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Junior High School Students Conjecture Geometric Properties
in a Dynamic Geometry Software Environment

Ying-Hao Cheng! Jian-Cheng Chen 2 Hui-Yu Hsu®
L University of Taipei
2 Ming Chi University of Technology

3 Graduate Institute of Mathematics and Science Education, National Tsing Hua University

This study investigated how junior high school students conjecture geometric properties in a dynamic geometry
software (DGS) environment. Using the proceduralized refutation model as an intermediate theoretical framework,
we particularly examined the process and the difficulties that students may have when conjecturing. Specifically, we
referred to DGS as an “example generator” and combined it with spreadsheets to support students in conjecturing
geometric properties. Atotal of 15 seventh grade students participated in this study. Based on the qualitative analysis
and quantitative data, we demonstrated that (1) the complexity of the relationship among measurements involved in
a geometric property and the possibility of visualizing that property play important roles in determining students’
performance when conjecturing in a DGS environment; (2) being able to effectively classify geometric objects was
the key to successfully perceiving geometric properties and relationships embedded in geometric diagrams; (3)
decomposing and recomposing diagrams aided students in recognizing embedded geometric properties; (4) the
ability to drag a geometric diagram into different shapes in a DGS environment did not guarantee the ability to discern
supportive and counter examples or the ability to use those examples to correct false conditional statements; and (5)
alack of knowledge specific to DGS environments, particularly those related to dragging, hindered students’ effective
construction of diagram examples. Additionally, we identified three types of conjecture approach: induction by
randomly generating a finite number of discrete examples, conjecture by systematically making examples, and

conjecture by dynamically altering examples.

Keywords: dynamic geometry software (DGS), geometric property, proceduralized refutation model (PRM),

conjecture
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B A=

— (B H B B SRR T TR LB A T 8 B B Ui - e S B e R e )
B RS E IR T R S SRR BRI B R (ARIEZK > 2010) - FERERIHE T -
AR B ~ i 2 BRI A S A SR 2 — - U505 2E T LIRS B R R R PR
T2HYERE (backbone) (Mason, Burton, & Stacey, 1982) » JR/E 3% R ¥ERRETJHVEE BT - 218
SRSV A R £ E S BRI S - AN REEABEMSIE - BEEFTE
RO ~ e [ERERERRE T WA S E R AT S R & IE VR R - AT A
BEmEs AR Ry 2 SR BE iR 02— B0 > NCTM (2000 ) it il Edsmat e 5 52
PEELER L MER HEEIIEN DS - Ea4MEE - BUNEES - sRE B EZ 2 LR AN
BiZmao V2 E % (Ball & Bass, 2003; Reid, 2002) - iR Ed R 6 2 H AiHES) T RS
BEEELHERBNERE TR, — -

ST RERY PR 2R 8 B R TR ARG B S R A LB R - R AR Bt 2 B iR M DU R e B
smEgHyt&er (Lakatos, 1976 ) - EhFEL4{a[#tEE ( Dynamic Geometry Software, DGS ) FEJEZLEE 4= £
FEA AR ~ BRI St 2 (oI M - AR AR 28 (T RHRR AR © AHHSE sy 2 MM EE 5
B/ NERIE DR ES ~ EH -~ 5% - BEHESR - EEMNS [HEEERIENERTA—E
AR A (if-then) AYRRCFamRERIL - 2 AR E IR0 - HG AR s
AIRTRITR SR « RIS EEHATIUE B K T ATV A AT AT IS 77 W
(B =1 - TRETHIRE AR BRI 5% 2 R B 22 AR BRI AR ST e 1T 24817 2 A 4 (Chazan,
1993; de Villiers, 2004; Healy & Hoyles, 2001; Laborde, 2000; Mariotti, 2001; Yerushalmy & Chazan,
1990) - 75 SLAHFEAME T EIRE SRR AR M - B2 (Bl 2 B &)y - DUR G BN 2B B 5
BT 0 [E)0F 0 R EAZEMIERZ E PSSR TPCK (technology pedagogical content knowledge )

(Koehler & Mishra, 2009 ) -t /2 Z AN (E FRH T B EFTEERE BN FTE B HMH B SEERIAE -
fEmaR = ZUEER AR TR - fesm il T B ABERARG Al FESeBRA e R R T A
ERAE » TR TR O 8 - SR T BsKE B E CIEMEEERAIE, - St seai R ETHY
Rl \ B ER R T B AT Y EE SRR 5 -

Sl BB R [B] Z BRAE R & T T - (st IR ARESR - 56l B B8 T WA ER e
£33 Fischbein (1993) gifztHiEFMEE (figural concept) Zeftiali(E ASERISAIAYEEEATE - fifl
Ty 5% n] &P [E s BRI E RS ME - g Sl NS B AR AR B © 122 R (E
NHS LB A LRV EERE SR - (B R T SR AR ARRE o ST B HY R E A AR
F o 6 DAL R BB - HEFT2& oI HERE o Fischbein WYEIEAL S Z G E ASRAIERL T3 - Rk - RE
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F (I G S AR [ 2% T T 3ok T BB 2R R IRV BT AL, - $221tt » 2255 Laborde (2005) 2% o/l
TEAR N 5 — A [EIAVERS - B AR R AIEIPAYIMERE - @RI B AYRItEEE © Z2[HE @
MM'E (spatio-graphical properties) DL EEERAYEE (theoretical properties ) o 25 f B2 M-S 215
EPAYIMERHE - TR AR E - Bl EEE P EERTFGREITY  BmayrE
EREPA SRR T ER SR - G140 - BEAEP L AV RBFoR A0 E f 90 & - £
& Fischbein 71 Laborde {17 HHE SRR B2 i 52 35 i =& el P AB Y 722 22

{5 Fischbein FYBRSACE - 5% mIA0 R M0 o Ay S B2 A2 [RIRF RS A (T [T AR S 1 B TP
e > CEERBISIES B - BAEE R EBET » BIPASmEy S R -

It - BERHASE R R R B 22 A B LAY 5 (prototypical images ) » 77552 B2 4 RS BT &
BB AERE LR — (B TRIFE B o B — DA S B2 A SRR T 10 R R[S 54T B 4H
BEMEHIEEE - RtERTEER B AF (discursive apprehension) » [Elf - A SR AERERIREA
[T HEL T ~ 4H A BLEERS » R FTaR R E I3 % ( operational apprehension )( Duval, 1995 )-
€25 Laborde HYBIELACE » SR MEZ R UL R 2o & 1y 2E R BT AY BELERER Y R0 © 525 Hsu

(2008) TEHEMAAIEBERGFTH » BEHR I BENBER AT T O R St R A B AR (i3 - 2
e B EER—EEERREEANA - (HERTEAE ERERA  BAERT BITHEmIL A
FE R B o FREis e iR M MR R > o] DUB S S 2 ST B AT T AU B [HIES
IRRESTinBh B2 R IR e 56 0] 5% - I » B2 Cheng i Lin (2006 ) FYBZERIZHH 28 B okl - 51
BEAFELBEZNAFEMHEAOTE - FHESEROT RGBS - 2788 o Bhi
TR E B RIS AP E T2 A S AT R -

B AR A4 (T BRI R — (P2 AL 22 A4 It g (B P2 1Y B e B 2= T[T P 14 1 > R (medliator )

(Klaczynski & Narasimham, 1998 ) - &= m[ LA B E2 A= RIS MG > T HFE R BITER AV E TERE
REIREY: - EE S AR S EEm M B AR R EEEHNAMEE > EthitEeE
Laborde (2005) FaRHY(m 1B B RET2EE T ATtLE BN EM: - AT oiT
RS BRIE AT B ER AR PRE ~ IROMIZS{T 14 (de Villiers, 1999; Laborde, 2000; Leung, 2008 ) -
54N BRI Bl s Eh R £ n[ERAS YRR IIRE (Arzarello, Olivero, Paola, & Robutti, 2002 )
SR HIETAE (Olivero & Robutti, 2007 ) » ST 78 Lo ThRE AN (] 8 Bl 22 AR STl s T 14 B SR 2R
ST HRUHI « ANERST N BN RRSTTHRAS - (ER[EN S LRIRSE - AT B AR TS E i 5y T 1
TR ) kR A MR LA IR A L A P S RG] T B R T
—EEE USRI - 225 Arzarello %\ (2002) CLE5IR{EFRALER L BIRRATERIR - R—EREH
ARG 77 B AR I g 5% (o] PR B T RS (T HEOH > SRR M BB A A (40 - /A& ) > A8
BT ZE R TP 14 S BB i P S 2 A B © R AR B S BN RE A RS B B R =
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& o BN AT AT R A RS - SROUBRANGE) - DUe SR AR e E ST E B HAE -
WA Ry

BAFERSHRAMETER " OlTE LS ) SRR ERRETT AR 2
HOrTREBFIHIRE MR S Ry o] 2 S24 SR WIREE A [EIHIREHISRES ?

R\ ~ SURRERET

— > BRI
RO SR T e A e EE Y A (8 - £25% Mason %5 A (1982) FIIFEA (entry ) ~ jEEE
(attack ) FOEIE (review ) =F&ELAARMTEER S AN I it R TR » At (M R g ey 5 FFE
FE P LN A A A (58 FH Y EE AR e F79k1E (specializing ) Bl —fig{t (generalizing ) ~ BEH
(conjecturing ) B2HY(Z (convincing ) o [ PO {[E AL A Bl R (S 22 R R e B e > Lrp iROHTEE
EEEREENL - EEHER - RO EEE MR AR SRS - PR BT
i REPRAZ T S FORRORN > 6T R B RSB 1 (B S A T N A R AR =B % - B
SRR ORI AT RO B GRARE  ETEN ~ AR - S ESURE BRI - fEIhE
e (ERSFTR RV BN A —E /E - (R ials (BRI - PrEsk - 1998)

e TR E B TR IR ARRROAE B AT RV EER NS - B B SR R A S AR T
RECHIAY > B25% Cafladas - Deulofeu - Figueiras - Reid il Yevdokimov (2007 ) {352 8B 3 G 15T
GESLE TP RN - B A TR BIER4N - BhREZEGIER4N  BiLh - SR
PERROHISE A EIRERTBRZAVRY o fsh 2 — T R RN A AR - B HE R
Bt BB S » A Bh B AR TR - BUAS ST i BB A R B Y ~ ARV E— Ry 201 -
A REA ML R e E RN @ - 2255 Lin 81 Wu Yu (2005) {5z EES -
fRIE PR RUE R (Proceduralized Refutation Model, PRM) (4l 1) - ‘& /ERROAIZER sa 5
HEmEAER A H B o HEE—(E D R B TEER N AR R 2R - BT
ASEERBCI R RS > T PLEESRAI vT S, 2R AR R BRSBTS I A SRR B A 1%
AR EARHI FERE > FEDAY MR A I - HRONHE 2 RamadiURe )y « pb=ny S8 s/ a )
& (1) HETEASER G - FIKS e Al (2) BEmAsD 2L M i i > (BB AR
ERVEBIRTERD R AR RE 5 (3) ZENBIRhE2 R ES B2 - A AR 224 F8 TH & AT 2201

(4) ZEmteigrmE g2 - DU R AR @ W SR IR SR F LR MR 2 5 (5) BATELE)
B84 FEARRRORI » FDUMRHERR AR L an I B > DU SHHIRCHE Tamas - MBI a2
SBhERA: FEhTR A FEEAYAY ZE 6~ EBNE RIS BB B ~ F Bk S RF BB B 1A~
FEEERCH LSRRI -
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S A o / 6. Z1E4GE RO IEMENE
2 = 5 /A

I [ ——

1 B E#E (Proceduralized Refutation Model, PRM)

=~ (EEIRRERAIIRET T RS

H s RaR s Zr2(d R BhRe 44 (e & a14E Cabri, GeoGebra, The Geometer’s Sketchpad, The
Geometric Supposer... 55 » j2 L2 mIiAGHT AT LLE R " BIIFEELE RS 0 hBD AR RESIRAR RS i (R
(ER A AT 2L - BRAEAT T S S 22 - A RRE— U R B EE SR AN T P AR AT S (T 1
g o Rl B s E A e E T B A (iR BRI (prototypical examples ) ARE TS
fitiz B (conceptimage ) (Tall & Vinner, 1981) - fE S RIFIHIRACE - EHREZG (T HHE H b —{H
HEYRER S e A B S A EIE A+ - EFE B RIS E S ] SRR A R
(T ZE Bt 45241 (rigid transformation ) (Leung, 2008 ) - #tjahsli - BIREA& A BRI}/
BRI S SRR OVERIRES EACEER TR AR LAZ TuE A ~ BAERE
e SEREHIRE 2O 0MEE -

BHREZ& (1RSI 2R AT SE PR (B 7 =N B2 AR B2 A AR R [EIRY 228 - (10 » 225 Laborde
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(2001) Bz i & P2 EME A Cabri @ A GREFEEZAVEIZT - $2H Cabri B ARH M E
HUfd » EEETS S RAEEL - AR (1) B © BhRes s T 2w FHE fEmeh it
BHIMRHE A > (B A S S A RSN EETRARE ) 5 (2) TERIEH] - SIS mERmi &
AR BN BB R AR M (10 R =T (H=P R —RN A2 2 ) 5 (3) TRk
MRE © BhARA IR L T BT OTRENE » 2E1 o] DA S i B2 A B TEATTSS » TR R R |

(4) BREGwE © SRR MIRIEA S B2 AT ACHIN BN > B A SR 26 AV ELRE - [E]
%y > Laborde (2005) iit@REse [ EREE T HYEE 22— B ERAE » HE R REEm
EAEZEL - TR ERFEVRGERL » FEEZED A S E S SRR RS M
AT DL FE HHE R SR A S L 23R -

51 B2 Arzarello S5 A (2002) (&7 HENREA{MTEREE M@ 468 (dragging ) 175 FTAE
REVAR EIRERITIAG © T8 R 5 (mT B % e (B Y B A B R A B A2 & RIE - A
TETE T RO o > R YRR A0 B Ehie W R A2 © L FHIEFE (ascending processes ) 1T [ 2

(descending processes ) - Hrft » FFHERZZFEENREMIHASHIE E & T IRREFEFBSE - 455
HERRENE > EEREP R mIEREE K2 THERSEEEENERAE R T -
BRI E » BRI R R AY S8R o M S 20 TR A B R — A
1T RRB > MR BT Rl 43 Ry R BRI 1T v RE AP B AU AR » B2 - (1) FEAeiHE 2.( wondering
dragging) f5#E S A G EHEISIY - BB BRSO LY —(EEETHES > KR A S/ O (s
BRSNS AR 5 (2) B5UHER (bound dragging) /&= A[## =% (semi-dragable point)
(IEEEhBAR - ECFTaR - ol e RS A 15 (E R A L B (- foass - LR & AV EsH =
e H T HE VAR B S & HAEREA - (3) 58H#E=, (guideddragging) & TR
S (ERRE i R B A AR OTE - (4) BEEMER (dummy locus dragging ) RILE £
T IRFREE R HEERENE o R iSRG BIEEHE R RS - (5) LR (line
dragging ) FAIEAELREE -2 B VB DUERIRF BRI - (6) 45 HERY (linked dragging) 2HE =
SR —EEFIEE L - (7) #Sia%s (dragging test) #i= ]S Be# 2 nI RSB IR %
S B EE A DURFF AR IEE - 2255 Arzarello % A 102 BARER BAMR S A SRR A1 T )8 L
FHERR 5 USRS N IEEAE - HARH AT & TEHE R B R A AR - TSR AR —
ZHEERZE B E VMBI RN iR 2T RS E IR M 7 N - TR
ST EAVE A TR MRS -

RS AIERIRER T A A BIPAVINEESL - IR BN E BB RANE - N BRI
HHVHE(E A - Olivero B Robutti (2007) fi5H % HIE [FIFF A S EAE - AEHE Y
S BRI PR REE M - Eorp > SRRV MR TR IR T E T E AV E 2 4R Y -
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BN - FERE=APRREIE RAVIEELNEMS | FIENAHE SR B RRaR 2N &
oo MIEFTSEIERE A FTRE—EHY AR ERY - FEREEARER - BhRR(THRAG R (LAY I E R
BEAE - e E B R IR M BTSN - OIS FTerB(E A S e
M 2 o BEIVE R ESE R A E R - A ENAEEMZ LA - WfEE
DG 7 S A E FRF AR R BIRE S (RS - AR b MRS AE 2y or G R R H AL E
5 HH PR 28 m] Y4k EEFE = o0 - Olivero B Robutti (2007 ) $EEE Arzarello 25 A (2002 ) #3246 ELfE
= > &5 A Laborde (2005) FrigiEIZ#=EIZ=HE I 4EE (spatio-graphical properties ) A1
s PE (theoretical properties) HY¥SE - &5y tH M FAVER R E I EHER - ARETHIE
(wondering measuring ) ~ 5 [Zf[& (guided measuring ) ~ &1 & ( perceptual measuring ) ~ E5s6
A& (validation measuring ) ~ s5HA A& ( proof measuring )

FFHBIRE ST BRI i B2 AR T RO ~ A TR R0 F1 5% RS AV B R 72 2R bH
ZeiteEs (Baccaglini-Frank, Mariotti, & Antonini, 2009 ) - S5& |- » B4 {FEhRes4mIRE T~ - 1T E]
AR BRI - 1 BRSSP E Y e A T 2 2 e M Y 22
H o BANVH T RIS - E R R M A eI B ARG AR S 2 > A RE S
BARPEMEENE - fIa0 - S4B mikie S L —E P TIUEP R ES 5 - BIESEAE
HIEPATVUR P S EE A AR AT - (HEREINEIPNT - (5% DI A R A
K TG BAEEATH  MIFEIEREE G AEATIINET - HINARIE TR PR 2%
PR RELHRA M E AVERA: - B ATRe A i i B LU R B B Bl - Rt - 224R 3R
(S B RR A (TR &5 H— (B AT IUETY - REAIE TP ER (11 $HEFT) 502
FASEEME (A1 HAEGHE D) - WiE S E RS E ETHE - A e TSR
R B EL, - SR (Duval, 1995) Frasry#&mlF & Fr ek ey ey (sequential
apprehension ) »

FEBNREHRAGERIS T R 2GR R A T A B B RR (VPR - AL - 65
HEFERTRE S IRR FERR S (T Eot B S HH & % - 525 Erez B4 Yerushalmy (2006 ) it !
TEA FE R B MERHE ERT U AR > H— iR BT TR EH R T AL i 24 s 1 >
FUE B E T H ORI ST E AL Il - M SRR R S TR (2~ MR E Bk (R - 22
A= P E AV ER A AR SRR h 28 (TR~ MR BRI R B AR HL R R N2
HFHVRMED - RN A FEE A EEE AR A - DU B R e 2
TSR HVAIE - (Rt > B2 A A THE SR B Ras 22 A T AR el T2 P Dk Y B B2 28 mT R ~ PR A
{% - Erez B Yerushalmy 55R S2 A4 4 FU M\ EE A A 2& (ATIEN T - DV ASERES M T SR AT Ak 2 HY
MR - M B (A - (BANRl iR BN SR 2R B SR E T P A AR Y S FE R R E - 2 B
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FR S (S 1 T 2% o] SR BB N A T 1 S Y B L o B A BN S I BRI B A HE R
REFT N ERHT ST R B T TRRON - Ui R G 3R B2 A 0 Sk L ot 8 T e ER A S Y 28 T R B M
BRSNS o FRAIEEE Arzarello 5 A (2002) FEEHY EFHEERE (ascending process ) » (¢
R E HAE R S 1 R [ - SRER A A i SRR A B R TP N A 5% (e A & -

B2 Baccaglini-Frank % A\ (2009) 23S 4= (RIS P B A oR B EL TP R S M 2 A IR 2
TRy T o3 B2 AR R AITT Ry BB R - REETE b o] HE SR A BL L o) Ry ASHEES (base point) Eilf#
%5 (constructed point ) * A 245 AR HVECEHE R AHISRATERL 5 128 24a HEEYIsc & m
TERCHIRE - T2 B YRR AR - WA REMHEERAY - MRS RAVER: - Fraiy B 4SRERY
M U TEHE BRI ERER: - sz B B A RSO REENEE - FreEnfEhis
e[ ERER R THRON] > B TR A BB AR TS (o B 45 3R BT 45 RE TR 2 1 Pralinya8 BA Rl
EfRRE RPN SRRV HEEE SR 0B - R - 523 Baccaglini-Frank 55 A\ 3B E 24 5%
B &GS FRREMERS > IR E BB RRI AN M - b2 AR S RN e
TBVELE - M A)EEsR o (EENAR 28 (T R 5E T 7 AE N RN S 5] 7 22 4= s S 1) 3t 268 7 21 56 B

(Gonzélez & Herbst, 2009 ) -

=~ Bl EA SR —BIRR A IIR A Rk

I FE SRR T IRENRE 2 I ER IR B 22 A BRI (T M B B R IR R S (T M - 2RI > SRR
5 B A (o FH B RE 28 (T BRI AR i R 28 o] R8T RE IR Y (R 2K - (51150 » B2 Erez B Yerushalmy
(2006 ) wiis HENRE 26 MIERBEAVHE IR F AR - R AECRES B2 A RN R 22 B B 12 Py SR A
R - B2 Arzarello 55 A (2002) ¥R EhREA&AIERER N &P #6573 4H - B Olivero B Robutti
(2007 ) SHEFENREEAIERET TOHIEHY 8 - FREREA T AR BhRE S IR N - M1 & DI EHY
A EL I T &) (RER AR AR B HIEE L - SR A S BN R 2 B IR - #E 1
et it [l P G R PR e Y R el . -

HE L TR AR B RR S BRI T DU B B2 A A AR ) MEMAE R BT TH
LR ETREEE o AHFCREMKIGIL T 1A - A EAISR B AR A R B2 AR B AR A AR 1Y
THIFELERS  BENTIRADT =B

F— IR TR & R A Ae VRG-SR RO RS A Y R RN B 2R
HERRHVESE: - 2255 Michener (1978) &y 1 HEIR AL A% (understanding understanding
mathematics ) » £} HH BB ARy — (I B R 22 [ 45 - tE=22R170 A2 (1) 455% (results) Z=f] »
B EEGREREENEE TR  BEEREHE (4 2R EH) 5 (2) filF (examples) Z=R
BIEERBARIARE RS EH . G4 B E 3,4, 5 = A E A=A (3) & (concepts)
72 BEEERER - RV SIE L - mE RS B EA=APREREE -
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4% Michener R HiHY =B $EHBZE RIGEEKE - 5B EERIRAR & 20N ali DI+ - 1 B AravE
SRR TR - S REER =F > HEENZE = EEAEEE % (dual relations ) » 774
= EHH BRI ARV I L RAFHVECER R AR o BLDA 22 [ B4 R 2 R R BB R A R ] - 5
B (5 P DU P AR SR BB 4S SR AR Y 2R 0 » AT DUZ I ZRER B B RS RV 201 - BUEIRE
SHELPRTEE YR, .. 55 B LR (AR T BAS R R A (N A Bl Bt - 55 BLASARER
AU TRREH ) BEREMIITTE 0 EHEREFIZEMVEHERGTIREE S FAE R
(WER 3~ 4F15 N=MA) ZFIHERNEENE  SUSHIAZ SR kHE R AEBRLSEH
BeEEHH > B AR T RIUEH | AYAER - BB S B ARG IR DARRs T ERTLE
B AYRIRGE IR - RO, - 5940 » IO R BRI R ARG - e e AT 2 R4 ~ B
RERVZEBER B LT BRI # AR S HIE R 2B R REERE A RE M TR AN B LA HE
o Nt B E AR E I EE HIEMERYZER] - SRR 2 E RE S R DRI 0 2% (T 14 B (4
Y ZERASE - i - EERESE S E 58 R (R EhRE A IRIR I Bh A DU - T H 55388 5
FEFEEFEYER A ARER - (e FH R A 2 L Y TRE 2 BEIRRY ~ NG ERVEE R ERERY - 2tk
= 240 ~ SERE SR AR IEREZE ] - EREEN AL TR -

BB FENRE R B R AR S AVIBURG » SRER R A B A AR HUE R [E]B ME ER [RH
BRI EBIRESEM: » A RE RIS E B SR &E RV ZE G o B4 7 H i+ 4B 25 L S F+F
BN IE 24T a1 EETT A [ R ZE R i M B F i #E DB 5 5%
fafapr - [EIHFIG R BRI AR - IS ARNVERRG L H ATEhRE 2 I BRI A AH BE SRR P (e 2 A= 2551
ZERATEAE  HERRP R (PRM) g SR 0o~ et & - FE L
2 — (& PRI R KA EE) - B4R g <2 B (M5 (prototypical images ) Ffrs/ % »
it 2 A= Y ZE A8 SR BRI ] o A n] A R0 S8 PR RS R T 2R 1] - 2= 7R (R B2 A S0 A% AR
MR - RS EE —HEY B R T B EIR EORE A BT - SUET A=A
TRl » B2 VR R E A = AT A WSS —(E A - oAt i e L R I R A2 AT 8
Y AISRAEEAR 1= E B A = AP N VBRI B AR EIR(F - B2 RE S I (e P e ig 728 HY 5 A
FEBENEA=APEY WEREA=AE GRS EE & — (B Ry -
IEHER L 24 AL FET o $igsEaR o B2 AR B IE R L 2% (nl BT 220 ATk B R 4% [
T TR 0 5y fRFIEE4E ( decomposition and recomposition ) - £25% Cheng £ Lin (2007, 2008 )
EHEER TR AN =7 2 — 8B A A G R & S R WS N EE AP R RV RIS TR -
HRETEER - 48 LR R AR A A B ] e L A B S8 HH R Tl DR R A [ P S Y 26 T MR
A PAAE ST AR o e o B2 Hsu (2010) #E—20 50 BH A S (mT [ T2 WY 1| 58] 1 B 2 i
HYEE L RASE - 124 aE BH T B ol 3+ =NAY & 1 - [E18F - Hsu s FRE PR S B &
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BUER A (IRRAFER - B (SERE B SR R 28 for R A TR - BREHi5e5E (2010) A3 » B
AR BRI EEAE = AR T = AP B BT DA — ([ EE A i = T = THE
EAIEMERRES - EQU 2 —/Y 8 FAREE DI =L FI=AP ke - 49A N
73 Z —HIEA E G IR A = AT KR 5 - RS EE A TR ZEE - REHEARE
KN —RATEFF R = AT « E{E&E RN A SN = AP HIE S G o iRy - 22
AR = AP B2 MR iz - R E M Z R = AT - 22 E A
A P AR =T -

= MEIRRIRE E BT A A as HVEIRG - RIS A SIS I B (i A E HOERE
i A B B RIE T HYZE B o BENERRS A BB A G - E 2B TS R i ST R
REETTA 401y HLIERERYZE TR FEAIZE ] - (R B IO E SRS 45 72248 08 - A RERThith
PHEIL BRI SRS AL - EBhRRAR IR R - B2 A I S AR A 3w L [l T 22 31
A6 BEREE B2 A RESE HIHE SR AR AY ZE B Rty 2k [ AV BN FIHY S o s« B b - 8T
BRI ETPARE  NEMECRRIG - B NEMEER A 5 7R B B Ry
EEAREZES - NIt > WEEIVEBZIR S ERIE LCR E S T BRI RE# - R EPE
FEMVERYE - B HRHEED R EEIE(E - N EEAVE LR AT RERV S M M E IR A S -
AWHFTRR Ky BT P [EIF 45 00 R E BLE PR oA HESS - s [FE22% Olivero Bl Robutti( 2007 )
FIRAEA S BB E BN - BT > SENEREIP R E B2 A%
fAIRHEEMEE - BN A DRI B A AV A B K BRI SRR AE R - Nl - IEIEE &R
RETE R PReE R H AR - EETP ZMNMHERE - F—(EEP AT G R Rry 2 o M 2
AEFETRIR BN ZET AR ER T 0 BB AR FTRE LI AW SR L 2P (Fischbein & Nachlieli, 1998 )
B EP A SN ERE R - B TA VAL MG & [H SR 22 i 8 (B RR (A T T PT RE I
By - R - BIPBLRIEREEE - T2 BB RS 7B - Rl Eresea B4 4
176 BEH A 2Lt B M A 22 5 (T 1 - 18 S — RSB B BU S VR (4 > B b
HEE AT LB N EE 2 HIR (G » S ERR AR SREUE AR (5 T R Rp—{E 8
= MELE Koedinger B2 Anderson (1990) #ifsHiE RV AEEA S B FEAHEE M » 2o
i AR R FT R M B AV EE - R4 R E A BE MK - ¢ Koedinger Ei
Anderson HVERLACE » 5 26l Bl R 6] T 2R SHE T2 A B (U AR i S nvs eS8
BRIV EERNASINEET RS A EIRERM T HlFEA RS IR - 5SS A
AIAREIRYZER » HETTEREEA EISR 20 2 FEAYAE SR B EI M 321 - ARBHZE 2R i Bh B2 AR 4
GEZECISNEE M ERNE  BEFIS AR LAVINARE - S5 AR B2 R B 2 BB R R
%194 AT B (Haspekian, 2005 ) ©
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2~ B
A5 BIERSE T EBISBLRGET - BHIE G Ry E R eI R B T S 5730 -

— ~HRTH

AWFFEARIBAR P R B = (PRM ) Ry BRI 225 BEEL 5T o/ B Em 224 (intermediate
theoretical framework ) ( Ruthven, Laborde, Leach, & Tiberghien, 2009 ) » [ EfjfE £& fal# i By it/ T
B B EG R E RIS EARET - RS » = (22 H B eEE » LR
#7538 ( conditional statement ) ( Selden & Selden, 1995; Wu Yu, Hsu, Lin, & Chin, 2009) 9= 25 -
B2 BE B B HRR I 26 o (i an e Z2AE RRIRCHNG PR Hor R B AR (B S 3R AT s RE A - PRAHT
FORFBNRE 24 (TR S E (i BB B T E A o8 » B4R A 7R ELIH B RRSTHRAS R R AH RA KO3, - 0 -
FIRSATERMEE - BRAFEHREA [ His oK E i — AT IR - B4 R HE G E RV EE -
FEE R E AR E A OB 2B - 5598 - BB E R R R T EEE T
={EAR EI T E RS E . DU AR AR A BhRR S ([ ERt h LS ZE ] - heBapdiinan -
Bl ImtE ~ TR e S AR AVRR A0 T By ~ RONISRIREL AT RERVERE RS - DUT 43R =
(R E B TR T
(—) e EE

SMAEERE R = AP N BN E T REE R — o I B2 BEAVERET AIZ 4 E — (a7
S E BN S e e RE Ry R » B PR A R & 2 ¢

TAAE > FEERE=AE ABC e 21 HYAE A
—EFN L2101k 2 ARIAEERN -

2 S EERERE Ba e Y SEER AR K M

Wik 2 Fos > 2 E B RS RSB RRN=APh 21 - 22 2A =(E/E
Z RIS - SoiE i MR A TR S e - S B SR B MRy L E R B s aR
Al > MEAEMAERI S e Ao — eam AR — - R e R Bl -
s —  FEE=AF ABCf » /1= _/A+/B
Rt — ¢ =M ABC i1 » & AB=AC > /1= 2+ /A
AR AU — 2B - SR BIRRARIERIR T (S I EACHE BRI = A & I an R
(HhAEERD) » kB2 rE AR AV ZE IR By e (R BB - B2 A AT i H O HEYZE 5]



BPILE - PRIZEK - BFEE BN AR 2% T EXRE R B 2R AECBIEF 3T 13

i 22 Bl L S — (A M B E 2 PV RR (R (F 2 SR - TR sE R a A4S RR M R
HE e RE o mhap ARl AR - SRR R AR =PI SRR st e A R 5 fﬁgﬁﬂf‘?fanb%ﬂﬂﬁﬂa
SR e AR LR TR B B R S an AR R R B iE= AR O R ER =

T E SR R e B R e RO — - Wt A FR =AM ES 858 1= 22+
ZA -

FEENREAR (IR T > IR EIC G I B R R JefR (S — M E R = - 41 3 Fr
o FRED R = AP S RS RAEE - 824 0] DUETEP fi Ao (A TR A -
AREZ AB Bi4REr AC » HERTHBLERARES A nI IS8 - MEmER A1 SR HY S TR R B, - = AP 1
Hy AR RAVIEEE G 2 s -

u‘jb u”i> ll}/i’T

14.6 cm
1%

B 90

3 BYRGAR(T AR RS e B T Y T EE A

(Z) =ASNERREE
HME B E BRI ek — (BB = A SME B A RHR S an e R R kg5 - % SRy

BRI T [ 4

Thz 259 > APEe 0 R #ean? BREFle 0 F

- BRI B EDR] o

B 4 =faRsMEIEEE T B A A SR e RE RS R P

Qe 4 oo LR B 0 H AR A S B A RS e 2f (0 e L R S S REL R S
HEMEEPITRZHAERRVEA=AP BAiie T - FfiRadnviie, gEt > witen
A=A REA=ZAPER  &RENTERE A RERS M = (HERHIE -

FEENREAG MR D > Wit BRC S E R - Jefe B A —(EIRRR = AT » WAEEP
PR =APRTARAENENNEE - 258 5 NH=AF > #E > 2ARRER =AY
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E—THRAR B B R A EN =/ - EPERERE - Fri ARV EE TR X
5 o EEAMREAFRNE AP > MR ERE AR RE - WA G EEE
ST DR B PR B E O H R RE B ESELE > 8 5 S4B R E BV GRAE
BN E R - ERAET T RPN AP ESE S MEER - = A BA Mg
EEEWECY - WEFIRGEE =AP% - FEELETHRSCEEY - PRI =AF > A
REAFRIBHN = - BEL&REREEVE - WGBS S = (8 - fhiE
BIREA TR (L A T =Y B RS i E B R E A AR R B - (ERESaRi L B ZE B 28 (TR i
e AT BRI E R = AP ay s = (E R E R F B b - AR =
AP EOIRSEEINEERRES - (e E % = AP e BE TR B BRI = (8RS
[FlRF & AR BT H L RAVE (=APRVSMEED) - [FlF - 2242 0] DU R L HE = Aoy
—(ETERYEEAEE L~ B ~ SESE -

[ 5 BhRR&MIERR P4 R =/ NERY VBT 5
(Z) EA=AEME LNRSEEE

HA=ZAPRE LSS BB A/ e e EE S Bl - SRS f
HZNHA=APREIREBRIE EEHYATRER (7 - [FIREHY > Sods — (8 sa an Rl Ky fLES -
st A ARG T e 6

Th- B2 4=z425¢0 » BB hF ENAPE - L o

6 HA=MAFME LATSEE RS E RO RIL R M E

WiE 6 o > MEEEAEREENRERNEEARNVE" =AY - LR EEEL
ZEBHIREE EAYEEREE Z B - el s E R an RO & IEHE - AR IERAVIIEE
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B G ELAN FF Eak an R IE GBS (] - E24E 2 BUS (B2 E BRI o B E R KR (A
FRR TSR AR [l A L IR g R R ~ BN h e am R IR ~ DUR B aRR an R &y il AE
TEAE AR RERY RIS R TAF -

o = (B E B IR BT 88 F 05 R A ER A 28 (T 1 SR O RV IE] © fEBIRE
s AR S S E B GRS — (RIS E B A E A = AIPATE -
I L EE SR A F A E A RS RATHEE - 824 HAESie RIF E Ay RS E - H
ERAVEIE BN R RSB B R A PN R R ERNE ERY S Z IR ERT T RERE (4

(&l 7) -

b

7 ERRMEREEA=ARME LS ER &R

TEXN AT SRR ER LR 2 BN A8 2 e ie & R s AR 2RV TEBNRRS RS P HE =G
AN—EGHE A EATEGELR G - EMERE N EAER FIH N » AMRENEIEEGHHIRE
HlaRE o R > EHAMERE E— R N E R EIRRAEEe SN - BB B T
BHyFRAS - AR CHRAESNED 2 AEEGE RAVIEE - FREEERERRARSIE
R EUE < FERVRHE - NEMEER G - TR B4 E S aR e YT iR e -

527 Boero (2006) 30 /&—f%{t (generalization) FRZ(E# HANIHIARE G = HILiH
T (commonalities ) » [tbAti /222 AR TP I G LY ME 2 B - (R - = (7B E Sgie e 4R 50
FRFEAE o SRR B RRSS oA 2 AR BT S T R B ECEE TR » FEH RIS 241 B
FEMERYFF =L (Haspekian, 2005) » {7 Bl B2 A B 28 & TH A DRI S AE 2 [HIFV 2 R M et - 31tk
[ZES R A $ERR AR el ap e > AEH IS CEER H RN dafE - BELLS A E R BEAYRAR Ryl - $2
HLELA: [P M S AYECERRAS A T & 8 A » B S B4R He N HH BT YA Bl A e S RAVHI S8
RN E R A g R e ( £1= 22+ ZA) Sb - WRESER4N I S ERHY S 0]
g — P MEERE ( £1= ZA+ 2B) o ok By T SRR T I £ & 2 I EAE 2~ R
SRR R T RESTAETT FTRERA A AVERANHERE - [ 8 Rpith i R A S an S ol ap AV ZE ( £
1= 22+ ZA) TLDUBERH - B ARVEIZAN G HRIRIER & TN & AV E BRI B S Y R
b (£1= 22+ 2ZA? ) BURERA T HUE A E B TR G e -
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BCEE | ACEE | ABEE
e o e | zempE | c1mpE | sBAE | ZARE
BT | (57) NG NG
Bl 9\ %)
&2

8 S EHEE B HIREER

B2 B DR M S BB U PRMD) By BB AT o /1224 (intermediate framework )( Ruthven,
Laborde, Leach, & Tiberghien, 2009 ) - 223 B 5 et Rk shanzé mani - apauliss BRIt —EH
FIHEE AR 22 A BB MG MR - BhRBAS(TERAS /M PR (LB B A RIR 24 (Tl - B2 4R
VBRI PRI RE AR A A S FE AN EIRE 26 WA B B SRR 2 Rk - 22
A= A HE B 22 A Bl 22 () S 22 B FAs A B 2R AR SR R 45 T S R o e A IERE -
EHERIEHFYEE%TE > B BEREAEPIEGIEL G iR BB AR A A
R B 2 AR Y B TP 22 (B R R B ECS: - HIETTPLL E I RF & R 4 8 h e b Y &ism - 7
Z R ER ; UL BIAE AR G R Sesa E Shanan i nVasam - W82 BBl - HR o R
B A R RN LN IEBIRY SR ERT M © Si% > SRR S (B @ M RIS TR A SR Y dp e
At TR Ry A ERRCHaE - SRR E RS B R - 1R85 B2 A AT
AT
RIS B VB AR AR B - MRS T <L WAREER 22+ ZARIAERT, ?
TRAEHE SIP Y BT AIRAS S - RIS " 2L VA SER 22+ ZAKAE
Ay ?
rre T ZIAEER 22+ ZARIAER ERT - BIEELEGINER - 8EE -
L E A TR L E M ©

® RIBIRIVEEH - RE EIEELUR A EFEREGIIE ?

o o

(W) =HEHENGEIT
=R BRIER S B R R EI 4 o M - B2 AR VAR BN AR IR IR P e R AR BT 2 WAk
1515 LR B IR RN 2 E R 55 E B ARV TS« ARSI HTAY AE (Greeno, 1980;
Resnick, 1975) » BEEIFEAS (ERASHYRFE DA 2 mI AV » 2048 1 R 4 AR = 1 RO R BR Y
Hm MRS A o PR 4 RS 4y A R BRI = (E AV B (& 14 (relation of measures ) K421k
(visualization ) o Bt - JHI S AF A BRI P R 5 28 A0 S IR B AR T 5% ] s R o 2 (e S [ M 2 L 2 R
AR - S SRR AT RE L R BN EE AR M - Bl - IRBERNEEEH
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=AYl sE A FERAERHE > IR RIE AW EE R A EEAE - BRIt T REP R 2
IS (E 2 FIHHEAERR (5 > 10 > MRIBERNEEE L RN EH SRS EMENEE
TR R E = (EAE ERRER % - R SURLATR BRI A R R e A T a i i
{HIRRH 22 B AR B b R R Ry - Bl FRIZETER (R = A =TH%S
AEHER > SERBEPRNEE L AP EEEA =A -

% 1 E VIR AE ARG R AR B S B ([ [ 2 3 A = (B2 BR AR - (3R 1 [ LUR
o SVEEREEENEA=AERE CVSSEE  HAE FEERgaDl - M8 8 HIgE0R
SAEBZAENEE - MR LERER R - Bl > S BRSBTS B2 A FE VU
BEERFHL AT T 21=2A+ 2B HIL - BRI E BT ECHEIRE 2 iR » 22
AR A IR BIHY AR - B A EID 2PN —ERE R B 22 A & IR B =S 1] -
BN — A BIHY B A AR TR SR (P LER I BRAR R R e Z IR RAR I - TCHUESMAEE
HEEH > TR e R iranE BRI SR A RN > H AR DO T HY
Fra] =(E A Z AR AR - 24t HA R ARV BT 0T R - WP AR A=Y
e 2 BB K -

=1
=R EHEGEST
A EAE AR FME Rk
BB AT (relation of measures ) (visualization )
S e o —(EAMHEEENREE O AEGHEEEE
ENE=fAF e H—& o HE—=mpPn=TAEESEE L
o S
HA=/AER o HA=MPRIEERE s o AESHEFEZEDN

= LHS AE (5 AR A

MH) » =AsNEEEE R ANEG S bR - BB R G EL R EHED - 5
TR AR WIET &S BEARER R - B AIREEI AR A& AHET - Bl > 244
R E=APk - MRS E R E S RIE - Es R = AmPay s = (e S EE
b~ EIWNERIESE - AR = AR = (ARG AR EE L > 2AMAREEL =A% =
THRSFRTE A EIRACZ EA « [FR » MRE=(ETRREEEA - 2AtAREHE LTS =
(B TERLFTERY A B EACEH A - B E KB R (AR b B EeE - 10t ML EA
IEBIESIB - PURE HIEBISS BIRymMEiiE » E s e AR R B A B =1
PEEA=APIELZT - ZAPH = (EIHE G S e R /2 B ECHIE L
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H ATENRE A& IR 7 SR ATV ER E B B R DL = A SN B R B st > 2R DIE
PRAEBRE S IERIE S th i AR = B MR B B - BT RHIRR R S T M T - RHEHY - B2
DERR ISR E BB N SRS M EE SR E A = AP RNEE bR S - BN SRR
ZAEAE E Z FEIHIRE A -

=~ HIREHR
e R B EEILE R — B CER R - R ETEE T 28T A R B
IS EEE AR OhaEH - EA=APRE LRSS ERENR G - EA=AmP

EASNEEIIRH (R ) - SR ACEERE - DBERRIA T E H A TR R AR -
AR H B A B A AR RS IR BB = (B8 B2 M N Se 2R A -
PRig iR A AEENRE SR (TR N HYSREIRAESD - (DA SRR R A mI e ARV SR R IR - [FI - BT
FE TR ARG A RRAR A HEREE RN - SFE 2 - BAREAE
FEIR OL LT e AR e L AL AR 2 (T RIS BIHIRE MRS K T RE AR HYERE IR EE - [FllRr - f2fitm
R B RE A& MR R DI A BRI AR A S -

3t 15 fr CFEREAE S BT - SRR IREIAFSEEES) - Hor 5 (TS2E 28 EE
HEPHE | 6 (ISR AIMEREEE - 557 4 IS4 EA =APRE LHEEE

=1

inf

=~ R REEER S

Wre R IME 3072 - S BER A SR PR R A (TS ~ SO B - 8
4 HRE SR IREI A — (LG BRI AT - FAtGREE A BTREEEHENE - W HHOHEE
LR FEIRR IR IR 2R - BRE T HE 2 1% » B4 0] B i RAG ERVAEE - Wi
REJE 52 (FEP RS BE A B TRE - F IR 1% - B4 FREEH SR Y B AR
TOIFHTAI S SO E S E R b o 224 ] BT e el FR s i S E P 22 ] » I DA
B ZE P58 il B S E A R - &R A E R B 218 - BT 2 E e 20 - B2
S FEE BN - B ERIFEaRRE o PR T - TR S5 s AR (B EE
PR A2 A AT 35 (1 DA RO E ZR PNV ET 12 80 - HRIS I E BB DU AT 2 B TR 2 e
K MRS ERZE A TRy - Bt SR B RREENRE TS e M EE 28 720 (/N
B Sb o EERARHIE E A NVRRE A ERERUING (B sr e > R ERN A > ES
BERA: o 0 BB AERETY - BIESERHIE(E - S AIRIFR > EEIEA SR AL -

ALV MRS 7552 (Merriam, 1998; Strauss & Corbin, 1998) & » HY SRS L1
BRSSPSR B SRV EL R N A TRROANG S 4G E A ShaR e o [F]HF IR0 K
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N[5 5% 0] R (A 1R A PR BB [ B L R DR A B2 B B2 A R I T 2 (0 BB RORI 28 e P s 28
Ryl o RolEpib st BAR - (RS2 BERE B R EhRE A4 IRI B EAE T B SR B S SE R
WAL FIRY S A (20 B2 S A MIE SR B F AR B AR ) - At EsR B2 AR 8 AR Y
ORI EE - AR B LR I N EE R G FERY B2 A - HESIAMZE BAE » BN AE IR
BN ER AR RE IR A S T BT 22 B > WSR3 CH B R 224 B A e SIEA 2 AR T S 45 E e Y
IEGIRISZ B - & A REAF B RS A M IR R RN N A R EIER B2 1% - BEFTETE
PCRIEREEH BN - BRIFENREAR [0S - BERE B NG BB 21285 - [FINF » DIEERSE w5k
ARG (Camstudio ) STHRERA: (i FHENREA (IS HE EUBAE - (BHEER AR AN RS Bh45 € 2% (] ]
TOHIREECE » AR R o BRI 1% ST ERRAANA 237720 (manifest content
approach ) ( Erickson, 2006 ) » #E{T{&EEMEE R - WA ZIR T T AR NS A RS H
$IEE ~ SCFRED BRSENE - FEEAAIRE S BB - DINE K E2RE » fio & EAth
ERENE - EREEAEEERRA AR T B IR AL - I » CFEERCERE
Fhe o B - B2 RCRS B (R RIEN G S TR 1 SR A A —HIE - M iR [E B R AR A
FRER RS - TR HVERHE— P =AU R BT s B IE - B &R Hrés SR (ER
€ o WREEREB LB AT > FEREHIE(LER - TR R ARTRRITT R S B E R
B - WL RO TE R 22 A4 - s R T AR -

AT FE& R E oy R R ER 7Y © 55— B A AE SRR A MRS AT By - S5 28
GEAEBRRTRE M ERVEEHiET T > 25PN - JCHA R EhRE A& MR
Ao E BT L - SR ARNRETE » RHE—alm -

— ~ RAEEIRSITRIEH T Eh

BEh TR FE e IR (EAERE - AR EAR AT SR & Ry EE TR
5 E - Z(pBEED - P am RN BRI E AT AR SRR R (ShE
EH R EA=ARE LS )  EMEE R A B B R SN AR A MR h U R 2R LD 2%
Wa - 55— BA#E=AFR > HER&MTEREE  SE RS ESRSIRE T EE -

(—) SARAEFER AR ST ERIRR AT Rt
e TéE REUREAAE B A = AIURNE LRSS AR AT BRI e e H e
B - ZIRNRIEE G - UM E R BEAER TR 2R A S A FYSRRT R - SVEE
HEEEN T E T LB
® JHRGE —APNRESE CH LSS A -
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® CUBTE=MIPRVER - AEAERKEA - BIERRATTGamENAEE - ROIELAEE
FITI RS2 R
B ARG ENVSER A M dn i AHE SRR e Y FIR B R R AE R © PGy dr il
At o 8 B FEIER A A AR A dp R AU ELEE
ARG —  fEEE=AZ ABC 1 » £L1=2A+2B
AR — ¢ = ABC 1 & AB=AC (=) £1=,2+2A
B4 RERIB S B e > R R E A TG 46 E e IR A s AV IR » AURFF &4 TE
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Number sense and arithmetic are considered the core deficit of mathematics learning disabilities (MLD). Can these
basic skills of the junior high school students with MLD be remediated after receiving remediation from the
elementary school to junior high school? This study aims to investigate the single- and multi-digit arithmetical
abilities of junior-high-school students with mathematics learning disabilities (MLD-only) and those comorbid
reading disabilities (MLD-RD). The subjects, two MLD-only and two MLD-RD students, were administered two
standardized and timed diagnostic tests, and with observations made and interviews conducted during or after the
test. Both quantitative and qualitative data were analyzed, including the arithmetic accuracy, speed, strategies and
error-patterns. The results revealed that single-digit addition and subtraction and math-fact retrieval are the core
deficits in students with MLD. The deficit in math-fact retrieval affects their arithmetical speed. An analysis of their
arithmetical strategies showed that development of counting strategies differed between MLD-only and MLD-RD
students. In multi-digit arithmetic, MLD students, whether comorbid RD or not, performed poorly with low
arithmetical speed, especially when encountering problems with large numbers and complex procedures for
calculations. Furthermore, the arithmetical speed of MLD-RD students was found to be slower than that of MLD-
only students. When solving word problems, the speed of MLD students was not affected, but among MLD
comorbid RD students, speed was significantly affected. Therefore, woord problems are not considered the core deficit
of students with MLD.
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Rt (reading disability » f&fE RD) gcasfE 2 2s » MLD i2MHE R 2 (Gersten, Jordan, &
Flojo, 2005; Jordan & Hanich, 2003 )  {34F » [ MLD 7 $ 5 26 HR EE 3 VB RE RIS R FTH > iy 72
PEAEAE (PRF5SE - 1989 5 <t » 1995) » [RIE#EE T 5t Fe ZE L e mt B/ R B
B2 FIET I - PR HIBRFAIS 2 B2 VERR I T A2 RS - ELEIEEY 89 A EER DI (0 BE
TIRIRE S 4R B R B 2R = ) A 1088 F MLD 2 S8 BEEEE% 0 RE 7 2 BB A 35 > 2005 )-
e (E B R B RSS2 (American Psychiatry Association) HYLERZREGT2E Tt (The
Diagnostic and Statistical Manual of Mental Disorders - fff DSM ) JE%—2 » 2013 FHr iKY
DSM-5 “RF£RH] 2004 £ DSM-IV K¢ B LRGSR IFRE I BLplct < 22 BEARAE » DDA ORI YRS
BE Ry MLD 2t - ATHR IR AR » — 2 E DI a8 - B EERAEGETE » It
BHEAR R AT T R ERE ) BT ST ERRERE ) (dyscaleulia) Z 24T (Butterworth, 2005; Chiappe,
2005) 3 55— TR EE DUST TR  JREE FBEE S, - SRR B A R e i TR B
IR IRIEE - FURARCA Z AR 1 -

SEBIEIYNURREL MLD R RHSE S 520 - FEHR0E b2 R LB r B 2 A st B ae T
B~ TR FLE (Geary, Hoard, Byrd-Craven, & DeSoto, 2004 ; Geary, Hoard, Byrd-Craven, Nugent,
& Numtee, 2007; Jordan, Hanich, & Kaplan, 2003 ; Raghubar, etal., 2009 ) » fi#ffZe+5H MLD F1 RD
GHIFEEY - Fraim e e (Ee T iDL EEREZE SRR 2 B - H BRI ARR
814 ( Noyes, 2001; Wittchen, 1996 ) - MLD &ff RD AR Z4E 2.39% %] 7.6% 2 [ ( Badian, 1999;
Dirks, Spyer, van Lieshout, & de Sonneville, 2008; Lewis, Hitch, & Walker, 1994 ) » [ &1y 2
=2 57% & 64% 2 > i MLD BYz2ErtZE e ( Barbaresi, Katusic, Colligan, Weaver, &
Jacobsen, 2005) - fRZ PR MLD WYbFE & B2 & & 0F RD Ay3paest - HAVIEREIERLEEL
BRI NEEYRF EUE MLD iRk CE RS R E R Ea iR ) - &6f RD 1224 IE
Az OB B AR > DURREE N SR e & 0F RD &4 730 - 152 DAHES % IR EERr Z0F MLD
FIRZ LA -

PRIL - ATFAIMISE R4 MLD (DU T MLD-only) #1 MLD &6 RD (LUT i
MLD-RD) ZA[E]5uRY » 7 HeAFa T A JIRIRAVRH L= 22 - STRAE DAY Huls B (E A BEt A -
NIBEEEEREAEES] (math facts retrieval ) ( Geary, et al., 2004; Jordan, et al., 2003) ~ 27 %5t
HEHE 7 (Raghubar, etal., 2009 ) FISZFREfERERE S (Fuchs & Fuchs, 2002; Hanich, Jordan, Kaplan,
& Dick, 2001; Jordan & Hanich, 2000; Jordan & Montani, 1997; Pellegrino & Goldman, 1987 ) % -
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ZAIM > BISNSORMERT FRE TN FEERE 2 2 oy BaaT - 1 T se i St e e/ NERR B HL 1
REBRREERE - NIL > MM/ NERE B8 B L R DI B NE R R 1% - 2
TETPEE: - B ESTRAE ) ERVRRE R N R R ] B EESHREHERE -

SR B - AT HAY R DB NS B B R B2 42 5 Z MLD-only 1 MLD-RD
A RTINS - PR5F MLD-only Al MLD-RD ZZWfEA [F] 5282 MLD (/& ZE /£ (E 28
sTH  BUBET R RSB ERE ] 2 R EU RS2 -

=1

DSM-IV #1 DSM-5 ERfen 2 2l

%N BEREAE
DSM-IV A EREAEALE ORISR - BERAE ST EE RN THEAE A T2 - BETHIAMEE
( American HABSELR - HMESFHVERE - DUEBEHFERAAH  BEmHE -
Psychiatric B : ARl A 7 [l ) E HEE AR e H ' A5 7 R s R R A& 8
Association, C: BHHETEERE GG » PhBE R St i s LR e S BT A
2004)
DSM-5 (American A : EREELZERGAEA NS - HERA ME—EREENEH - BIEERELEHE
Psychiatric HARM A

Association, 5. HELIZEHE - BEEHIGTE
2013) 6. HEDIBERHERE > FIFEEENES - BE - EFAAnE”

B : LN E R gt R4 AT 2K » s B R R A
TAEAERBEEENAYRIR -
aE— ¢ BV R R IR - RV AT 1-4 SZ R AIE R bnE -

R SZFRP A BRI Z RS > DU MRS EAR B S E 5B LiEA - S 8ET
BRI EFRE I3 2 SOR - SR B SR B A AR SR R i |

—  BEEFEHI LRI %=

R EE A LIRAEE 215 - B ARRE BB LI RHE A BT B A B IRE R
ik > BEFENRIGHETERE T - AV SURESR KRB 70 B = (H 3 P& Es - 55— PE R Ky
SIS B > SO R L BB S E HURE P AR, (procedural knowledge ) PEFS ¢ 55 FEELAIER E
MR EEOORFNEESE ST E G - BRECERMEBESHIIEE:  S=EEAIZ E
AR - SR AIEREEE NIRRT (declarative knowledge ) [&E% (Ando & lkeda,
1971; Ashlock, 1971; Bezuk & Cegelka, 1995; Carnine & Stein, 1981; Garnett, 1992; Garnett &
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Fleischner, 1983 ) - Hopkins & Lawson (2002 ) RIZE—2 RGPS EL R 0 LAAH 73 Bl — (PR B - 52
HA A RIS E A1 RS E BRI RIE - I 2R N OR E B A ReR
VSRS - RIS RIS s 2 e T 280 (counting-all ) | #ERE%] " %1 =75 (counting-
on) Mg - Hrf T 2EEERNS | A5 R REEI4E (long-sum) FIEEII4E (sum-counting )
FEFP S B RIEEL - 18 —F R L Fde% > FUERTEAE %, 1€ 18— Teing
7 18— it EETFEERIE L HE—X 0 ME T (E8 TSR 1 FGEE T
Hoo A T B BRI o Ry B SR ERE EL - 73 il s DA — (B R AR E 2% (count-from-
first) FIDUKRE - Ry ELREgg B2 (min-counting) f2F7 - A& &P —(EE (TRRIN%) FAkei
B 2 MEE R LIRHVE T (AIaE @ nEEsng ) KAt E 2 - th4h > Hopkins i Lawson
e A RRAY 56— P BRI S5 =P 70 A R oy Bl e 4H  (decomposition and regrouping ) FIg5ER
HEFEHL (math factsretrieval ) [EE% (Hopkins & Lawson, 2002 ) » ELrf /i B ER 40 BE i — ok
MR JAVER BB TR TSR R TR L S —EBEEEE 41 6+7 JefR AR 6+6=12
EEEE > AMEEME T HHNE ) FiLE 1 EHEE > ERENGIEE T EE SRR
HUPBES » Fom PSS E A 8 E = (40 3+5=-8+5=-9—6=14-5=-6x7="_...)
AT UE B RO R PR I A 26 i FTdE N E I ORISR S R E E TR AR - R
B T/ INER T AR E = AE4R > [ ( Asheraft, Fierman, & Bartolotta, 1984 ) » | T /NEZPUAEL; » HiE2
FHE E RO AR L EATIASRES (Asheraft, 1982 ) - Hopkins £l Lawson DUfE2 e i B F 2
W 2 B Fi SRR AR H 0 = (EPE B T3 I -

=2

Hopkins&2 Lawsoni V{2 i BB 2 FISURN = (E S PR B i idsR
Hopkins B2 Lawson By

ZRTBRAI =FE B R VU P B RPEEL
B (R PEEL ot ol long-sum
sum-counting
B LS count-from-first
min-counting
CRIBURFISE B BRI AN Ty B R SHPE EZ

BEEEEAN (B AR FEE B EERAEEL

ERT RIS SRR ISR R gy - fEREEAR T > R E A PR H A BB S
H RIS MR T AFECRAY R - hn] DR S A SRR R DA AR R > 02
STRECCTE - &R E RS (Dehaene, 1997; Geary & Widaman, 1992) - i H.
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SENREEMNBEEENAECIRIEEST - PRt S sl - B A A E
RESFES AN AR HAAVE H - st En g — P o LG TR AV IERENE ~ G I AR M 8 R RS
77 Clvarie, 1986; Skinner, Bamberg, Smith, & Powell, 1993; Skinner, Belfiore, Mace, Williams, & Johns,
1997; Skinner, Pappas, & Davis, 2005 ) -

- HUBEtEEN 2R

— MBI BETRAE IRRI - Al DIt B SRR AVEE i DARRE T Bt B Fr B &
FGEkA I (Resnick, 1984) » 4 - #ZEFIIAEEE 2 BURUEST B - &/ RIS HE L (E 2 K
BELREAI RN > BRI TR N B SR (41 624—461=243) - HEETEAE
AR il RE R B2 B3R = £ (base 10 system ) HYEERfEE (Fuson & Kwon, 1992) - van
Lehn (1982) f5H A RGTRRR 7= BUEENE S EEHRE M —EAVSEaRsL (A1 Bl = A7
&) E R A= R E T B B E E IR IGERA M E 2R M AR - SO R
REGCIE T Ie R HE A N Eest i BRI P - HAn ARy 2 Bt E e - i E
AR A 2= R (I A A 3 B BGRB8 > JHETR 52 T e B4 52 - 72 ] visual-spattial )
B -BEPE (visual-monitoring ) SEJIANEERRE (Russell & Ginsburg, 1984 ) - #I| H Fij Ay 1l » $1%)
MLD S 1 A 8t Eas JIAIBHFE) /2 AH S A e » Russell B Ginsburg (1984 ) FIJFHEER 1%L
STRIEH » Wk E NV B I ETERTEETITE - SR NUERHT MLD £24 > FHEEE]
HHIPERIZET S - BAYER i ST RAR P AVEESR - RS MRS I AYEER - SREH
FE o M BAR S LI EEEERAGES: - B MBS T IRAY FE R IR 2 - ZERE TR
2 MLD SR TSI HET RN EZRE -

Raghubar £ A (2009) Alf#E— DIEI/N= ~ TUFELRHY MLD-only ~ MLD-RD ~ RD-only 24
FIIE T SRR 5 R 5 BT S BINERNIECEST RAE JIAIMZE - MAREE YV SEER
BIINDASRES - EFREER R EEAE S - st EEPEs - - RN G T A R -
R RAE SRt B R E A B ABORERE R ESE ST BIR SRR E I (i 2
FREAEAERL AL 1 —BDURE T NP SR ~ AEALIRARAE N —(E B 1 % 5 52
-ZEfElFE R BT SRR B B~ ZE M B B SRR s R ZE ] Y A B R A
% SRR R R — (EREAY (WEGE ) AR S — A (AnE) AREE - Bz
B PR - TR A L - TH9E4S IS T MLD-only 1 MLD-RD 24 » {E5 (i 15
AYFEEARIRE IR AR - BB R HIRAGEA MLD AR - 11 RD &R ; RD 24 » £
BEAEHF MLD » RIS IR 1y 5222 FETSERRASIAL - LB SR ZE A THEAR —%24 (Raghubar,
etal., 2009 ) -
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Exploratory Study of Instruction of Repeating Patterns for
Young Children

Ching-Shu Chen
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This study experimentally explored the effectiveness of a designed teaching model for promoting young children’s
pattern reasoning. The model of teaching sequences included exploring patterns, identifying the unit of repeated
patterns, labeling the unit of repeated patterns, extending pattern units, predicting pattern units, and proving the
patterns. Two groups were involved in the pattern-reasoning experiment: an experimental group, which adapted the
pattern-teaching model, and the control group, which used the original teaching methods. Sixty subjects with a mean
age of 6 years were recruited from two classes of a private kindergarten. They were subject to pattern-task testing
before and after teaching. Observations for data collection involved taking pictures, recording videos, and
interviewing participants after teaching. The experimental group outperformed the control group in the pattern-
reasoning task. Evidently, implementing pattern instruction was effective for promoting pattern reasoning among
young children. Additionally, during pattern instruction, the teacher taught using storytelling and games and then
provided hands-on materials to strengthen pattern cognition. During the pattern-teaching process, the teacher
deconstructed a complex pattern concept into a simple pattern, prompted recognition of the core unit of the pattern,

and extended the pattern that facilitated children’s competence in reasoning.
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