRI AR, 12— R URe 1 “ B3] ( Ped-
agogical Moat ), 24— MERALIE i 7™ A DI kI RS AT R A A IR I, B 215
BAE, M2 ey . AIE Y S e, XA RN B2 R Al “ELhE
TERAFIC IR 557, A IR BT A 2255 PR AL — R IS T S L o 3 s =X A S AR 715 i
A5 Al i 2 ) BORFER R RIS, BIINALA T A S (Institutional Subscription Models ), JiR45 1Y
WASKEIT A AR, T2 X REESFHFEI, fEXFET, BRI B br 5P R B0R iR
(WP ERE T, Bl ) R, WA MR P R . AREEIKEICR (Public-Private
Partnerships ), KAIEALEE BRI L A EERE B0, HBUN SR BRI S S I & 5CRr, ik
HAZOEARUAIR 55 01075 URANMEXTFF BT ( Value-Aligned Venture Capital ), & 5200 )
PG, LT HE BUR MARZEDRER Y R B BEA IEAEIS 2, Al T o] e SE S S P R A
ORI 2 F]

PR, WA HOR R B O AT A AR S R TR AN (B 55, AOURBORIFIRT, 2
Sk — P AR ORI 5 4 BE 22 RO o

(P4 ) ASSCAY BTk

DT — M ZR M S, AR TR — D AR TRIE SHEOREAE R RGEMEHESE . A STy g)]
PES FETTIMARIAE LN =070 EFRsTEk T, A SCR I IFERE T = R0 “HUFAPIR
W7 CHEERE 5 BRI, PSR BT Edu-LLMs 15— FEHESE , X —HE
ZORE RIS ANME FF ISR AR K . AEBOR TR I, A SCRGMEMR I T A TE R
BB SR A5, A T IMZE R G R E M Z B 4E (M-CoT ) S5tk SR
PR AR, MO B T W HORPRZR IR . TESCER DT T, ASSCHRHE T TR T iEZE
TH, I “THREZEET 2Rk R AR DL CDULEBRRRESL, BT RE . BE
HFBUR ] E PR AE R R S T

— . B RERIRRRIREL . IR TR R R

PR KBRS, (AR KRR B T HAN iR B | ) AR . M —A %
HE G BOTRTERNE , AU BRG], S 20F SU P R A AR EE M A E 2 4 B AR Y
UL

(—) HEIEET =22 HEHER

H TR AR RS ), AR B E RN =R AR, ZAERC B RPEAL #L
AR T —MEW e . 5 —Z2HIRSH (Knowledge Structure ), /2B RHTHIE,
M THER “NE” (what), EAIEMSUEERT . AR HREREIBEE SR . ER LU SRR R /Y
BB RE, X—JZ200E TEBIR AR B SR, 5 )2 2 HERE 2 (Reasoning Process ), jX—
JZott TR IBHER “J70” Chow ), BALSEMLAMEEUETR | i858 HE S aE SR IR R SR, 2B 7
B AL RE ) AR VR R OCHE . 56 =222 2 . ( Pedagogical Interaction ), X/ZTERHITNZE, il
THEEAR “ZART (are), ‘B TITAERIRYRE X000 25555t T IRCC R S5 T AT s, AR
CRRELR” HA Bk B

—ANE iR Edu-LLM 1RV, AR =2 IR BB S U] o ARAT—A> 2 A SRR Bss
e PR AT HULAY “BerBhbE” o i, (O —ZAR, B SOy — S AR
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ATH@RHBENT F1LEF2H
T )RR, BOUREREEEARERCY: ;. RATERTMZAEERD b, RIASH =J25CE., BRI RERIE SIS
Y& W ¢ Yo B o

(=) ARRZEH S HERL AR TR R

FREE TR A% DT 55 2 5 AR S M AL I Z0bA SCAS B AR L ] BRAR A0 e A A6 . A ety B
SRIEF AL (NLP ) HoR, ATRLNSCAH 3 shffi e moe s, AR EE (Knowledge Graphs ),
It NHOR B AN 20 b U A S e 8 C R ( Concept Prerequisite Graph ), @ MBI AT
B ] B AR SR AL T AR AR

FERLBE S TE R B AR R R 0 I SRR M) R R RE T o RS 00 TR R ABUAE TR 250 A Bt 220
HE, XA RIS TR A YE ( Chain-of-Thought, CoT ) #EHIAYEEAL ., Fl4n, MATH 4Lt
BT R LaTeX B8 0 e P ECE T2 38R, 1 DeepSeek-Math 51 H WA € T T2 4 R B0 i
VIZRIERE, SR B T IIGRRBR R . AR B R I RO BRI, @

(=) #orsHIER R E L

N T ARz S ARl S A AT A RSy, TR A0, R R B Y 2 X R o T8 X A
fi& (40 CDial-GPT 11 H B KU SO Sl ) T LB RR SRR A e F7 . @ KT, B
(R ET XTREE B AR S5 ik (L3R 1),

R HOF KBRS TR X L

1B R E 4 R HELRA Lig=1 A R AE

MATH XA (B + R BFEZR 125K Flfl %Mt 2P MAIE, BELIR.
AT D

DeepSeek- A + KA ¥}EF. B¥ 100B BEEGRERFWE K,

Math Tokens

LCCC it ik ] H 12M *tiE A, & E R B R U

(CDial-GPT) Y,

Taoli Xk (M. M EREXKE 0K+ HA  RAEARE. IARLERLE
%) %o

CK12-QA SELE (XA+  K-12 #&% - HFRF LTS, FELECER.
Kl &)

PIAELEGE RSN Taoli SR NG, BLETEP P CHFTS, W& TiEUgE. X
ATl B R R R A MR . @ THE— M URAY “TERSE” BAREED: MA (Inpud): %
AR UM, ARG FRHER LRGN R R 154 (Instruction):  “THFIMIFESOR ], Jf
FFRERE RN Bl (Output):  “IXANERYEIEARMER . BRUGRAT2: FRIERERERL T
Ho7 BRFE: (EDGET, YHEhRFR— RS RN CESSRAISITERY, 38 e S A s mon L

®C. Liang, et al., “Using Prerequisites to Extract Concept Maps from Textbooks,” in Proceedings of the 25th ACM International on
g g q p p 195 0
Conﬂ?rence on Information and Knowledge Management, 2016, pp. 2143-2148.

@p. Hendrycks, et al., “Measuring Mathematical Problem Solving With the MATH Dataset,” in Proceedings of the Neural Information
Processing Systems Track on Datasets and Benchmarks, Vol. 1, 2021.

J. Li, et al., “CDial-GPT: A Large-scale Chinese Short-Text Conversation Dataset,” in Proceedings of the 2nd Workshop on Natural
Language Processingfor Conversational AI, 2020, pp- 30-39.

M. Wang, et al., “Taoli: A Large-scale Dataset of Paired Instructions for Chinese International Education,” in Proceedings of the
19th Workshop on Innovative Use of NLP for Building Educational Applications, 2024, pp. 1-13.

20



BHEIREERANAGER: NBEMENE “HERE BEL BAGHF

BhiA] T RFR G

XA HAREGITE R 18R =R IR 2B B BT SEREM AT (RS ) 5 N
RS RS (HERLE AR ), MUESC T U LA—Fhig e . A6 SRR N IR A A R o g %
T BT BIREAR 2T, BB AR AU TEE RN, SR — M R e it Seie (A
Wi ®) ), FE (ZaHHIERE) T ), SJa e (RN ). P RN “FIIEE SR B e
OB

(P9 BB “ZERITELTE” 5 R

Xt B S ARRA R AR, T I T — MR SRR KBS . “A5HPEZTSE” (Structural Hal-
lucination )o 5" N NAIBYESELT S0 ( RIA AR IR L ) A, Z5HPEZ)seda el iR i T s
BIRSCER, BN, FEURHLR A BES SRR, sst TS AT B A IXAMRE BRI T L iF NLP il
WCT R BREE . A0SR — A BREE R RRGS g TSk, BEELE AR RO O R A2 3 E AR, TTRE
FE AL I G AP BN, sTCERf 2 W AR TR R BE 5% b RORRAS PR IR

XA RUSE RER A, 2R AR Y AN SRR TR AR R R M, MRS b5z BRI IR TR A
PURTERENE . NEEMX — N, AT — B R RAENLS] , f45 L HRAEFRRAE ( Expert-in-the-Loop,
EitL ), B A SRR as M AN B T2k, i B e il A IS 58 25 & 58 (an—2k#Ui )
PATHERAMEIE, AT E L R E TR, Bt T 8o\t O U
iE ( Cross-Source Triangulation ), HVAZ AU HMF sl IR AR AE P HIBCRITRES M, 8 XA R IR AR
AR S, U HA—BEEF RO, IPRIC AN T 2 DL A ( Probabilistic
Knowledge Graphs ), RUAEEMEAEAIEGE, B AR RS HAE N B IBE SR EFE, X
TIRERE LI — PP R | A A7 2OR B AR A A SR

T TEAFEAE . W EE SRR Ok S R R

WA GRS L, (B IERIEIE Sy, MR T4 1948 2 0R (In-
struction Fine-Tuning, IFT ) £iR, 383 ERE OB BT S Ear o, af LG | AR N — 8k 3
HERRIEAL” FA S — A R R TI

(—) T8RRI 222017 AR A A

TER ARV B R Z 1, BRRTE S ONERE = TRLOET 2 0CHE S, IpisEss i, 1FT
() A TR MR A HOR N BB T B, i g | SR AL HAE B 2R BL 2 2 4R T R,
IR E I A I BRI I . WG AT T TR . © X — WS T2 ey
KHE: FADHEET IFT AR, MRECE el DL —Fh A5 & il = SO =, 25151
A IRy o AR T O AT B e s A (R R EE =RIERE) AN E L, PO EA AR
AU T R S RO AT AR

(=) MEHEIRIERE AXG1T: TS RLE =00 i i

TG PR — R IR SE R TV Ok 5 | o B i 8% | B IRA IR B R, B
AN FRHE A AR A RGR TR . © W THE KBTS, B0 &St RS

®R. Zhang, et al., “MolProphecy: Bridging Medicinal Chemists’ Knowledge and Molecular Pre-Trained Models via a Multi-
Modal Framework,” arXiv preprint arXiv:2507.02932, 2025.

@y, Zhu, et al., “Learning or Self-aligning? Rethinking Instruction Fine-tuning,” in Proceedings of the 62nd Annual Meeting of the
Association for Computational Linguistics, 2024, pp. 1-16.

@K. M. Chang, et al., “The effect of incorporating large language models into the teaching on critical thinking disposition: An
’Al + Constructivism Learning Theory’ attempt,” Education and Information Technologies, Vol. 30, No. 9 (2025), pp. 11625-11647.
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ALHRHEFARL F1EF2H

FREJI R CHE

H TS b s B A AR LIS O SRR A R B, TR EOR AT R A T8 B i ( Synthetic
Data Generation ), @ DI J&— > BA R S5 B 075 7% 191 , JEoR T BB N ARr N A% I B R 1l J & KE |
T

& — MY EEF “FhH7 MAERIEX.

FAERE: “HMTLERNFBEFEAL, M—HRDNNERTHLSTTE?”

WA LLM WEEEE: “XEFRYHMERERE, REERE, EUHFANEREFTA, X3
WEARTHEHESN, FTURFRE, MHAT BRAR, ECHETANERERD, IZEWFATNTHE
71, BrblaTit.”

Edu-LLM 89 78 f R A 3] 5

F—8 (BREF): “BRE-AFEFFWEM! EEEZM, HMNEkB—NMEEALR, REFEHR
MKATE R — N Z W ANBINR, CLEFLERG?”

B8 (2 XREO: R, MR ERE, Mo, TOWEAT A RO, EITEBRAK
FE, REBWXAZALAR? BEEEXMTH? LEAEMHL2ET?”

FZR GlEZOHEA): “RitFx, EE2RE, B ‘BR o HENZE BT, EHEFY, R
M EHEF AR ERBRA N EZ B — A m LW AR E R, R CHEXM AT L% F52”

FWH (REHZMW): “EREFN! AU, —MIERIRE, TREFCHEER X, EMCHIT
AEEARFT = £ F AR K. WA, WEAEXNEBEFRE-TRAFMRTHIAZG?”

XA T A SR T PR 2E . EAR AL TR, ERIRE T A g S R TR
PG |l — BRIV OB TR, DA B 2 NP IR, 515254 B i
I HI)L HEKRVIARR = FZRINOCER, MR =]

(=) HIMLSMEALL . SRECEER “Belc-2Um-54" fERE

N T EMECFRE AL, AL m R R S BEE RAO . AT, —
JRIRIHREE : AT ORIE AT B Sh A RS R BT 2% F AR (pedagogically valid )?

N R MR, A A A | A B RIS 2R BRI (Multi-Agent ) A HESE , T
WL SocraticLM AR MBS ML T BRI SRR . @ IZHEMS I A T —ANHiBiRy B k-2
4" (Dean-Teacher-Student ) Z8BEIAIKL, Hri2 R GEIK (Student Agent ) B HARFHARIR
AR, DB A T BEAE T S R B it BUNE BEIR ( Teacher Agent) Az iis &
IR s BE B ABIR (Dean Agent) W “Hryik B 017 ROCHEAM 0, EARTE PR 20 s
(AT RO EE ), X B2 BOXE S TIPAE A 8, B 2 SR BN e T AR AT &
Zer N A

XFPAEFIAE R A B RE , B XS ey B B ORIE N — BRI E bR, 36728 5 — D ml iy, 1 “Betk”
BREAPI TP . XA IR TS MBI ZCA A S EOR T-BL, SR 7E B A i Bod) AT AT
AT IR R . B R EHe R R R B, AUE R AR A R,
EREE I BT, RSk B ARIE TR T R A R

®G. Gatti, et al., “EULER: Fine Tuning a Large Language Model for Socratic Interactions,” in Proceedings of the AIXKEDU 2024
Workshop, 2024.

@J Liu, et al., “SocraticLM: Exploring Socratic Personalized Teaching with Large Language Models,” in Advances in Neural Infor-
mation Processing Systems, 2024,
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HEBEABSHEWARAER: NEWEXT BHEE WEL, HARSAF
= ZBESHG: Bl R ——I e

WARBENE, JLHELE STEM (B2E, FoR | TRAECS) Gk, A5 FREREN, —eikn
HERBEDAALESIERE R . A, REESZHERENEE). O

(—) ZBERER (MLLM ) ZERgtER

ZRAKIEFHA (Multimodal Large Language Models, MLLMs ) &S5 30X — 8 1 9 A AR BB
HP AR RS iy ( Modality Encoder ), iE#H:4s ( Connector ) FIKIEFHA (LLM ) =1
BT IR, AR SRR AR . B SRR, @ FE- B i, MEI%S (Visual Question
Answering, VQA ) J&fu% MLLM GBI RAZOAMESS, JUHUZ ARG ZEAR Rl R A LT ISR A0 08

(=) -G . — MO PR A E X

R EABAEHE 5, JUHR T UHEIIT 55 h R IAE, HARA SRR TAAE— R ZI0 &
H-INFIPSI4” (Perception-Cognition Gap ), X MEIE AT LAE Ry - BEAIRERE MDD PRAT (02 U R o B
(Perception ) 155, HIINPBIEIR P EIEATIR (“X2—D=ME"), 307 (“HKA 57) 855 ("X
R NHEAMNS”), BRI EEHNENGER, AR 2520 AFIHER ( Cognition ) H
Zb, fin, RO C=A0ET M CEAMST SHRE A BRE B X — B MU A T2 R IR A
INAAE B

— ARG RS , AR, YRR AR N SO L SORMR BRI, AR RN
AT S FITEREA I R M2 2R T, @ X — R G R, BOR AR S HLHRIIF RSB 5 B
SR, BT R TCE U R AL BOR BN RS AR S M= A T “E RS, X8R T YT F RS A AR AR
BB BATHEACR S RAE, (AR TX 5524,

(=) JEUEMIE . BT 55 AR R

RN FFARAEEEAAR , EAERS RAUBAEEEN i E A G T T AR, I — I X
GPT-40. DeepSeek-V3 Fll Gemini-2.0 SEHTHTAAE Z MBI FRI RGEMEITAEIISE, X —
MR T RO S, @

% 2: SOTA A RBIRIAE R B T 1) RN e

A BiEE EHE BB (B HEIR )
GPT-40 GSMSK 50.0% #hZ R MBS AN
GPT-40 MATH500 36.8% &= & 4% fE % sk o 1t

DeepSeek-V3  MATH500 51.1% &8 & 8 5 B
DeepSeek-V3  University 42.8% & F 5] F &
Gemini-2.0  GSMSK  53.9% @K FHEIEMF L
Gemini-2.0 University  54.4% EERFHEE G E

[ REGRE W R s T S TR R AR 55 R R BRI . TR R AL R A B AT S K
-, I HLARZR R RS I EZ TG . 11, DeepSeek-V3 i[n] T “&ugH AR, X EFEEEMIE 115

@0. Noroozi, et al., “Generative Al in Education: Pedagogical, Theoretical, and Methodological Perspectives,” Interactive Learning
Environments, (2024), pp. 1-20.

@z. Zhang, et al., “A survey on multimodal large language models,” National Science Review, Vol. 11, No. 12 (2024), nwae403.

@P. Lu, et al., “Evaluating Multimodal Large Language Models on Educational Textbook Question Answering,” arXiv preprint
arXiv:2506.21596, 2025.

@E. Hossain, et al., “Evaluation of LLMs for mathematical problem solving,” arXiv preprint arXiv:2506.00309, 2025.
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ALHRHEFARL F1EF2H

RUESRATRE A BT @R OCHTE, (A7EMESERE . PN N 85 DAFAERERT o X e PR,
AT, A RN AR TR A T . BARBUEE

(P9 BEEAAIREE . 25 YE (M-CoT)

h TR CEN-IAIISYE” AR TN ARG B CUNHIRE T . — N EARR . AT
SRR R 2B UESE” (Multimodal Chain-of-Thought, M-CoT ), @ 5437 CoT A~
], M-CoT ZRERIA: i — A58 41T SCAEHS A E (%) 7T g B B Ak

PR il i —AN Ui s, Jgrnii A MLLM 5 248 M-CoT G811 Edu-LLM Z [R5

[ 256 — K& HM =M ABC Bl R, Hi 20 =90°, i1 AC H3FH 3, i1 BC #niER 4.
I W RNS AB WKE.” B MLLM 1% (o HERs) . “RABAIBER, o +b% = 2, fEX
AMMaEd, =3, b=4, T, 2 =32+42=9+16=25, FIlt, c =25 =5, B AB KR 5.7
Edu-LLM ) M-CoT [l (0. RBMbUi): DORHERE] . [EZLRIFEE D B = MIE ABC Rk
K, [steEn]: MRaEEg, TS © a1 EMAMFS (O), XN T AABC &2—1HA
=, DORHER]. b, FROTTLIN FHARBER: AC? + BC? = AB?, [WiSEHE]. MNEG 5
AC il BC MISBEIbRZ T, RBUEHAR /38 3 f 4, DHES5E58]: BEEMRAAR: 32 +42 = AB?,
B9 +16 =25, Bk, &k AB WKER V25 =5,

M-CoT [ B2 (IRSEE M-S HEE ) Al (R B ST ) se8ifE—ile, B 17— 1iE
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Abstract This paper proposes a system-level blueprint for Educational Large Language Models (Edu-LLMs)
that integrates theory, data, modeling, alignment, evaluation, and governance under a constructivist paradigm.
We first introduce a structured data pipeline centered on textbook knowledge graphs and concept prereq-
uisite relations, highlight the risk of structural hallucination, and specify validation via expert-in-the-loop
review, cross-source triangulation, and probabilistic graphs. We then operationalize pedagogy through in-
struction fine-tuning with Socratic dialogues and Chain-of-Thought, supported by a Dean-Teacher-Student
multi-agent data generation process to ensure pedagogical validity. For multimodal learning, we formal-
ize the Perception - Cognition Gap in STEM scenarios and advocate Multimodal Chain-of-Thought (M-
CoT) and neuro-symbolic fusion for evidence-grounded reasoning. On alignment, we contrast RLHF/DPO
with Constitutional Al and propose an “Education Constitution” that encodes pedagogical principles as
programmable constraints, while examining governance paradoxes and ethical trade-offs. We further out-
line privacy-preserving training with Federated Learning and Differential Privacy, and discuss evaluation
via education-specific benchmarks (e.g., TutorBench, MRBench) and adversarial tests. Finally, we present a
Teacher-in-the-Loop collaboration model and emerging roles such as Al Pedagogy Engineers, supported by
RAG + PEFT for sustainable updates and cost-efficient deployment. The framework aims to deliver verifiable,
interpretable, and classroom-ready Edu-LLM:s.

Keywords Educational LLMs; Constructivism; Socratic Dialogue; Multimodal Chain-of-Thought; Percep-
tion-Cognition Gap
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