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Research and System Application of Adaptive Cognitive Learning
Method Based on Knowledge Tracing

YINMing WANG Hao

School of Software, Northwestern Polytechnical University, Xi’an 710072, Shaanxi, China

Abstract: To implement the concept of “integration of digital intelligence and precision education,” this paper proposes an
adaptive cognitive learning method that integrates interaction reliability into graph-based knowledge tracing. The core of this
approach lies in dynamically modeling learners’ cognitive states by incorporating the interaction reliability of question-
answering behaviors, and subsequently driving personalized learning based on this model. On this basis, a corresponding
adaptive cognitive learning system is constructed, which can dynamically track and model learners’ cognitive states and
automatically generate personalized exercise paths accordingly. The system has been applied to the course Software Project
Organization and Managementfor comprehensive teaching practice. Empirical data and survey results demonstrate that the
adaptive cognitive learning system centered on knowledge tracing can effectively monitor students’ knowledge states, improve
the adaptability of learning resources, and enhance students’ learning experience and outcomes. This study provides practical

evidence supporting the personalized reform and intelligent upgrading of computer education.

Key words: adaptive learning; personalized instruction; cognitive state tracking; learning system

0 31 5

15 E K i B8 B e B T3 . =S E
SRR AR R R T, IREILEE VAR A
A BRI, I AR AL R IR AR S A A
PEAL . B BEAL B AN RIRZI R0, A5 B AR AU E S T
KRR T3, XM E S A S 2 ST PP i &R
St 7R RIPk i S LR SRT, T2 BOE EHET
B A BT HER) 5 B e %, M DU eI 5222 3
F RN FMVPUIRGS, TR R MR G K H /7 > il k

Je XA A R 30

*FE S VB A SCH BT IL Tk KRS HE B a7 0B
(2026JGZ060) ¥HY.

SEIEH: X% yming@nwpu.edu.cn.

TS ST AR L8 AR S
TEEANRS B RS RL BF S1 3 (O RUR S, IO
B PEAC B 0. AT, AT SUK 0 2 ST R
LRI ., o BEDCA AR P TE 5 B A
KR AR RG0S, BT, 036 e A SR
SHOR, LR A TR0 TS, TR
BT BRSNS

BEX DL L, AR R R A I
P 5 K BB BB LA RIS ST 7 BT
SATRHEAT AT SEPEVEA, SEOLATRNLRA RS E .
BERLBE: FPILEOR B R RS, 2T 1AFHE
BT A SR, AL F I (1D AT
PRI BRI AL A . R 2 )
(2) FF TR 3 S5 AR o e AT 20 2 100
RERKT? BAh, 48RRI (OBE) B,

2325-0208 /© 2026 ISEP



FE T RIE R Y S NN A ST T S RGN

111

A FERE— 0 WIRFE B AR IE LA, IR R GERS
ARz 0RES) NI H B BRHAN . B A R A
RISCREROR 9 VEA B B SORPP A SR Bt R AL i A

1 ATEMIREE BERIAAF A
{9 ETE R ST RGBS, ARSI

B LR RE- A S

SR & BN S T3 EE R A B 1 R, Kozl B
R AR ER RS- I S TR
“IRFI-IBERTAIIA . BRI TR A ST BN ST B
o, SEBASPEAC B IRORS HESESE 5 SRS T T RIKEE
FIEEPRIRGN BB R, SR R A AR R,
N R RASR RS HE RN FRAS SCH#

|
1
1 i
1
1

DEUMRS/ RERLS . !
i SAEER i
i btk §i 0 408 o~ ##5I% (DQN) e i
i (RRRERETRY) e ion =1h [=0h |
L |, e . :
{ [l UIII' g, 44 ;
L @9 ) [E—g RBEE (2H-dH) ]
| h |
| v i
: R ) $IH/ZEIE :
! DRRARE (#8) :
| | JOMrieey ;
! IR=< ;

. EHARRBBA

RRRE IR R - - oo b st s mn s fon (smte) .
; TRIEEDNBARERRE :
WIS/
L[ #EmezEmn anens | SRR/
! (g /R AR TR ) = i S NS :
s = - “F * =LY P i
=X —» .
' ¥ 1) EME 2) MRRSER 3) ko P |
: ( BB R ) (BELEwrEE) (RERNE) b i i
' -0—0—0—0—- o : {p |
b — g —— ﬁ — m m : I
1 g o '
E AR R | | BTEE: Ex BB B i
| $EMAXEE EdReE ik 1
! EARE: Bk ETMIE: EEN ETRY: EE 1
: | (ennum E¥ BE :

RiR: EHERERER

_______________________________________________________________________________________________

| ATERMRRIA EIER ST 7T AHESR

TE: BN-LRAHK; L E: RR-RBARF

HFUB R B 75 22 2138 10 17 5028 B 4 v
o AR, AR DK T, DKVMNI!
S5, B ECRA R B2 D S IO RS ) AN SR,
KRAEX 92 2] F AR N TR 2 5 TESEFR2E 2]
s, — KB IIEM R L SRS B ER, B
REUR T 2 ISR BN IR s 1T — IR IRt AT g 2
FHC TR, 25 A5 R Ik S 3 T 25 SR AR B PN 72 5
S H—AEL, AR 5y 52 B & 2% 215 51
®F.

NI, ARBFFEHR T — I T AT S IR S 1 A

PUB BRI A O AR SN — ] 2 ST ] SE >

55 €(0,1), HTENMGXRY L HMEHIERE, I
PLEER &R 2 En R B @A . Jn IR 28 58T A I R AL
HOEE ., 5HAT NEHE (s, 2Bt .
AR AN B AE PR B RAN ], A SRR
RUE S P MEAR TR AR T R RO B AT SR B
AP E R : 159 105 AR 38 B SR BT S
N C ) L BEHSHRN C ) L EBHBRAN C )
TR C O B EMERRA (D, PHItEdi
WERFIMAI R EMAE SRR o AR, B —
ANFIVIRERRE L, KPS RGNS
FBR R IR B ) . RERLKS A AS B R AU B
WERE | RHEFR MEHMEE  §HE BA—

2325-0208 /© 2026 ISEP



THENEAR S5HEHE A

112 Journal of Computer Technology and Education

NZEFIPL (MLP) , Ffid@id Sigmoid EELE, E
DEIERCT S

=o(MLPC 4[] | ) (1-1)

B LI, R YONIZIRAS B R
SR SE 5 BOOm), R A8 BT g 52 e 75
WEE B RER. B ARE T, Bt
W EEtE B A G EHR R, SR
BB RRB ER A R B

AR TR B (A% R AT Al 5 B S S T B AN 3l
SN BEE N RNSGEE SR,
REFIHR R R EFR B KRR SIS WRYE~>]
GRS FARAE S AR B, HAT MEARFE -
REMBEE B

- (- (1-2)

A B SR I, AR A A %A o o B
AN AL FIR S BES 42s 2958 B AT SRR, A
R e TR A AR s @R RE, LR IE
JR R RS B G NI P A R . B S 2 3] 3 R
PEARASH;, Pl T SR 7 RIS o A — A
B 39 B 2 , FEEESIMEERTT RIMEFS
Gl

BREETX AT AR A FPRESHE R HEWT:

— * -(1- )* * N (1-3)

Za, EMEEEEEEE LR, R
AMRAR GRS o XSS 55 B R IK
A FATRR S AR I 17 B e BT, A 5 5 L PR R T
D4 S 2 1

FERERLYIZRET BL, AT SRS S AR T HUR R 2
PR I RE— IRAZ LK) — 088 SRR 73 Bl — A B AL
&

=+l ) (1-4)
Hep B—AEEEBESH
== *BCE(y, ) (1-5)

RAGEAT v ] FENE ST AR S A A 4 v A SRR
&, SRR S MR REAT S AR, TR SRS
SOMAREHIGS, TR M E R T sl 1 R R ey ot o
AESHRIE.

LR b, BRI S H RSB, &

) R I BE 3 24 11 2 2] B RS RIS FR SRR I

I ABOCBUCE B3 M R FR R B4R S, RN AAE
ISR B E R KT R, XTSRRI
H (ORI IRl A B0, BRI 4 B 2 Ak 4 42

JSE R RN iR B, DB B SR R RS, IR
Zrrp AR LRI o JE IRl R VM5 5 U R
R TR AR B B 8 — SR B AL, SR e B 4T
Bt A FE R R 22 505 S, AT SR 52 5 3 50
WUIRZS B0 SO 1 i A

2 BENMAHFEIFERRS

2.1 RG5EH

BT Bl vl SEVE IR ) AN B BR TV, AR AT
B R T BENINFIS 2] RS, LI
B HE N A st . RG0SR 0 2 280 5 R
By, A T AN ET A H B S v A e AR B . A7
5 R e HERE N TARR, AR B2 R, TER T
—NEIRTEM S B PR o) RS i — AR 2
— RS HIE RN 2] KRG . RGAELEE R bk
http://10.71.153.102:10031/ (K5 : 2021001001, 2.
111D, S @z e v e Thae, AR HUVIR
SO BRSSP IEGR L. R ARG A
RO B IR E, VAT A8 5] i i 7 265
ARG

FE52 3] 3 RO MUEE R G , 2 7 st B & 22 2R 1D
RS BESHITE R RIEEWebll 5585, HRZH
24l /Z (Controller)= ) FEMOF e & BRI EAR 55 -
2RS5BT Flask IR 9545 11, BRI A 24T
RN PUIRS s, DARAEHAE & iR G B AR 1S
Ole BEJE, FOUVIRZE(E Bt i 2 5 BHER IS, )5
G L R 3] M P o A 5 2 R SRR RTRKCT
BREIRE R ULRC R ) BUSE &, JRH AR 45 R el % 2=
=

i R R A5 R, MMy SQLEHE & A 2 %t
LS IR P52 P i R o SEAEAEE R, Bl
B EAR I THERE . BN, XS HRS
P Z 5T B B BRSSO AR AR
A, 3 LR S Bt 56 B A S R R s R AR

BB JE A SRR A i R Ak 5 — & 10 > REHERE IR
M FIPUEER RS A ] > iR 55, vAEsh
AL —HER . ik, RGP T FRRE
WahHESE — MEEAT A EPOIRESHIRESIRE) T — 4
A R 8 P A LA o

R IR, ZR G RENS SN IR 2 3] B I fE
T, BTSN E SR, iR )BTRS
A SRR R VLG . AR AR ZF LA
T ERAR, AT BT T 2 ReR SRR SRR,
FEORIL T B &N ] RGHAEMEEE Y5 b %
O

2325-0208 /© 2026 ISEP



FE T RIE R Y S NN A ST T S RGN 113

@)

L#IE/EFH

(L] <

0 N \

FIE ($%) EPE (Web/BahER) i
r'y 1
ERCTY 2
1. SEWEHR 9. EETMLt i ;ﬁ
(M) (RF4%I%) :
¥ i
WebfR% # / Controller ;
2. WebMR#% - RS . :
5%HE - ERSEEEE ! ;
- BERBEEE :
- HREASER
2 BRIEEE 9b. #EHLTED 6. HAMLERE i
(RESEIDFLTR) EEET) LR :
| mwamuns | | Wl Flask 20| 20, R IBRERS P
4 BEEE i - EPSERERKE | T200 L AnEa - BFNRRBES P
S - hitpanEay E % ] - EHTERENE  ---b-C
: « ENORARKE DegnHE * ERAMELT BRI ! "
: S - i #
: i R E ' i T
B EATE | SR T i s ¢ ; : i
e | = YO . TAPHEEN (RRMERR) . . ; i
: 5. EMME 4, BALEERR
1 ($EER, HARS. (BAEER)
N boemo o BRERS) - ofe--ooooooooooofol e e
' | semEsk (FEER)
: S HER (25D, BERLY | ST
sh el e « MRASE |« mRRE: WRAID, RER. BEEFS

« AR (IR, EEE)

- BEERRR

Vo DEAERSS: MERE. MRALE
P« EMicR: JEID. FEWR. KB, EWE. HERS
P« JEEM: WD, BF. EE. BR. B, LEY

[ — E£f# (FR5RE)

----r REAR (DBRIK)

usen | isms () awen

2 BiEROAREE SR

22 xHERME

WEBHT R, KRGESQETH AL 5EHH
TN S PG, WA R MR, TR
SIVERE AL O, BRI AR, ST
SO GERIAN A S S EHRAEL . AP E%
B E R AN RS, A DU SRR TS i)
TR RS SRR ETIREAN T, (8T PR n) 2
INESEMIBERN. 20K BEEMIAT, &8
FRALER AR AL N T 5 i R s 2 = U 5 g sk
ook, XFREARFERNEG ] TG,
15 S U B RIS SR 5 R ST, AR
LI o 5 T I % T 1 Bk 2 S TE I Th e 43
X, KA E SR E S e AU R . > T
M55 Tosstite, FM—NEM. SR H AR TE 2R
SIS

3 MASHR
UL RS, RTF IR T 3Bk

BAF 2B AR E IR H A58 IR #s
KB R KB GOV P TPAT B8, It
276% 2, FUEEERRES A, AR RS %
W2 2] TRRABCA AT . PSR E T 215,
FORMEMH AGHAT I 25>, RG34 A
IR A A BN A A > R -

WEAFTR, AR T ERERG L HHE,
BIn IR FE RS, FEFRE 7RSS TR E MR
TSR . BTSSR B iR B, SRR R I 5
A R IE R K 78.56%, ik HUGHE R AR A R
IFEYR. RAEE16JE MEE AN R FE T s Bz e
M5, Rl r=A A R A HiE18,0000K, J& 353
BR2E AR T 5 I 85%, HIHZ S mA E /L3208 /5 15,
KRG TOR IR 5 ) B SR IR . BT
M, RGN ERI3501E > B B aebr 5|, PYIMERE
HITE25.4% /A0, MEFE AT G FERAE, BRE & 1 2500
MESDLE, BaE T S B4, BT 25
A ) S RO . ST N T R, A

2325-0208 /© 2026 ISEP



114

THHHLEAR S HHE R

Journal of Computer Technology and Education

BARIEM R M AN RIE Rt et (FEshX
B 3% HITE£3% AN )

1582.3%, Wi RGRENS A WL FrIESE
WY EEE S .

R[22 2] 2
HXH

FEBR  HERR

o o~ =
RARERS EE RS
S3I¥EE T, sEHEeE
IR T AR nes A .
ﬁ_ﬁg!mﬁ & 2021001001
ok . .
.-

RERS HEHCRER

SIiFE

P R SEE A

SRUHMEARSEERERFITE

SRR MRUR

FHEER BiiER WA 05 (BERETRNSTN) 0 100 0%
i oo i
BERE: 5/5
o
HME: 0 (1] 5 0%
e e SRR 02T 63200 p— - s
« TP S Cloits
© EEER: HEH
- BASE
- milxt BESA «‘::n?;j 0 §
ESERTE) ;. 2025/11/15 1527:00 g‘“ﬁu
B At
] 1LERMFRE. () A D
HidadnE: A | = i
3 FERR
L¥EFREST 2. EEREST 3. BERRERY (BE)
60 60 T 300
FOENE | | R
T856% | 25.4%
50 i | 280
i |
] ] 3 260
i =
2 i 5
# 30 AT g5
# R B R B e e s 2354
e
20 220
10 200
04 180
20 40 60 80 100 20 40 60 80 100 ,p& L fvd“@ BRI N e
Fo S
ERE (%) M (%) PEE é’«ﬁ‘ﬁé’é’é’w SEE

EE [ memw som | wsamses | [ eneama l:k zes)\ T

4. EMERERR (AE) 5. PEEZEMELH 6. MHRM (FOREE)
8 70 . :
| EH: 65N ¥18 RESARNR E:1k2
Y L %28 WBRHSEY B36%
e 5 ¥38 ARBEED 8%
S8 i B4R AARRER %
; " Warases et N - 58 AEAEED g 603%
5 30 %58 TEAMED _T
7 R e —— 20 WIR REARER T9.4%
4 " #8% EEHARD 25
i ¥9m ARSANRBER W 0
70 o 0 20 40 60 B0 100 120 140 160 180 200 220+ Ll Iﬁﬁuisiﬂﬁl L i
»w: B S A SIS BUPEHARFERT (%) 0 10‘ u:(%: oull A
& § ’
&4 é’e“é“é‘ «@'é‘%@(«;)ié’“é’ﬁ’#@ FHRER: 823%
[mm:men-mss | mammemwn | [emwmmosoe | ewmowE em) | [ xess o sameox | Pmiew |
O THERE HHSE EREEE = o 2AEPRER
78.56% 18000+ a1l 85%+ —7? 25.4% 82.3%

#: FERNEXDGAFDLER/AEPER (2760) HE; AXRESEANEE. EEMRITAH.

B 4 FEZBITASFERINSEEDSTE

2325-0208 /© 2026 ISEP



FE T RIE R Y S NN A ST T S RGN 115

455 OBEHL & W URFE H bRiB U AT i :
RGPS AE T H & BRAR N F” GRFERZ O HARD
IEEN0.87, A RFERKTATIE (0.79) $#27+
10.1%; E“RZT00 H 0] #8535 v GRFE R0 H bx
2) IEMEN0.83, BOFATHE (0.74) HFF12.2%. X5
BT ARG E A MR H (PGE . MoT R IR
WP o AR, AR U AR ], RAERE R

R A L A AR RIS 2R, S AR ST I 56 1k
Gua A, HEERAUES:, R Enid fEZm .
M TAEG T, RGAEIBE RIS BB AL g
MR E SR fla, REGEDZRRTEELE (0
FEIN S SRR AT RELERF X 2B R R 4%
P2 ) PR U RGE VA 5 111 1 S 2 U R] Mg e 7
A RSN, JF R AAE G S5 TP IESE.

RIS, L 85% 1A A 58 K T R HERE I A ET Bl
KERI» 22 2RSS o RGERET AR T EE PR R UK
A, ARSI AR E . RN R A
HKIE X AR, SSHLT AR CRIAR . AR
M ARG MR REAT 2 ) Ja, L 80% (1 % 1 & £ %t

ILRNIRAR AL A% BN 26 H_E AR B AR E I R4 T .

FEAR | HABAZ BT e o, R T R G222
FEW RGN SR N RSB+, T85>
DEETXEHE, FEENE, BN RRI, RS
XfrE AT EEMEAZ B, CAnPRIE . SR IERD WY T
RS B, X AR AR G R I B 5 1 AT
R —— = A RE 6 W] A SRR RN 21 PR Oy R IX LR R 1S
3k, FrUARGRL 7 IURSE.

Ak, FEHESTREREKY], 2HEENN
RGBT R EGH, B, JFEE
“RYREX AR HSIERFEX . ATEERRIRIRES

AR AT IO B T2 2] HE R ST 1 S BT AR DA R

SR AT FEVEZR S 3R ShRiR, g hn 1 A Tx R4
FIWTIEAR. 5k, FHOTRBUHE L, RGN
T FERIVRA A1 DGR AL, RENE A RO IEAT L
b e, RIE RGO AR PR A A
HRE AT TSI BRCR o IX AR T ABLER ]
R R AR SEBREE  BAE

REER T SEHE T, BRI (BEgif)
CHAFMB) PTTREE IR 1Tl 4iRER RS
FEANRERAE R BRAER R EIAER5% LA E, R ik
HABRREERRE 1. ARGt — by K, &
di AR R KRR S AR, SR & A E

4 & &
AR T R TR SR DR 1 1 3 A 2

U5, M T RSB AIB R I KRS B d
ROANFIZE S R GE. ZRGHE (BAFTH A N5EH#H)

TR T T 3RS, SEEREEREH], ZARGH K
SCHE T AMEA S S SRRV, $RTF T cI R S
HEARCR, U ENLECE AR S B R SR SR A
THTTiE RGN S B IE B SEBIEIE .

HETIE AL SRR H—, RGN
A R AR T RNR AR, X S AR R &R (A
AP BERS RS HEAL:, KT, BR
FEER MR AR A IR, TR 2 2R 5 A6
PR IALIE A . AORBT FOR N =7 TR I — 25l
ANZBESZEANHEOR, MaiRsh. REFIAFE
&, B DRIPILIRS @ R e e R
WS HERE SRS, SCRFIH W52 MBS IE 20T
HEps =R RO E R AR 5 ),
B B E N S BARAETHFNLECE AL -

2 % X w

[1]  R¥aE. 1«1 A AR = S BRSO N BT
il L)) P EESEHE, 2026, (1): 16-20.

[2]  E3CAE, TXOT. BE KRBT ENLZE Bk
B IHLE SRR, SRS T, 2025, 24(11): 1-8.

[31 MR, EBRE, TR 1HE A A R T
FED. HEHEARSHE %W, 2022, 10(5): 27-32.

[4] JEHEEE X, MR T AURGE 1 HHE 450 R 5 ST iR
B A L[], THREVIBR S EE %4k, 2025, 13(4): 14-
21.

[5] ZRENGR A TR BB AN AL S S R R G ——
VUEFEEE AFII]. #E 585, 2025, (4): 185-188.

[6] MREL XM, T LS. mm s s E MBS Nxk
BHEARSMNAN]. & EERFFR, 2021, 16(5): 885-898.

[7]1 Zhangl, XiaR, Miao Q, Wang Q. Explore Bayesian analysis
in Cognitive-aware Key—Value Memory Networks for
knowledge tracing in online learning[J]. Expert Systems with
Applications, 2024, 257: 124933.

[8] WangJ, MaHF, ZhangMY, ZhangL, ChangL.Multi-
granularity ensemble interaction graph modeling for
knowledge tracing[J]. Knowledge-Based Systems, 2025, 309:
112834.

[9] QiuL, XuY.Adaptive meta-path discovery for dual-stream
collaborative knowledge tracing[J]. Expert Systems with
Applications, 2026, 329: 133016.

[10] LiX , LuoF, OuyangJH, RojasPinoL, LiWH, Ding
W C, et al. A novel deep knowledge tracing model with
problem complexity and state stability[J]. International
Journal of Artificial Intelligence in Education, 2025, 35(5):
3270-3293.

[11] Xu T, Zhao Y, Zhang J, Deng J, Zhao Z, Han D, et al.
SQGKT:  Student-question interaction  graph-based
knowledge tracing[J]. Expert Systems with Applications,
2026, 297: 129175.

2325-0208 /© 2026 ISEP



