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Probability Curriculum for the Junior Level:
Design and Practice

Abstract

Over the decades, the probability curriculum at junior high stage in Taiwan has been
characterized exclusively by "classical probability" which misses the richness of probability
concepts. Comparing with the national curricular plan of peer countries, the introduction of
probability in Taiwan is scheduled relatively late. Therefore, this research proposes to design a
new probability course for the secondary stage. The research team will compile textbooks
"Hsu's probability I" and " Hsu 's probability II" and conduct teaching experiments, so as to test

the students' learning effectiveness and suitability of the new course.

This study is a two-year longitudinal study justified by self-examinations. Junior high school
students received experimental teaching according to the forementioned texts from grade 8™ to
grade 9™ followed by a performance test and a delay test. The results verified that students in
grades 8" and 9" can understand the subjective, classical, and frequency probabilistic
viewpoints. They can also deal with advanced probabilistic concepts such as independent events.
The research also found that with the tree diagram, students can understand and use the
principles of adding branches at the same level and multiplying branches on a path of different
levels from the tree diagram. In addition, from interpretive structural modeling, it can be seen

that tree diagram and independence are the basis for learning advanced concepts in probability.

However, from the students' texts, this study found that students learning tree diagrams might
have two types of difficulties. (1) The confusion between probability value misplacement and
operational rules: Students fail to connect the relationship between literal meaning and
probability when interpreting the meaning of the question, resulting in probability value
misplacement and misuse of addition and multiplication principles. (2) Graph-text conversion
of drawing multiple independent and paired sample tree diagrams: Students have difficulties in
identifying and classifying multiple independent and paired samples, resulting in the inability

to draw correct tree diagrams.

Finally, this study suggests that the curriculum design of junior high school mathematics can
be adjusted to include probability content. In the design of teaching materials, the concept of

"daily experience" is often used to link the concept of probability and design examples of
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different situations. In the design of teaching method, the concept of tree diagram can be
established and the algorithm can be developed consistently. In the design of teaching activities,
it is advisable to allow students to practice oral interpretation of the probability concepts, so as
to improve students' probability of thinking. The experimental texts designed for this study also
proposes a basic design plan for the connection between the concept of probability and

graphical thinking, and the prevention of the misconceptions of probability.

Keywords: subjective probability, frequency probability, classical probability, tree diagram,

independence, interpretive structural modeling
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K2 EABHRE L LA -

2o 4 108 RMTERAE B LT 4EHLRRM THETEEAR  MAIEAKF A
RE MO T — > BRA KRGS ITREMAI I RATE AR - AFFRERL
Bk HF R TEBMA M8 ZAWARESE LA RF AL FRIRELLNE
Ko R I H B T BT B B R R AR MM G T RS
BAGEHMER R « RRATHET RGN F > Bl @35 FHMFE - ARBER ZRMEY
HETE > URSRBFH WL FH - HRFHRLWBASREE -

F_f ARMA

ENF—2Hill o AARERBIEHZT TR ZIBNABREZER P&
BKE2ATEHRAORERE  BUEFNAIANF RN FRZATRE > BRE -0
WE ML TR HM HORRT -

PATF BE 7 w9 B B 5T P AR

(1) HPWBRATHREREZIRE OB EFHEEMEZRAL M ERAGBRME > 2L
BRARH B R EEE F4# R 0028 > THEHRHBANNFREL A > BELS
NEEIME ~ THMEIIR R M EARZHEM ?

(2) ZERFTREMOUBREFAREZEXIEIRZIA RFRENFRELU =T
WEBRR ERBIRZEHET  ERE—FH RFFFBMS ERANEREAR?

(3) ZANFRZMREHRLATATNE TR EH B EM T 242 BRERAR
M ELA LHEANNERELE?

(4) BBRFN S RFBOBRETRUERE  FAXSTHARBRERGAL - X
BRARHKEB 2 E B2 Y » gl BEE R ?



= AR E

E— 2EEEHT > HNEHRE AR & MEOER > R0t X R T F44
AXBE MEAIBEFH L BAAEABIREOHFBREBRENEE - BHGBER
FHMERL > BrEEHMNE LSRR E AREHE LOYR - AT LT BRI
#o AT SUATK B o 4T F B B P RS A M R S BB AL 0 IRk B AT 0 AR
IEARARMEZAM - fImT X BB ZMSERBIRE &4 A AR

P AR ARG LR EE A SERMBT —ARRBE RO TR R
GRMEIRMARIRETORY RAGHEARERETHEH Lo F A LB F
RS PRI RERELIE HNGRRORABAL  TEAFREIEYNEET T8 R
{8 7% S-S 8t - I E R ey Rzt -

F v BRI EF RS

FAEZHLERPATIHARE ) BRHEMEAE - ARH R OAB AR BIRE
b (HFRSR3004) > BaFmFHolm—ubitr > UTRARERFRESY E o

— - RGP ARHAERERABIGYME > AT AR A FE K E 2 R R
BARER L MARTREM Mo LB F BRI EATHNR > AL ERZ B
BRMENEE - A4 BAEASFHERZIBEILFH - HRFH - FHEEREERN
FoOMRANELCEE AR  FUUBKEARETRE  AITHRESE T
MRl ORI M TRERTREI /A A LRANDE F 1

BE B ERCTATH - AR R LB HE - TR ERE & 0 IRH]

RART AR ) R - PR LT 8 7 LA R RATHE M A FAR

S AR R AT AT o ME MRS EATIER €3 BITRER TR

WA BATHEN R LR KE RBP4 -

e

G

¢

= BCRRAAL AT R R e B RE R Y 0 By R R TR S e B B
MANFREERERHBEERNERE > MAFRAAEBEEALES > TE P
EF > AEBHEITHPEETR - Bb > kTR A R - £\~ RFREITHE



it

(,.

F o

BEy o HEFT R E M R M L R Rk ke c AN AR R BT
V5 MFMALES  FILRRAGEELEFY BEHGREZRR ) MELE
ATHE > AREA S22 A2 R 223k -

EETHZRRE HAHLOLEEMLATRE T - N R2ANZHERE
BEAMMHERZMR  URKERRBEAHZAE M T LS F 0050 0 B pbhofT
EHMBHOEE L REAEA LG AR ER - ARER T AHM AR
EE LA RABUIS  LET R B Bl s B RE S RAZEGS

A FEAE AR AR B 0 AR AR AL A5 R BR Y RE AT AT ER B AR F) S0 ) R ER P A~ A A
RRBE S E -~ EAHE 5 EE - BIRE - BIREFRIIRBIE 0 ARLIAIEF R
B b A T & %2 RE B XA AR > EAREARNTIE - TRA KRR R
PRI R B KL » AFRRATIR 3R BE » EREAGT AR A 4 BAR6MEA -

ARAREAFELH AN REAMEE S SARAY L RLAETR - K
FTRHRIRTREZ L LRQBERABEERABE T T b RAAB e 15
FARBGIANBERTR - GEEEFRBEERAREEE URETRG T RS
B % o 4O H B R R A 3 AR ) R AR SR & -

BEH LARE

BT AT R G AR o 0 ST RS RN E RS -

) AP AR UR B

Co R BB B R ARRD A CB R RN R B R
FEZATRER ) EMEHLA TN PR ALAELEESEXGERHELT  BAY

WMEARBBMASRAPARRES - MEUSHE T 2505 o T2 585 » SRALH
EXMEHLR L R RE R (FIEE > 2019) -

(=

(1)

) BEHRA

+ $2 4% % (Laplace probability )



(2)

(3)

£
A

(

P(A) =

&M AR ID R R AR TR YRR H M R e R o B3R A — AR
PiRER 0 AT A TREER (BBARAZR S) B RIIE > EEAAARER T8
— AR AR AN TRMEE > AITRFHALRREMS YLK ES

n(4)
n(S)

BURTHE » PTOATRAS A B3 Ak 2 & etk & -

CHPn()E T ARAER c RATREF AT T TR E

S8 F M %E (frequentist probability )

R TR BATRT BB AR EARE S RITRAL B
EEpg xR (B T9EF ) BB FAZGFHaKE - P —EF ek

iﬁﬁmm=Umﬁ’wWﬁni%a%#’$#Amﬁ%iﬁﬁmpéﬁ%i
BAREE L ﬁWyA%'ﬁ%Aﬁ A BABENTHPA)  AMIERBEIITES S
ROEE > RLERLER K#ﬁ?fi’ﬁ MREGPATE R M A TR FGHE - MIRAFERF
R BREE R BIRIE > PRAXAE A K Btk F (experimental probability ) ©

E#H M E (subjective probability )

AT REME R TS E3P4E > TR A THede | &3 B R A RMEE
SATREE ) HBUK AR o WA FE AR 20 BRGS0 R AN SRR
iRl (BEE) F 2 A —RUEREHTARE R T AR A X2 H0T
ERERZHEEFHATRESE  EEFERNBEAZSEERRANETEHRMAET > &
AP AR RGAES - EMMFOBETAREHN AL BB mALE LA - AR
FRFEAIEAT A BN T 63210 B & 13 697 mAv Bt % (Borovenik, Bentz, &
Kapadia, 1991; Fischbein, 1975) ° #@¥» 84 % > SRS EEE KR 4ES
FkE o

RTEBR Y N EREREZYFAGA L =R EEAI 2VRF —HRAVYF

7 K # % (formal probability) ° EA FEEALeIE RS BIAKRE A LohRe

PR ERATOQRELEAN > RRARETRIRE

=) HEEFHEFHS



THA FHARRAFHERIBAMREANT HE LR EXNBRT - B
BEEAREE S S RART A 2RBR 2R A BORBEHRMBRZ AR E A

FHR-HAREZMEL D maRTFA T R2 M FHORRAFHLERZ
BAMEARAT AL nBEH S KD 3 RO 0 BRE kb IRz Ak %48
%o bR — B2 éz#%&“c%%g * B EAE

@ | w
[e]
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F—F MK

AFEADBKREZTRHPORR  KSURD T ZEZPIEHNRERE T d ~ B E
HEMS REZEREXEL > EREBANLFRRE 0 UEARAR T RN K
BYILRE o HE O FMESOREREBER L - P FRARAHRKT 0 BILHBINR
WRBFE  BAHATRBREH B ZLBEA# -  RENBRARBER - D
SPAMEBMBNEIIEX > MER RIS E I MBEHEEX -

B8 MBS

BeF R — Pl ZALeg kol 0 28 ERERNFRFEENEHM > £F EEEED
FFEMM SR - wHBEFAHRELTHZLGCHRRBREAMMB > RRELMA
SEHZRIER - MATHHMHE - THAR L BT HETTME L2 BT - &
PR HEEB RS o TE R R ARG HEEA LR EE R ERIARE
BAEFR TR H £ B Ao o AT o A ol B S PA K 3R o AR B R R

<"> *&%%ﬁ‘ U;ﬁ%%igm%

e E N 4oAE AR 0 T & Piaget #v Inhelder (1975) 42 H e % £ R4 s B = 1%
(BRI 1996) @ TH By R TR MBS B REZ LT - EEAH(ZE2LR) !
BEESFHZ LR TR  RABRBETLREA RGBS - AHEERH (£
E+—R) ‘RROPRARE EHEZAMMELE - AR NES BN EEH (+
—EFNR) CRFIBEERNAATRER  BRRAS SN A R BB EERE (2
B i EME BF (E8H) MEMA - # Plaget WBRB AR > "HEMES AR
TR R EAT KB $54E > BATREMBERE -

Fischbein (1975) =& & AP @4 ReE £ PER AR » Rt L oiss > B &b i
RABREANEE  SHRABNBHAKREBRSYRMEL - B2 R A 1950 FK
BPRA46 AR R AR e 5 B 4 > AR E NS A B #9454 (Cohen & Hansel, 1956) © f§
TZXAMATERERZYEIRFBEBEEORE > LIAER —HE AR RRANER
FARRORI AL (EgY - FUH - sREM > 2018) - Konold (1991) 324 i 237
FutE RA R BAG > M Fischbein(1975) A 2R M AR M B R T LB
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W& T4 B #8 (primary intuition) Fo % — A # (second intuition) ° Ff38 #7145 A BLEP &
ﬁ%i%@%ﬁé%&%ﬁ%ﬁ%@ﬁ(mMMWmmwg)’ﬁﬁﬁﬁm%%%%o
ME—HBREFTREBR AR HG B EROME - B EMELeBE LA
M RAZRRIER > AL HEREPE N AMAEA AL > Fischebin (1975) 7%
B REHPHPEAREMAOM R A LAY - ZREBBERONA AIZAZRTME
O 0 AT R AL — 1R

Bognar #7 Nemetz 7 1977 F3IR B OMEHELRMHE > 71 H L ELRFFEBERTE
AT HI M F MBS - £ B AR F 4 (certain events )~ R 7T & F 4 (impossible events )
B A Jr F4 (mutually exclusive events ) ° UE + 3% * 8T F 4 (more likely events) ~
BATHREM (less likely events) RR A F4 (orderevents) ° +—Z+ =3k : R
# (relative frequencies) ~ & T & T R FE4 9B & (diagrams) @ ko BHKE - + =%
F sk ¢ TR ESH I (independent) ~ 48R (correlated) 89 B AR F 4 o

Jones ~ Thornton ~ Langrall 2 Tarr (1999) % A% 1999 HF4# AN N=FR L&
PERAZNE - B—F4 REEBPGEHRENTRTY W ZFRALEZNHK R R4

R B TR R kTS CEBREAH o ALERRE
S UMBAAY EBREBRREF PRI R R B o IR kB E BEA)
NEBFEHYOELEEL M FABXERFAEEX U ERGEEX - BR="

MR ZILE - B R L ECRMEILES EHREHELHYHEMS - BRw:
FILHEEY AR RNIRSHR R LETEEEAEEAMRERBULLER - TR K
FREGRA BB EHRE -

AT 5] & REH I HN R M A2 4 AR % E T Shaughnessy 78 1990 4
.8 4% o Shaughnessy 32 2 4% & .4 %3t 9 4% F 4 (random event ) 248 B by ¥ 13 #2
B (degree ofbelief) » & h wBBM AL A (5] B 2RIA 19945 RARR -~ Bl 5%~ WE
2011) 1. #4398 (Non-statistical ) © &AM MEFoK & > B MmRIE LB
T FI T o AR FI TR A B R MR R LA 0 2. RASKT BT
(Naive-statistical ) : fE#nF FEAREAM e E & o B8 A — 28 R Hl7 - 3. B A&
%3t a9 A (Emergent-statistical ) * AE¥E A 364 M IE AU X ARk — L f B R AR - RE 0 9%
BB gl B 2Ibey 22N TUEAR BB E XM 4. T A &894 A (Pragmatic-
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statistical ) : AEIER L E R S M B OEA o MY AE TR > S0P AR a4
FAEAR o LAARR PR -

74 > Shaughnessy # £ il va Z5i8 &0 X 57 4 thh o REEMR R BAA - 5 30 B 2l F >
TR EERFEDARE B AREBAREHBRZ R SRR T3%
HESRARRTURBOKRFER - MBS =R R AR Z LA B ey > H 8k
EEBNEROAREK  RAZHM T EEAAGEEREYE Bt mREREL S
FHRMEME > IEAAR G HRMMEAN EBTE - MAE BT A ORECER A
SR F A E 698 B o ¥ Shaughnessy (1992) 3RALZH H BA KRB BAEELTEA=
M EREA e MR X — A -

Shaughnessy FFé ey 2 M SBARBEE P RRE R BaEREMRE  T=8
MEFROBERMEAFEEET > T FHRIE > MAREMRE 2 b6 EXHK
Fo R LR SHARELRF D FHEAIEE > Bt BibER R B
N MEEMSEY SR B TR H S E - Fischbein (1975) Th45 th M R 2

HAREHOBEBEAETUREAWEELZE B AKFREBMATRIEHEURE
(Fischbein, 1984 ) - f% 3% 2 E X 6944 £ 28 » F B F M A R 8y B #2 (Fischbein,

1975) ° TR ARAER H4E A X #2330 - M8 R A4 M M B30k -

&R EATHL > AP 4B Shaughnessy AT A MO BA > BITHM L
FREGH EE AR RN RSB SSR EFAREAERTRAEEEBKR RN EIA
BN AR BT RIEREREG BB ARERTAFEE L L2 HE
2HFE BB TR - AR B R NPT RATHE  EX EXLERARS
HERBHP ARHEBFERAFRANFE - MBR L FRFEZR - 77 RREH
ZRGHBBRARH LHRELT ]I W FRAER A BB ZIBREE > AAE
ARBMPERBETRARY SR BESEARRE R - B8 F /D HIRTHKF A
TR BENFRANFRPAETHERZBRFEBOAERMIKB LTI -

(=) #5480 B 5 B 4
W s FEENAEY  MELEERPENEE AL HONEZERETSIE

BEHABI A RRE - EH L ERIBFZEHR T LEMAKRBEL TL A EX 09#
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FEHL TR EHG ~ B8 (Fischbein, 1975) ° A TRAAZ AL FM S LB ¥
2} xR ek o

"#AZM , (Sample Space) EMFEMAH LB THETRELMEMAL > LTk
REHBRERMEOR F > LABHEEEF N EZ A & (Nikiforidou & Pange, 2007;
Jones, Langrall, Thornton & Mogill, 1997; Abu- Bakare, 2008; Nikiforidou & Pange, 2007 ) °
HA A I R AR TR EF ik RA AR B I LI E e
& B 5 AEAMAKEM 2443304 (Bataneero, Navarro- Pelayo & Godino, 1997; Shin &
Steffe, 2009 ) © 4|4 Borovenik ~ Bentz $1 Kapadia (1991) %45 H tE2+keyi £ # 2
+— R % T BIE T T — 4k A Z R o Schroeder (1988) &9t % 45 t w9 £ 55 4R 84
REGEEIN B TG ARRER - KRR~ B Ew - E (2011) d5 8 H/ X 2E
N RIEAF MR A E R AR B -

Rih o 3 IEPTR L H Kk — 3 o Piaget ¥ Inhelder (1975) X7k 7 & £ BUKF & BF
AT — 4R AR E R 9P A T AE4E R o Watson $2 Kelly (2007) 45 BB 82X ~ €
FHRNFETROUARRRIETHIOEAT AR LM I H R ERRZR (K
R 2011) ° BRARE ~ Bl E% ~ W E (2011) A N2 EIBALTHMHBELTR (L4 =
M=) > BRAANELERRRBAR TR AR R KIMHLE SR
Pl =4~ B EZEHRARER o

AR FRERCHFRAE T RGN EREZZE BT R EHE %
AER ) BBRAPITHMMENRERS FTRETERERNEL  Z2XMEHA/ZLR
BRI REE - MmART EAER TBHKE ) x4 AEH (Aspinwall & Shaw,
2000) ° dboh PR EBLESEBRME - SHRFIPRREFTTILER »
BRZAERE BT HR TERKEER AR AR -

A —F @ Jones A (1999) %# Biggs #= Collis (1982, 1991) > #/& 7 RiA 4 &
R EBMES O REMBSBAFEFRR - RUEZERREMEREBMEZT > G
EAE—HEAERFHENEERERER - BEXESUNARETRA EHEFR I EFHRE
F14% & 6948 3L F4F 6 5 A7 o English #2 Watson (2014, 2016) 4t%fw 2 XN F KT E
WE SRR OHETH AP S RIBIFHe 848 SR SRR A TS
B L F ey Watson (2005) BN EAFRP AR SRR > T EHAE
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FHOREEARCETESFEEIE4OMES LA RET R NS EAET T RIE

B-F4 BRIMBMABERSFHNEL - BT 2R ZEAREMONES

B RTEHIME - REFEFATRBEANFR (TEREL) EERE-FHE RN L
HmARE > NEMBARR BB R T -

MY XWBEEMT > BABEARFAPLR)EXERGME - 2AHN TH
EEFRER L RMEALAEEFRRA > o THLBEH | BB CHELRLAR
EAERLUBE HBARRRL  BINENRFHOBRERSTAFTHOBE - &4
B N AREAE Hldo T2 H30A KA ITA R T, BFE HE30-17=13
AN-HBRBRERLS RRARG 2 MEA 1A A FHEEAKRER 04 L4
A FHRBEALAGRE > HBH1-04=06

S EPTHL 0 KPR AEME SR E L > 4 Jean Piaget ~ David Green ~ Graham Jones *
Michael Shaughnessy & Jane Watson % 247 o gy st &R > RE A LN ~ LFRE
ERAZEMRRREYMSI  ERERNE-FH4  RFM - A RFES C HILFMSF
AR FH SRR SR RGP - R RARFBMSR KRB S 2RI R
B TR ENEERES - ASFS (B T AR FH) C BrFEHRAERK
FRA TATH o SRR AP LA is B ARk e £ 75 AL B E A~ & ik
FEBEMRBBRLET > A AENEHR2ERI R RZIME -

#—fh BHKEEER R R

"t R PMEHRIZZ A (Maher & Ahluwalia, 2014 ) 4o {7 E# 89 3 4 A
TR ORAMEREZELMNA A RATRMANEL ) Bt ABAERF - UR
iR ERALE) 0 LB XRRIE AR F R AP A X BT MEMAZI B AHET TR
—E A oAbe H KRR BHKE B L6 932 T A (English, 1993)

(=) BHRE R E2E

Fischbein ¥1 Gazit 89 &4VEAF % (1984 ) #R:0 4 7 E HW K T o462 B & 5n R4
35 FRAGEXEREHMD R FHGREMEY - HLAEHE P > Fischbein (1987) %
THRKE AR RN ETE > SRl R meBt R aE AR RnEg s —x
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F-¥ o 2% = U5 ¥ o 12 Fischbein 45 HAHK B 2R R A A E ~ RAET UL A 218y
> BREEEHBUHNN P PIRM—IAEE > BPARHKE 2T L ZHE
WA NERE s T MIEERNEIE S B4 -

Fm

+

B HEHR 2% Green (1983,1984) 35 i » 4£ 1980 A 24 3000 & +— 2]+ w9 3%,
)RR Z AP R T ERAF AR E L T AR LM ER kiR sh 0 HRD
EESE AL RBMA o Wb WiHZ— iz 0 B Pearson AR HAM T
DUBHK Bl R AR Z RSN > BAIR AR S EARE R - Jodb A SRAL W B3] 5 B
RAEERRAROG AR P LA B L ANKREBES B35 H EERETH B4 (3F
Yan >~ By > BlHatk > 20160 B 3)

¥4 > Leslie #2 Kenneth (2000) $t# 2 & # £ A M A > St —Ead BT H2
HERE EEHOSAEE ) UBHRE ARZHEAE  RAELTORAZH  ELEWA
B S  Aspinwall #2 Shaw (2000) REABI B A BE S AERTEH T E » Ao bfizL
GHBETHNHE LAY - PARBERERE  HROHRE > HABBE LB S
M RFE A6 B F - Maher Fu Ahluwalia (2014) 327F KB BHKE A o AR E F4E2
FHITHE R LARMLEMEDRYSE - Nguyen (2015) 4t e K 12 FRELAEZE
RABERETERREERLY  BFREABHKE RS WEEHNKREHES  FRER
MR B o

s BN 2 2E ~ 21338 (2001) &£ % BHEEH LT R —EMAAE
dm %k 3

44

ERRZ I B R B ATAR AR AR RS AR - QIR T AE R H AT &-4E ©
RGEIR IR AL — B A X R EBHRE TR AR ZH SR E R ok F Ao
Bl DRBEAERGE-—EFVEARRLBE (REZ - BI31E > 2001) ° #Hib -
MRZE ~ Bl (2001) &T#EF% 5] A& B (Vertex-Edge Graphs ) S8k B - <%
TUITHEIZT T HRAZM T BREFHORELRRE | QR BME > TTRAEL W24t
jy °
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%3

WK B Z AR A

7B 5 A%
B—H5 - L ERBHRBELEB AL L —F SRR %%@
EX LT IRET EL TRV Y 1S S TR e P ()
ToRATEZHHRENHAEIL - b BT - KM J )
1. o— R g ki L %0 ? \é%@
2 BHEERALEORERLS D 9 M%%%M%@
3. BHAH R RO RERS D ? B ()

GBREfE > Z2HEMERAUBRBE B G AMFEALERELL  TEMEFRET
W EMAEZ A4 - ™ Lowe (1994) 5 B & — @8 REFNEBH K BT 8
FRAEH IR A MR NI R L E N B KB A — A% % (Schoenfeld,
1979,1980) » # 5] A KB £ R E2 45 A o bsh > Freudenthal (1973) 758 3% 34k 5] #2
4 A AR R R AR 0 T HE 5 463 2E 64 AR B R S ek 1 3R 7k R 32 (Polaki, 2002; Shin
& Steffe,2009) ° L AR LABABHKE ZBGEABEASLE SR RKEMSZEME
B =N AR 3 B SR ke A R R R 2 M HOK -

(=) B 4Rkt sy

SN EGAEECE  MERATHIE MG B TR > R L5 BB ek

ERIM G FRFROEEE R REE A B AP O RE S R STHS
# & %1% (Polya, 1957; Larkin & Simon, 1987; Arcavi, 2003; Roth & Bowen, 2003 ) °
b0 B B AR R M AR R B R JE S 2B AR A R TR 3 69 3% 40 B2 4% (cognitive
architecture) * FAEX T H AR L B E R A TS B E8 - AR oL P > 2 T3
ko B f IR ) AR 0 BB o TR IR G 0 R EE 0 BAA R B T T o Bl
Schnotz ¥ Bannert (2003) 5 H BB XX F ML LG ~ a8 i s &M m—1EE
XL SR T B R B R 2B 60 F IR T DR IAE A e iR A H e e IR
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Paivio (1971, 1986,1991) # 4 % 445323 (dual coding theory) > 3% 2 B 1% 52X
FREBARE GBI T A REITRERLIAGHS - 2 BB 4 % (logogens) Fu B %
% # (imagens) ° M3 X 4 #2435 X 7T (logogens ) AR R B 4 H A X FHEE
Bl %% %A & %t (imagens) HEREMBEFLABGRRE  BRFLAZ T LREEY
TAEHEMSUFARE - Bt ZrB BB ER > TAXFERREHE 0 BKET
Z R Ay o HbHF 5L HNAE THBEILH B AA BHBMEYXF (Clark & Mayer,
2003; Schnotz and Bannert, 2003 ) * £ By H o

Jitendra (2002 ) 45 H Bl % T AR 2 E H AR R E ) > B BEE R A
A 0 AT Fe AR IR o Uesaka #v Manalo (2011) AR P d > SARERKZETHE
b A LR TR AB T RSB RS o Hib > AH 2B
o B RETIE B S A B A AL F At (Hegarty and Kozhevnikov, 1999 ) ° #k % # (2004 )
B RAG4m (2005) 4ud6 A1 A BE R BT ARG B S A T2ARAE B - AP R ZIAHKE -
AFIRIE SRR Loy BB A P o2 — o

FE R #E € M40k £ o Scheaffer ~ Watkins 2 Landwehr (1998 ) 3% %3k 4 4 38 2 & 4%

FB G ERENRER > AR REEACFRBAMBEREZHEEER - MARE
#1269 8 X £ > Roth F= Bowen (2003 ) 324 B 1% 64w x4 # B14 (four-parameter
relation) * Bl AR B ~ I~ FHIRIKL AR © Friel ~ Curcio $ Bright (2001) 7R4%
HIAE Aoy E RS RE & 0 €45 B & B 49 (the purposes for using graphs) ~ 4EF5 454
(task characteristics ) ~ % #H4%5#% (discipline characteristics ) #v 3% B & 45 #% (reader

characteristics) * 3t4 & 4 B & #14 (graph sense)

MEHLRARIEZR  BIEAREMAENI L~ 850 H REMABERZ L
R BET A E o LI SXRR P AT R A B R BT BB e R X T SR R e Rk
ML €RMAG T EAERIL  TEME T YIRH RGP EITEEHE K
MBI ELEXHEF - R AMEEE LR E  BXESERFTERFE
FTHR HEESALRR  ETERDBFTERGKEG KEFTRGLTOHI > #4655
RIRAZEHNEEAA AT RER > REAEOEEAGEN > UARMWHGSE - £ 4
ERRAENET MM AKXMSLETF  #ARLIFFEHA LB W BhIEAE > AL AN
RARHREIAR > BIRBRGEE ik -
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RERI  FARE DB RBRGMERT F  BEEREFERE &M DBHRE
ERLEH 2 BGEBFMAEAEL  RATECRBAREMSH LT Rk & —
EFHMEREEE REAZIIBAEARER  BARABKREH  KPEEREBE &
Rt~ B E > BRSSP PN A AL E B R RGMEZRE - I BdRELHE
Bilk#s > 5] B2 A st i B L X F X B B2 Y > EmiE R M aBit A B
AR B -

I

BZH MERE

BEARTHEEMEHNE  AREBRFAEFERITHN T - TLRAHRIE
ﬁﬁ%ﬁ@ﬁ@(mmmmmm>’%%%i ER At B R R B T ZeRAR -
FRARR AW ST RE LA 8§85 4 ik T AR #2E (KK

BIAF18 0 2002) © HAH AP B JALMSE > REHEABHRRI - MAKFENEEE
RYBEALSEMALE ZFARDELBMES  AITERENE FRTHAM 3 B
B ZBPHEE B AESCEREH T RE > R R F RS 2 I EE
B

PEXRRF THe > SEMEHZTRTY > BRFSRERE - LR EH BT F
AR FE R BMAE » BB 5 4o T o 5 4940 & 4 ( Tversky & Kahneman, 1973, 1983;
Shaughnessy, 1992; Tversky & Kahneman, 1974; Shaughnessy, 1977; Fischbein & Gazit, 1984;
Konold, 1991 ; BRUK K, ~ BI#1& » 2002) -

R &M B R (representativeness heuristics ) & 5~ 76 78R 85 > H 3| Bk 45 X0 F 44
A E L R A A% 09 B 82 5 B (Kahneman & Tversky, 1974; Shaughnessy, 1977;
Fischbein & Gazit, 1984) - flin & 3RE F LB ETIFLE > FHFLRR IS R - L

RIWER > FAAKFREBEN 10 X EE28:H - THMHEE K% (availability
heuristics ) % 5~ AAPTA4E TR R BF o H R B 38 B KRR 4k [ 48 B S8 A BE B R BE X Uk A
( Fischbsin & Gazit, 1984; Tversky & Kahneman, 1973; Tversky & Kahneman, 1974) -~ f]%e
TEBRMAEMXESRESN B TEREAANERE LR EFEL2E R
W AR R ARG
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* 4

2 3 A
K FHGRL A
1. FEEZREAKGE,mEREA -
2. NEEBEIHsRAEL -
RFE M R
3. EBFIE (positive recency effect) ©
4. BBV EE (negative recency effect) ©
AAPEEFS T 5y T A ~ 04T A TR T oRAL 6 9] F R ACH
4% M B R e FHMTER c LRAR T NSRS T RERER
E3TFH AN TREME | o
We R EAMAE THR ) Lo mA%T THKE WA
R AR
IEEH o
L BmERARR B G  IARAERECLAE AR 8 R F
BARARA 2 B RN 8 HERE > SR H P Z 300 69 L) B4 R A H BT R K

FER EAEM 2 FE

NEYIRIE 0 TR F e L RATRBHRE] o B AR E &R
TR REAFRE AR ZR KA

AR R T R
FEE AR MM R K B

BIEPPEHARMERIE R ABMFH L LR - MAKEFHR

ISR IS KX Uk

FIBEF A o TR
Fir i A 0 4830 48 ok

o2 HI

# R 3@ (outcomeapproach) £ FATARF EZN KA THE, L AAFH
Pa) B —ERBRA LGB R S mABT THE | EIEER - Hlhn sl 50%89 4%

R BIAZ > A RFIETE F4 A TS 4 093K (Konold, 1991)

o BAFRA R K H TR

BREMZHE  ATFHFEALNTFEFHT RABHRBZLEAEE R GRESERZL
18] Bl 4% SR ABC A FI BT M 3 K01 09 4R 3E > 8P Bw% £ 39T AE & R FB] 49 3% 8% (Schrage,1983) »
AEREEHAZNE - oA EAGH T#&FHE—FRF 10 REB 6 RSB, ahkE
Fo T3x#r 40 RHR 24 RS R ERAHME
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HBMRERIFHBER TR hAZR Y B AR TRELNRGTEAR
ERABEL e BIIRE  HRERR =B HELS § ' PP R AL H AR AR R B
X A B NRAT AT FI T T AE LB L 10 B RATREAFROKEH 5
D2 BHMAREE T TR ERRAGACRFHBEF R 0 1992)
F BT F A A B ST AEMERT 0 PTAE A B9 48 3% 487k © Fischbein (1991) 45 A mA&RE N > #
— &% 8K (certain) ~ 7T A& (possible) ~ R 7T 4 (impossible ) &) Fl3& #| 7 > % — 4%
#AEFH (compoundevents) © ko @ FIBEFEMBRT » S R@E A S5 IH 6 Loy F
Ko BABEHZL AR ER ) BF bR A TS 28 Tab A5 65, R

Bl MABAREFNZEEEEGHEREHE (FRKRER - BI8@ 0 2002) -

sboh o M E PR R B R R LRSSy 2 F B $E B - 4o Shaughnessy
(1992) %4t —EMR A EHHEGRAREEZRG KT &FHERERD L
F—EHBREAKE - KM E—EREZEEHHERT  F_BLTaenEkiEt s ) ?
BEE S EAREGENHEHT  F— B RERS D ? F —EMAAEA Y
WERPMAE Rar Rl 2F —AMELEFRRGEE  RAAETHEREH R
Foo HH L 2 PR = Falk 3R AL BAARBRE — MK E AR AHEEF K E - Lid
LAEME—ERHGELME (F—HKAKI)  FTEREFEES -

b S EREMAZRE Pl ER B F4RSRE > LHRET
Rk - Bl FRRE (1994) B E LA AG C —ERFEET ZKFh > —5khH @A Lk
& R kmBHLESE ML - —B4%E—BEL  RAeME —KFThEELE
ET—mAEEY FRMEYERY DL REENKRESL D 7 BT ERAR
BHR  ARERAERERETREM T TR AR BBMOZIRE > HAAKRAER -
I FH LR R A

HREME ARFRERENBR P ARENERARTERATELEFBREYA
& A IO 3k B 44 3R A9 7T 4E o 4o [F] Fischbein ~ Deri ~ Nello #2 Marino (1985) 45 4% %
HHOCERHPHERAR > BITEENS -2 — 2 mEEFEYL LABBMARE R
RIFBHT - TRHZXEREGE > $#RBEIPLE MUY RATAZHERIPES
B o
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RN 0 KRR BITHMBUE R T BRHUEZABTRERE SR
B AR P T RURD A ER BN E A o sbih o B XA UBHRE ARAB TR 0 ¥
FRRHE S H P AEBRE X XRET M K P EFZAETRLT ZIAEHKE X ZE A
AEZRE -

FwE ERBPRALIKRERES

EEEHRAL L FEAGHIRE > BRRE 57 FERLFERHT AR
FPRREHWRBESHALRYEE - F—REEFAARR 60 FRAH > ARE 64 Fhrby
REREAHAEBER - FoREFARARE 72 FoRL2EE > DREHAENRE 74
FH SRR RS (BEAKR2007) 70 FRA— B B 70 FARATH 4 A b 2|
THysE (AT Y AR THAE) S HEAAMAMER > ATH L%E (LGRS
BEAZYH) c FERBUEARE 2 FERE 84 F - KA 82 F oM ay B/ NRAE2AR
B A BEHF AR T T EE 3 RAIRERE FRRA (AME2003a)e
FORGELHLRBEA L Foh THRFPINEAF—ERBYTHAE, > LARBE 92 F2
ATERY N EAF—BEREMAE (BE2EAR) | ARE 97 FHRMA - kit %
ARUFANARE 107 Fafey T12 FERARKT | - RRMLR AT 108 374 -

RES3 o5 THE | EEART QBB T8 BE ) o 2L B hod ¥ R
WAAME - GRRFE —RERMTHR > ARG IR £FHNPERER ARG
Rt gan FERRONEZHM G HAARE - fL A2 LB %hBE B Jones FA (1999)
REOMEBEER MEM THRAEM, E TR B B, o epL g
BERRRAFI Gl e mIESE . (1) R "4 BRRATHERA
M+ (2) M ABER A BT R - TSR RB L EE S (ALY -
AT - PR 0 2018b) -

RE 60 FK > BB PHRERAAKE Mo PHBEVNSHAKE o THEREL
FRE 53 FIREDINE > Qb8 SARAWAKE (REBREHOVREZIR) > B
HwTARTE - A TE LRBNHMEIAABER TRAARER = ML
BEHZEHABIELR - g REHR IR TRA > HERT ETRAREY (BAHER
w R ) (RBAE-2017) - BRDNERBEEERERAKE - BENRBERFRS
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MRHEREA MBS REAE—F M B B RAEN TR FTHARIHM T &
A I E . AR L T o m Tk e ER (BAEEEA201I8b)

RE 70 FRAL B4 T2 FRAOSTHERRBMERTE G = ERA 2R L 8K
RER - F—KREGIAE - TR - AW XM I A SHEME (RIREASH) - 74 F
WATHGA PR T EAR ZBERE A THRE  OHBEREE (BATHRER)
SEBMKE (RFRARZM BT MG ) » AR ERAIKBEFEAERZF & - T
ko P ISR T30 72 5 Pommizei ms - LB > 2RI RBEEL
B/~ bR &t &R (BEZFEA2018) °

RE 80 XA » 2B HRAKT $ THMKN S > HEHFTRHEUET LA
FERGE - RE 82 FayB/REZEE  REREU "REGD TS RBA
x> SEARtG ) AR T RECKR] c b EZ U TEMAKE ) AW
SO R ARG EMEFRONE o £ 89 FUAE - EMLHABRYTREEAL BB
EEAYT "TaeM,) - RAM> BRAFHEAEERRE > 92 Frex E XHER/TEA
WEREZ > 2EANBEBENFE - £ 97 FHEIT PR Kb BAF—F A ey F R
RAEemBERE TN REBMENTREIRE)  RUBAKRRER - H 2B ORER
—H A EASEE | (FH 0 2008) - AMTELREIRANHFE > HPNHE 8
R MRS FRARE BREBLHREFBAVOHL - SRR E  ERERZEH
HET  2ERFORERBH YA BN AR T > BB R & ek

(b
&

®

EREIELE B 108 SEFIORM AR E I 107 £ 2 108 324 (48R
FERMNE) » BEEF - BUIGHE@L 0 Ml — b4 s o BY 108 R4 £RE 108
ER—FHCFEB T EBRMBLERY T FREREAE LS8N FIHB &
BXNFEN TR ) AT E T AR R R ORELRE BT AR ERE
FoEBMENMEEAN R B/ R RAAMRE > EXOERERZELMIFRELE -
HENBERSREE (ARE—FH) AARRBERF LRSS ERMLE 2T
NEE 97T REARL —R > MEEENIERR AT FwB & SE— R PR THE
BRI T BB ENME ) o B PHmRE N Ahosb 0 3R 108 #2448 (HFI
2018) -
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FRAEEREAEG  ToRAKEREZILAE AR ERAVYRLSEY - BT
MO N FREERERSA TRRE R MBEE & P ARFRZMERBUKRD
MASARKEGMEIA - R AL FOBPERE > BT EEMBFIRRKE - ERAR

WA SPREAFRT LI MR E - SARY PBE L HEA > AUE —F4
BE - BERIBARRIAT DA R0 RIELFRIERRE > HEIMELL - K E
MEREZAT DNEEERREAERBENENL > MG PmXAHETBRR > LRAE
BERBRFNEESWZT °

Bl ARERABEZEORFHETEAESBRBAERE - ZENEHE
e Ak F ik e KA EEmARIERTHE  EFEEERPHEL
WEZRZBRG] - HHA TAFAFS, ~ THIFH AT R ARF LR
ZREREABRBAFEGFEZLZH - THH I RAMER ORI RE > UBEARE
8 B 4@ K BT -

FREH SBEABERAZIRERES

BhACAREBETER RRAF T ABTIMORBREAHLFEINE - K F
R T RAE O ERBRE R T EE TR 2ERE - A AH
REFRRE - ATHNBEREABZ B TR RRZEE -

\\

22010 F > 2B & BATHERE] T EM LR CIRE (CCSS) » BEX FHAL
% (CCSSL2010) ~ 5 & EAB % —RA LR GREAZE - 3R LB E X TRAL KRR
T B EENBURBBT 128 D BOMBUFRIEA © AB CCSS N F &M R
MEMAEABFHRBR > 2B IRBIFRIZIS o L FRBWNFRELH XA NBFR
B RPRERBRERELE L —F > mARFS0EZeT (FEEEA2018b) ¢

(1) THBERETEHSAXITREGS AN 08 1 2/ - HAEABEN ]
FOTARTT REAE A 0 AN 0 AR ARR TR A > M 1/2 M IT 6918 2 AR B 89 7T AE
M o

(2) ZBUNEHBERRFRERG T RETEHZME AL THFOENST FRR
BLE AR R
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(3) HEMEBMUILRUERFHOKF BBV RGHRFRT R EE AR
B ko RARAV B FARIM R AL - ELZE MY TRREA -

(4) ERAZKNFIR -~ R BHRE B8 - RIFRSFHOHBE -

EFBRNFRUHNAREEHEEROWBFREL  2HEF _GHEI W - TENE
AR SATF 484k http://shann.idv.tw/Teach/mathedu/1072.pdf °

REFT—FHBRREAHFHFT > B s & (KeyStages) | — > = FRAF 1
B ZEXNFRAF2HME  CEAFBRAFIRE T+ —FBEAF4HBE - £
BEREEEEE > BEMAE (LHERE) FETEHEEIHE > BHHEBEEARIE 8
% (Level 1—8) #ysE bt » Bohm—18 " # %k | £4 (Exceptional Performance) °
FRATT AR A — A OMEER (RER ~ B4 - KB A~ T4& 0 2005) © £ B FrEH
LA S 3R R A BAEIER SR 6 XTI HAAARMMZE 3 NG

4 P Z A5HE -
RBAE 3 P& (KS3) B R ah354% A AT Wik (National Curriculum, 2014 ) :

(1) A3tk Mt oo EERRZSHERGEAER  ERABEME T
Z e ERE » RFNTFHUARIERARAEE ST AE

(2) HEBPATRERNKEES A ] -
(3) fEA A&BIER &K - AR XRBERFBESURBEIEY LB -

(4) RAHE-—SREFHELTF BHRARGTHEOHRAZHE BR AT FEreE
kA

Ay TR R AT THERE | - ERAS 45K (KS4) B
PR OIEAR A WiE 0 LI T FIH R A XK E 0 PLRFE R A BB B B T A

BH O BRTHERKRERZWRRI A RFH AT BN AR f B SR 2 E T3
oA FPEARENELAR  EHRPAEARBHFTREL  EHEHFT LRAA
B U TFTHRNBTIPRABAZR P EZIHAHAZRET L -
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FEHATFEESAZBEE F 1 2R (—E2=2FR)  F 22K (WEXNFHR)
FIZBR(LEALFR) - YRAAEF | 2B (—E2=Z2F%) ~ 522Kk (WEXNFR)
AP R M BB R B RREAE T o RFERELFIN E AR AL AR TR T
WBBB A - BRFTY R EOERIR L - TRRMEAA RDey > Bl TM
R BAEETRM I L AR R R T A TRELNER EANE3Z2K(£
EAER) ARG A EHMRBE T EF LM EMES A TSR AR
REMBEENMATRER  THFEHOBE -

PR B RAZARE (2011) H B2 ERAE B P EH 40 RY KA 4 B4
o 1 BEH - RAEFRPAEARTHRYBEE/ L EI G E REHIGM KB B HLERRHE
BE2ARBLRARENER AT BE R LR aRKOBERE B L LG 0 dbfEst
Ry oskfo GRBBEEN - (1) BEHE B K - BB PARRFRB 63K
MEBERHT  MPRXBIFHEMME - E— T BBHIBE B I GIROBE » TR
B Ry RORSBR RS - ERERGEHR L BEREM- () BENF =K
L@ ARY > B2ATURNRYERBM IR IO E— TR GREN - 6
TS EBEAERL  F SRR T AR CKRGAE T Rl E g8y
BE -

B A 2009 SFHAE3TF 2ACRE - M3 TR TRk Ee TERER,  BRR
FERMHB A ERM - BAHFHREREMAE LRI AHMEHBE 1NER (6 F
HEF 612 REFANE) 2. P28 3FHF  12-15 REANE) S3.5%F2K (3 F
HEF 0 15-18 REANSE) » M—ENRARHGHFBE > AR REDHAT—F& -
BAAENSRZERHERABRBASLIT AT > RRIIHIE - WML 3 - B &M% 2 33
FREREBENE R UBRARIE B ol TBRIA R 5 thFotk B R A& Ao B & AR RS 3HRIAE -
TERZEMERRE MEIRARZA THEBE I AR IOEARIMES BN 3T

R EF T HIBE LR E R ERERETFH - £RE L B

TAFEGPOREEFHAER FELFHEAGES TR RBHME R TMER
BAWNBEGRERBRAE - X2 FMEFREENEE > REZHHZARF
Fo BRI FARAo A - SATUERRIMFIEBENER > WEMBAMARYG %
FFREE -
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BN NERILEOSRAZEE > BRATEREASRER > AOHRHETRES T
UAE A R e M E R EATRRAE 0 B HMRER  RIFE B BB FARF A BT (B A
E > 2010) c ATFREEBEHULHS > ok 5o RAAMBAFRAUKE S RELEE
ZRA ZAEBKABREBBE ST AZLHER W EF S HIFEEEF ARG T EHkF-
RZARIE B el T - BEBERLER > UREME e R R -

%5
X Azl

XX
7%2% 5 (73]

4 FIRERERY

B
s E B RIRTCEIS B LT RO ‘ g
DU B IR » SRR R A S SRR - St SRR E AR - 0<—_
- 165 RN 43 PR A BRAS 5
HHER / PR 1 R » MR R A - a/ 1 g
A~ B AT RS, - S BT - A A‘ﬂ I o<
BUFRIEE - LY o M1 AR B TO @@ JIAS 5
A[E)EE T RhERAI AL S i BT AR S ZER  RPBAEELRD 6 A B ()
BIEIEE R THURPELLECAHEAE - MRS EARARIE AT - o< ?
i AR S R A—HRE -
HPRGRRER - 97— SHESHIREE - 5351 A~ B A9 aHE - -8
AR R, - SR B SR g
I R - 3

" m AR EREE R )
il 3G 4 ’,' SR ~6
RS BT B0 0
fEEsHER R il g
ERE 3

< pa73

BREPTE > ARERBAE S A FHAYTEAL > AME (FBFERE) FHL

e~ e MEE > BEM T RAEANZARBZEREG - ARNEBEANLRE
Rk LRAEBEALERELEEARGEENE > AEHIRI KB L RFEX
R ER » RBA P AR TAEMGI T 28 o e AR R G385 85 ) Fo S it -

RENIL AREFRAHBRAT EREZEA»ZERFORE  FROZIF T
R — b B PATRF R a IG5 AR UAERH R A IR AE - £HM L BA
FREA RIS BB T IEEREREZIE > EMREER TR ZI R
WM MARER R AR EHESPRE - AARIETH > FNAFARKRERFTARZ
BIMAR - UBRMEEMREZIENEL -

NE REEHEE K

R AT B AN Tk o B ARTTRAMA TEX MR
Btk RE M AURBUES > ARARETAEARSMSELREEL L%
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ok AR A P M A M BE M B R ok o Hb > Warfield 7 1976 F42 H 2L X
(interpretive structural model, ISM ) #4403k A %N &9 2T E MR ALA S0 BA S - 82
GAHERA HN ZREMEMARE ISR B BN — REEERE Z 54 % ik (Warfield,
1982) < ISM &y Ex FZohae A " Epm A T2 R ey Bk > B @ di 3F o 0 2 R 64 B
fh > BERRWMRAAALEEBZ A, CGFR4EWREE > 1994) o 2 REHE» 1987
445 3 77 R R A kR AR G B 5 (MR R 0 2005) © 2 F L2 ABBFR R > R T EA ISM
Z IS LR R e B th g 0 A RACER T E B4

W@ 2 ISM 7 F 0 LFE R BAAE RN TR A F SR EE

FER EA R IRFIE A AN - SR E (2005) 4%t A1 A B3 35 AU A R & e B 1L

¥ (concept vector matching ) Z 777k » A& T = LB Z FRF] o b iAARAE BB B AL

FA KA 4 8 48 40 72 3 (fuzzy logic model of perception, FLMP ) GBI 7 ik #4788 4% - 1§ &

A RIS Z AR BRI =T T REPTER ISM 247 7 ik e 5 g & AR € 5k A
U EAE R B 2 BB R L S & 44 (individualized concept hierarchy structure ) e

7% > Lin ~ Hung ~ Huang ¥ Li (2009) ## LS X8R A % U3t oM o284
B MR RG> BESHERIBRE S Tt R e K 0 M
MO EG AN > X THE ) Ao ER  BAZR B SEER LB E R e
W SRS M A (generalized weighted concept interpretive structural modeling,
GWCISM) -~ Jbif Xl A & AR AR ~ WA R EA F SRR X I
MRAFAB A %R Gy RIBR R e & B 1% > 2 BB JIMb ey R ko AR B Fo B AR D 69 K -
EoMERBEARFETREBEACHMBEHRAL  URZKE L GBI OMBTER &
HEE -

BRI AR R EZ B HEA GWCISM EAT 0 « AT NBHIE
Hi@#2 (518 Lin £A,2009) » 2RARRT RS EZ 54 ¥R EBITIR -

B EERGWCISM A B & AER > o F - ETFTHER T BEAEANGEE
(n=12,--\N) 2#% > ZAREAM (m=12,- M) 8% wRK=7st5Ha R
RZPESR A4 (a=12,-,4) BEE
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(1) 2k RESEE

RRE n £RRNITY 0 RAEERERE X, =(X,, )10 = (X X050 X,y ) RF ©
eREm A K, Tty B RAE n RXEm e FsT Ay, =012 K -1
Nt 2Rk E 1R X = (X)) Nxh * BB E R B4 (reponse matrix ) * %a
%6°

% 6
24 RIESE R
A 1 ) %3 7 4
241 1 % 0 3 2
) 0 2 3 15

(2) RAaRMHsE

V=l R THAAEmAHNEHBSa > RZ A y,=0 - &
Ym :(yma)le :(ymlaymZ""’ymA) BRRAEAm AT REESME %E@Y:(yma)MxA

MWz BRAABMEME (item-attribute matrix ) * 4wk 7 o

*7

L iR 4& P & B #& T &

@ﬁn

—
—

=)
o
—

& | &
W N
=)
—
o
o

(3) M ER
ZREHNEMASEHET > Mt s4eR (ideal concept pattern) © $ A
e i A a X BHEHEM Uz kom0 z, =l raABMASER i AMAS a £
Bfgey s Rz > Alz, =0 i RBRERE 4 EME > Bibg =2 s
2 AR S @ B 2, = (2, )y = (25 Zio s Z) BT RV i =12, 0 L= (2ig) 1x 4

A% BRI A4 (ideal concept matrix ) e
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(4) #AUREER
A R & & (ideal response vector) I, & >~ " @AM A & Z, £ & XA NE
ERIEEE AT = iy = (s Tigs o Tig) R R = (1) ppg #2 S 2LRE
#6 % (ideal response matrix ) °
(5) AamEeEr
A8 B (similarity) ¢,,; (0<c, <1) A7 RXEn REAZ, LM SAA
RE > N8 7 Baismsad i e (similarity matrix )
C=(cni)nxr °
(6) HAEER
dy, & ZRE n £ME a WHERE (mastery) » D=(d,,) yx 458 AL SH B
BB o
WM Z AL 0 O B 2 X R4 E R GWCISM 8 TR R AR -

EC Y LcE A AR 4B
| |

2k R JESE
WA R JE4E [

e L NN

I ANAE 4B [
v
A2 AL AE SR
v
Bk 2 B REE R
v
B A P Z A B T A A B M PR AR B
v
Z Utk
v
ISM 5#7
7
# 3R AL A

B 2 GWCISM ;& 42 E (4% > 2008)
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B 2% GWCISM AR FARENLSESTE SR 5| RoT
(1) EHRAEER

N2k E AR B RESE M X A T E# AL (standarized ) 2H © %33R E n )ik

%&41&ﬁﬁg%u,(mmmM’ﬁ¢mm:é%H.aosmm3h

m

SX = (8%, ) Ny 76 25 ERUALHF 4B 1 o
(2) BARBEREH
HHAMEa B Z, R BBMERY =(y, ), ETHH > FRlatmsar
EEXBNELARIE  BAHBARERE * AL, =17, 1)) & °

R=(r,) s B 2 7 B A AR P s R FEAE RS » b H R A0 T

1 > (Zia)(yma):yma ,Va=1,2,---,A
V. =
R (I else

(3) HUEEHRAEERILEE

ERACE GBS =(sx ), BRDE AT, =(r ), 2B & A
WE EHEREcos) B O AR ELRA c I RA B LEE AL AT
0<cosf@<1 > ABME c,p; R ZIF R

(8% ).(1;)

sy |

Cpi = €080 = » 0<¢, <1

C=(cp)Nx AR ZRE R 7 BRI aT R E R - ERACABUEE %
WASC = (5C,;) yy &7 ° RIF o, BHREIHEI > sc, 93T BRET 2 AT Rl

#
(3a) FA KB, #HmRc,=1"RX, Er, Ak EAHAEPM (crisp recognition)

4 ERACHBUE sc, B ¢ sc %@ »

, else
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(3b) Hc,#1,Vi=12,---,] » QI X, #rihey & HEMPER (fuzzy recognition) * &

ERACABE sc, A

1
L mEER T RLEREHRL0<sc, <1B Y s, =1

i=1
(4) WBAWAREEEREEL

ZREUHBEERAD=(d,)y.,  d ETERE n EME a ORI -

Y

SRR T

3

D=SOZ)=y)is & d, =3 (s¢.)()

(5)  HEHOB M AR R & B B 15 s

AR FLMP 2315 > THAXRE n £ 4 BB 14ER (fuzzy relation
matrix ) F,(py) * P B THXREnMET > MbhaAhBbad By

(precondition) Z A% » ARX4TF

1 , d,=land d , =1
Do = 0 , d,=0and d =0
,)1-d,,)

@, )1-d,)+1-d,)d,)

, else

(6) LA O B 3T A A P PR BE B A 4B 1

ROBHEERNBEEF, (D) T ABRE (A-cut) » 358 = TH s

Fna :(pga')AxA ’ E%‘&UT :
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(7)) ISM#EBEHE

ZABRER FY A HER (adjacent matrix) > &8 ISM 4 # # B 7T 17 2|
ERLR LS HEE - B T &Y EMOHIEd T m EZBEK > BT RO
B LR AR

MARBEREXCERS S BNCHEA LT RGBT ~ IR otk R
CHET - HIER (2009) RBUNFREFNEFRM S X BB/ I EH K 0 B
RS2 REHERE MBI RABENL IR M2 EHE TEHA NS
WAF - LFRARAEAY ~ X R (2017) A AMSRBEBBE X RS AT AIRERKT
S REQLEMERRAR RBGE > FHH L AL E IR ETEE A BT
MeFRERBFTOFH & -

Y

sesh 0 AR F TS EIEARR R X 0 ok 8 o HSURR T T 4o AR T EUHKE TR
BE S RPERHLEPAENBMAERZEL ARYLSREBLBEMEE  HE
INZFBRBIRBEEESR B BRI IBHEESALAA2E L FARSBERKE
BAMS o Blamf Xkt (FEA > 2008) -~k FmAs (HMAH 0 2008) ~ HfTis
(xFHH8 > 2010) AA L X (BBEM » 2010) % - 7T & GWCISM £ 454 & & R
A LR BN - R BEARIARLRRAMASRBERE T A LR
ZERRZEEHAMARH > LHBMARHEE T FRLAXMEREZE - AR
B RBEEEE L MO a Mh  RERZHHBUHUEZLE -

LT GWCISM T A o #H sl 2 TS T E - ARESMAS IR e
2o EMEAN XM B - MBHEFESLE > LAANHEHUT L5804 - HRN A
RME o RN R AR FEfo 2 @A TTRAEHT R 5 1 AR A A% 2 38 A SR B
20 HM N B IE o TR L A SR RILAR - AR AEF P R FAR b R 4o
BEE 0 AR RAE A GWCISM #47 Bk 547 BRI &
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* 8

B 48 Ml R A3 X
X FE LA Sy EFE

ERS-PEAMEBMARBEBEANARESREA R T REEBMEX

2008 EE
R
JER CAISM #2 SCM 5 # B/ NN F 82 ERFMA 2008  #AA®H
JEF CAISM #1 SCM 5 # B /N A FR L2 LR EmE 2008 2%
Bl = 45 % B R & o BEAL AR B R R S 0T S BB R

2008 HET
HIE
AR R X 003t 2 R BB BT, A i BB 2009 HBE
Bl DB B RATIG TR SRR G X AT 2010 L HAE
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