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Adaptive Personalized Consolidated Learning Model

WANG Gongxun, LI Jinjin’
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Abstract: "Consolidated Learning Recommendations" refers to the process of recommending learning content that students need to
review and consolidate. This paper investigates the issue of personalized consolidated learning recommendations based on compe-
tence-based knowledge space theory, and proposes an effective recommendation method to address the challenge of the lack of one-
to-one correspondence between competence states and knowledge states. The method firstly calculates the inner master fringe based
on the student's knowledge state. It uses this to deduce the knowledge states before and after potential regression. Based on these
knowledge states, it identifies the tops or bottoms of the corresponding competence states. Finally, according to these tops or bot-
toms, it recommends the skill set that needs to be consolidated. This approach helps prevent knowledge regression due to factors like
forgetting. This paper presents two characterization theorems: the first uses a skill function to characterize the tops or bottoms of
competence states, and the second uses a problem function to characterize the inner master fringe of knowledge states. By applying
these theorems, the tops or bottoms of competence states and the inner master fringe of knowledge states can be directly obtained
without constructing a knowledge structure. Finally, this paper presents algorithms to obtain the inner master fringe based on defini-
tions and characterization theorems, and demonstrates through comparative practice that the latter reduces time consumption by an
average of 77% and memory usage by an average of 67%.
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p(T)s X R op(TH=p(T)=K, fr L
Te[T]. BT EX, LHNTE[T], Fibhf7

[F8%'s

), JIt LA

T CT, W2 T'eX, r UL i (1) 7] 14
XCY,.UT eY, U T e|T] , p(1")=
pT), FIE, U TeX, LY X,

ZiE.X=Y,8|T| =Y, &MEiF,

SES T B K RE RS R £
0 SELAR L — B

514 & (Q,S,p) & — > In] & oK &, XF
VI, T\.©=S, B p(T)p(T)=>3aT€[T,], T
elr] s TV ST Wor . H | T ={TT' =
U, ext(g)st(g)€plq), K=p(T)}.

EB o8 TVe[T ], L [T ]+, BT L
| T\ # D UAETE T, €| T <[T\]. HiEH
161% YA R g ep(T)), HAETE <(g) e ulqg), 1l

ﬂ—{hﬂﬂwolﬂﬁﬂﬂﬁw(%%

LAXHE B g € p(T)\p(T)), AL B t(g) € ulq), T
LAETE
T:<U‘1EP<TUT(Q))U(Uzepmp( )r(q)>:
U/Gp (T) ELTJ

'fﬁﬁ%‘ Tl/gT}j‘I—Lo
F9 L5l MRERZRSM I, WHF 12(1)
s o

E10 (T RS F(T) I LR -5 m
g | T R e o [T 4 e R B, T 12(2)
it 75

B F 12 (22 6]+ 8)
T, ={s,t}, [T\]={{st},S}, T={t,u},
T ={s, e} Aeul}, 7 7 Ti={s,2}€[T/],
T'={s,e}e|T]", 8 T W, 8 &
p(T)=Q>D{a, b}=p(T),

()% TR RS T ={s), T={t,u}, o
B op(T)={b1Sa,b}=p(T), [TJ {{: }

VLT =s e {nud ), [ T) =
LTJ"*#LTJ*JE%NTVT{G[TJ,TeLTJ*,%B
AT,/ ET.

EE17 ®(QS.p)lE—1THiEZHA,p
e W S0 N R, K=
{p(TIT S S} =+ 8 Z S w76 B8 I AL R E
B AR SR IR A0 FAE R IR E Ke K,
WA TS, R K=p(T), BB, HPURE

(1) X T 8 IR 2
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K N 48 30 21 n] DL Z1 2
KM={BB=K\p(T\T,), T,&T,
p(T\T,)ZK, BIEEM/N
/E\EPT:ULTJH,LTJ“:{T’|T’:qu,<r(q), w(q)
culq), K=p(T)}o H vt /N £ IR X AE &
Be KM i AfEfEAE 2 4 B C B, i & B'= K\

p(T\T,), T, =T ,p(T\T,) =K.

iERA (1) BiE{BC KIK\BE K}={BB=

K\p(T\T,), T, = T, p(T\T,) =K}, it
X={BZKK\BEK},
Y={BB=K\p(T\T,), T, =T, p(T\T,) =K }.

*VYBEX, A K\BEL,BCK, it Ki=K\B,J4
FEAE T, &S, flif8 Ky =p(T)), 7 HA K, S K i, B
P(TOSp(T )=K, A5 A e T, €[ T, ], T"
| ET/ ST FUT ST, XEKIBZK,i
PIB=K\K,, XN} T/'T,FtFEAE T,=T\T,
T, i T\T,=T\(T\T\")=TNT,'=T,, p(T\
To)=p(T\" )=p(T, =K, 1§ B=K\K=K\p(T'\
T))FABE Y FLIXCY,

B— i, M VYBEY, FAE T, =T, i 15
B=K\p(T\T,,), H h p(T\T\)eK, & K =
P(T\T), M B=K\K, K., XHHK =p(T\
T,) K, Fr LA

K\B=K\(K\K,)=KNK, =K, ek,
i Be X, il Y X,

Zlh.X=Y.

(2)%F (1) gl 5 4 W i [m] B 225K BAE =3
e/, PR T REATHIER .

SELL WMEE U R T] Bl | T 45
A Wb ST, W T 13 T s o

B F 13 (2ef+12) X FHMPURE K=
la, 0}, ML T={r,u}, BIKp(T)=K, & X1
A B={a)e K™, H K\B={b}€ K, {H 2%}
Fr=T) ={eu}, BT, ST ={t,u},
K\p(T\T,)# B,

Bl F 14 (220 1) AR 217 R A 0 iR
REK={ab,c} N EREI L K™,

(DK T'=LT]. (Hh TS, K=
p(T)) « B/ N T ={{s,u}, {s,,u}}, BT LA
T:ULTJ**:{S,Z,u}O

(2) KRBT, W BUEE R T, & T ={s,t,u},
Jir LA

Toe{D, {st, {ey, tud, {s,eh, e ud,

{s,ut, {s,t,ul}s

(3) 3 B T, 3R it B (4 p(T\T,) = K i}
B=K\p(T\T,), &M B RFTE) :

BT e{ D Ash, {ul, {s,ul} B BAFETE,
B Tel{t)y i B=O, Y T,e{{s, ¢} if B=
{a,c}, 4 Toel{tu}} B B={ab}, 4
T, e{{s,t,u}} It B={a,b,c}

(4) # 3k B 4 = W /A,
Ha,c}, {a, b))

P, AT L 0] DUAEBE ) B8 o H 2 RE
PRI ) ] BE 7 OIR S A IS S 8], HH TR) R R R (A
JEZSE)) ZI A PUR S M N E R L &, AR
TAF 38 Gn fr] AR 8 0 UTR 25 1 38 T 88 O B9 N R 1R
24 A T B 2w > PLIE () 4 R

EFEI8 QS p)E—"THiEZHi,p
EHE R Z BN SRR, K=
{p(TITZ S} ZHBEZ BT w FERE ST A=
B RS I8 A% TAE MRS Ke K,
A TS, G K=p(T), W, FPURA
K5 T RE N R & K I8 4% F
ERE AL BEK™  fA1E T, =S, 113 K\B=
p(Ty) o THAL T HIPUIRZS K 27 A B4 T & 0
PURE K, R Z YL 5 > Fo g 4E T, Wpar , Horp
T,eT={TIT, =, . T\\Ts) . T'€lT]}.

EB 5 AT D, B4 L& T
| T| AT EBEK™ ,K\BEK , i #E T, =S, fii
B K\B=p(Ty). B T,)=T.), # & T
T, W mEBH 1 E K=pT)Zp(T,)
Cp(Ty)=K\B, 5 B#O ¥ J& , FF L
TET, U T\T, =D, T# D,

A TR K 22 AE i Rk AR 20 iR
IREEfEEREE KB, Hff BEe K™, SHTE =
Be K™ e T, =S, ffifs K\B=p(Ty). X THE
BT E[T,)ARE T EeT. T, =N\ Tu] A7t T

elr| . i T,oT\T,, LWk T,) DT, , it Lk
T, "UT, 2T, " WT\T,))=T,UT 2T, FF Lk
HEM 1 Ep(T,"UT)2p(T)=K.

,?_%'; KL’\/I _—
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E12 NER S Koo i T A Te] AR B R A T
RE s, M LA

F13 MW FEARGIE T APLRE K, o LU
FH 5 | ) K7 AT R 6

BlF 15(Zf+ 11) AR 4 i 2 18 45 Hh I [
MEARE KW IR, i K={abc},
Be K" ={{a,c}, {a,b}}:

(1) B B, KO\ Ts) , o T, S, K\B=
PTy) 24 B={a, ) Ty ) ={({u} ), Ts] ={u),
WB={a, b} Tu] ={{s}, {}WOTu) =D-

(2)KMT- WA T e|T] ={sul}, LU
MT = {5, u} i

TOZUBEKMT\HLTBJ*:{S}U{S,u}:{s,u},
Jir LA
T:{TO‘T():UB&—KLWT\HLTBJ*’TEI_TJ*}:
{{s,ul}e

(3G TR T(eT): HEFEF AT
AR (s u s

X A2 E AR v I T RE ) 1 A MR AR L T
e A AR TR S A, AT E A
A HAREE IR A5 B8 S A
TEEH .

3 SHIHHT

AR SCAE R 2 [] BEIS 0 HE AR R X TR AT B
TED SRHEAT T B HETE Y E R R A AR
FLISHE B PR B . PR, AR SO S G R B AR
R FERT RN AE 5 o ZEA/IN T B X =R
AR B RY 43 5 4 T AR A e SCRN AR B 21 1
A PHAR N 4R 1 2 0 Bk 2 %6 il Python
AT IEXT X AN RA BRI K R S S N A
/N (i CH: R e 5 5 B fiE 22 B 59 19 3 7R AN 1
AForp o ASCHR i e () D9 AF B SR FH g o b
WEHEAT E L, B 1 KB=1024 Bytes) . F Ifi %
i SCL g R N E R G AL 1,

B 15 & 17TATRIE T B B/
3.1 ABERTHREKNER DS

(1) 55853k

O R 4 P33 2 11 2 Fn A OB RS 4 58 L2
KN ERDGHEL2,

@ R 9 A BB AL v 9 A 20 s B CHfE e

BEL  CAULRE RTINS , AR SOR i P S 4 1

HIAK,K

B KM

1 Initialization: KM~
2 forLinKdo

3 if L C K then

4 B=K\L

5 isMin = true

6 for B, in K™do

7 if B, < Bthen

8 isMin = false
9 break

10 end if

11 if B, D Bthen
12 KM~ KIM\{B,}
13 end if

14 end for

15 if isMlin then

16 KIM < KIM| { [3}
17 end if

18 end if

19  end for

20 Return: K™

EiE2 RS HOUBIR P E RHURAS AR e AR YR E SOR
INEEARIL 2

HMIA:K,S,t
i K™

1 K={pT)ITSS}.HHp(T)={q€Qr(q)=T)
2 AL 1 1 % 2047

L g B 5 3) 45 SR il N B IR 4300k 3.

BiE3 e B BB b B IURAS R BRI , AR 20 i E

i«fﬁﬁ/\ :K,S , T

i KT

Initialization: K™ <—(J

LT]=U,ex7(9)

for T, | T |do
L=p([TI\T,). 3t p(T)={q€ Qe ()= T}
if K7 L then

5 14 % 2047

> U W o

(2)Sm kit Wk 1.

(3) 520 P 5 45 2R

O M Tk 2 A0 3 5K M [F) — A RS /Y
AR 1 %, I X HE I P AR R AR I R R S
d A RN, SER 4 R WLk 2.




EIRAE « FE I AL 27 > R 15
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Table 1 Question and skill for conjunctive skill mapping r( q)

i ek

a b c d e { g h

1 0 0 0 1 0 1 1 0

2 0 0 0 1 0 0 1 0

3 0 0 0 1 0 0 1 0

4 0 1 1 0 1 0 1 0

5 0 1 0 1 0 0 1 1

6 0 0 0 0 0 0 1 0

7 1 1 0 0 0 0 1 0

8 0 0 0 0 0 0 1 0

9 0 1 0 0 0 0 0 0

10 0 1 0 0 1 0 1 1

11 0 1 0 0 1 0 1 0

12 0 0 0 0 0 0 1 1

13 0 1 0 1 1 0 1 0

14 0 1 0 0 0 0 1 0

15 1 0 0 0 0 0 1 0

16 0 1 0 0 0 0 1 0

17 0 1 0 0 1 0 1 0

18 0 1 0 0 1 1 1 0

19 1 1 1 0 1 0 1 0

20 0 1 1 0 1 0 1 0
T SEg Rk FSCiR 24 10 o G T Im) REANEL RE Al i n

5 3 3 3 5 1 1 3
T (1)5*1, (2)1*@, (3)6*5, (4)35*25,

3 4 6 4 1 2 2 7

<5)4§_3E’(6>?_?’(7>3_2§’(8>§_§’(9>3§_2’

4 7 1 4 1 1 3
(10) 4§*ZE, (11) 4§*2§, (12) 1§*§, (13) 3§*

5 4 2 1 5 4 3
25, (14)ng3§, (15)2*5, (16)47f 17, (17)7§f

%, (19)4 — 1%, (20)4%— 1%@)%%%[
A B, (D) KRB S 080 B L (O TEE AT T T4k,
(DI —DRNEE, () NEHERAMEH, (DFIEHNEE —
M FHIEESE 0T, (9T, (WIEE RN
R aIER.

4 1
5 <18>4ﬁ 2

QFEFILE 2 M3 MFER KA 5 5 H N7
TN BE S0 TRUIR 25 08 AN B i B, S5 4
UL 1, Bk 3M B A Y 2 FE B > T
7200, WA HIPE B T 490 .

(4) B85 H A B WL 3.4 15 o
3.2 HEURE TIRENN EE %

(1) 5250 5k

DR Y N 532 101 2 R0 BT BUBE AL G 58 U2
KN EIRBG AL,

K2 FAA LR R E A B HATIL R 2 F 309 3 1k
Table 2 Comparison between algorithm 2 and algorithm 3

using four knowledge states as examples

MAK FEMT/ms NFE/KB
i KM Byk2 Epk3 B2 Hik3
(6,8,15}{15}} 498 0993 120 4.0

(2,3,6,7,8,9,14,15,16}
{{2,3}.{7.15},{7,9,14,16} }
(2,3,4,6,8,9,11,13,14,
16,17,20{4,20}.,{2,3,13}}

5.981  0.997  12.0 4.0

4986 0.997  12.0 8.0

(1,2,3,4,5,6,8,9,10,11,
12,13,14,16,17,18,20}
{{1,18},{4,20},{5,10,12,
{1,2,3,5,13}}

4.987 2992 120 8.0

ER2 AEHTHUER b B RIS A REML AR R SR A
IA:K,S, T

$EA,J[LH:KIM

1 K={pT)TSS}.HhpT)={q€Q(g)NTH# )

2 [ %E 2047

@ AR 6 A HORE L v g 4 A 2 i s B PR
8 EHLO T 6) 4 K N RN Gk 3

BE3 EHTHUIR b C A HRLIRAS A R MR 20 i

HiA:K,S,t

ﬁﬂj:KfM

1 TInitialization: K™M<—(7f

2 [T1=5\U, cqy(9)

3 for T,Z[T]|do

4 L=p[TI\T). b pT)={q€QR(g)NT# )
5 i K#Lthen

6 [P 14 % 2047

(2) g i, WA 3.

(3) 5L 50 R 5 245

OFI 5122 2 F1 375K gt i) — A F VRS Y
WEER S, I X HO X P AR RL RO AR I K S
S P e N N 2 B U

QIR 2 M 3 AR K 5 5 TN A
RN BEFIPUIR 2500 R A RO AL R LAY, 52 30 45
RULIE 2, 5k 3 MBIk 2 FEI S B T
8674 , WA 5 HISF B AR 1 8520 ¢

(L)L ER B 3.4 75 ¢
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(a) 8.000 [ (b) 15.0
2 6.000 | <
£ ) 7\ % 100}
£ 4000} g
[e)] = L
£ 2000 | //*// > 5.0 )
c
& 0.000 : ' - - § o0 . . . .
0 5 10 15 20 = 0 5 10 15 20

Number of elements in knowledge states
—e— Algorithm 2 —— Algorithm 3
(a) EiRiBITRI BRI EE

Number of elements in knowledge states
—e— Algorithm 2 —— Algorithm 3

(b) Bk & AR TERSLE

B RETCEANERUR S — Bl T8k 2 F0 3 (AKX

Fig. 1 Comparison between algorithm 2 and algorithm 3 using examples of knowledge states with different element counts

0 2 4 6 8 10 12 14 16
Number of elements in knowledge states
—e— Algorithm 2" —— Algorithm 3’
(a) EiEEITREIXTEE

—~
O
~

80.0 1

60.0 r
40.0 1
200 ¢

0.0* . . . !
0 2 4 6 8 10 12 14 16
Number of elements in knowledge states
—e— Algorithm 2’ —— Algorithm 3’
(b) Eix HHRTEXTLE

Memory usage/KB

B2 AFETCEANB AR S — G5 2 3 X L

Fig. 2 Comparison between algorithm 2’ and algorithm 3’ using examples of knowledge states with different element counts

R3 ATRGAEMS o (¢) 8 P AR A

Table 3 Question and skill for disjunctive skill mapping r( (1)

F4 KA IRRE A BIBAT I %2 Ao 3t 3
Table 4 Comparison between algorithm 2" and algorithm 3’

using four knowledge states as examples

[t e
a b c d e f g h 1 ]
1 0 0 0 1 1 0 1 0 0 0
2 0 1 1 0 1 0 0 1 1 0
3 0 1 1 1 1 1 1 0 0 0
4 0 1 1 1 1 0 1 0 0 0
5 0 1 1 0 1 0 0 1 1 0
6 0 1 1 1 1 1 0 1 1 0
7 1 0 1 0 0 0 0 1 1 0
8 0 0 0 1 1 0 0 0 0 0
9 1 0 1 0 0 0 0 0 0 1
10 1 0 1 0 0 0 0 0 0 1
11 1 0 1 0 0 0 0 0 0 1
12 1 0 1 0 0 0 0 0 0 1
13 0 0 0 1 1 0 0 0 0 0
14 1 1 1 0 1 0 0 0 0 1
15 0 0 0 0 1 0 0 0 0 1

HIAK FERT/ms WA7/KB
iy i KM ke ®ak3 myk2 Bks
{1,3,4}
17.949  0.997 68.0 4.0
{{1,3,4}}
(2,3,4,5,6,14}

17.951  0.997 68.0 4.0
((2.4,5.14))

{7,9,10,11,12,14,15}

i 19.944 0997 680 4.0
{7).{15}}

{1,3,4,6,7,9,10,11,12,

18.949  0.997 68.0 8.0
14,151{6}.{7}.{15},{1,4} |

BR2" FERE B b C ARV R B 2wt AR SOk

VSRS SO [20]. 1—15 %5 15 AR R 1,
a—j 7R 10 PR RE
3.3 BENEBETHREHEEDLZ

(1)5Em Ak

O H 4 N 5 2 1 2% FN e ) BB () 2 L4
KN RN G A 2",

HINK,S,u
it KM
1 K={p(T)ITSS} Hrhp(T)={¢€QACEU(q).CST)

2 A1 & 2017

@ AR B fiE 7 45 78 v A A 2 1 g PR (E B
13 B F 10) 45 R M N 248 1 g ik 37

O MR I BE g 45 Y g W A 2 ) s B (O
17 B F 14) 45 R i N R T g ik 47
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BER3" ERE MO b L AHIRVRAS R A 2 M AR 220 i i
RN AR 2%

HIAN:K,S,u

H L KM

1 Initialization: KM <=
2 T={JT] b

" =(1IT'e2\(J T'e2T"21(q)} THK)

z/éQ\KUr(V)G/l((/){
3 for T,=T'do

1 L:p(T\To),jE[.EPp(T):{t/GQECGN((/)vCgT}
5 ifLCKthen

6 [FFHEL4% 207F

BRA" eRe MO b CIRVRAS R A 2w AR 20 i
BRI AR 2%

HIA:K,S,u

fih . KM

1 Initialization: K™M <

2 T'=ULT] 3T =T =, e (0) ()€ nla) |
3 forT,= T do

4 L=p(T\T,). e p(T)={geQACEu(q).C=T)
if L C K then

(2]

(2]

[k 14 2 2017

(2) gt , W5,

(3) 5L 20 PR 5 45

OF A 2" 3" 4" 3K A 7] — A4~ Jn ek
YN R S, JF R I =R R AR K
R WA RN, LA R LK 6.

QAL 2" 3" M mFER K 5 &
A R/ Bl R FRUIR 25 0 3R A RO e g R AR, 52
a5 R 3. Bk 4T AR 2 FE I P 2
T T3% AT PR REAR T 6800 ¢

(4)LHZE R Br WL 3.4 77 ¢
3.4 =MRBHKEERSH

Hi 3.1 2 3.3 1 B 5L 8 20 B8 (3.1) Je H

(@ 40.000 |
30.000
20.000 |
10.000

Running time/ms

0.000 * . . !
0 2 4 6 8
Number of elements in knowledge states

—e— Algorithm 2 "—— Algorithm 3 " —=— Algorithm 4 "

(a) EiRIETRYEIXT EE

—~
O
~

£S5 A S p(q)8 Pk
Table 5 Question and skill for skill multimap ,u(q)

[in] gt el —

a b ¢ d e f g h 1 jJ k 1
i1 0o 1 1 0 O 1 O O O 1 0 O
2 0 0 O O o 1 o0 1 0 0 0 1
310 o0 O O O O O O O 0 O
3 0 01 0 0 0 O O O O 0 O
30 0 0 01 0 0 O 0 O 0 O
30 0 0 0O 1 0 O 0 0O 0 O
4 0 1 0 O O O O O 1 0 0 0
4 0 0 1 O O o 0 O 1 0 0 O
4 0 0 O 1 O O 0 O 1 0 0 O
4 0 0 O O O 1 0 O 1 0 o0 O
4 0 0 O O O o O O 1 0 o0 O
50 0 1 1 o 0 O O 0O O 0 O
6 0 0 o O 1 o 1 1 0 0 0 O
7 1 o0 1 0 O 1 O O O o 1 O
8 o 1 0o O 1 O O O O O O O
8 o0 0 0O O 1 O O 1 0 0 0 O
8 o 1.0 O O O O 1 O O 0 O

SRk A SCER25 ] oSG TR RURIHE R 4 A an
T (DR IR — R ahdy, k&5 A g5 75(2)
FH T RZMIERALE A C 5 (3)FKIFAKILIGIEEE; (4)
FRHAS KA AN P FEEN 5 (5) Al B4R S5 , 3- 09 F- B AR AL 5
(6)FRAL TARA I (R 72 B 1 58 R AV s (7) IRATH T K
VRTINS JEE 7 5 (8) B LA RN B A IR EEAEARAC S 1]
(DTE— ARG T , AT AR EE S K T 5 (b)
BT (o) B S5 BB BRI ZE ; () AMULZ
IET RS 5 () FERT 5 (1) AR ths A A i AR i = A
15 (@) eV 5 (h) s Atk 1l 38 e At i ARG B4 T Bl R 1K iX
BEEACRE 5 (1) 41T AN s ) sh% s (k) BRI FI SR 5 (DA
B

AL R 2(2,2") Rk 3(3,4") R —
AHPUIRS N E IR I g 45 B2 — 80, 3
BT BRI . ARl 5 2 T AR
O E L BE A5 % 2516 . B AR B IE 038 17 i 1]

1200.0

[as]

X 10000 |

S 8000 |

4 6000 ; . . a
2 4000 |

£ 2000

= 00

0 2 4 6 8
Number of elements in knowledge states
—e— Algorithm 2 " —— Algorithm 3 " —=— Algorithm 4 "

(b) Eik i AR TERSLE

B3 ANEICENB AR S — B A 2" 3" A4 % L

Fig. 3 Comparison among algorithms 2", 3" and 4" using examples of knowledge states with different element counts
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FR6 F AN RS AW #ATH ok 2" 3 A 4" e 1 s
Table 6 Comparison among algorithms 2", 3" and 4" using

four knowledge states as examples

MIAK FEMF/ms NT7/KB

K™ Fk2 Fks” k4" Pk kst fikd’

{3,5,8}

_ 30.771 25.943 1.995 540.0 556.0 8.0
{{5},{8}}

{1,3,4,7,8}
{1}.44}.
{7}.(8}}

30.947 32913 7.005 532.0 944.0 104.0

{1,2,3,4,6,8)
{1142},
{4},{6}}

30.765 31.279 13.865 520.0 992.0 392.0

{2,3,4,5,6,7,8}
30.897 34.938 14.937 516.0 1084.0 372.0

FI 5 FH P97 45 32 30 4 RO Al 8 IR &R A 5 i, (H
RTINS 6 A5 R (3.2) Je High ik 2 ] LLAR B
i A Ak 3(3,47) BB AT I R RN N A
Pk 2(2,2") AR, IF B3k 3(3,47) s 17
R TE] R 3 FH P A7 KB 2 Bl 3 0 UIR S e R A
B D T A, T 22, 2") R Z S
NG T B R A A D Rk R O 1 s D
T 7%, WAE IR T 67000 AR, X
S G5 s AT DL o o A Ok AR SO R W
FRK B4R A is B AR MERS B 26 R B K
A B B[] 2 () AR 2% B (B FRATT &5 e LT 2 X
R iR i 1l S = S 7 S i N S O T = R 1
AR TRV AT 0 AR A B 7 S () A 5 30 0y =l T
FE—30, IrLARRAT R 2% 8N B A TR AN TR AT
WAL 22, 2" ) 5 147 Rk 3(3,47) 128
SHGE 44T, AT S RBE L 22, 2") B Bk
R A A5 TR (1 7 SR S LR R S AR Z5 4, B DL e
TTRETER S HEN I T4, BHE L2
(2,2") B9 55 14T By B (8] 55 B) &2 2% B 43 0l ¥
O(2)(0(2%); O(2%)), ik 3(3, 4") R =
P A RS R BT LA AT DL DT S AR Y
W AR BN L 3(3,47) WY 1—5 47 A Bt A 23 [a)

i A O(z\tﬂ\)(o(z\fﬂ\); O(g\ULTJ”}>>,)5ﬁ
DS 33, 4") By iz A7 I (8] F1 oy JH 9 A7 L Bk
2(2,2") ik, JF Hix al oy T2 & Tk
CEBERBENTE. B, AAEMMPURES

G2 AR B2 R R e st b, S
P TR EBEHREN FERBD, T
Bk 303,47 W aE AT R A A AR R &
B 5 AR 3 T8 AN B0 9 T A .

4 45k

AR SCHRE H — BRI TR — 2K B8 ) 1 T Bk
JEESEITR MRS N ERGD S, #1774
PE AL JL [ 2% 2] 3 7 — B ik, 4 IR A
FH WG A ZI g B4R S SRk R (il L RE B
W A HNAAE N FEBEROT e
b W AR AR Y AT A R A, Rl o Bk 3
(3,4") FRBCY A PR A R (5 F R )
PR S, N AR & b R A )
LR ETFZEIE M, FHaad e B 610, 18)
RELH e W T, 2 & ik 2 4 b i 5 — 4
eI R M e | TR e I STR RN
A0 HoRT LA AR i 2 b Y In) A
17K 56, 3 5 g I [ 2% 2 HE AE 0 o R

S Ak

(11 R ANRILAEZF . rhIh RIpAT H 5By
JTEN R T — 2Dl 55 BA BB A ARl gl
FAE Ab 85 I £ 45 (9 7 WL ) [EB/OL]. (2021-07-24)
[2023-09-21]. http://www. moe. gov. cn/jyb_xxgk/moe
1777/moe_1778/202107/t20210724_546576.html.
The Ministry of Education of the People's Republic of
China. The General Office of the Central Committee of the
Communist Party of China, and the General Office of the
State Council have issued the "Opinions on Further
Reducing the Homework Burden and Off campus Training
Burden of Students in Compulsory Education"[EB/OL].
(2021-07-24) [2023-09-21]. http://www. moe. gov. cn/
jyb_xxgk/moe 1777/moe 1778/202107/t20210724 546576.
html.

[2]  SIRVA, ARG, K, A5 ST OREERZ IR A BT
WA S RG] T EEAEE, 2023(3): 112~
119. DOI: 10.3969/j.issn.1006-9860.2023.03.016.
JIAJY, LE H X, ZHANG Y Y, et al. The Design of an
Intelligent Assessment and Tutoring System Based on
Big Data Mining[J]. China Educ Technol, 2023(3): 112-
119. DOI: 10.3969/j.issn.1006-9860.2023.03.016.

[3] REDDY A A, HARPER M. ALEKS-based Placement at
the University of Illinois[M]//Knowledge Spaces. Berlin,
Heidelberg: Springer, 2013: 51-68.



EIRAE « FE I AL 27 > R 19

(4]

(3]

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

DE CHIUSOLE D, STEFANUTTI L, ANSELMI P, et al.
Stat-knowlab. Assessment and Learning of Statistics
with Competence-based Knowledge Space Theory[J]. Int
J Artif Intell Educ, 2020, 30(4): 668-700. DOI: 10.1007/
s40593-020-00223-1.
HELLER J, STEFANUTTI L, ANSELMI P, et al. On the
Link between Cognitive Diagnostic Models and Knowl-
edge Space Theory[J]. Psychometrika, 2015, 80(4): 995-
1019. DOI: 10.1007/s11336-015-9457-x.
HELLER J, STEFANUTTI L, ANSELMI P, et al. Erra-
tum To: On the Link between Cognitive Diagnostic Mod-
els and Knowledge Space Theory[J]. Psychometrika,
2016, 81(1): 250-251. DOI: 10.1007/s11336-015-9494-5.
FALMAGNE J C, DOIGNON J P. Learning Spaces: In-
terdisciplinary Applied Mathematics[M]. Heidelberg:
Springer Berlin, Heidelberg, 2010. DOI: 10.1007/978-3-
642-01039-2.
FALMAGNE J C, KOPPEN M, VILLANO M, et al. In-
troduction to Knowledge Spaces: How to Build, Test,
and Search them[J]. Psychol Rev, 1990, 97(2): 201-224.
DOI: 10.1037//0033-295x.97.2.201.
DOIGNON J P. Knowledge Spaces and Skill Assign-
ments[M]/FISCHER GH, LAMING D. Contributions to
Mathematical Psychology, Psychometrics, and Methodol-
ogy. New York: Springer, 1994: 111-121.10.1007/978-1-
4612-4308-3_8.
DUNTSCH I, GEDIGA G. Skills and Knowledge Struc-
tures[J]. Brit J Math Statis, 1995, 48(1): 9-27. DOI:
10.1111/5.2044-8317.1995.tb01047 .x.
GEDIGA G, DUNTSCH 1. Skill Set Analysis in Knowl-
edge Structures[J]. Br J Math Stat Psychol, 2002, 55(Pt
2):361-384. DOI: 10.1348/000711002760554516.
KOROSSY K. Extending the Theory of Knowledge
Spaces:
Zeitschrift fur Psychologie, 1997, 205(1): 53-82.
KOROSSY K. Modeling Knowledge as Competence and
Performance[M]//Knowledge Spaces. Psychology Press,
1999: 115-144. DOI: 10.4324/9781410602077-14.
HELLER J, UNLU A, ALBERT D. Skills, Competencies,
and Knowledge Structures|[M]/Knowledge Spaces: Ap-

A Competence-Performance  Approach[J].

plications in Education. Berlin, Germany: Springer—
Verlag, 2013: 229-242. DOI: 10.1007/978-3-642-35329-
111.

HELLER J, STEINER C, HOCKEMEYER C, et al.
Competence-Based Knowledge Structures for Personalised
Learning[J]. ZJEL, 2006, 5(1): 75-88. DOI: https://www.
learntechlib.org/p/21759/.

[16]

[17]

(18]

[19]

[20]

[21]

(22]

(23]

(24]

[25]

HELLER J, ANSELMI P, STEFANUTTI L, et al. A
Necessary and Sufficient Condition for Unique Skill As-
sessment[J]. J Math Psychol, 2017, 79: 23-28. DOI:
10.1016/j.jmp.2017.05.004.

ANSELMI P, HELLER J, STEFANUTTI L, et al. Con-
structing, Improving, and Shortening Tests for Skill As-
sessment[J]. J Math Psychol, 2022, 106: 102621. DOI:
10.1016/j.jmp.2021.102621.

ANSELMI P, HELLER J, STEFANUTTI L, et al. Con-
structing Tests for Skill Assessment with Competence-
based Test Development[J]. Br J Math Stat Psychol,
2024, 77(3): 429-458. DOI: 10.1111/bmsp.12335.
STEFANUTTI L, DE CHIUSOLE D. On the Assess-
ment of Learning in Competence Based Knowledge
Space Theory[J]. J Math Psychol, 2017, 80: 22-32.
DOI: 10.1016/j.jmp.2017.08.003.

JABRC JERTT 5T MRS 5 S T AR
TIEWTFE[D]. - B g UL R, 2022.

ZHOU Y F. Research on the Method of Constructing
Knowledge Structure and Finding Learning Path Under
Background[D].
Normal University, 2022.
JARR, =i, 15 PYER, 5 R0 R R ke S
HREITAG ] RIS AT RE, 2021, 34(12): 1069~
1084. DOI: 10.16451/j.cnki.issn1003-6059.202112001.
ZHOU Y F, LI1J J, FENG D L, et al. Learning Paths and
Skills Context[J].
Recognit Artif Intell, 2021, 34(12): 1069-1084. DOI:
10.16451/j.cnki.issn1003-6059.202112001.

NOVENTA S, SPOTO A, HELLER 7, et al. On a Gen-

eralization of Local Independence in Item Response

the Formal Zhangzhou: Minnan

Assessment in  Formal Pattern

Theory Based on Knowledge Space Theory[J]. Psy-
chometrika, 2019, 84(2): 395-421. DOI: 10.1007/
s11336-018-9645-6.

STEFANUTTI L. On the Assessment of Procedural
Knowledge: From Problem Spaces to Knowledge
Spaces[J]. Br J Math Stat Psychol, 2019, 72(2): 185-
218.DOI: 10.1111/bmsp.12139.

ANSELMI P, ROBUSTO E, STEFANUTTI L, et al. An
Upgrading Procedure for Adaptive Assessment of
Knowledge[J]. Psychometrika, 2016, 81(2): 461-482.
DOI: 10.1007/s11336-016-9498-9.

SPOTO A, STEFANUTTI L, VIDOTTO G. On the Un-
identifiability of a Certain Class of Skill Multi Map
Based Probabilistic Knowledge Structures[J]. J Math
Psychol, 2012, 56(4): 248-255. DOI: 10.1016/j.
jmp.2012.05.001.





