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Abstract

Using the teaching evaluation of exponential functions to high school freshmen as a case study, the
application of cognitive diagnosis methods is studied based on the G-DINA model in teaching evalu-
ation of high school mathematics. This research first identifies five cognitive attributes of exponen-
tial functions, constructs the corresponding hierarchical relationships and the Q-matrix for test items,
and then selects high school freshmen from a school in Shangqiu, Henan Province, as the research
subjects. The G-DINA model is employed to analyze the cognitive states of both groups and individ-
uals. Based on the diagnostic results, some instructional remediation strategies are proposed to ad-
dress students’ weaknesses. The research demonstrates that cognitive diagnosis methods can effec-
tively identify students’ stage-specific learning gaps, providing scientific support for improving
teaching strategies and optimizing instructional outcomes.
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SR MZE M, ANV =R Ho G, R A R, 4 B0 8] ) A
BAEFRMGESIKT. SR, BB SR, HERGHERE S E 54, HANERRAR SRR R E R
ROUTTREAFAE B 25 . (MR & Th SR AR E (2017 4ERR 2020 4EM51T)) F8HY « Hoeiksp 22 5] 4%
AR, HEBERREATIE T A2, B EE 2 His. 20730 dREEMIEM AR [1].
2020 ) SANETE RGBT E P SCR sk ) $2 i “ BB AR EWBE W 1, Bk
SOMRMES 4. MEFH 2R, RSB IR B JIAUKCE” o W ENS Wi B [ 20/ R % i Rl v B
W, G O E . BURINES . THENURHA SRR, RS RS T 20 B A B AR AR RS A
KRR MHLGAR G BOTAN, ARSI Al I8 2 W2 AL i g A ARG 72, O MR IR AR
FARYE, CRONEE P SR EE AR TR

H A7 HCE W& DS B8 A ZT2 BT L & DINA (Deterministic Input, Noisy And Gate) #5714
F1 G-DINA (Generalized DINA)EEZY . DINA BEEUL LS “HRSH” 1 “fHNSH” , BHESHD. #
BRSNS, ZRRZ 5 E MG, N T 2R BEEVEN H, WL[3]-[6]. 1H DINA LA H H T
QB S 1 DR AE ST B T, AR 1 ) 22 AR B S 2B 8 R ) G-DINA 1551484, G-DINA H5 24 4]
A RIGIINELS, FevEE M B b R R, o] DA T — AL R SR PR ALE, E N8 2 AR (1 AT
Ak DINA B[ 7], RIFIT S5 HAVEE K G-DINA BN A TR R b Pl a B A mis g, e
[7]. ERREFENZH G-DINA B R H Ty o s 2% 21 A ALIE BR i Fi (8]

TEmE P ECF R T, FREREUE S BRI S, REE ARSI T, BIRTA
THHEAE T, B MAE R R /IO 2y, BERMFM —RKE M. R THRERINH AL RET
i, mE NS T . BEE NSRS R R, A 2 K R W EE N TR HR
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HEEEAN R, WSCER[4]. R 2 DINA SRS, S0 M e b 2 A AT S W, TR
T R ARG BRI R B R PR IR S R AASRAR ST . 0 15 R B A R e
R A B AFK T, IF AR @2 A 2 A T . O SIS T 1R 22 A R A A Ak, A
ST BT e 8 e T v o ey — A A IR Rk o B, R G-DINA AL F T F W, (5 Bh
IWHIZ W s 2471 & (FlexCOMS)EAT MR I 0 M, 455 70 e 40 U AN BORIG o Ay R IR R4
WP VAR TP BECE R, AT AR, R EE HKOT .
2. fREIT
21 HENAMBMESERXHR

X7 N E B PR AT NS W SR BEIA T 22—, AWTFUR A 2 WHIESE AT 2 IR E . BExt s — 84
BN, HRSH m P ECA RN E 5 B0 R PEAIRR, b I 2 A U R M
ATPR T T B SEAIE M o S 2 AR AT RNV R, RS20 2 S FR R BN A I AR AR, TR
A PR R R N AR B RR R E LI R A RN b, 52— 2 BT
JERIEWI, WBCHAL E SR R I B S S &5, ik — BRI, 1
TR AP, MR RAE AR A BRI FIZ AR 75 T R SO AT P, e e AR R P et TR Hua
S fRRR RS, ERAERT, RN SRALR N, PRI 1.

WRIGNEBPERI R 7Y, B AR AR R, A RS LR AA AR EAE R R B B R AN R
PR —Fr, WFERTAFERET A “1” Rox, ®|IWA “0” FoR[2], WAk 2.

Table 1. Attributes classification of exponential function
= 1 IR ERBAE SRS

5 R B X
Al s H REfS LL B Sria IR Hoa H A
A2 TRER B & AR HOoR B SO G
A3 TR E R B R S 1 B AR HOR ) B A RFAE A P 1 45
Al SR RO R A R *Eﬁi“éi&f@%iiﬂlﬂ%HTﬁiﬁgﬁgi%zﬁﬁ%%&%ﬁ%@@%iﬁll%liﬁl
A5 B PR FARE T ) 2 BE AT AR FH i 230 R AR R A e S s ) 7

Table 2. Reachability matrix for cognitive attributes of exponential functions
= 2. BHRBAIAMBE AL

Al A2 A3 A4 A5
Al 1 1 1 1 1
A2 0 1 1 1 1
A3 0 0 1 0 1
A4 0 0 0 1 0
A5 0 0 0 0 1

T LUE 5 MARUBYERIRI Yy, SRR BR B B SR M R ) T R ARt 2° =32 . @, B
TN AR EAR TIRE R AR, WIS L 4R T RN, MERENE A3 —RAEE T Al

DOI: 10.12677/ae.2025.15112026 219 HHHRE


https://doi.org/10.12677/ae.2025.15112026

ki 5%

A2, KAkl BN EESEAIL 8 fl, Wk 3,

Table 3. Students’ ideal mastery profiles
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2.2. HmiEAHIS BT NILE

R KA 2025 Hi AR “5 R 3 ERRL” AR A R, & 3 4R
2 ZHERLFO, w2 Wi ANy 10 AN RS, 3k 50 7. AN ENS WA R, A
BHAE RS 1A EEME, IS S AT 2R AR A DT 3 K. 7558 B 14125 g il
Ja, AFRNE FAEE N ST ST HLUPE, R IE S E AT A AR E AT M Ve, DA
WIUEE) Q JEFE . 415, TP Al — M1 (Percentage Agreement)it ] 90%, # M4 5 W—F.
A E A H SINVRUBIEX G R, RN Q #EFE, W% 4.

Table 4. Q-matrix of the test items

= 4. MR Q XERE

Al A2 A3 A4 A5
T1 1 0 0 0 0
T2 1 1 0 0 0
T3 1 1 1 0 0
T4 1 1 0 1 0
T5 1 1 0 0 1
T6 1 0 0 1 0
T7 1 1 1 1 0
T8 1 1 1 0 1
T9 1 1 1 1 0
T10 1 1 1 1 1

MR E TS, B R Rt R 2 AN EAYE, 2 Ml IEIL 225 44 s A AR D I PR A X
Ro MATHIN 22 b 25 B B2 iR S S 3 el R B, I B2 A vy, AR 2T 30%1940 70 N, J& 30%(H
2540 N, PIRIKFRIZ) 110 Ao XU HU PP ftonh ROBA R . 72242 58 R SR B N A )
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J5, PR, BSR4 30 08P N 2 el il ey, 3R GRS 225 47, WiEH %645 225 4.
WEVEE 5, A EXCEL Giit 244 &/ NS 5 &y, B EA LS BRI Zcid M E B BE 4T
i, BXEAN 1, ZBAEC N 0, DUBIE NAT, ZAE NS RIE BRI IE R
2.3. INHISHR TG, /53

FEARRBZNTES, B THRE0eE . BGRB8 & 2 A B ERAS ., G-DINA FERE 754
SERRAFNIEFE, W AR PR R AR T . e RaA [T

Kj Kj-1 Kj Kj
P(Yij =l|ozi)=5jO + D S+ Y D Sy +"‘+5,-12“,K;H“ik’
k=1 k=1 15k k=1

Horry, =1 FR i ZXH j, BA 05 o = (o, iy, ... o ) Ttk | FIAKIE MRS AR ) 8 o =1
T IR K ANEYE, (8 0 R RER ., KIIRRZE | B BB EREIESE; 5, WEH jIIE
IS H 5, R H Bk R 5y R Rkl SRk k S EARR, B Sl T
K I BRACL AR ) B K T 2R Ak B9 9]
3. INENSHMT RS R

R BE IR I 56 A A s, R ARG SR S T MR . X (B HCL SE40HT. IR 8 Y X
FESHHER AN P = XX s (X FRMRF RS H W P85y, X, N H B9 5) 1521 038 R e i
1602308 200, Wi 4, WiIHBBMER AIE. K0 B0 55 M A5 R 20 Q A5 FE AR\ Zni2 W 4 dr
V- & (fFlexCDOMS)EATEdE 4381, #5 H &Il i [X 43 B2 (3% B)FZ 2 — 2 Fe A% HCI BN 0.6695, it BH UL
A RF

Table 5. Test difficulty and discrimination
=5 NEEEEXSE

1 2 3 4 5 6 7 8 9 10 AR

pliics 0.96 0.84 0.74 0.48 0.74 0.56 0.49 0.53 0.34 0.51 0.62
XE 031 0.43 0.49 0.73 0.60 0.65 0.67 0.59 0.45 0.62 0.55

FENFIZ W s 7047 6 (flexCDMs), 163 247> CDMs,  EARMREE AT Q 4EFE, R G-
DINA AUl 145 2 ) 27 A i P S PR R A S SRR o 7 T 20 ) AR (A RN P T JEE A R2 W
LRGCECET

3.1. BHErisHlRE

T G-DINA FERL, St A ANFIPER 22 2E R B i DU REAT A RIS B o0 A, R] LAAS SRR A 10 %
AMAHB TR BB, WF6 B BEEA A EXCEL tHE S HHAR AR I EEMSE, N & 6.

IRIENFR LR A 2R, Bk L REE 7 R A AE N2 S TR MR U A I X 4% s R I SR 1
DULRGF, HE RS AR R VL 4R AR BN RIS, JCHGE TR IE A4 T A5, H R EFE
Al Ml A3 ERIRILELS, FARMMREL 7 0.7, R Koy RS2 e 10 E AR TR B I 5 R Fa 4R
B EUGAMERT  (BAEJRIE AS _ERIESS, 1008 0.3673, Ui B sl BIE 27 A 0 F5 450 ok B AL AR VR N 2 FH i
TARRTE. HEPRAAERYE A4 F1 AS ERILEZENE, KT 05, WASEAIPELL )L [F 55 2
A5, R AR FEHOR BT AR B S (]I A7 £ R PR A
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UEAh, T G-DINA BEAY 5 2 S SEBE AN RIZ W 70 45 R B 93.5% 922 A48 73 21 8 AR
PR T7), XA 1R ZAR R AT 2 W o M 5 B

Table 6. Attribute mastery
6. BHEEERR

Bk HRH HiEE Py
Al 0.8213 0.6837 0.7525
A2 0.6373 0.5366 0.5870
A3 0.7421 0.6242 0.6832
A4 0.5565 0.3756 0.4661
A5 0.3673 0.3262 0.3468
Table 7. Predominant cognitive states among students
FT 7. KRB FEBPAFRTS
INERFE Bt
1 10000 5.31%
2 11000 3.82%
3 11100 12.81%
4 11010 8.36%
5 11110 25.35%
6 11101 21.62%
7 11001 2.38%
8 11111 12.82%
Bt 93.5%

3.2. MERISHT R IR

FAERAEPEO RERGTE I S B MR ZE R, X0 A A MR B A IR RIS E N . E i snie
Wi BT IS BN — AL E AR M IR R 0L, 6 8 ORI M A AE B IR EL. ARIRE. B

L@tk E R

Table 8. The diagnostic feedback of some students

8. BAFEMISHIRIR

FHERS By NAPRZS Al A2 A3 A4 A5
ID4 45 11110 1 1 0.9986 0.9653 0.4535
ID5 45 11101 1 0.9976 0.9765 0.0876 0.8986
ID6 40 11110 0.8737 0.8737 0.9992 0.9576 0.3815

ID135 25 01010 0.1972 1 0.9568 0.4972 0.2925

M ERTLIEY, 4 ID4 F1ID5 152 —FER, ERNMARARPRERA—FEM. %4 1D4 |
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SRAHEPE AL A2, A3, A4 EIREVRLF, (HXFEME AS I EIRERANTHE, {0 0.4535, B ZAEN
i K R B (0 S BE 0 RNk, 10 IDS5 fEJR A 4 R EB R ES, He Rt RR AR, %
AFRBORBER o AR E IR, RS, AEXEE BB I8RZE, BRI E R T A T
7/ 1D4 A1 1ID6 MHIAFPIRAES —B, NAEEIE AS HEiRAZER, AL EWRI 7 2R. 44 1D135
ST S Bt 12U A2 5 A3 AU AR, 3] 27 AR e B AR AR TR HOR B ZE A R, HIs AR ),
CEA R RE I 2, HERINE %S .

4. FDROERIE
SN S A RIS W AT, T I T RE 2 R R AR, AR LIRSS, $EH L
TR

41. RASEHF

BEXIEEHE, NAZZ R AFERIIISR, dniE i 2k o) MR IR BUS SRR BT, $201 424 AL~A3
Featm R B, B AHENRIL A4~AS IR RE ST, BT SRBRIE S IR A FIE . BRI RS S5
AorWre R “REEE” B, WRRTTREE D IR B, R UM AR, SRTHE SR
ELOE RV

4.2. FULBHESE

R AEAARFIRBE T RI4R T, BT e] 51 2 AR A 4 S R RE L, T EUR AR RS B
FEREM AR 2% . AR5 LR A e I SRR A T B, IF BAE 2 IR B s & A S, KA
KRBT — a5k A OB S RS I a e B 4e 3 &, B 4E T By — DA A K
MEERIRE R, D IE R ER A BARIEIR, 38 R AR ISR G B AE

4.3. INsEfEEEE

FUM AR SR LR R, W TH SRR AT 20 R B, JF A RS AR e A R R A IS PR A R
LRGN BN IRSE, DUEEHS YRR SR (RN, UM R AR R R, BORE AP RS
THED RO IR R A6 0 25T, D RO SN R AR SRSk, e ISV R B B, I RIS
KA LTk, WA LIS A, BRI S E P EA SR B RE 7T, LARTHETE A4 A1 A5 1)
HE AR
5. INGE

FF A2 G-DINA BRG] 1 fr ey h 4R K B2 Wl gs, 2 Wi e Hr R HZ 98 BT R
X7 HAEREE R, MR IR R O RN Q MR B, WX A AR T H B IR 1 4% s 1k
M BEIRG LT IR S 2 Wi 0. 2 #r 4 R AT LA SR (PR AR K 1 i AR 5 MR K e st T BLA T
BEXT AR RN Z5 A BEAT L (AN R A B2 8 5 . N FRISESARR B T — B AT M HUEA I IS
HHE, NANACEETT I, BT B SO R R S R

E&WE

B BB R 2025 FEFE MRS H - AR BB T 2 5 SO 0R S X ST T
(2025YB0188); i [LIMIE 27 bt i S5 B A ZUr CE M AL S s U, (BEERIR) URAR R B 1 S ek
52 (2024XIGLX0065) .
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