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Z2ARE LR MG (1) RBMABE T > FRANGMATERR - RREA
AR (2) e ms » SHLAMOMtEaMGAMAR  (3) i
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Gy B ELBEFE
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ARSI B AR EHR 0 THARB LB S E (peer assisted learning) #932 & i
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HEAESELERZERAZENDRZRELE  FITHEGHIANZ2AMESE
hoks i TR AMMBER KRR RZEFE -
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Abstract

Calculus is an important course for university students because it is the foundation
of quantitative research. The purpose of this study is to analyze the concept diagram of
calculus concepts for university students with clustering based on concept proficiency.
Methodology in this study is PCAISM (polytomous concept advanced interpretive structural
modeling). This method can not only present the individualized concept structure by
hierarchical diagram, but also calculate the magnitude of mastery on each concept. Besides,
fuzzy clustering on concept proficiency expresses the cognitive characteristics. Empirical
data comes form paper-and-pencil assessment of calculus course. The results show that all
students could be classified into two clusters. Proficiency and characteristics of concepts
between these two clusters are quite different. According to the results, it shows PCAISM
can provide useful information for cognition diagnosis. It is found that using peer assisted
learning will be a potential way to help student learning calculus in university. Finally, some
suggestions and recommendations for future investigation are discussed.

Keywords: polytomous concept advanced interpretive structural modeling, calculus
concepts, remedial instruction, clustering, peer assisted learning
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"HAEY  RELLBRE HBASLHEIRBESLRLGHEEA#HE >
RREAZAPABHEM T EREATZOME - obr - T - FHERFEFRN B
EREREMBTEARBAYNREEEHMAABRNEEAMERNE Y - R4 R
BRIy ~ HELRFE > RERRBORL > B8R FEFTHROED > RS
MEERAREZARAMEE > RANELEREARFAME > L& LB TEE2E
HIMAWMEREE  LEMIFoENEAH MM K E SR EWELM4HEE
P62 69 S AT AR L -

RO RAER TEBEMILRH (fuzzy theory) 893 HE H ik B E A 2B EHE K
(interpretive structural modeling ) &P /g & #E H KR > 4 Z R BB AR BTER
B B MHE A ROEN - # S At o meRELEEEX (polytomous
concept advance interpretive structural modeling, 4% % PCAISM) Z x4 H& Rk
RE R R R AR 2o AR AR 5] 5 A 0 B H ROV R 0 3E BRI S eh et
B AR S A 0 R DL 0 AR AEFE TR T B 0 LB LR T MR A 2 E K
MELEREZR -

ERERIHEIRIET 0 IRANIE AN TR FRA] > F 5 AR 3 8 4T 18 5 48 $03%
2o RBFRVA DU L EITERE 0B 5 THNEE > HHMEY, 0 AR HAHK
Erey)—3% o Zadeh (1965) # ey B #IFE % » £ K2 B & (membership) 893F —
7,25 (Kaufman & Rousseeuw, 1990) > Jb#RE:JR8 A4 & F 26 Tkt o dr (24
K 2005) c AR AMRAKREIE U SRATAEAERE L R > B ER (fuzzy
clustering) FRIRIEWI2E)E B3t & > B4 RANEE 4 Rey 5+ (Lin, Yu, and Wu,
2006) © FRIA > AR RUAMM O HZTHAREH > BRRASEMER Y L REZLE
43R K ETI A4 T 0B 0 DU B AT o S R e RAR -

R~ R
— AP MARBEMRK

% Ut A AR B 4458 X & 2L Lin, Hung, and Huang (2006) Ffi2 6945 A
F2 45444 X (concept advanced interpretive structural modeling, CAISM ) % % & > 4t
HHE R BTHRBAAR > BHFHAAN S ARG 5 RRE M HE X
A > iR S X H 2 A % (Lin and Lin, 2010; Warfield, 1976) - #&
M%astomaaBedmiX 0 A5 fwE1Ar ¢
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Zadeh (1965) &M > LT i & e MR > AAR[0,1]2 R 89
BB A (R 0 19965 AR E 0 2005) o BMIERMA S AL 0 £
Meyt R BB F > N2 E ey Z/ERAEH R M (uncertainty) > B bl & 2
MMEBRERSW  RBELLENEERRET 58 RABITHBHE (KRR
2007) ° AR R4k BAZ & #0E (objective function) Zfuzzy c-means 4T 4% 4 4 B 5
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#t (Bezdek,1981) ° #RZE ~ FE 4 (2003) RFLEHBEHMEHR SRR > &
B LM AFCUT > AR FEE TN N A BEe M B%E » B3R ETETE LB
BIBER 0 ENBERCEY R 0 R 814430 (partition coefficient) F(U;C) #1981 #LE
(partition entropy ) H(U;C) m1B#542 k2% (Bezdek, 1981) ° H AKX 4o FFiF ¢
| N C 5
F(U, C) = N 2 (”cn)
n=lc=1 (K1)
qdc
HW:C)=— 3N ten 1), Vit = 0
n=lc=1 (~R2)

BLEHAKXT 0 N BAZREAY > Uen BZXRAFNBBNERCHEBE - &
FU;C) g ks 8 HUC) ) wF - Atk a9 B3 (Bezdek, 1981) » B %
HITHRARR U T OB ARASBAERN LR BT REBHR - A A
MEBERRA AL YRR EL > MG REBHRK - FEL  HWRE - MR
(2007) * oW B NZEBERERATEMEST > HEABBEHF X TH
LERBNE EMBRENHLENRRALEHMNL  REBEHMHEZ L | Lin,
Yu and Wu (2006) SABEH#IEBES AT ik AT BN 5 & M R M A 00 AR R 0 RS
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= ~ A WA 3R

FEE S e~ EAKE (2005) REEHERHAELFRE L AHA T MES
LERHMES RGP E | > BITMMES P EHRAZEE KRR 2 FEM R RN
REBERT 0 A B BRI RIS S~ SAHMEE - AT ERIK  FRER
E5ERE > LHRBES AL FHEER - LREVEIE -BALTHIE - 4%
RrESERE - ZARHHULEHHRAL Y R E T oG > TRELETHTNHS
% fa it —F AT ARG AR D ET 0 RITEBAT PN T o T - AR E
FEZE ~ M (2010) AR ERFRGAR L mEH K — "L 8 R AR
A0 BRARELRAAJN MG LB LRELERE > THE—F THBBE O#H
HMEE R BEr 2 EABRENSE A TR T AR EE AR - ARG HK
EHR > T UK R SRR S ik RS S RS A e R o

Fennema and Sherman (1978) #H % £ B F £ 2 4 $2 2 F EE Hn 2 it ey
HEBRR > ARHPZRMOZEHMETRAMELRR > SHROFARER > TiE—
B oW R B  Fo RS 2 A > R UMM A A R 6 A MR E © Ferrini-
Mundy and Gaudard (1992) # R Btk — AR EARZZE BB EE > EHTAH
BB BMBE AR SNELE > P REERGEERENEEEE - AR E
W E R RATOIBAE » 4038 (prior knowledge) ° T IAF R AL MR o
Stylianou, Kenney, Silver, and Alacaci (2000) .35 & #8089 5 7% » 24 RIFE RS
2 HNPEEMBE S ABRNNE B -

77



AT BRI M B K 5% X - AR BT B X R

BA EXRRAFE > TAAEAMMBA»EE  EHAELEHHRAELE k%
F@ o eBERMAEEEE MBI RN R R KA ESR
oo MBLBILHBBIBAIW Tk TE— S MABRHEREML Y HY
Y EERE - Bib > KA RUABMASEHBE BITHMEI LT NEST  FELEZHET4T
ZR e

%~ AR REE

=~ FOHRR
AT BRI A IR P IEAR P — R R LR AR AS
i%é&i*%#%%%ﬁ%\?ﬁ EENGE X NE LS AN L R L
A AR Bk B -

=~ A REF RS RE

AP RJKABFIRAR  XAFALRG TR —FIRG KP4 L4440 - AR H
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A OB (BERTE) > #3107 0 BH1AF10 > Z2REFMELE
AIRBRBAEEFHMES  BREBREIFEEARES AT —Ea 5855 o
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HE I ROAA 0 RA T RERA A AR EIA S ORESAAS A B

Ao
&

&1 RAMEB %
MA%Y  MA LS
MR AR
L
RN AT
AT R AR
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AR ] 2 3 7 5 6 S S
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2 0 1 0 0 0 0 36%
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DRI F T pBBERTH2IEN-12 (N ARAGELEEH) » BAEE

RE > UEBRTATHREBERAE - B — AR EEEI - RKEFRE NS 2T
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Bk e B AR B R SRR B e RAPT T o

ERABPBF CHB Y CZEMAH A A RS R RE W B3/ - Bk
5F0B 37 40 0 BT 5 — B A R AR 508 ST R 0 B B A B AR
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EMEAF  BHEAEHIM > SHREAIM - RINEN > RE——2ZRE
2 ANMSRBERE - Bt ML AL AE T SRR AL - EH
on By AR H32MRRAEA40 0 SRR R XA 2IE L HKA43 o AR AL
A0 LRI BB A MR ST B Sl S AR A -

3 RE R BB 5 BB B HELE

B
2 3 4 5 6 7
P IREE e 97 52 52 51
S Bl ALE 07 92 99 99
R4 BB EAMIER R B
TRy F—# % =7 Ex 9 ZRE % — B % =B =¥
Yok BB LY )i A Y3k E=3.):4 B E B
1 0.997864  0.002136 1 23 0.000014  0.999986 2
2 0.990472  0.009528 1 24 0972177 0027823 1
3 0991847  0.008153 1 25 0.982394  0.017606 1
4 0.974436  0.025564 1 26 0.990472  0.009528 1
5 0979177  0.020823 1 27 0.997864  0.002136 1
6 0979177  0.020823 1 28 0.993118  0.006882 1
7 0.989297  0.010703 1 29 0986142  0.013858 1
8 0991679  0.008321 1 30 0.989297  0.010703 1
9 0983104  0.016896 1 31 0.980180  0.019820 1
10 0.992298  0.007702 1 32 0.982226 0017774 1
11 0.988592  0.011408 1 33 0.983104  0.016896 1
12 0970727  0.029273 1 34 0.987371  0.012629 1
13 0973791  0.026209 1 35 0.993118  0.006882 1
14 0976802  0.023198 1 36 0.989297  0.010703 1
15 0.985858  0.014142 1 37 0.984778  0.015222 1
16 0976271  0.023729 1 38 0.982258  0.017742 1
17 0.989297  0.010703 1 39 0974329  0.025671 1
18 0.980770  0.019230 1 40 0.980770  0.019230 1
19 0.984889  0.015111 1 41 0.000014  0.999986 2
20 0991016  0.008984 1 42 0.991679  0.008321 1
21 0.994578  0.005422 1 43 0.000014  0.999986 2
22 0.987500  0.012500 1 44 0979177  0.020823 1
RS BBAHMB T X B WS IE
. A TR
e AR ! 2 3 4 5 6
% — B 41 55 50 53 57 52 54
5% =R 3 1.00 1.00 1.00 1.00 1.00 1.00

80



4 RZ AWM 8 2 0B L S EHE 5

A B
1.00 BH-60—-60—1-66—--60—H-66—1 1.00

80 A B R R
W g - EBE R

.60

40

.20

.00
1 2 3 4 5 6

WS R

B3 =828 F S (A B 4 E
= EHRLEBITER S M H A

SUTF 9 B3RS Bhdn o B B AT IR Z 2 > IR AT R 4k E B
P2EBNETOEFIHNREBMSLIDMAC BN T ey HA KA E A
UM AZAEIE o BEANOF I Z R o BOUE AR R R LR A T A AU T

(=) bR P 4 iR SRR 2o S A 4
TR iR 2 %R 32 L RA A0 A D AT Ao RSB 2 Bl B4 - 1S
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R E302MmE > EomAaRE =wmsl (M >AAEE) ~mA3 (&
A RIE) foir S (B SR ETHS, EORA) ¥MAEEM % (equivalent
relation) &9HEE » B E 052 M2 (M EE) it (EHuy eI E AR
AEE) AN E R BERE—RWE=ZR PesBEMAETELABEML > B
TALS2A A B4 HRRENTET 0 AMA] ~ MAITMASH LB AL A
6 (F@m bwrBMERRERRE) ANE—B > B RSN E B LML
BT S6H X AH32M T » A2 2460 R S &0k -

2. R RFEA0OM T > Ko AR w2 AR E =R i S A
R H2REI0M T > MASAMBS2 M A3 A B S MASHNE =
2 BAEME R EwmB ey EBEMATEA AL NG BRMASH 2 RE32
ME o AMBEHRBEMSBAMS ML BN E—& > BE _RHMEHY
B BTHMAH2RFAM T > AIBA B4 LB AL -
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2.5 B EBEA BN EAT A RHE - Bh RN EIE Tk UEME
HETHB AIRIBFToARERASE e FREFLEFLAMNNE
s (1) RBmAREmT > REAJNHBMAISRE - BREAMAR (2)
MMDRE M T > EHZ2AMAMAOEQMGAARAR (3) RMAEREM T >
R A SIS R EAIR S o BRI c PR H LR R Y RNk R A
B2 B AT AR BT A MR A2 H a2 R o

=23
ARAE AT 05 JE PRI L3 0 B T I R AR R L 5 H

LAB R DA R B I R AT BB XA ST G S0 65 AR 1B B o A7 L EL 8L » 3087
TTARIE LR R E RS TSR 2GR - SHER R E RGOS » BITHK
HE - HETTRFLALEBHOER  HBRLBAER MBS RAZLENER
AEF1 0 Sb Ty R T B ARET AT SRAR R P MR 0 BRI -

2.0" Donnell and King (1999) 2 B4 A 4 ¢ A EH2 F > Fb LR LgE— M
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B "EMHBEE ) TRARNZMZ AT - ZAAXHE - ZHFEH-—HE2EHA -
Toping (2001) #2 ¥ Fl#1% 815 8 (peer assisted learning ) ° &5 4& & 3348 40 & FB)
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BMAEEREEMER  THEHRAZEE s aBiERSHE RS EWBE2RE
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RoH o BATHMSIE R f R G B Fo i S R E e £ R bix o
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