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Table 1

Fraction Addition Items

Item Student Anszwer
*] % +3

D3+ 5= 521 1 1 1
2) 3+ 57 32 T W & i
it e L : X | %5 Iz W
B2 b G5 w |35 x [ 0s= 65 X
S)|Eeek= vt 43 h 1w
Dfirs 22 g2 1ox > x| 55X

Percent Correct 66.66% | 66.662 | 66.66%

X = incorrect response
W = correct response generated by "buggy" method (wrong idea)

Student 1 : When denominators are different,
two denominators are add to numerator.

g 4 ST 8) (7F)
1) —+ — = = —=1
B 3 3
1 1 4 +3 7
W 2)—+ — = = i i
) Ty = = (correct in luckily)
o e U 9 1
X 3)—+ —+# = — = —
- TRE 18 18 2
1 1 8 : .
W) B 61: (correct in luckily)
o S o
ST
5 5 5
R e S 9 1
X O =4 e e e S =
5 3 % 3 1 2

Student 2 : When denominators are different,
the whole part are forgotten.

1 3+5 8

+2—# =

3 15 15

X 4)4=
3



Student 3 : Wrong reducing method of an improper fraction.
|  (correct in luckily)

W3)£+—~_+- —i—i—l R :
¥ e B ey
) 2 - SN
5 3 5 3 15
98 6 2
= — % 8 =8 e r=t ¥
15 © RSN 5 e
o §E9 o S | TR 24 4 (correct in luckily)
W :’)2 ___+ 2T: = + = — = e .1.T.|R‘\ 20%.?'—"‘4'- .._9_
3 d 3 S 3 ’“b
b =2 6 6 A6 —
&f,/

Only If “quotient = remainder”

(1) (FIR)

Rule Space Method (RSM)

¢ EEIT
o E 2 DREE(tem, £%ME. IEB)
* ZERE DEZ/\32—> (Item Response Pattern)
o =/NDE Ty (Attribute)

e 1% % =9 175 (Incidence Matrix,
Item-Attribute Matrix, Q-Matrix)

* =451
¢ A 77 : Item. Attribute. Incidence Matrix
o i 71 : Knowledge State (KS)



ltems
8 10 8+10 18

iy 22 3 (3« 3) s BmS s BB = B
6 6 6 6
ot =00 3l il Lo e i T2 w4 4
3 3 3
2)21_+4g:23+43:(2+4)2+2:6i:6+1:7
2 4 4 4
3y L0 7 20 7420 27,13
2 7 14 14 14 14 14
132448 3P 42 CainyY e o0
2T T 14 14 14 14
4 12 4+ 12 16 2 2
5) 1 —+1—=(1+1 =2 _ = (2+23 =42
)11 = gt 2+n2=4’
6] PdTn = (BT e 3 Ly 2
9 9 9 9 73
75 stpnd 52402 mamld J gl
6 4 12 12 12

Description of Items by Various Combinations of Attributes
in Fraction Addition Problems, alb/c)+d(e/f)

Attributes
Al :
A2 : Get the common denominator(CD) when c#f (2%1%)
A3 : Convert the fraction part before getting CD
A4 : Reduce the fraction part before getting CD  (#4)

Ad : Answer to be simplified

Incidence Matrix

[tems
Attributes | I1 12 I3 14 I5 I6 I7
Al 11 01 1 1 1
A2 10O 1 1 0 0 0 1
A3 1 01 01 0O
A4 1 1 0 0 0 0 O
AD 11 1 1 1 10

: Separate the whole part from the fraction part when a®0 or dZ0

10



Mastered | AResult of RSM |

Al : Separate the whole part from the fraction part when a#0 or d

A2 : Get the common denominator(CD) when c#f

A3 : Convert the fraction part before getting CD
A4 : Reduce the fraction part before getting CD

A5 : Answer to be simplified

Attributes

Non-mastered

Rule Space Method (RSM)
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* #&HE 1= Attribute
o EEZENI—VDIBERERE. BEHRE
* 7l 7
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eScience Reasoning Test (SR-Test)
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4. EERAE

¢ SR-TestD—DO DR ZFIH. BAFER
¢ 2868 DKF 1F4E, ISSOHTHE

¢ 720 Passage ({4%%

148 40)

PNLIE el AL Y FEH TLNSREH BERTE5rEYY
Passage 1| 5 [‘THRDEGLIAF mE. 1bF
Passage 2| 6 |H&RIZESD CO, DY £
Passage 3| 5 |[R&EEMMIDSEE Ly
Passage 4| 7 |EHNDRIEAEDRE M Hh=F
Passage 5| 6 |METMETROEBHICILZERAIE |E
Passage 6| 6 |E4Z> C DEFA=AIE =2
Passage 7| 5 |IRYFDEEF B
(==
o E Yty
e [ — S ~L S S e S —_ - =
SBREICTEE LGN LG OIRIHFIZGLELDIC

o Passagetz RIE

15

F2.%&PassageME Y $h > TLV\SHFEHM

ARES R YO TLSEH ERdS5rEvY
Passage 1| 5 |xZDEGIA M ALF
Passage 2| 6 |Jt&RKIZLS CO, DUINZ Gy

Passage 3[X 5 |REENMDSEE XY

Passage 4| 7 |EHDBIEFEDHEE M. HhF
Passage 5| 6 |MHIMETROFEHAICKLENRBIE (MIE

Passage 6| 6 |EA3> C DEE=BITE =2

Passage 7| 5 |#RYFDEE) SABES

o [E1RE 53 #T(Task Analysis)

o Passage 3[LfRS} . BEBIEL ML &
o ltem#X

- 40 mmm) 35
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30
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4. RSMIZ &

¢ Knowledge StateZR&OTH 5
o ERT—4
#SR-Test D HARFE/N\—P 3y
28627 DIEH RIG/NNF—
oltem#g : 35
o Attribute%g : 2% %980 (Passage 3I&Exr5t)

¢ ETIXERHIIZ : Passage 1,2,4
& ltem%g : 18
o Attribute#f : 12 4mmm L 47%425

17
An example of Incidence Matrix
o Task Analysis : Attribute® i H
¢ Extraction of Attribute, refining
¢ Domain Expert of these subject, teacher
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SR-Test! 3 [E+ FERY Fh
Al A2 A3 A4 ASB1B2BESB4BSBED1 DL
Passage Attribute #8281 2 3 4 5/ 6 7 8 910 11[12 15 -
HE F 4 4 1 91 1 1 2 2 213 2
[+ oz BT OEE  BRTHESPHTEO R 1 1 1 1
[RF K03 RHuD Mg B8V END i 1
BT E e M6 e FRESTL, NEAP1S,15, A12 A1 111 11 1 1
[+ &N #08  FEEHcomparison? al 1 1
[RF 00 EERM T HEEEd S, Case ReasoninglPSAT] 5] 1 1
[E, FiEA W0 EMERIENTL REH+ 2R T & 8 1
Yo p, T, FE 24 - Backgound Knowledgel Y-SR, B, FEED| 7 1
e I\ T ¥25 - [f-Then Reasoning 3 1
Fh w26 EhHDOES 5
Fh Yo7 EhEHD RE £ 8 a0 EFE 10 11
Fh 2R LoD EE METIERET S 11 11
Fh ¥ eiFiFHERdeductive thinking! 12 1
+EER ¥38  Sequential Reasoning 13
e EA X309 RCHAT S ENEIE 14
FiEEA ¥AQ  EOICHET & EAEE 15
FEEA. IR ¥H o Model F apply TES 16
FEEAL B XAz B w0 A il 17
i He *44 . Estimation, Approximation 18
Bz A7 ERzvoHa BERIGT AER) 19
[a=E AR EETEaT BT LT A RIET AUFRD 20
oz ¥BO - Unit 282, Standardize. Be able to understd 21
[l = ¥54 : Cauwse—effect Reasoningdeductive thinking! or ] 22
) ¥56  MEAP 22 115 it recessary to use info. In compld 23
T ¥58 L & Period O 38ED BEFF BFfRT 2. DEWUE] 24
i S il ¥60 - fEf] R RPN RS BRI & 25
) ¥64  Quartitative and logical readingtA15) ela]
7 F ¥65  Executive Control or Marageme rtlAl 7) 27
=RE-Testl 3 [E+ P11
Al AZ A A4 ASIB1EB2B3E41
Passage Attribute R 1 2 3 4 5| 7 8 9
____ e 6§ 4 4 1 8/ 1 1 1 2
R+ X0z BFDEE IR H S R 1l 1 1 1
[F+F 03 ElufFn My BEHNEGTD 21 1 1
1B F SRS X086 o FEFTL, NEAP1S,18, A12 a1 1 1 1 11
[+, N w08 - HEEH comparison? al 1
[RF W0 REHC R T FTERD T &, Case ResconingtPSAT] 51 1 1
[R, FiFHA W0 o ED SRIER L fFr IERT T § 1
& h. T, FE ¥24  Background Knowledged 3t S HE. LSRR T 1
N =1z #2&  If-Then Reasoning g 1
= Y26 - B0 Sk \ N ) : :
=4 ¥27 . BN FAE 8- TA0 BHA g Working with figures,
gh X2g T T T OEE METIERT S \ 1
=5 X31 ®iESEHE R eductive think 14 tables and graphs
L EH #38 : Seguential Reasoning N 1] |
g an ¥39 : ARIC TS E BT \2 : .
e X40 - B EIHT B EAIE N Logical relation in
FEHA B ¥4 Model F apply T 16
RIS 02 BB SO AP 11 Sentences
FiEER ¥44 - Estimation, Approximation L 13] |
[ ER ¥A47 RO I EERIET ECER) . P
Yy o e g o e | o Deductive thinking
e ¥50 - Unit 7 idh% , Standardize. Be able to understd 2
[ ¥54 : Cause—effect Reasoningideductive thinking ar ] 22
Iw HBE - MEAP 22 - Is it recessarny to use info. In comply 23
) ¥59 L & Period oD 18D BAFERFIRT 2. DFEUE] 24
B F ez WE0 : FE- BT PR R BRIR T S 25
I A4 Cluantitative and logical readingials) 26
I+ ¥E5 : Executive Control or Maragere rtlA1 70 27
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Figure 1 : A tree representation of Knowledge States for the SR-Test data 2868 2258 (78.79)
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Rule Space Method (RSM)

o Attribute DEE%
o ERE 72 #r(Task Analysis)
o Attribute M MHEZE
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