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[RBIF] HRFAR: HELR HFAEFHR
[FESES] G633 [ZEkFRIRAE] A

—.3F

2 O] FERAE IR T 20 HH42 70 4R, & TR
AT Ry 3 SCAF 3 s R ol G o S R R, B2 ) B R
MR “RITHIBEM 7 (Borasi, 1994) . “2= > Hy%
ST 27 (L 5, 2021), FRE] “ AT ROR K
g 2] ” (Kapur, 2015) . “ MEEER 2227 (Tulis
et al., 2016) &5 W& (1) 5% A8, TN W7 & Ji 11 I 1 0 253 o
SR, 1 LEAF 58 K 22 B 7E N J L A AT R 55 05
8], /0 DR HUM AR IR 1 Bl R FR . 2 > Sk
o, AR L F AT A IE 2 2 R, R T A
PEHEHS Bl (Wong & Lim, 2019), 45 51l 2 2 il & 24
> v ) o JEL BB e B, TRT ) 4 B AR T R A B
BREZERIEAR, 2022)

BRI 2 A, TR A 0 BE A% AR 4k B 55 I e X
SR AR DR HEAT AR, T R R 2 R mE (g B A

(Y4 #s HHA12022-12-05 [#&[E H#A12023-03-01

[XXEHS] 1007-2179(2023)02-0061-13

2018) o 3K HE B SR M A A8 2 E A8 LS S B EN T
B, LT Ll R v a1 R A R 2 A 1 R, T
DR o T ) o Y W K R SR 0 e
W FLFR N O A5 1R 2 BT BE 1 (B2 &, 2007) . 200l
o) FE R K 55 (Seifried & Wuttke, 2017) . 2 s %
12 W % 3% (Heinrichs & Kaiser, 2018), H.451ZHE 71119
OB FR R “2E A7 (Taber, 2005) . X S
SE A BE AN, (ELFRFE 1) 2800 1 X 27 2] R i SR
1)Ll K 5 o

B —AUE B AR R AR B, 75 B 5
BT BB AL, JE T B0 BB 1 R A
SYHT, AR PG TR 2 ) BRI A T AR R VT BE,
R AT LM FE A R AL, R, B E AR A R b
(A R ORAFE M, B0, RESCE B4
FEG S TP AR BOCHE  ln, HoR S 2
A2 2 B s — (B A, 2019; 2 28 RUAE,
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2019), T A] A 7 (0 R 32 AR 58 24 s Il 5
JFE (R4, 2020) 5 LUk, 20k = X2 20 515 1
S . TOIR A R B AT, SO R S 4 BB A
PEAR R IT 25 (2 H) 4%, 2018) .

P L AT L, B fh R i PR Y ST 2 B IR
HEM R BT RG B ER ., M RFE
SEHTE N R IR —EB 57, S RS PR 2] 555
SR ETHE, Jea T 20 RE 75 K BRI B~ 2 A R
T far X R 2 2 B« SR IR 21 B SR, DA R oy
NG B AR LR Al g 16 8h . T I, ARWFIE L2
2RI IE R SE A, PRI M 20 45 2 37 A& A
B, DA A 2 ) S5 DR A5 R A B B SR A B 5
SR i

= A 5 AR

R SO A 1R I S T2 AT )y T R O —
S NI B B e iR R 2 A i = D RE )
sRAT L AT Bh By AR 0 R Nk U &
(misconception) ffi B, 585 15 1 X Ry 2 A XA A b
SRR P AR B AR N R o b, BeR R R AR
WF 5% d5 5 95 S (1) 4048, 22— (Simpson et al., 2020) .
WHIAT 2 RFGEINR, 2% 2] B AR s T i
B S INE T AN 5 0 U e AR 8 2 el 7= A 1, F
FE AT HE WM IR “AT R o ZAT
S FE R, 35 E 4 % vl (Cox, 1975) #44X

SRR O N RGO R R L AL B 1 RRL G
FEDR o RGUME R 1R TEBE R 2 AR X A 1R A 8 X
LI R AR A, T AR TR R,
$i ik % (Radatz, 1979) MR 455 B T RS, MBS
PR 25 [A]EA . S AT AR B 2 S T T, T T
Bef R SR I . 412 (Newman) 15 H, 244 1955
PR UE T B 5 B SeAb . N T gAD A HAN)R
K, H HAEPZEREAL AN T 2K (Clements, 1980) .

BRI Z Ah, Bh2f 0 el 2 3 XA 7 22 1 ot
5, FE TRV A . JUHR R a3
SO AT, X RE G A58 7= A TR R S, WFFE
NI B 2 A E ATRAEI, 5l 2 0T LS i A anfer iz
BT R SO A R 2R JELARE s (A B e AL T B
2021), 3k 2 ok JEAE 2% 1k 27 AR % ARE A B AR 1) i
i (Chi, 2005) . FFTE LI I, R EHEARNS5E4L
TH B, TR 5 Rl 2 & e AE (Potvin, 2023), W TE
TR SEVHE 5% B 0 R A [l Ak (BRI 45, 2019) .

20 tal 90 AR LK, Fie BN Z I HLEE T
R AR B ISR (LR 1) BIRAKR (1994)IA K
JLEE IS R SR TINS5 MR 58 38 | k= &
55 FNAE SR 1040575527 (Perkins & Simmons,
1988) £ 1 1 B A Pk i 152 i B AE 242, ¥ 1R 43 A I
AHESE: NS L8R IAPLIR FIR I 48, JF Ak
T SRR AR G S A R B
OMEAS, DA A B o ok P 0 RN R I 1k U 2R

R1 ARFFRAAHITFEIFHIRIINR

MRAA Xt SRR HINIR 5 %43

R B INHIES AR 52385 | Bk Z 250 DL AR B R
1) B AR A 27 A BT I g, 2 AR R 2 AL A 1% A A I 0 41 5% T A W87 o PR — S i, T I — Mot A, X Ry
LT BB AR AN R S s 2) B2 4 24 1 AR Calternative) HE S P9 R0 28 A IO MR R 48, 7 XS (5 8 5 30k L 1B = AT

R 73 582 518 0 S A A R O AR5 o T el A S ORT B 1) BRI T 2 0 AU s 08 13 9 (1) 25 R XS S A0 7 Ak s 3) £ BN BT 5 19 AR e
R B TE AR P PR AR, DA 22 BRI S R A S T F 50 8 T A7 A, 8 TR 10 7™ A O 2 B R AR P . HLOU PR S s A IR
FENRIE F AR A TR, 764 & 1Ak T 5Uah (primitive) RS .
1) ¥ 3 B (naive concepts) : 27 2] 2 1 DU FIPAE SAAT SR, 228 ey A AR AE S A1) SR Ak O 68 G, X 26 M7 o Tk 2 “ b2 30fR” Ik
P ZBIRITHELR M LRy TARBAE IE 5 2) AL HE MR A (ritual concepts) : 2% 21 # HA& — € (1 5 15 MR SERY, 7T LLSE M 12

PR STAT 55, AELHR AR T 0 70 R B8 I, 27 7 28 (9 RD A8 2 53 v JHL X TR 88 1 5 PR 40 A7, 9F ELid T2 A M B R R 2 T T I R A st 5 3)
R it ZUHE & (Gordian concepts) : PO JIVAME SR 52 J& AR XT 52 35 , SR T AE AR FEHE AR Hh, 27 ] 3 1T G Y o DA 4% i 22 ( confirmation bias) M %X
PP A AT IR AN, 77 A R DR I TR A RS

- 1) 2 SEUARE & A, 5 AR T B 58 4 1 A BTE & . 3 RS 43 (maalprioritized ) (9 8E & () . 17l 30 ol 10 A AR 725 2) S1IRUAY B Ak
(compartmentalization ) {4 5 1% Fl 1E A HE & 14 43 W . 15 042 180 94 23 B . 4455 28 48 0 30 St SR SR 1 3B

R 1) JEH0 T (metaprocess) : 1525 > # LIk AT ShHLAEAS A 065 2) G PSR . 5525 50 3 B R I 4 1% . R FR AL AT 565 3) BRIk PE: 18
27 S FH NS B R 5 2R o

5% 2 AR 1) 23 4] 14 2 2 e A0 48 S i AR IR | B0 2 205 2) S 2 ) B AL S AR IRIR R s . B Ik i
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i 38 B (Confrey, 1990) 4K 4 2% A= HE & W 58 1) AN [A]
By, KA Fie 1 R A S 58 22 AR AR
AP 22058 TR i 2 A B AR, DA 20 T AF
FET R GNER R, e SRR A 4R T A FE A
o BEAh, B8R % (Mandl et al., 1993)% “ 61
P (powerless knowledge) ” IF K F 2 ML 2 5 A0
(4 53 B Ak, 18 587K 55 (Renkl et al., 1996) )T/ T |
SER MR SN AT R T TR
(insert knowledge) ” , Z= 11 (Taber, 2005 ) ¥ 2% >J &
T3 kg 23 ) 9 2 2] WRERS: I ST o P 2 > B o

) AR R AN, 28 PR — S ) B 40 40 43
gk, B T FE N BERR . TEM RN,
W UL R GENE R TR R A A T R kb T i
(Li & Li, 2008; Kshetree et al., 2021) . [A]i, 2£4: 1)
JGINHIRE 7 | 27 A A 015 85 Kk R] ) G 3R A 2 7 52
FIOCTE, MULTTIL, 85 R IFARAUOR AN IER, 52
B e A BT A | RS AT S A R L
B TAEF T i U R A o 5 T B, BB
PRI FNTE 5 BE R 5%, AT A2 I 55

= EMEEZHE RS ik

Bl G REE . N TR0 — G B H AR
R, 3 Ik A ik R S SR A A AR A S B, R AE R
TR R MU 2 A 2 ST R 00 S AR RN AT R REAE,
I 2E A A sh RSP fE % 2] B AR P RO %
TFi) FsF, AR50 2 02 A I P, ol 0 A i) 4 0 T 00 %
B REJEH L TR N AT WAk 2 A 2 S B N2 SR
A, BEHS Bh 2L Je it 2 B2 A 2 o) fE R, B HE iR
A, PRALE YT

(—)Ae 5 & 5 3] B P 4R Ml 45 iR

O —, BT HEG RS R HT RN 22 ST B0 .
UL R R e 2 RS H B N 2F S R G E
FHAR & K12 Wi F2 R (Hwang, 2003) . #F 5% % 7] LIAR
Pt W 0] ) RS54, F S Z 38 A A S IR I DL
I R G A AN R S B8 AR . AR A 2
B RBEHLN | R M . PR A 5 57 (Srisawa-
sdi et al., 2014), 7> & R . AHERE . A1
JK - F ] 225 B K S5 R AE AR & (Kao et al., 2012), &
T A A 2 TR) B H RN 2% A ) () & 2% 56 & (Lin et al.,
2016) . FFHEEE IS Wik, 2k H £ 8E
X, DAE R GE H sh 5 f A g o] MRAL S5 SR, (H e

T A T B R 11 SR 3 R Ty T A R BR

O BT IR S e o BRI A S At . B
T 72 S S A B 5 1A 45 (Brown & Burton, 1978)
TR R P PE R AR R IZ Wi B A R L SE i K
R GUPE S R A T 4 AT A R (bug) B, 1T LAME
Bff TH ) RN AR 2 AR s A R . B R A4 (Ohlsson,
2016) 2 ) —Fh 5L T 2 o iy AR 1, TG 29 R
BRI P R R R 2 SR I A S A X, R4
TE YRR, 5 2 A At 15 0 U A 0 R 3 531 3 £k
IR A VCHC . #% /R85 %5 (Feldman et al., 2018)
SR T S A A B AR B A A B R s
o, IERE N RE S SR AR Y, LB LR A
SR RGP RN DY B . R 4ESE (Savi
etal., 2021) FF & T Z GePEA% 1508 B A5 A0, AR 35 1 1]
(bigraph) D e (1 48 15¢ Jit DR RS R 8] I 2 O &, 7
BT LA 2 5 1R 1] 285 ] BB TR PR X B Ty vk T R
P T 58 £ 1 R o B U R B I, T AR R
KETF RN G Z V0 2 5%, IEX] 28 2 iRt
AT,

55 =, BE T A R R T R B R 2 ] B R
AN TFad AR, A R & X R Gl
T AZ AR AN S M A B, SRR AN SR AR AR AT
SR, DT 2201 2 A s R A R A R AR R D
fili B3 (2017) 38 1 PISA MK A9 logo H &, A #r2fA:
) R e B S AL L A BE AT IN AN S N BRE BL, I3k
THIGCR RIS H , 2 Wres A R R . =
P45 (de-Mooij et al., 2021 ) 32 27 A 25 LA 7% 31 Bl
i B I E8 A, 0 B 2R A QR T XS AN [] 286 Al 2 2 [m] 2
FEARBTR AR . 222 (Jiang et al., 2021) 1 i 244
i E H B AT, TS [ A A A A
IR, SR N 1) B R BT T

b T G T 2% > B R vk R
FEUTIR P 2 Tk B I A 22 B D,
Z Br ik 2 DL Z By i A 3 (Gurel et al., 2015) o
IR AT R AR A A AR A A R ik £, R A
Az DA TE B R AR 300 v i 1 B B 1 45 1 DT 3L g
DAL IX 43284 R 2l A Rk A & . Han, By
A S N T 228 1 B0 A X 3% 5t (Bhagat et all.,
2017; Lin, 2016), #5 B 00 K ik 3R ol 45 58 . o
FKATEMWER EARImA “AERE” (Lin,
2016). “#:E{TL%” (Anametal., 2019), ¥43& £ b
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BN, B A0 5k ) 432 A AR A B K O RN R
HA, A BF 5T 4 (Bao & Redish, 2001) 2 H 4
J& 43 ¥t (concentration analysis) 45 7 125, i 12 B 5
1553 FREAS BTV M1 & 4000, Gei T PR AR AR AR
SRR, T iR R R S R

(=) EBREHF WL P IRAAER

FARTTE AR Z T AL R IE U
5T FEERHA AR T 1) 800 2 A B S
1l B 5 A 37 A X %5 /0 (Shin & Shim, 2021), K #B
gy T H AT HE it 2% A 28 0 IE B R 55 1R R
(Mandinach & Schildkamp, 2021), E[VHLOk: 3 14 2F
Pife B (KA1 AF, 2021) 03X EEAE B TEIE 1) 48
MR RS R AN, ARG RN A B gl AR . K
P X e Z A B, HOmME LR 8RR
PAF =2 AR 8 F 52 0 w] LAS Bh O R A 4 4, —
SERRRE AT LAse iR Bk JRIBR .

BRI RS, B B BN
SUMGI A IR, SOt B PRV, Wi 2 ) b
&, o USRI AT AR A, DISEE
SE A S AR 57K 2% IF & 19 FACT “F- £5 (VanLehn,
2021) 4 1 CULIEL 1), B0 v v] LA 7R B A7 2 A= 2
TR L M B R LA BTG N ) kR
FEA A IE AR P HE 15 B o BUW A AT L) 4 4 4
RTH R, BB IR A BB MLAh, ORI
FACT V-5 7] IS B 22 A BEAR G 22 S Sl A, T i #

A EIME 2 20 2 JR N A T 81 1 R 5 AN BRARL Y B A
Rs gk

5 RRETINEAE S o i PN R, $E0T
FE SCTE AT 55 It B9 s R m] 242 1 Bl AR
R IR RRE . BR B 5 BR 1848 (Murchan &
Oldham, 2016) FI| A1 = 55 & o0 5 i 01 & 7 Pk
AR RGN 2) . %) 6e 1 564 IF g
T B RGN N R RER ARG, =R A
BRI, R A SHVCECXT R R R, AR A ik
SRR TC 2K R 2 S Bl ot IF R 4K
P GEUR E DataShop AFfff 1 K it 20 J0RE B2 27 2 55408,
(RN NP Pb 0 IO VA O SIREER G
(components) FIIAMLEE B.AT 4 &, 3 1 43 #7 F1 AT AL
T B, WoR 2 A L BRI AR R L AT IR
B4 B (Koedinger et al., 2010) .

5 SRR E R SME R A R AR 2] EH AT
R RS EE . 4% (Kim et al., 2016) F F &5 1
BRI I T — 3k i ek A e A T B, o0 pr
AR RAT . X T HAT DORESA 15
52 (IR e A5, 2020) , 4045 2 R Y | fiff A sl
Vi) R fiff R SR A o 2T ok 3k S A B AT DL T il
AR DL . A, AT BF5E 4 (Chiuetal., 2014)
G55 T 2R 1 WU A S0 2 A A S A A 1Y) AT i

P, e BUOIR L6 5t mip RRUK P v BLAE PR _E R FR T
wER R, S

AR B Al B B K (Liaw et al.,

BACKTO
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K2 $HIREEHZE%HT(Murchan & Oldham, 2017)

BB /NHE5.25 Tk, THREE1.457T, EF____#&?

LS U] RIS A SR PN VN GrE
1 EW 3.80 7T 1
2 N ‘.80 JG, 3.°0 I, 3.8'JG 0.5
3 Jt e /NEUR 380 7T 0.5
4 T i A ) gt 6.70 JG, 6.60 JG 0
5 Tk o iy 44 4.60 JC, 4.20 JT, 420 JC, 460 JG 0
6 I BT R TR Y FHl: 300-500 JG K 3.00-5.00 76 0
7 XHT 55 AT it Hpb % 0

R EER T
2020) .
v AR A HITE L ge h a2 A E

A R RB R BB S da 7n T 2 ) fl iR
AL BA R PE R Z R, o ] i Rl R A
WS o A BB AR A DS S R 2 2 BRI 5T
TFRE T 58 0 ST ALY o b3 My A A B R T Y
SO RRRIESE, SEPR LI T AN TR, o o B
R A” U EBE AR KR o 5
1 H N AR A 2 T B RN R 2, 0] IE
FEDRAL P2 PR A O T % 5T IR, IR R 5 DR

FEH ML IR TE
(—) 3R 21 48 &

Phag 3] oy E U BOMAE S, E2 A =Rt
RPEM SRR B Jf B 5 (R 18 5 (Seifried &
Wauttke, 2017) 4 H B 2800 % b £ 152 22 #2155 (profe-
ssional error competence, PEC) , i & 25 Jifi X v 7 4
BRISHIIY T w] HIAOAT 3 SR I sl O A BT 17 L 2L
Ui et % i S G A R B )y v feft P A A R AR
A% A5 (Klug et al., 2016) A ZIH2 W7 B 28 2%
A2 ST A AP B, IR ER T M2 W Y R 40
PREAS Y, A 355 00 2 A 2 2] 55 2 2 TR HE ) 3L i
RGNS D REUE 5 S 45, U AGE
I I e B PE 22 A b 2E TG 3 IR R A S
HL 4 (Heinrichs & Kaiser, 2018) 2 1 0 Ifi 12 Wr 4 i
o R Y A K JE RN TR B R L I R R A
B firp P B 1R A e i oK MM S O E . R E
(2007) & i B 2# O 1352 70 BT e ) 25 R B8, 222
FH B R 4 BT A 2k R A AR ORI BT = A B A A

Horp, B Rtk BB IR RS L PEAG A2
IEVOAN R . Heah, A i 5 5 DA A A 4 S 2L
U2 B R IR, B S

12U 27 BE 22 3% AR (pedagogical content
knowledge, PCK) i #& fi . &T /K = (Shulman, 1986)
5 th, O 2R R —ER 53 & SRR AR AR,
73— R 5 R B Bl R A
(Ball et al., 2008 ) K5 i B 9=/ Rk, A28 | PRAE ML
SRR AR, FOMXT R BRI L 02 A iR R 4
(A2 W I #6036 1 T s

25000 B R A R AR A . 52 “n] e —Iml i —
Pt (initiation-reply-evaluation, IRE) ” 1 & X} 115 4%
FRIEGE N JE A, — SEAE 58 3 R A DT X R 52 1Y
[ A, g T BOMPRE 55 7 L AE . R_EE
Jink (Santagata, 2005 ) K PR &L 45 15 57 51 43k 00 J
KRR NN R, = AN BT, FEARER T M
o] R TR ) TR 2SR it 32 EL R AE (Schleppenbach
et al., 2007 ) K [l 57 45 15 0 S R 38 8 [ 7 701 it 5 782
N . R (Tulis, 2013) ¥ HA A 1% N (adaptive)
A1 K 1E N P (maladaptive ) [B] N %6 0% o 3@ W P 9]0
TG ZOMEE 22 A PHE AR L 23, Bl 2= A
it 25 EE SR

3. #2257 (diagnostic competence ) AL
2 W = 55 48 O AE 12 WG gh b B4 i AR
FoRe . SIHLAE &, AL M RE 5 B 0L~ 2 | T AF
1 2k AR 2 0] B A0 A% 45 12 (Ostermann et al., 2018),
DL K ask DA A 8 27 A2 g AT 38 DL R #E (Urhahne &
Wijnia, 2021) . % 7 i #% /K (Prediger, 2010)1A Jy,
SRR IIZWT R TR AL AR PO A SCHE R R WA
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FERIBOSERITOR 15 . DA A AR i B A R 1Y
AR AW — AR AR R . EAHE
(1992)IAR, B E ¥ RG, UM EZHT &
gt JUHIEHIM S W e AP L R Y
SRR A K 27 ) B8 81

4 ZOMEAEE AR AR o AR, BT B 7Y
P 7K (data-based decision making, DBDM) it 57 A %
FLHIMA S R Ak THAE., g5
¥k (Mandinach & Gummer, 2016) 1A A 24 B &
Bl 2 97, AL O A R R O Y o R, A i
BG B SEARMFIR ., Re MR T, b, #Um s
FHESCHE 128 DA TR 51 2802 ) it sl X AU iy, I LK 38
27 a5 2 A R A8 A BT 2 TR B AR 5
1o AR T AR A DR LA, X S T S T B R
B ESC R 1T RE L3800 %) L Bl 28 55 TR A AL, JU TR
T PO 21 85 2505 RN SR 2800 L ) W e 3 DG SR
FH (Ho, 2022) .

b IR FR AR AN [, (LA B 1) 0 T X R 1R 1)
R BN FEYE R . BIACRE, BUTE&Z MR
FEEANTEAER A AR IR R, DL R R e
HeE AT S B R s N B ) . e, BUm
HIGE SCHEVE L OCT- 200 X R 3 i T i . 1R
RS — RN AIN TI& 3. [RIA, ZBOmXT iR
PR 5 LA TR S U, AR T
S0 ) B P Sy I 21 A B AL T P R A A 4
. A A 7545 (Blomeke et al., 2015) AN, 2 FE
AR AR Z B ALk . FEZM I MR 5%
ghtgrh, ZOmOC TR R AR 5 BN T 451 A%
O, FITEAR T Be B 5 8T I 5 R B 7E 5
B )22, 0 A R GE N R A BN L RS
By,

LTI, ZEH AR 0 2 55 R F7 48 BO R ik %
258 H B A 2R A v BT, S ZUN7E 2071k
BRI e S S5 s R LA SR
FVECHE N FH BB 145, HARR I BUM 7 A 55 2 h
REAE 256 Ll AR FOR TR S8R B, ik
PR TR R 2 ) e SCH AL, T AR 3
PEOPRE DR SRIT TS 28R, 51 7 AR TE R A PR 25
B T O RS

(=) 21 B F Mk

FF X E A I I RLEE, A 55 A b B0 2] 5
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Qz\\\‘%ﬁ $

jEﬁ?DE RS)‘%{%- ‘ M%E)‘H

\\
J
® A

E2 e RFLEH

I G A AL AR = A O 2 ORI A A% 0 4 BE (I
Kl2),

1. B2 5 IR

O 21 8 TR O R 3k L] & B T Y
SRR 2R R R AP o 3K RN TR 0
BE AR AT AR RN & IE 5 R B OB
(3545, 2022), Jf H AR i 2800 2R 2 3802 2
Az %7 2] (Hill et al., 2008) . v /K %5 (Hill et al., 2008)
TE2F BRI A FE b 2 22 B R 2 AR R
(knowledge of content and students, KCS ), 5 & 2 il
Xof 2 A ANART A7 o R S 2 BRI R B PR L BR K 5F
(Ball et al., 2008) Ay, “ Bk A= A2 FHR B K 20
ST AT WY, JFH R A A AT REE TR L Ty
T B R (DL 3) o R0 7 PR A0 i 8 A5 2 —
1 149 2% B 111 (common content knowledge, CCK),
T PEAR B 1R B A BT, 4 IR o LA AR, W75 22

SFRHAIA ¥R

(SMK) (PCK)

— % SERPRIE AR
RN IR
e (CCK) . (KCS) o--1-

SRR
KFAL (SCK) SRR
HIR e AR

(KCT)

% .
~— / |
; & v v

PN AR PPN R R R AR ISR
KBS

F AR

E3 #HEHFMASHERAMII
S5 (Ball et al.,2008)
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Ll 2# B 1R (specialized content knowledge, SCK) .
WFFE & B, BRETZOMAE 2 32 B B k55l s, 2
Wi 8 12 BE 71 i 3% $2 &5 (Osterman et al., 2018), 7E ]
0T 0 2B AR AR R L SRR B R TR X &
J& 2 A 1 J2 U TR 0 A7 7 ik 25 O BN 5 i) (58 4F7
%,2017) . M4 JERHRFR (Nickerson, 1999) [ 55,
AT ] T H A OB FRAE R BROARL AR, I
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FBOLE 4 M8k : ok ABRMHER ML R, thin

R RE SV FH AN S BE O AE T . £ 5 Ak (Wong &

DRAEL S A I 18] T 7 sy AR (] 2 23 52 0 800 R 25

£3 =MEMNZFIHENHETE N (Wong & Lim, 2019; AEHE, 2021)
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it TR s TR A T O LS 19 24 B 9 2 IR L 4%
PR BIRE ST . AT LAE Y, SO 21 4 T 4 S
Z: 55 3B R A 2 B TR B W R 4y . IE IR A
(Taber, 2005) JUT 7 , 2 % Ji& il 2 > Al i 1) AU
A B AR IR RUR WU AT 80

4. FO R

AR HF BT HE G 8, 72 TR E
2 A AR5 A7 R o 000 ey 1R A T2 5%
SERHR , S 2 HE AR AR, AR T B R Ak
I FH RN B A (o FH S BRRE . ASBIF 98 45 & 3 T U
M4 Pt 5% (Mandinach & Gummer, 2016) B 25, M EdE
7 FH 3k R 0 AR R, AR 00 dn o] (5 e 2

. 68 -

D #5458 40, BVBUmES & A 558
ARG FeR 200, PRI 2 A Y LR RS RS A
F45%, I8 13 1% 5 (decompression ) (19 75 20 3% il 58 4
1T 55 ok ] A it P A5 3% (Morris et al., 2009) . 2) W4
5B, BRI 2 IR R R 6 AR
=R T E, SRR A2 B . TR,
O i R T T R i 2 7 e % 20 ) 2 AR AN
R R 2 A ) ok AR, 5 DU Y PR A
A RG] B ERL, 3) s 5 B 5 B, R
Uil B — B B W 4R 1 BBOHI 7 A Ry AR AE 27 2] B R 1Y
5, R RGO & A B s i 4, 455 5
Gt 5ot IR S g A B8 S L. 4)#
U A 0 30 S 5 L, TR0 224 1 2802 O S S s 2 A
Bt A gt 2e A ok A S A R O, e B PR
[ £ 45 5 (Westbroek et al., 2020) 5 41 %} /N i
— R BT 55 B BRAFAKE, ) /N2 B A 2R} P 25 B
2 ) o 45 5 THI A 35 Bl (Calor et al., 2022) o

B B2 B F IR R I S R

Bl AH DGR FE ) 2 e, 27 2D AR AT B #2E 1
TR B S BIAR B, RS UR 0 FA B B S8 UM A B 2R
F%1E WA T A A T T A B R SR K
Jie BB 5 B OC FEBOM AR DGR L BIR AR 4E, im 2R
WA ZR QAT 21 S 22 Tl AN B A TR i 3o S0 B
[, B REF AR M A B ZH =T, kR
FO 2] B 2 57 R A T M R el ok T OB AL

(—) 3 TR

ZETCREIR], F iR DR PR R e ) W R A A



26, RRA RFREFLBERALARE A RE R

OER. 2023,29(2)

WSR2 2N A R R Y, DR b O I 5l =7
HERURAR AL A A0 2K R (Tulis, 2013) o [/
SRR WA e (2015) $2 AL B R, B T
WA IR TR CIER |, IR 22 B R DGR 1Y
HEBR i . WA LUE Y, 2 A R0 D sk b i i
TUB R %, S ) BRI AE, AR 2
AN D BN RN R B e ) R R R . X
SR — IR B T R R A R o B R A
BRI B B R BN Z —, 455 IR
PR TR A L 22l BT i A o R TN R 2R
FE WA ol I PE 2 L H R I S R 58 B
O, RSO, & U R, SAS I TE M A iR
B I 5 27 Az W] i VA8, JCHOG T 2% R AR AR,
T ARAB AT AN 32 M A LA R PR A R R
B, TR E G R AR S E . BN
“CODYPREUET S — R IE SR ECTF RO I I L
T 2 A0 27 A LA e, 5| S 2 A L B8 i B R e
TR RV (BRI AR, 2022) , B8 4f 32 98 A ok L)
o A ET 15 . BOMRBE “Hrha” AL
B, SR A SRR ETE i oE R, BExE R
KT 27 AR 55, WUk SRR S i Ak )
BRI R
(Z)BFH R AR AT 3%
TE T4 5 E A M R 5 LAl L, SR F
Ui R AR AT, Fe 00 45 G T S e f |
FE1E, BURIR R A G H: AR AR ReA AL . FRIE
Dy R TR RAARA AR DU, “ & ToaR R
CRWORIIN Z B SRS, 18 0T 2 2 R ME L
W, HEARME . “W/NLEEH” (R8T L
LT HENRLWA RS S, “Hl
it 27 R EINAALEAL £ 200, 1 B e B s
CARBIAE L RHEA K7 SRS KRS Bl 2
AR, XS E A BT S E MR
WAV A, [A) Bt A B 3% O 2 2l 4 20 R 1Y)
MRFOLF: ZOWRFZR T 5 AT “4 27 By
% 1A P (Schleppenbach et al., 2007) ., It 7b, F& [E 2
B EIMYA LA TE T BEE A o PEB I . 2L
DA R Sy A S Rl 2 o | B St 3 SR D
2 (BRIBEAR, 2022), FTEAZ N B FE T HE T, 5F
JR AL S PR A AR A o R A, SR A AR AR A R R
o AR, A R TRl 2 BT B A R R

5 Y 3 e UR A 2 B AR, T A A ST A R A )
(erroneous examples)'ﬁ IR (E 5, 2015) . H 4,
BRI A 2 S B R A A Y T, 2R
IR F5 D B S0 e ) BB A R4, AR RN [ [l iz 485 )
AR FEIE R, PARAHAR SR 21 55 SR s 2 B A7 TE
RN, B BTN A e A AR L R[] 22 R DL
AN FEPRBY B B ROR TGS, I 245 B2 A 4
AE A D& rh oy > 32 45

(Z)REF I AR FBEEX

PR 2 I Bl A SSOT OB T 200 2 55 =R
Fro MMBOM R TR SN E R RIEE AR FAE
FH: B 2 2B AR, KX LA W2 A OB 0 18 1 v
£ 5 [H (Seifried & Wuttke, 2017); it = 24 B} #2435
IR, AT BRI AR A A a5 B AR g BT A A, S
2 BEUYE % % (Stovner & Klette, 2022) ;5 1o T3 i 4%
iR, A BOR HRE 78 Mt PR A ()45, 2018)
AN R A 15 & (Barnes et al., 2022) 19 T. =, Jo ¥k
RAFIFLA W T o PG, 2 A m] LT I & 18 1]
— RN LA T D O IPHE I H , L4
1) Z55 A B2 55 3 5 10 & K-, Sy il
S E R BT ORI R TR, D) ETH
I SR, B G2 Rl e . 2 A& DL S 2
i A, T R AH VL R 22 PR A2 2T B R (MeGuire,
2013; Ostermann et al., 2018) . 3) 41 & #2& it 2L & 7l
W5 AR T 0 F BN (BRI AR 55, 2016) .
HOE PR L o ] AR 2 T | 5 00 DA A 3R T
IIHTeE TR, T SR HE S A ) R R R 52
BRI\ W TS5 G B IRAR AT i
FEIN, A Bl 200 e I e AR (%) B e S AR 2, AR ST AR
I B 2 R 2 W o 4) TT R [l 98 2 4t S R 1Y) 80
W56 6 (Santagata & Bray, 2016), 3 i 5] A &
TN 52 119 i) L, 2 2300 R B U0 5 0 BT A ik
BT R CE T 2 Al 5 B SR R DLROT
J& s N PR R 2 BT 5) Im BUm AR HE S A B K
(25 ¥ Ak I 8 H 7 (Klug et al., 2016) , 54 Jih 200 &
W5 RUE A S BRI AL 2 5, JF 5 R F R
[F] A g B[] — A % i B0 7 5

(w9 ) AR BR A TF & 2 4575 Ak B 5

FEHCE R R b, BOM AT AR A 15 B 23 52 e 200m
MRAIRSR, B P ERARL R B X
P v T T A 0 A T ) R e, DT A A Rk

.69 .



26, RRA RFREFLBERALARE A RE R

OER. 2023,29(2)

% (Loibl et al., 2020) . £% {8k & FF & 1) 32 F5 21 5
R IR T RE BT T LS ok H Y, 28 TR
A HE: B, HENT T SR R 12, A A )
AHICHIF 58 SCHR, BB [ 24 R AN [R) 32 8 1) DLl
B, UIRA G AR PR 2 A | — 2R HUM AN SO B, #h 5T
FE AL A Y 2 > B DRSS | a5 I IR RTXT g
Bt 2. R, #g A R AT A PEAL LA (5K 37 1
85, 2021), JuH R AR E LA 1525 A 158 i A 1) SCHR
KR, BETTRAF AN fih 25 FE 152 00 BB R T 55
DA 55 2 05 1) 445 2 > 55 8] B8 H A 4 25 2 2] 5F- 5 %
o BN, T A PR, R S8 A 7R IR B
R E LG, SRR IRE LI TIT
B, H shiFHIE S N4, X R R 2 B0 AT 2 A 5 Xt
TP AT, BRGS0 TT L) 2 A 2k B s £ By
A, Ze i1 1E #5200 A e B 4 A, X 24 AR AR
PR AKOE BEAT 43285 XF B m AR A, S5
MBREEFAR, Z2500] LU A 435 R U] 2 %
ofg Al 2 A Y e LR W DO L W SR . T
W, T IR . ARHIE | i 55 2 RS 5,
22 3 ) ) 2 A A A8 ) DR e B R, R4 A
IR TEIE A SRS E AR R F AR, BT,
AT R G2 ) FE R AR I S R | 2 W )
FER ISR, DA R S A BaE v R AR T, ]
LR ISR R B2 1 2] 5 5 2., AN [) 2 A 1 25 R
AR | BRI A RIS S A He ] A PE A
R, AR R 0 A

S B N T AR S G B 2E U AE S
A, THo A R 2 S B R R R 58K, R R T
— RN BRIP RS, NS BRI 5 A4 54k
WA AL T EOR SR, SR, X2 522 o
TR M HETE S MBE H R Z (B 10 56 R A
Ylo —J7 i, £ A IR & R R KA BR, s 21 45
RIS 1) 2 3 A B . 59— D7 T, D2 2D i
TR A TR SO L b R TR B BF S A 4 20, 5 A AT
SA X A 2O AR B RS B T B,
KEEMFIEE BT TAEELE, 206 A%
BOR R BN FEE R REWA G, A peik B R
2 Rl 1 HRABUACR, o T X B0 A TR U R 1
ML, & AT R I iR o B B X,
AT L5 2 2 IR BRI, 28 30 i) 3=
SYERFIE AMlifr, 3 A5 R BT i KF,

<70 -

i ELAT Bl T4 8 BEHOR BT A AU, AT 5 2
SR, P HEROR AR TR i sk
FHORBI M ERE

[ &E3# ]

[1] Anam, R.A.S., Widodo, A., Sopandi, W., & Wu, H.K.(2019).

Developing a Five-Tier Diagnostic test to identify students’ misconcep-

el

tions in science: An example of the heat transfer concepts[J]. {1kd gretim
Online, 18(3): 1014-1029.

[2] [ 35 ] ZfEgleA. I ZE5E(2021). LA SR DT LR R
Wiz [Cl. [ 2% R. SRR, BN TR TR CR 2 B0 M. #hiBeZR
SFEE AbE: BE AR HAL: 92-93.

[3] [ 3% 1 BUMAR(1994). HF LR M) R RS, REE L
AU N RE AL 121-122.

[4] Ball, D.L., Thames, M.H., & Phelps, G.(2008). Content know-
ledge for teaching: What makes it special?[J]. Journal of Teacher Educa-
tion, 59(5): 389-407.

[5] Bao, L., & Redish, E.(2001). Concentration analysis: A quantit-
ative assessment of student states[J]. American Journal of Physics,
69(S1): S45-853.

[6] Barnes, N., Brighton, C.M., Fives, H, Meyers, C., & Moon,
T.R.(2022). Where’s the data to support educators’ data use for instruc-
tional practice?[J]. Theory Into Practice, 61(3): 277-287.

[7]1 Bhagat, K.K., Subheesh, N., Bhattacharya, B., & Chang, C.
(2017). The Design and development of identification of students' mis-
conceptions in individualized learning environment (iSMILE) system[J].
Eurasia Journal of Mathematics, Science and Technology Education,
13(1): 19-34.

[8] Blémeke, S., Gustafsson, J., & Shavelson, R.J.(2015). Beyond
dichotomies: Competence viewed as a continuum[J]. Journal of Psycho-
logy, 223(1): 3-13.

[9] Borasi, R.(1994). Capitalizing on errors as “ Springboards for
Inquiry” : A teaching experiment[J]. Journal for Research in Mathemat-
ics Education, 25(2): 166-208.

[10] Brown, J.S., & Burton, R.R.(1978). Diagnostic models for pro-
cedural bugs in basic mathematical skills[J]. Cognitive Science, 2(2): 155-
192.

[11] Calor, S.M., Dekker, R., van Drie, J.P., & Volman,
M.L.L.(2022). Scaffolding small groups at the group level: Improving
the scaffolding behavior of mathematics teachers during mathematical
discussions[J]. Journal of the Learning Sciences, 31(3): 369-407.

[12] B3, B/ (2019). [ Shpk SRS HE & A R AT KU R
[0]. #HEARH T, 323 (6): 17-24.

[13] Chi, M.T.H.(2005). Commonsense conceptions of emergent
processes: Why some misconceptions are robust[J]. Journal of the Learn-
ing Sciences, 14(2): 161-199.

[14] Chiu, M.H., Chou, C.C., Wu, W.L., & Liaw, H.(2014). The
role of facial microexpression state (FMES) change in the process of
conceptual conflict[J]. British Journal of Educational Technology, 45(3):
471-486.


https://doi.org/10.1177/0022487108324554
https://doi.org/10.1177/0022487108324554
https://doi.org/10.1177/0022487108324554
https://doi.org/10.1119/1.1371253
https://doi.org/10.1080/00405841.2022.2096379
https://doi.org/10.1207/s15516709cog0202_4
https://doi.org/10.1080/10508406.2021.2024834
https://doi.org/10.16477/j.cnki.issn1674-2311.2019.06.003
https://doi.org/10.1207/s15327809jls1402_1
https://doi.org/10.1207/s15327809jls1402_1
https://doi.org/10.1207/s15327809jls1402_1
https://doi.org/10.1111/bjet.12126
https://doi.org/10.1177/0022487108324554
https://doi.org/10.1177/0022487108324554
https://doi.org/10.1177/0022487108324554
https://doi.org/10.1119/1.1371253
https://doi.org/10.1080/00405841.2022.2096379
https://doi.org/10.1207/s15516709cog0202_4
https://doi.org/10.1080/10508406.2021.2024834
https://doi.org/10.16477/j.cnki.issn1674-2311.2019.06.003
https://doi.org/10.1207/s15327809jls1402_1
https://doi.org/10.1207/s15327809jls1402_1
https://doi.org/10.1207/s15327809jls1402_1
https://doi.org/10.1111/bjet.12126

26, RRA RFREFLBERALARE A RE R

OER. 2023,29(2)

[15] Clements, M.A.(1980). Analyzing children’s errors on written
mathematical tasks[J]. Educational Studies in Mathematics, 11(1): 1-21.

[16] Confrey, J.(1990). Chapter 1: A review of the research on stu-
dent conceptions in mathematics, science, and programming[J]. Review
of Research in Education, 16(1): 3-56.

[17] Cox, L.S.(1975). Diagnosing and remediating systematic er-
rors in addition and subtraction computations[J]. The Arithmetic Teacher,
22(2): 151-157.

[18] de-Mooij, S.M.M., Raijmakers, M.E.J., Dumontheil, I.,
Kirkham, N.Z., & van-der Maas, H.L.J.(2021). Error detection through
mouse movement in an online adaptive learning environment[J]. Journal
of Computer Assisted Learning, 37(1): 242-252.

[19] Feldman, M.Q., Cho, J.Y., Ong, M., Gulwani, S., Popovi¢,
Z., & Andersen, E. (2018). Automatic diagnosis of students’ misconcep-
tions in K-8 mathematics[A]. Proceedings of the 2018 CHI Conference on
Human Factors in Computing Systems[C]. New York: ACM: 264-275.

[20] ZBAFT, H—15(2017). W= AP I AERel
SRR [J]. WIS 55, (6): 36-40.

[21] Gurel, D.K., Eryillmaz, A., & McDermott, L. C. (2015). A re-
view and comparison of diagnostic instruments to identify students' mis-
conceptions in science[J]. Eurasia journal of mathematics, science and
technology education, 11(5): 989-1008.

[22] Heinrichs, H., & Kaiser, G. (2018). Diagnostic competence for
dealing with students’ errors: Fostering diagnostic competence in error
situations[A]. In Leuders, T., Philipp, K., & Leuders, J. (ed.), Diagnostic
Competence of Mathematics Teachers[C]. Cham: Springer: 79-94.

[23] Hill, H.C., Ball, D.L., & Schilling, S.G.(2008). Unpacking
pedagogical content knowledge: Conceptualizing and measuring teachers’
topic-specific knowledge of students[J]. Journal for Research in Mathem-
atics Education, 39(4): 372-400.

[24] Ho, J.E.(2022). What counts? The critical role of qualitative
data in teachers' decision making[J]. Evaluation and program planning, 91:
102046.

[25] 4R (2015). R0 e S5 AL A B M]. JL5T: JEETImRE R
AL 91.

[26] Hwang, G.J.(2003). A conceptual map model for developing
intelligent tutoring systems[J]. Computers & Education, 40(3): 217-235.

[27] BERUA (2019). PH HGTE /N BB IR S s P i R
FE——FTF 6 AT 9 W H/NFEILEIRER Y 430 (1. IUREE
HA, (11):74-79.

[28] Jiang, Y., Gong, T., Saldivia, L.E., Cayton-Hodges, G., &
Agard, C.(2021). Using process data to understand problem-solving
strategies and processes for drag-and-drop items in a large-scale mathem-
atics assessment[J]. Large-scale Assessments in Education, 9(2): 1-31.

[29] Kao, Y.T., Lin, Y.S., & Chu, C.P.(2012). A multi-factor fuzzy
inference and concept map approach for developing diagnostic and adapt-
ive remedial learning systems[J]. Procedia-Social and Behavioral Sci-
ences, 64(1): 65-74.

[30] Kapur, M.(2015). Learning from productive failure[J]. Learn-
ing: Research and Practice, 1(1): 51-65.

[31] Kim, Y., Lim, C., Choi, H., & Hahn, M.(2016). Reducing mis-
takes in mathematics problem solving through behavioral training with a
tablet computer[J]. IEEE Transactions on Learning Technologies, 9(1):
81-93.

[32] Klug, J., Gerich, M., & Schmitz, B.(2016). Can teachers’ dia-
gnostic competence be fostered by training and the use of a diary?[J].
Journal for Educational Research Online, 8(3): 184-206.

[33] Koedinger, K.R., Baker, R.S., Cunningham, K., Skogsholm, A.,
Leber, B., & Stamper, J. (2010). A data repository for the EDM com-
munity: The PSLC DataShop[A]. In: Romero, C., Ventura, S., Pechen-
izkiy, M., & Baker, R. S. (ed.), Handbook of Educational Data
Mining[C]. Boca Raton: CRC Press: 43-56.

[34] Kshetree, M.P., Acharya, B.R., Khanal, B., Panthi, RK., &
Belbase, S.(2021). Eighth grade students’ misconceptions and errors in
mathematics learning in Nepal[J]. European Journal of Educational Re-
search, 10(3): 1101-1121.

[35] Li, X., & Li, Y.(2008). Research on students' misconceptions
to improve teaching and learning in school mathematics and science[J].
School Science and Mathematics, 108(1): 4-7.

[36] Z5H], B, BEFE(2018). B RS BT vh IR B Bh 3%
BORIIT—F T/ AR PR BB A BB ST (1], AL BE AR,
(3):115-121.

[37] AR, M €(2019). B EIRA P “ LR —R 7 T
AT RN —FET 19 WA Y ECE RGBT (7], B
HHEHA, (6):62-68.

[38] Liaw, H., Yu, Y.R., Chou, C.C., & Chiu, M.H.(2020). Rela-
tionships between facial expressions, prior knowledge, and multiple rep-
resentations: A case of conceptual change for kinematics instruction[J].
Journal of Science Education and Technology, 30(2): 227-238.

[39] Lin, J.W.(2016). Development and evaluation of the diagnost-
ic power for a computer-based Two-Tier assessment[J]. Journal of Sci-
ence Education and Technology, 25(3): 497-511.

[40] Lin, Y., Chang, Y., Liew, K., & Chu, C.(2016). Effects of
concept map extraction and a test-based diagnostic environment on learn-
ing achievement and learners' perceptions[J]. British Journal of Educa-
tional Technology, 47(4): 649-664.

[41] X&S, TRHT0K, FHIEAS(2020). BB TG IOBCF IR H
SFATNBIIE 0] BRI, 29 (4): 44-51.

[42] Loibl, K., Leuders, T., & Dérfler, T.(2020). A framework for
explaining teachers’ diagnostic judgements by cognitive modeling (DiaC-
oM)[J]. Teaching and Teacher Education, 91: 103059.

[43] FliB#(2017). ZET log B iy IR Braf AL PEAR 1T H (PISA) )
FRULRE ST [D]. i AEAR IR A28 3C:110-120.

[44] Mandinach, E.B., & Gummer, E.S.(2016). What does it mean
for teachers to be data literate: Laying out the skills, knowledges and dis-
positions[J]. Teaching and Teacher Education, 60: 366-376.

[45] Mandinach, E.B., & Schildkamp, K.(2021). Misconceptions
about data-based decision making in education: An exploration of the lit-

erature[J]. Studies in Educational Evaluation, 69: 100842.

.71 -


https://doi.org/10.1007/BF00369157
https://doi.org/10.3102/0091732X016001003
https://doi.org/10.3102/0091732X016001003
https://doi.org/10.5951/AT.22.2.0151
https://doi.org/10.1111/jcal.12483
https://doi.org/10.1111/jcal.12483
https://doi.org/10.5951/jresematheduc.39.4.0372
https://doi.org/10.5951/jresematheduc.39.4.0372
https://doi.org/10.5951/jresematheduc.39.4.0372
https://doi.org/10.1016/j.evalprogplan.2021.102046
https://doi.org/10.3969/j.issn.1009-8097.2019.11.011
https://doi.org/10.3969/j.issn.1009-8097.2019.11.011
https://doi.org/10.1109/TLT.2015.2432806
https://doi.org/10.12973/eu-jer.10.3.1101
https://doi.org/10.12973/eu-jer.10.3.1101
https://doi.org/10.12973/eu-jer.10.3.1101
https://doi.org/10.1111/j.1949-8594.2008.tb17934.x
https://doi.org/10.13811/j.cnki.eer.2018.03.018
https://doi.org/10.1007/s10956-016-9609-5
https://doi.org/10.1007/s10956-016-9609-5
https://doi.org/10.1007/s10956-016-9609-5
https://doi.org/10.1111/bjet.12250
https://doi.org/10.1111/bjet.12250
https://doi.org/10.1111/bjet.12250
https://doi.org/10.1016/j.tate.2020.103059
https://doi.org/10.1016/j.tate.2016.07.011
https://doi.org/10.1016/j.stueduc.2020.100842
https://doi.org/10.1007/BF00369157
https://doi.org/10.3102/0091732X016001003
https://doi.org/10.3102/0091732X016001003
https://doi.org/10.5951/AT.22.2.0151
https://doi.org/10.1111/jcal.12483
https://doi.org/10.1111/jcal.12483
https://doi.org/10.5951/jresematheduc.39.4.0372
https://doi.org/10.5951/jresematheduc.39.4.0372
https://doi.org/10.5951/jresematheduc.39.4.0372
https://doi.org/10.1016/j.evalprogplan.2021.102046
https://doi.org/10.3969/j.issn.1009-8097.2019.11.011
https://doi.org/10.3969/j.issn.1009-8097.2019.11.011
https://doi.org/10.1109/TLT.2015.2432806
https://doi.org/10.12973/eu-jer.10.3.1101
https://doi.org/10.12973/eu-jer.10.3.1101
https://doi.org/10.12973/eu-jer.10.3.1101
https://doi.org/10.1111/j.1949-8594.2008.tb17934.x
https://doi.org/10.13811/j.cnki.eer.2018.03.018
https://doi.org/10.1007/s10956-016-9609-5
https://doi.org/10.1007/s10956-016-9609-5
https://doi.org/10.1007/s10956-016-9609-5
https://doi.org/10.1111/bjet.12250
https://doi.org/10.1111/bjet.12250
https://doi.org/10.1111/bjet.12250
https://doi.org/10.1016/j.tate.2020.103059
https://doi.org/10.1016/j.tate.2016.07.011
https://doi.org/10.1016/j.stueduc.2020.100842

26, RRA RFREFLBERALARE A RE R

OER. 2023,29(2)

[46] Mandl, H., Gruber, H., & Renkl, A. (1993). Misconceptions
and knowledge compartmentalization[A]. In: Strube, G. & Wender, K. F.
(ed.), The Cognitive Psychology of Knowledge[C]. Amsterdam: North-
Holland: 161-176.

[47] Matteucci, M.C., Corazza, M., & Santagata, R.(2015). Learn-
ing from errors, or not: An analysis of teachers beliefs about errors and er-
ror-handling strategies through questionnaire and video[J]. Progress in
Education, 37: 33-54.

[48] McGuire, P.(2013). Using online error analysis items to sup-

>

port preservice teachers pedagogical content knowledge in
mathematics[J]. Contemporary Issues in Technology and Teacher Educa-
tion, 13(3): 207-218.

[49] Morris, A.K., Hiebert, J., & Spitzer, S.M.(2009). Mathematic-
al knowledge for teaching in planning and evaluating instruction: What
can preservice teachers learn?[J]. Journal for Research in Mathematics
Education, 40(5): 491-529.

[50] Murchan, D., & Oldham, E.(2017). Exploring the role of com-
puter-based assessment in diagnosing children’s mathematical errors in
primary education in Ireland[J]. Irish Educational Studies, 36(4): 489-
510.

[51] Nickerson, R.S.(1999). How we know—and sometimes mis-
judge—what others know: Imputing one’s own knowledge to others[J].
Psychological Bulletin, 125(6): 737-795.

[52] Ohlsson, S.(2016). Constraint-based modeling: From cognit-
ive theory to computer tutoring—and back again[J]. International Journal
of Artificial Intelligence in Education, 26(1): 457-473.

[53] Ostermann, A., Leuders, T., & Niickles, M.(2018). Improving
the judgment of task difficulties: prospective teachers’ diagnostic compet-
ence in the area of functions and graphs[J]. Journal of Mathematics
Teacher Education, 21(6): 579-605.

[54] WEELWe, T 2K, 25014 (2018). “HRiRAEH” S 4
STEM Rk Fe M —k B YRR ELIRIR LEYE (7], BF %
AAF, (5): 104-111.

[55] &N (2007). ¥ E-EEIMEE BT HTRE JIBT5E [D]. T IR:
VU K228 S 31-34.

[56] Perkins, D.N., & Simmons, R.(1988). Patterns of misunder-
standing: An integrative model for science, math, and programming[J].
Review of Educational Research, 58(3): 303-326.

[57] Potvin, P.(2023). Response of science learners to contradict-
ing information: A review of research[J]. Studies in Science Education,
59(1): 67-108.

[58] Prediger, S.(2010). How to develop mathematics-for-teaching
and for understanding: the case of meanings of the equal sign[J]. Journal
of Mathematics Teacher Education, 13(1): 73-93.

[59] Radatz, H.(1979). Error analysis in mathematics education[J].
Journal for Research in Mathematics Education, 10(3): 163-172.

[60] Renkl, A., Mandl, H., & Gruber, H.(1996). Inert knowledge:
Analyses and remedies[J]. Educational Psychologist, 31(2): 115-121.

[61] Santagata, R.(2005). Practices and beliefs in mistake-handling

.72 .

activities: A video study of Italian and US mathematics lessons[J]. Teach-
ing and Teacher Education, 21(5): 491-508.

[62] Santagata, R., & Bray, W.S.(2016). Professional development
processes that promote teacher change: the case of a video-based pro-
gram focused on leveraging students’ mathematical errors[J]. Profession-
al Development in Education, 42(4): 547-568.

[63] Savi, A.O., Deonovic, B. E, Bolsinova, M., van der Maas,
H.L.J., & Maris, G.K.J.(2021). Tracing systematic errors to personalize
recommendations in single digit multiplication and beyond[J]. Journal of
Educational Data Mining, 13(4): 1-30.

[64] Schleppenbach, M., Flevares, L.M., Sims, L.M., & Perry,
M.(2007). Teachers’ responses to student mistakes in Chinese and U.S.
mathematics classrooms[J]. The Elementary School Journal, 108(2): 131-
147.

[65] Seifried, J., & Wuttke, E. (2017). The necessity to train profes-
sional error competence: Empirical findings[A]. In: Wuttke, E., & Sei-
fried, J. (ed.), Professional Error Competence of Preservice Teachers.
Springer Briefs in Education[C]. Cham: Springer: 15-27.

[66] Shin, D., & Shim, J.(2021). A systematic review on data min-
ing for mathematics and science education[J]. International Journal of
Science and Mathematics Education, 19(4): 639-659.

[67] Shulman, L.(1986). Those who understand: Knowledge
growth in teaching[J]. Educational Researcher, 15(2): 4-14.

[68] Simpson, A., Maltese, A.V., Anderson, A., & Sung, E. (2020).
Failures, errors, and mistakes: A systematic review of the literature[A]. In:
Vanderheiden, E., & Mayer, C. H. (ed.), Mistakes, Errors and Failures
across Cultures[C]. Cham: Springer: 353.

[69] Soncini, A., Matteucci, M. C. & Butera, F.(2021). Error hand-
ling in the classroom: an experimental study of teachers’ strategies to
foster positive error climate[J]. European Journal of Psychology of Edu-
cation, 36(3): 719-738.

[70] Srisawasdi, N., & Panjaburee, P.(2014). Technology-en-
hanced learning in science, technology, and mathematics education: Res-
ults on supporting student learning[J]. Procedia - Social and Behavioral
Sciences, 116: 946-950.

[71] Stovner, R.B., & Klette, K.(2022). Teacher feedback on pro-
cedural skills, conceptual understanding, and mathematical practices: A
video study in lower secondary mathematics classrooms[J]. Teaching and
Teacher Education, 110: 103593.

[72] Taber, K.(2005). Developing teachers as learning doctors[J].
Teacher Development, 9(2): 219-235.

[73] Tulis, M.(2013). Error management behavior in classrooms:
Teachers’ responses to student mistakes[J]. Teaching and Teacher Educa-
tion, 33: 56-68.

[74] Tulis, M., Steuer, G., & Dresel, M.(2016). Learning from er-
rors: A model of individual processes[J]. Frontline Learning Research,
4(4): 12-26.

[75] Urhahne, D., & Wijnia, L.(2021). A review on the accuracy of
teacher judgments[J]. Educational Research Review, 32: 100374.


https://doi.org/10.5951/jresematheduc.40.5.0491
https://doi.org/10.5951/jresematheduc.40.5.0491
https://doi.org/10.1080/03323315.2017.1393765
https://doi.org/10.1037/0033-2909.125.6.737
https://doi.org/10.1007/s40593-015-0075-7
https://doi.org/10.1007/s40593-015-0075-7
https://doi.org/10.1007/s10857-017-9369-z
https://doi.org/10.1007/s10857-017-9369-z
https://doi.org/10.16477/j.cnki.issn1674-2311.2018.05.011
https://doi.org/10.16477/j.cnki.issn1674-2311.2018.05.011
https://doi.org/10.3102/00346543058003303
https://doi.org/10.1080/03057267.2021.2004006
https://doi.org/10.1007/s10857-009-9119-y
https://doi.org/10.1007/s10857-009-9119-y
https://doi.org/10.2307/748804
https://doi.org/10.1207/s15326985ep3102_3
https://doi.org/10.1016/j.tate.2005.03.004
https://doi.org/10.1016/j.tate.2005.03.004
https://doi.org/10.1080/19415257.2015.1082076
https://doi.org/10.1080/19415257.2015.1082076
https://doi.org/10.1086/525551
https://doi.org/10.1007/s10763-020-10085-7
https://doi.org/10.1007/s10763-020-10085-7
https://doi.org/10.3102/0013189X015002004
https://doi.org/10.1007/s10212-020-00494-1
https://doi.org/10.1007/s10212-020-00494-1
https://doi.org/10.1007/s10212-020-00494-1
https://doi.org/10.1016/j.sbspro.2014.01.325
https://doi.org/10.1016/j.sbspro.2014.01.325
https://doi.org/10.1016/j.tate.2021.103593
https://doi.org/10.1016/j.tate.2021.103593
https://doi.org/10.1080/13664530500200262
https://doi.org/10.1016/j.tate.2013.02.003
https://doi.org/10.1016/j.tate.2013.02.003
https://doi.org/10.1016/j.tate.2013.02.003
https://doi.org/10.14786/flr.v4i2.168
https://doi.org/10.1016/j.edurev.2020.100374
https://doi.org/10.5951/jresematheduc.40.5.0491
https://doi.org/10.5951/jresematheduc.40.5.0491
https://doi.org/10.1080/03323315.2017.1393765
https://doi.org/10.1037/0033-2909.125.6.737
https://doi.org/10.1007/s40593-015-0075-7
https://doi.org/10.1007/s40593-015-0075-7
https://doi.org/10.1007/s10857-017-9369-z
https://doi.org/10.1007/s10857-017-9369-z
https://doi.org/10.16477/j.cnki.issn1674-2311.2018.05.011
https://doi.org/10.16477/j.cnki.issn1674-2311.2018.05.011
https://doi.org/10.3102/00346543058003303
https://doi.org/10.1080/03057267.2021.2004006
https://doi.org/10.1007/s10857-009-9119-y
https://doi.org/10.1007/s10857-009-9119-y
https://doi.org/10.2307/748804
https://doi.org/10.1207/s15326985ep3102_3
https://doi.org/10.1016/j.tate.2005.03.004
https://doi.org/10.1016/j.tate.2005.03.004
https://doi.org/10.1080/19415257.2015.1082076
https://doi.org/10.1080/19415257.2015.1082076
https://doi.org/10.1086/525551
https://doi.org/10.1007/s10763-020-10085-7
https://doi.org/10.1007/s10763-020-10085-7
https://doi.org/10.3102/0013189X015002004
https://doi.org/10.1007/s10212-020-00494-1
https://doi.org/10.1007/s10212-020-00494-1
https://doi.org/10.1007/s10212-020-00494-1
https://doi.org/10.1016/j.sbspro.2014.01.325
https://doi.org/10.1016/j.sbspro.2014.01.325
https://doi.org/10.1016/j.tate.2021.103593
https://doi.org/10.1016/j.tate.2021.103593
https://doi.org/10.1080/13664530500200262
https://doi.org/10.1016/j.tate.2013.02.003
https://doi.org/10.1016/j.tate.2013.02.003
https://doi.org/10.1016/j.tate.2013.02.003
https://doi.org/10.14786/flr.v4i2.168
https://doi.org/10.1016/j.edurev.2020.100374

26, RRA RFREFLBERALARE A RE R

OER. 2023,29(2)

[76] VanLehn, H. (2021). FACT-ABOUT[EB/OL]. [2022-10-12].
http://fact.engineering.asu.edu/about/.

[77] von-Kotzebue, L., Fortsch, C., Fortsch, S. & Neuhaus,
B.J.(2022). Dealing with student errors in whole-class discussions of bio-
logy lessons at German secondary schools[J]. International Journal of Sci-
ence and Mathematics Education, 20(3): 459-480.

[78] E52(2015). fREAE BRAE Bl S BB SE [D]. B
IIFE R 22468 3 33-37.

[79] EAHE(1992). (2 Hr s Wi Mg 571 ] (L8,
(3):19-24.

[80] Westbroek, H.B., van Rens, L., van den Berg, E., & Janssen,
F.(2020). A practical approach to assessment for learning and differenti-
ated instruction[J]. International Journal of Science Education, 42(6): 955-
976.

[81] Wong, S.S.H., & Lim, S.W.H.(2019). Prevention—permission—
promotion: A review of approaches to errors in learning[J]. Educational
Psychologist, 54(1): 1-19.

[82] 1hits, SLIEME(2021). T2 [ A KA S5t W Tl LAY
217 B [0]. TP, 27 (4): 27-40.

[83] f#, &=, Douglas McDougall(2018). “ ={; ¥ e r:”
rhf sl R G R B LB R S it —— T s K A )
T H Wk A R B ST (7). o/ NFOm I, (2): 73-78.

[84] TRIGEAR(2022). “RUM” BUR T R2PEAERECE [1]. P E
HALHEE, (4):26-33.

[85] TRIGEAR, fAl/NTE, JA/INTE, SR, 647 3, 23R, BilbE, 1%
PR (2016). LG IR IH FEBEBUIN LIl & JE ST [7]. P E Ak
#HH, (1):95-102.

[86] [BTPU=L ] ZysieRaas, [ & ] JHI-sEHiFL(2021). AT ULAY: ]
FASI S M) ARG, B2 IR, Ut R RHE At : 3-5.

[87] K7Ll A, 22222 (2021). T [ BR B A=A TN T Ak
SRR [J]. EREF I, 33 (1):13-25.

[88] FK e, HIECK, MEHS, XEI(2020). 5 Z R H BT
A AEHF B EHARZEEN A (1] MCERAF I, (1):77-83.

[89] 5KIE, XIHEEL, Max Stephens, S H# (2022). /NFER24 2
A 2 R R A PR AR TR AL 5 0 [0]. BRSSO S, 31
(6):30-37.

(. F%+H)

The Current Situation and the Future Development of
Teachers' Error Correction Competence
Research in the Digital Era

WU Jiannan & XU Xiaodong

(School of Information Technology in Education, South China Normal University,
Guangzhou 510631, China)

Abstract: Since the 1970s, learning error research has made a tremendous progress. Error types

gained consensus in different disciplines, and with the enrichment of techniques and scenarios for

identifying error patterns, the widespread use of learning error research has further highlighted their

educational value, which has formed the basis of error correction for teachers. As a professional

competence, teachers' error correction competence has been widely valued in recent years. To explore

the path to improve error correction competence in the digital era, this study takes learning errors as

the starting point of research, combines relevant research at home and abroad, and describes the

development of learning error research, the main types , and the application scenarios of technology to

identify errors. Finally, the study refines the concept and content of teachers' error correction

competence and makes suggestions on how to develop error correction competence and innovative error

correction teaching practices.

Key words: error research; error correction; teachers’ error correction competence
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