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Comprehension of Addition-Subtraction Inverse Principle
in 5- and 6-year-old Children

Meng-Ru Yut2 Meng-Lung Lai?

1Yi-Feng Senior High School
2 Department of Early Childhood Education, National Chiayi University

Addition-Subtraction Inverse Principle (ASIP), understanding that adding and subtracting the same
number will leave the original amount unchanged, plays an important role in children’s arithmetic
development (Baroody & Lai, 2007). Previous studies on ASIP mostly adopted either computational
shortcut tasks or algebraic-reasoning tasks, in which the former was targeted on procedural knowledge
and might overestimate children’s ASIP and the latter on conceptual knowledge and might
underestimate children’s ASIP. In this study, we examined children’s comprehensive understanding of
ASIP using both computational shortcut tasks and algebraic-reasoning tasks, which were presented
through 4 animations designed to attract these preschoolers’ attention. By doing so, we could clearly
reveal children’s unbiased understanding of the ASIP. Twenty 5-year-old and 6-year-old children (N =
40) from central Taiwan participated. Instruments included algebraic-reasoning tasks (e.g., forests and
birds) and computational shortcut tasks (e.g., baskets and apples), in which 6 inversion trials and 6
standard trials were created for each scenario. The results showed that Taiwanese 5-year-old and 6-year-
old children’s understanding of ASIP was similar on both tasks and these participants already exhibited
marginal competence on ASIP. Interestingly, participants performed better on the inversion trials than
on the standard trials in the computational shortcut tasks while performing similarly on both trials in the

algebraic-reasoning tasks. Finally, educational implications and future research questions are provided.

Keyword: addition-subtraction inverse principle, algebraic-reasoning task, animations, computational-
shortcut task
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Study of Students’ Conceptions of Angles and
Teachers’ Knowledge about Teaching and Learning Angles

Hsin-Mei E. Huang
Department of Learning and Materials Design, University of Taipei

This study aimed to explore fourth-grade students’ (N = 171) performance of identifying angles
embedded in daily life situations, including slopes, path intersections, turns, and angle measurement.
Experienced teachers’ (N = 7) knowledge of teaching and learning angles was also examined. The
findings showed a significant effect of angle situation on students’ problem-solving performance. The
students performed equally well on solving problems of angle measurement and path intersection
situations. They also performed equally well on slopes and turns, but their performance on these two
situations was poorer than that on the former two situations. The mathematical thinking that the students
used for recognizing angles included five categories: using the mathematical definition of angles with
accuracy and completeness (16%), using definitions with incompleteness (18%), vague explanations
(20%), angle shape (19%), and don’t know (27%). For the overall percentage of accurate recognition of
angles, the results showed that the accuracy and completeness group was the highest (13%), whereas
the don’t know group was the lowest (6%). Furthermore, the teachers perceived that angle situations
and whether the shape of angles was visible impacted students’ performance. The teachers’ evaluations
of student understanding of angles with two arms accurately reflected the students’ actual performance.
However, they over-estimated students’ understanding of angle rotations. For teaching the concepts of
angles, the teachers highlighted the importance of exploring angles embedded in daily objects and
operations with discussion. Teaching and learning about conceptual understanding of angles are

discussed based on the findings. Suggestions for curriculum and instruction are also made.

Keyword: angle situation, conceptions of angles, identifying angles, knowledge of teaching and learning
angles
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R B B > BAENEE IR S - e E EEHENEERT ER AR 5l
I FE AR (B4 = Q6-1 8 Q6-2a $EAIE Fy .12 BL .05 )  [F]lf > S24E4E FAREAIHAYE
IS > WBUNE AR (fI40 : Q6-1 B Q6-2a HE[E Ky .90 EL .95) - (R L ACETH
LIS HMeARE S By 15— 81 $RAIEE By 23— .82 fE MR B eV AU B E fy 15— .64
ERIE Ry 25— .67 AL RERY R BRI oy Bl Ry 22 81 28 DL E -

IEF R EEA - (E A EURE 7705 - WEILH = AT/ E 8 PIPUELRE 171 £
(54 84 A5 204 87 ) il - 2 HEHZAHETIEAE -

= BEEIREAE TR

KWgeask 7 A &8 - BuE P FHREENAETT - BFHSEsEILH AT
INIEZCEE o 2B BEBEE B 15-25 £ 195 20.86 4F - S35BE 2T -~ EE
R 0 GRS B B MR B Y IR R -

sk TEINEGET 2B a e ElE B A KE - (—) HEha s 522 4 25 E
A REER ? A h AT RO A 2 B A 2 (=) e 224
o e A ) HOEFR ? SRR T E RO AR A R SR B e 2 (=) R SCF
R BRSBTS (a > WIGRACE ) ~ AL (b R ) ~ &G (¢ FTRBEFEETT])
FeiEE (d - BisstiEa) ) BEPRAnEE SRS HET R ? B2 (W) BAERE T
MENE S E ST B 2 (a) ANERBEAR/NGIRG  (b) HEER (c) FIHEA
fliH] 450/ B 13597 » ( f1) BB EM SopT 2 Ers B ST B & b - Wk B ST i PERY S
ST EEEN I B e i g B R IR A0] 7 Ry 2

= EREE

AT BRI T AT E  (—) SEERSSHERER W5 W5 RiE
5y WEEAKE AL - () (MR A B T2 ST+ LB R [ fa b5
58 P R 4815 23 8 -

P 7S S TR 35 BS54 7 (A B e 5 5 PV R 2 RIS 7% T BPHRE ~ S350+ 2001 5
#7716 2019) » AHHFEEHE 2 REFEA (Q3 A1 Q8) Bl 3 FNZHE (QI2~ QI3 K QI4) i —
S5 53T 2 W P LB R B ST o BE ST T (O L LI RSB+ 510 B S I
BB A EF SRS - (EE RIS b 2% van Hiele (1986) J Battista (2007) 9%
S PRI - (—) A ERREEE - HEEER S A AT - SRR S 1
MR TR BT S - I T BREACE A o () 3% ¢ B A e 1 2 R D -
B0 A R A A T — (R TEES | IR R B BT B B e A -
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B ErE - WEEAREMRAUERR - 15 HMRER K e ERE S B B ZE R 2= R -

(=) EFEA 2 ERDEY ASEE AN ERBERER - fl T & FEENE
THYEEEEER - (1U) Hfr (FEREM) - Mo EHAEIRERER > S fls
BV AEE R - BRERNE - G40 THEEERE ) T R BRI B SRR
G A o WO BN E B 2 A - I A E Rk = I H e B IR - BERE
SLIRE AV R - (ES A S RVEE R 2 - (1) FRIE @ HE T RS ) 8228 - R
RERREAEE MR - EEE AN AR Z EAR SO EIEE o FERENREER T T > K
Aok HEEZR TR > S AR EER 2R - B AMREE SR L PR - B ER &
PO (R LR BT -

FERE T AR ARRERIE - WHFTE KB KRR o IR AR R = ie B A RV ERE - IR it
SrEEE L EWARF B BILETE] 63 (ol &1k » et & — 8t - FEIRRIHEE L -
sty —EEEE 100% © fERRITREIE E > Kappa S3Afrafor —2UERVEE R By 73 0 p<.001 < 4£
B > (£ Kappa AT 38 BRYTIEER - FEEE S 810 p<.001 -

FEREMRLBE R T E o B > 25 AmE REERM B SO (Bl - BEis -~ |J8058
2003 ; IR HE LR - 2020) ARG B ETEA MRS - BiIRZAETNZE RN
BT BT R AR AT o BB AS RS MR ARSI T - (—) $HEF P /A B e i A a2
B - By R LB ERRER > B EER (B ArVAPRRBRER ARLERE - 2
ERAVB BEE TR > EMBEFRIERAEEE © 2N HEE - HRFEERAES
o () S BENFFAS EBIT R LB EP A& S e m e B ARy 5 bt - IRE o tEEE
TRy AR 50% ~ 50-59% ~ 60-79% ~ 80% KDL L o (=) St HEMET AL S A Phalk & M1 1H
SEANESEET M > Dok (M) HAEMRFAEEAERER a~ b~ o —HHMEIEESEEHE
e o R ORI S H52 515 5 Rl B 2 222 1 ik /g Bl g DR T REL B 3 I PP R B BT - 1 B 53 B0H
H ST S RE - (1) STHENEF LS4 1 A S pi 52 5 s PP B 22 15 ST e s st > Pk
BRIE T B P e A YRG0 R WO ARES ¢ 1A RE FE A BLIRGN, ; 2. 5 MAR (R EEE - H
A EEDIR o KR Laldmes > WP B B S B RN A o i eE REEE A
Kappa 73 #frafir & —2M: - AEE#S 86> p<.001 -

— ~ RENRERE

BAESABRVEERIE - 015R 3 Fron - & 3 BURIURIFEAYIER EHG M 7 2
Horth > BEAERERAENZE T EE A S E 92% » Eiel (FaE) & 55%  HERY
42-66% ; (BEREHRITAEE > TCUER A TEE R (K - LEIF - T7%HIER A RE B 2
BiE - (EEFERT S0% R AR iE R e ieE R P E L eE A -



42 EEBBKEHEAT 11 BE 2 B
KEFHERET ANOVA (MUER AEEER) oMBEAEAEABREG TR ER

Mauchly f&EE B .95 » > (5, N=171) = 8.28 » p = 142 » FRERHEIE KBRS -

BRI « BAEAERNG S 2EE =L - F(3,510) = 103.49 » p <.001 -

N’ =.38 o LEBILEAEREUR © BT A ENBE ST - WE S EREMER

TEMEAR L E R R E » ERE SRR H R 2 55

%3

IEAFFESEAEEGE - B - MBS EET )

BoBEPEESE KEESE  BEHEESE

o

e Y A = \
=2 SR W = S M <D v D
fE 4! Ql. P 40% — 60% 0.60 0.49 036 0.25
Q3-1. & 58% — 42% 023 0.29
Q3-2.  BffpEE 70%  25% 5%
Q8a. KEAET 34% — 66% 0.41 034
Q8b. Byt E 48%  39%  13%
A& Q5-la. BEAMEZE 8% — 92% 0.61 025 061 0.25
Q5-1b.  BffF 25%  42%  33%
Q5-2a. EAHEZE 11% — 89%
Q5-2b.  BffEF 32%  36%  32%
e Qlla. 5%}y 50% — 50% 036 039 036 0.25
Qllb. EfFEME 51%  35%  14%
Ql2-1. gz 23% — 77%  0.77  0.42
Ql2-2a. EEf5§IFF 57% — 43% 031 038
Q12-2b. BEyffJEx 57%  31%  12%
Ql13-1. FH&EE 45% — 55% 034  0.33
Q13-2. ERBEHHHEM 46%  48% 6%
Ql4a. I5HIEY 56% — 44%  0.28  0.35
Ql4b.  BffE 63% 26% 11%
mEH Q. P H Y 2%  44%  54% 073 032 0.66 0.20
Q4. F RN 32% — 68%  0.68  0.47
Q6-1.  [EEAMALELEL 8% — 92%  0.85 0.22
Q6-2a. EE[FEE 4% — 96%
Q6-2b. B {}EF 14% — 61%
Q7a. [EFEYEZ AL O==Inel 13 29% — 71%  0.58  0.43
Q7b. By R 38%  15%  47%
Q9a. 5] AR AL 1% HY S EE R 32% — 68%  0.54  0.43
Q9b. Bt E 43%  15%  42%
Qlo. 5 FEE A ] 52%  20% 28% 038  0.43
Q15. 4 B Fy 18% 19%  63% 0.73  0.39
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= BARSARE BRI BRI

AR AR A - IEREM: - WEUE T L > Wk 4 PR o 3R 4 T R
A S IE SHE RS EER B ARE(27% ) HE(20% ) AFZ(19% )-
EFRAE (18%) EF (16% ) ABHENMEMIVET L LEFREE (13%)>
RmAE (11%)~ EZAR (11%) RHEE (10%) > FEHH 7 =R 0-3%  RNF1E

(6%) & > M H IS E MM ZE R 7% o HE M - P RESRIVEH 7L
DiEH (3%) &> RAERAE (7%) A (8%) BHA (10% ) FLIU4H > 2
FE R 1-7% 5 RNAIZE (21%) tHAVSER B v tb s > M HIL 4B e A Y 2= BE 722 18%

Gl 4> RAHEHEMN (28) WA EMEA ARE LA 7-20%  #EARNHE
AH[EE IEREATAE E LK > [HH 9-13%0 A X EE R BH IEffe - fH S i > 7 4H 1F g (3
E D) BEWE R IEWE Z AR E 7L Al By - AP 6-13% B 10-20%: EZE A2 3-19%;
HAth 6-15% 5 FNEIE 1-5% - BRGNS - AAHZA N EEE R0 EEN H 57 LI K
PERESE > Lo B2 AR AE -
x4
AR AR SR A i [0 B 0 2 REEL H 43tk

AR i
P8 K BE ST BT FE e 5 B
% f % f % f % f % %
fmF  ERE 13 7% 35 20% 11 6% 20 12% 23 13% 102 11%

HE PR HaEt

Bl &R

pEER 26 15% 9 5% 14 9% 11 6% 10 6% 70 8%
INEF 172 19%

EFE IEHE 14 9% 14 9% 34 20% 18 10% 32 18% 112 13%

$E 2R 15 9% 30 2% 30 2% 30 2% 1 1% 25 3%

INEF 137 16%

EFE L 12 7% 26 15% 20 12% 32 19% 5 3% 95 11%
I

T g 12 7% 7 4% 26 15% 10 6% 5 3% 60 7%

INEF 155 18%

Hi  IEmE 15 9% 24 14% 11 6% 26 15% 11 6% 87  10%

PR 16 9% 6 4% 26 15% 23 13% 5 3% 76  10%
JNEF 163 20%
RHE FhE 22 13% 16 9% 30 2% 1 1% 8 5% 50 6%
Fiafea 26 15% 31 18% 23 13% 27 16% 71 42% 178 21%
INET 228  27%

N 171 100% 171 100% 171 100% 171 100% 171 100% 855 100%
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= ~ BETRIERIIAT

PUEM AR HT 3 SR R T

(—) BEEEP A SHE L EPNESHEOERF LA ZR - (EBE 4
AERNICRLHE - T RIRE  LeRER > BNEER - A 6 (ILBETBRILE - B 4 i1
AR @ e A M A R A TEYI I T s A - BRI AR EEE A7 A
fit 2 iz AEMRoR © A = AmIAy A > B ILR AT S R TR - 48 e %
KR BB EEIER A ~ EAREREA - MEBEB AR AU - 2. E R B3
{EEHEREA - A | LAV - It D BT RS S AP B E N HER ZHH

NegrAFERL-BAEREP T BB FEY g FE? FINB
~,—j}u7§ Lo THRE Py rgjiﬁ,{?ﬁﬁ 1£§_%€{T§%fjkﬁ_% EE AR R R S —
LA ehE S Wy g A é;fbgﬁ EaE Y BT Aoenk oo L AURIELR S 8
FhzZ Aok > @R[V PRI L o

D HENE G S A B e R R R > W A R AR DU A TS R A A e )
HFRTEAESR -

() EheEaiieBE L FrAREn SR (RS EER) BhaEs
EATEE T IE o S L BENRN | SeiR R A AR B R R e R - Mg E el
AR E ~ IR > A EER SRR > ML HEEY e (ks R )
K P AL e i A S e T () - LM 2 (A ER R bR T R St R UL - SRR A aG R S
AR BT E I > YIRS VS E) - B E REBEY TR EIBE TP YA -

(=) HETHEHEBOIR R A H R ASHEHE - LEP A - BEMS > 49 50-80%2L 1
FYERAEREEERE o Hoopb o 1 (T BANEE RN O RIEER B - &Y S0%HVERA mER MR - FFEEE
Btk > ZHEBAEN DI 5598 2 LBAETFRIRE 60-70% K 4 L AENRE Ry 80% LA RIS AE
REERMAE o 2 i A ¢ BENFIFRonE R e E AR RN - 2 R AR R I DB SR A
i - 3 ML BENR R P BB YA B B A (49 1/3~1/2) B A ke FECIR(FBLER T -
AU ey NBATERTT 22 85% LA L 3 55 1 el F&Y 60-70% ~ 2 firsd /%) 80—85%~E2 A4z n] #
fig o BESL - F 1AL EETR IS H E L

(IU) FEmEF S 2 S E S S SR Py KO B - B8 =8 LI 3R
B~ REBE e - A 1 BETEE R ¢ B SRISREE 1] R AP RTW KR - HEL R SR
FRE A /KP SRR A IR A0 > B EE R R A 0 T H. > BiEst e iR R 2 E 158t
SAFEGEE R - RS - 2.5R0 © BE1E - TEE - R - T 4 EEmER R - BB
BT BTSRRI - BCA B ER AT B IR RER G A - BE Y  fE
EAIE RS - (B4 DIEE S ST Ay e i H B e BB E A A AL S
B > LEBRR 23R R EMCP E AV EREF > (5 N o 3586 ~ RS - RIS - e
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A 2 L HER R ¢ RNV - BARF P BEGESPTAVIE - B AER
A ERA S T > A RFVEA R REAVE AR - & EME R EEREE K
FaR o QISR AARE . Riss R A ESRTE HERE R IEESR - 2421455
BITIRGIEIRIE - PraR N - fla0 @ C FAEmER

E FAA kB ET
REEEGF O VEREI MR FITE- BTG H[E]- BT e 0 A - BERY
[RE]-BTa > R2H 3D =48> 5 & ] JP X H[1 R]IEA LT FlEgeh o | ) 2R

PERIE TG R T R

AEeprTqAee s Tafrd Mozt BH3DM [ )% ¢
v T
L

FERTAS SR AR AR T DI TS RE R B 2 T — A K/ N LA 3 R Bl (a) ~ BEERELA(D) ~ A TE
(c)> BB IMEETe B > BamE - 1.ba>cH 6 ILHENE S © B4 FREE
FEUKPIRS > HRN=FRBEEEARS T EANERE - BTl b &E 5 LR a E
VIR AT G RRLEM S BT RS R o 3 B REMER 90° AL -
AN UIE] (FF 90°UIEIRE 2 F57 By 45° 5 HH] 135°AIFE 1% 45°81 90° A rYRH (% - il
BRk 90°H 45°7 ) > REFPE AR INEE - IE51 - A 3 LHETR AP ER S HE L E A A
NHIFE e 2.2 b oo F LLAAENE R - TUEREERE THANK N ZANEBREZE
It o FR G POPRRE AR - BN RE N AR BE T 7 m S bR ss 3 - b AVERRE B
o i 8 JEE A PRI 8 - P PR B S — A AmAR 1B

(1) FERHEERAE AE O E A S 8 S PP B 2 15 St Ay B0 - PR BR S5 ST BhIE B lie
A BENER S ¢ LAEERI B © A 3 (AR LR - 2 5 SR fh R > AU
Ak INEE © H 4 BETR HREAATR R GEER SR EEENE - P REEA - &
R R e A et > B[R R BLE BRI 15 #1 AV IEE - MR T B SRV 15 3t e E
FEMHECE - AISRAEREIER © BRI B4 RNE S H SR AV TE T e A2 B e A i
A o

Bl Lt - ZahAET P AEREEREE N BT - 30 - Bl ABEs - s ASEE
ZREP A SRS AR S B2 RMRE B EERR N - AUATE 70-85% L1 EHYER
A REE R e AN - PR EEENR AR AR ERE - A RER oA R S e
PR R 2 R L B S e B P R T o R [ B R B AR B AT ] R RGRRYIE S (B
BITI5REE ) > B S WA - BB RS I BLTREA B A - PEaR R B B IS B e e A

WS o



46 =B EFERT 11 &5 2 HA

i ~ 5w > SEmEER

AUFE A VUFELR LA ~ PR A a5 R TP Ay B R R AR IR - DU
HEA AR SR BB - SRR (—) BARAANE A BRI SN 28
EHR O Rt RS R AN BERE N A B REE A FMAEER - SAEARNEEK
AVES o7 RPRAT > W& B (BRI e Ry RN [ > S EEM GRS RIHE -

(=) B4 ArE mR A S I - ARE (27%)  HE (20% )~ AP (19%) -~ E%E
A (18%) g # (16% ) TUHsHRE Ik Ay e B tE 2 SRR - ER (13% )~
Al (11%) BEEA 2 (11%)~ HE (10%) ~ FHIE (6%) - (=) HAETR B E T A
ey - MR IEE N E R R LIS A AR > BB EREE - #3(F - #&5(4
EEE R Bl > FERE B EUEIEBNE S [ AR A N ER - BENFHEL - (EEEBE AR
fEANERE SR SRR 2ARSWRER  BAEFEHEA B2 RS RS R -
&7 40% (3/7) Hy=E BliaP A5 22 4 RE JE FH s s PP Y SC B 50 1 e 8 s - el A 5 49 60% (4/7)
A RlEE R e s (B, - B2 A7 RE e FH BT SY o (VU ) A (0t 52 A g i 7 0 B S5 Rl R 3k Y I fig
B > AISE3R - B TRV R A E - R NEEEEE > 1 HE B— R
sRBEBLER AL > FE MR fe i iR S M BN E A - AN AR &
feRE o (SN EAVEE SRS o SEE AR O ATEE IR o BT B2 A B P e B e e R
SHYEHE - ATERTSEANERRE  REUZESMERE - KEPIFTER - R BEAER
ARG ~ BETAER BB - feErER o I AR R KR ET TR R

(—) AEEHEENTE

AWTe R R AR MR R RARE R - (EEREMEE D RETE - SR
BB I MEE R (B335 > 2021) - #EPRERAE R R TR Y S 0 R P B E
EHIPR e B RS ZI I (Q12-1) » LER R el S REAVIG /R B A AE ety
R PERE > LIRS A BB SR (2001) Kesdiia (2019) HUBFFTASSR - £2
AW ERRER RN A S R A F M £ 2 REY AT RN R - ST -

1 HESGEHEMENAES  FIRMRERIEZNREETH

FEAENKBREEREE - AN S R > A v BRI A AP R O A B Lh
AN o AHEHY > FE TR (FTRA Rfa e ) » AR EEE b0 » RnEieiEs
fER RS ANEIRREE NS > HeEREa T RGHE - et EE T EAYE: - A EE
o I e A A A TR A o B AR TR P AL BRI A B ST 0 H R U U
WAHERE ~ EEE SRS OB - HE R eE AV EZEEE (Mitchelmore & White,
2000) - FEFIHEER B ISR A R L & Z TR RTE S > HEE b YR EY A - 1Sk 15
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SHEI RS T AR E LGN R At gE 2 E 2 AR R BRI - Mitchelmore B White

(2000) Jfuf BE AR B2 U8 (2001) S8R BB R GBI TBHRV IS IRFEA A (Bl : 5k
FAAVEST]) - (B AT FERIFT B 2 2 S 4 BT RE - R4 44-55% MY R MRzl - 2247 b
ASREE AR A - ATREERNNSEA RGN T &FFTTH  PikedEns > 50f ' &
HHSHBE - TIEHIBERR | RIS G TR

2. EARRESANABRERA R  B2AREMNLCHEERERENSA
FEEREAESR SAFREMNOCEEREREMRZHE  B5REEEE R (Mitchelmore,
1998) 40 « AWTFERIHA L RAE S e A - SABREITEBAN 8 > GLEE
IR E - SR H LGB BN » PWBAEnE S e (Host etal, 2015) « fH4)
B2 A (R R BRDE A Ay W) B AR B B R L B = R P R A [ s (i R B B R R A 4
ERPRECR ARG A B > A REE M (Duval, 2006 ) ©

3. BECHRESEZENBERE

AT 745 R i) R A LB A B BRI ES Y RE I A e > (NIE > BRI
SEEE SR AR AREREER 0 BEREA - sHEEITEE - AP - R A ENE
BG4 60% K LI E  FE(ERH L eSS 5 > 1550 & Ry 46-70% o [E 2R (A S IR A8 22
RUEEAREN (ZILHBUFEE R > 2014) - HEARAEMBREN AR ZHE > LRZN
R EL R R o LD > T7% R B2 A RE A S FF B S #H PR Y ZIE - (HAE B S MERfE 21 e
ELTEE AR S S S0%RY AR - A0 4 i 2 s BEm AV AL R B — et B S £t e
WS Em A S > B AR S MR L T B AR AV RE A e o IR A A IR e B R IR T A
— HHEEEE—ERA R B # M AR RS SO AR e - WINE
ME R A R A YIRS - RIVETE - S—T7H - B EMREAENERS e e EAs
M 2/ FBEEARBRNEEREG > RREE U A B My R R Ry -

FEAENTE - AUt R A R RS RRS - U7 S6%MNSEAERE THAIA
INAZBOTTE -~ AmER (Q7) B (Q9) & - ma R (2003) %3 © MIFERLREE
fE—AEN R - AHAIEL A AUNERDE - 7 Ay 34%8E 56.5% ¢ FHSCIE (2005) %3 : A
AR AR DR 0 SRy 58.3%EE 72.9% o LERCAT e B A SRR - AT A AE
ABRAECAVHERE ] > BT AERARE - EABHNE bRy HI BT RIF A RET IUF LR
4 o PEEEE— AR SRR AR LA B W DU SRR IRF R EE > T
FREEARNAERBGNHBZFEND - 55— HH - AWTFRERERTIAL 40%24
HIET R - 240 6 (i1 235 8EN 2 R B o3 B2 AR AT =2 A B R A W (L S 52 B s A A A )5 T
e 3 A B AETEERE A (54% ) HAEZE /D 5e il r I EE (44% ) BLaE RIFHE % (2010)
ERET - AHEH - FEAGH] 45 B R 48% 1R 135G &R R 82% -
B A AE W RE A At IR A ] - T RE B A il AR RE P FR Y AR 22 52 « 5O 45° s B4R RR
{EH 90° Ry BB AL - ik 90°%F 7 W fiEl 45°F8 ¢ 4% 135°/H > RIfEH 90° /S IREAL



48 =B EFERT 11 &5 2 HA

AL 90°ER 45° 5 Rl - ERAE AL E I B A D A FE MNP R e B A T Oy R R Y B 2 A
R A SRS - B —SRET

(Z) BERABSEFEE A

E FE AL AEfE AR e s [ A (A B 2 DHEERR A HEaREE A > M A B S 16% 5 49 40%
EAFEAMERLAN B > BN EE (18% ) ~ SMiBLE /7 0 AmfE k&
(20%); &9 1/5 AV A R BB 2 Bl Al - i E R < H > A 27%HV2 4 (R
KUEEH ) REESREANMIHRS A - LB - DA SEENNESREL - TESEEL
KA IR E RBGEMENAL - (A TR -

ELE ek Ay RN > RSN E b RS (13%) ~ $EERE (K (3%)  HAl
PUZH R T B o PR BT (10-11% ) {H BRES KA E R4 - ILEE - B2 4 f 5 S
FH T ARy /4 8 A B IR 8 - 150 ARV EE - RS R B A BRI - Bhas WEER K
I o PRAREERER « [RAN > AP - B & S HAMAH T 4H 1 a8 A HU ) B B e /g
B Er BR AR REHE RN T - EAUBEMREERNE RSN EREUER A 24 - HEE
YT REHT S I LR A B [ 28 B 26 o] B 5 25 fE iy BL B ( Battista, 2007; van Hiele,
1986 ) {H fig JJ+ %% fo el R - 2 £ BE T2 RS 0O 0 B R 180T 7R M B G B B2 Y PR 7 s 1 B o i
B ZAIMENIRE R TE - RAEZRF NSRS - JHO > EFRA 2 LI A4
By A E R - R AESASE — g EPEREREEN B AR « AR
EAH A PR IR AR (6%) ~ $EaR R (21%) 0 AIHERIE B4 6= SR B PRI iy
REIHG > HEERE R /DEFIY EMEYERRI - (HARM BN S > P m i getE i s
e B2 A e SR A o

(=) HARA

AR FE R Z 5 BENN 5 (B2 A WA FEEN A S - BHEERBREYFEEE
PRy AES - B - B BLEEE) o & EHUSE AR 48 A E R AL g o B
W 86% (6/7) MEANERLZHHRE - BHARRE > BEAcsE  ERREFAR
B ETEE) e AN EEE  FTARETE 2 - HIbrI R 828 BATH A B2
e & BE A IVERE (Battista, 2007; van Hiele, 1986 ) » M JESRAH 195 22 5% 2110
RIRFE— L Z 5 BEME R R RV B AR BT HABNRERBESR - AREHERE
PRI smIEE) - (EENBRN A il S T B B2 AR 50 A B RE 2 R S AR B S G B S
Ak o MhREAR L PR M B 2 ENERI N E o RS —/ DR E AR AT L R
HIIE Stk - PP E Sbaragli B Santi (2011) Friiali Y E0 7> BaMAY 2 28 - MEZRER AR U E A
RGN EEAPES - el aayyEs e (G - A8 ) A AR S A EEBEE
BRREZR » (HAUMCE AR HY AL B L » R R ATE R AEER - 58516 &
ELEFF M - EMEFNAEE » T hAhARRSZEIARK (Casas-Garcia & Luengo-
Gonzalez, 2013 ) »
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eSS ARV AU RS - BETEF A AR EE AV TR O S i el A - EHIRER A
FEEE AT E BRI S 5 - bR 7 B R BT IE LA - 6 (i ehil (6/7) SFAE4Y % 60-80%
DLErEEfR > BT AR - A 1 IS fURAs - fEeiE AT - Fr A s s
RENEA SRR < ERGS AR A > FTRE F R #AT PR B R ARV 2 E DI R £
T LA E R e BB AR SR AL RO R - DLEE R 0% R A sEER & Huks (= HT - 2000) - [F]
R - ARG A F A ERE R Am B S RS - B 1 LB EE 2/ e At E
BAEEAFBER G R (B - RE - B - fei)  Hh 6 A& AEmAME R IR RF
& o HILAR - BETE R R AR ATE PERES - DUGRBEERIF S 2T EMERE
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In this study, we aimed to examine the mathematical creativity of Taiwanese 8th-grade students using a
survey instrument developed by Leikin. The students were categorized into high-, middle-, and low-
achievement groups based on the SAT-M test to assess whether mathematical achievement influences
performance on mathematical creativity problems. We also explored the relationship between
mathematical creativity and general creativity. With a sample of 313 8th-grade students from three
middle schools, the analysis revealed the following findings: First, students' performance on the four
mathematical creativity problems—assessed in terms of fluency, flexibility, originality, and overall
creativity—showed significant differences. Students performed best on the Distance problem and worst
on the Jam problem across all creativity dimensions. When the creativity problems were further grouped
into geometry and algebra, students performed significantly better on geometry problems than on
algebra problems in terms of fluency, flexibility, originality, and creativity. Second, significant
differences in fluency, flexibility, originality, and creativity were found among students in the high-,
middle-, and low-achievement groups, indicating a consistent relationship between mathematical
achievement and mathematical creativity. Third, there was a significant but low correlation between
mathematical creativity and general creativity. However, partial correlation analysis, using mathematical
achievement as a moderator variable, showed no significant correlation, suggesting that the two
variables are independent of each other. The study concludes with discussions and implications for
future research and instructional practices.
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Corresponding author : Chen-Yu Yao > e-mail : john21997034@gmail.com
Received : 8 April 2024;
Accepted : 11 October 2024.



EFEE -~ WURTR - 5REF ~ Sigal Klein ~ Roza Leikin INELR BB RS /1 ERIR 61

BlE T2 BIZ D ~ BIRTHIIRAS K [EIHEEE Z R RIS J1 & i E e - FE
e SEE AR RIS T AE - WA EE R ARG T B4 - 4 0 L E BB S I B B 4
fEER AR Al ) BB VAR AN B BRI R DA R S Y 022 SR - Leikin B4 Pitta-Pantazi( 2013 )
s - HEREME EE (0 ) flE DV E SRR - TH RS
J7( Mathematical creativity ) & I Y Eifi 27 22 B 22 A= B R 52 il 5« %} 1L > Sternberg B Lubart
(1996) EIRIER 5 222 E K A RIS BRI - DI ARAS TR S - AliE Iy
I~ SRS T LR S 2 R YRR L R S AR - [ <SR Al D b S [ R
FAEE o ALOEERRE T IS )y B AR O RBIERE (Sternberg & Lubart, 1996) » iR #
Al TR RIF BRI E E&R (R EA > 2015 ; Z[E4 > 2015 5 Haylock, 1987) -
WEEAF K - T— » PR BRSBTS - BUERANE T
HY B L A SRR R B 8 B R B B 78 1 W Je il 2 — (Kattou et al., 2013; Leikin
& Pitta-Pantazi, 2013 ) -

Silver (1997) $5 i X B E N B AIE NIVE EZ R Z RN L Bl HBERIE T
efEE ANHEE - B - SUETHIAVR RRE - BB RUR SR RS ) B — M Al T
( domain-general creativity ) 3lfi fif 72 52 - BELRIE T Ry (8 AR —IHRIR - FRFEH12 K2
BIMER o a9 7eE R RIS a0 R B2 Al IS T FEa% 2R A AE B B2 R HI i (B N 5 22
FHEIER Y 2 4E DL RIS B 4 i Ry 8 LRI BT 2 SHIk AN % /) ( domain-specific creativity )
BB AR & - AL BERIE BN » HASEEMEZ B EEEERETHAE
BEHIEET] - HEENE - BEANE TR EEL S LRI FIRE NEAE - WIFE R ST %
IRARMRIVE A E - $2EL > Silver (1997) #E— B2 BB 5T E M ZEE (inquiry-oriented
mathematics instruction ) » WG58 HAE S5 3 B2 ARV EER RIS ) - B HE 2 e B A A 3L
EEGEAV RS - FrEE RV BB PRI E M B H R 5 Al A 2 [H 3L 6] 2 B R R RERY TP iR
% TURERARN & P& BLREAR -

ZENHERENULE RERERE R BRI - BB
AR 2 T (s 5] S5 LAY B AR (Hsu et al., 2023 ) » DUR B B M AV 28 0T 0P £ &
(Yang et al., 2022 ) » 72 "] REPRH] T 2R ERAE NIHYREE - 2800 » 2EREEAENR 82 F
FRAGTEIR(E 2 T AR RE B - WIS A BB LS a T YR RE - 5 B2 4 T R AR R
(BEHD » 1993) « FiRl AL FHYERIZ R - 108 SR BH W5 35 1E = 22 AR HU Rl FE S sk
JIHEER R - SRR TR E R RER o W0R (b Z g S B R R Y
R (D > 2018) « ELEBUORAVETTEE G - KM 2B R EHAIE I ENEN - H
& BB P LAY S B B S 2R R AT 1B AT RE R T SRR R AW ER -
Rt e ERENBERIRSS © 2B AR ANE TR A HBEZFE RN R E
BB ERS 2 N7 Sn e R
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AR EEENERS ZEE b/ VFRB ARG S > F5H Leikin HFEE X
( Leikin, 2009, 2013; Levav-Waynberg & Leikin, 2012 ) Y% JCfi# BTSRRI JIFRIA -
B TN E R R E— BB T MRS SR R R B S - R e I P
EVHNAREE (ERECEH ) B RSB T EEVIGAFEMEE - Ho > {K#B Leikin

(2009,2013) #FEAFFE TH » AR e 28/ FERRAEERE I FRIAEARE - &
Eomet - EIEMERERIE -

S0 o R BER Bl IS T BB ER Rk 2 R B (st — B SORRAVERET BB R (Bicer et al,,
2021; Hamid & Kamarudin, 2021 ) - #1 Bicer ¢ A (2021 ) #5802 b ik 18l %S 1A BE (AR DA
1965 FF| 2018 FHYE B TR AT RS MERL T o i B TLEE Bt A — M AllE ) 23
HREREEAHRE - BRI R RS DV B = o R BB RIS T B B B
SLHYBA B B AW e HARZ — - & - WiZE E—f MRS A & SR Ik Rl S ) Hy e 2
MefE B FE DHE MRV RS BB AE ) 2 MIRYRA A AR H 7B 2 %E & - 2 Kaufman
Bl Baer (2004) HE24: HILFFELERIGH » HE— B —A MRS T M Z R AV SR E B
SHIE o (RIIL - AR R HE— P ERTT 2 S B AR By — MRS SR Bl ) R 2 [ A
M Bt AWTSTMEERE
— NS ER A BER RS TR R Ry o 2
= FERAEEEE R - HEEAE IR R R ER?

AR AR AR HY B R R — MRl i T R ERAH BRI Ko ] 2

1]

R~ SURERET

—~ flEN

S ERIEH Zor » A FIE2E BA [F g R Al 0H A [FRY A% - Mann (2006)
gifE thERAE DR ERER 100 & - SFEREF/KEIENE L EGEET] - WFEAEE
WEL ~ DGR BE A TE ~ BRFERIEETT ~ BYERYRATME - B8 & BRI BH R LR
HAMEEMERELE (Matraeva et al., 2020) - BRI E S AER T EMERSE T BHHE
M R BT ARV R RE 1T AR 308 IR BRI R A0 (T A B I SR IR E2 A A1 4G 078 1Ay 3%
J& - Eom i SMEINZR BLE A RS ) Z MMM Z/EA (Khotinets & Shishova, 2023 ) -

Mumford FE A (1991) RIIEE Ry Bll4E 77 % Bl & VU S AV AT - 55— ~ Al YR
DR R FLAM T RE AR R — A > WM HUE DARIERRI GRS Ry 2R B Ry - S5~ — (B A B IEA e i
BRI RIS I8 LR B AE0E » S5 =~ RIGRAN JH BB 465 & R EE BT 4H 8 DS 2B B RO - It
& FACERE R IRE » 60U ~ B Ay RRUA ARG AL A B pl AT AR E] > AR5 [
BETET S AR TIF - SkeAY TIF % 75 52— B fH - Baughman 8 Mumford (1995) HIEE
A PEREE SRR R A ST R B SRR AV B AE ) RER - Mumford 32 A (2013) #E—



EFEE -~ WURTR - 5REF ~ Sigal Klein ~ Roza Leikin INELR BB RS /1 ERIR 63

Bl R RS TTHUIRAZ ST AR ~ Wl - RERHEEZ T > sEfttimaE ~ FAlHY - (BHE
AL o INIE - M MTE SRS J7 Rl S R RS MIFERE ORI RE AR R - T HEERA R & anE
HYERTT7] » Mumford 2 A (2013) S EI7E JIHYE 3 1] DUERE 7 13 R A (R A1 4 D A BT FE 6
I (40 - ERR R RE A IS I RIAVRFED - B TR ZE (5 A X P sk Lh R LR RE T2 (8 A
RETE [ REAAR L - F TR Al s T LRl o

WrgeE — BB — MR M AAE T AR E SRS A A FIAVEES - — MRS a8 R aliE
TR ABILTR E I SN BB RE T 5 TR IE SRS RIS 7 RIS AR 1 4 0 B B SR SR Y V)
[5# (% - Silvia F A\ (2009 ) gkt KBS MERY T RREE RIS T — RIS B R EH
SRS ST E RS - Baer (2012) AIFEHAIZE T2 8 SHIREY © NI — A (i AR E 2aE
5 (an BTy HAEEREEZE TR/ » 55— 71  Chen ZE A (2006) AIZEHE
BEREEE MRS JIRYAFAE - Plucker B Beghetto (2004 ) Rt All7E 0 — R M1 B
AeVERVEEEE TR - SR T RIS I ELETE Z AR (4 - DT FE e SR R B R Al iSRRIl A
NHE R 2 BV HMURASIHA 8 08 S [F 4T A 5 7R A i i & 2 ] I 8]
k> a0 fRAEEE S i (Biceretal., 2021) - EFEEELRIA - SEPRANIE T AT BE A HI
YRR S> - (HiFFER B EL RIS T AR Y — MR e E s KRR AR & -

AL HEERHER I > BlE AT &R R R I 22 5 (2 T A MV Z REOE © Boccia S5 A
(2015) FI 188 82 G Bl 20 ) L1 45 AR R (AR 48 4% > 48R T RS D HI BRI DUR
EAA 5] B T H A BR R GE A sk - B TR S oRE 1 — AR E A M S e IR VAR R
fHECAAE © IESh > Beaty 2 A (2016) W72 1 AZE MR A TP YRS SRS EHRE - ARfil 7B —fk
(Plansgge 8% ) MfkrE (Pl eeflEmaliE) alaiaieHpayEER o BT
TSR BRI T Ry SRR o ol — SRR AR AR N E RIS TR RS Z R YA A
fEM -

Fh bl STRRERE T LU H A1 A 00 % 28 R BRI [ 69 2% TE - H— AR AIAE 7 Bl 7 SRk
BAE ) Z R e &5 R AV IR 5 - (B R R RO AR I A A SRR 2K 2 » T SR — 2D 5
af B ER S T AHBE STRK -

- BERAET]

HWREE N ERNZ UL > BRAISE NN ERTRZTE » BB ITHRARE - K
T3 EAER > B AE JIHYE R R — RS IR 2k - HAIE e BER e e S fE th
TV BLERAEUE ~ Rl e R - DU RYRE ST - Vygotsky (1939) B8 RS2 AIE 172
S JEE T B R B Y B AR — > T RS KR - MRS UAY AR R © Spraker (1960 )
B SR Rl 7 78 3% R Yo B B T R 2B JRUAG R R RO AR R T £ BE ST » Romey (1970) FE 7
BER RS S B B~ Bl s Ji7ARES &  Laycock (1970) $2 B AIE TR IEIEA
[ 75 FEE o i ] R AR SR A 5 TR e B A = Y B IR Y BE D - Ervynck (2002) 52 Ry 852
SN2 HAHBEMSNS S - SUERERBERE AR RBRMIEEG - B AT N
BRI S5 e AL & B E(F ] » Chamberlin 8 Moon (2005) iR E2AE Y ELER AHE 2 38 Ry 4=
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WA B AR T %6 (8 R BUER JT VAR B BN T RV I M RE R RE T - BB A E
VB E N BRI T ERNANE AR E - HER ARSI —EEaEmE )]
BFE T BE B BRI ~ R AR R E L T H -

TEEYIAFIEARTE - Kwon 55 A (2006 ) fi5 HEURAE JTHY R (E 3 240 ECER o7 © Al
HIBRAYRE M B E AR R RERYRE ) - IR TR B B R R 42 = 2 AR A RS 1 R R
JIRAEEBD - Chiu (2009 ) RFEE2 Al ) BLER A figg PR IR B R RE A R PR &S A8 1 & 3 R RE Y
RE JJH L 2K © Leikin (2013 ) 885 » Bll2& ST AU o i B 4k 2 R AU B R AT 22 JT IR & I
R By B re BRI 22 0 2 s AR g DR B2 R RE R mT RE M © AlAE ) B S BME JE 4 2 F Y 33 G T
RETAAE IR S B MRS 7y > B A DA T U7 U R O R R A AR EOK » (R - DATERY
WEFE R BE STHVE R R H BN E )7 7AMH4S & (Levav-Waynberg & Leikin, 2012 ) -

It » Torrance (1966 ) f2 A% J1.00 H B PU{E 2L 2R © fis M ~ Z0E M - BRI M
it > Hollands (1972) FHEIE DAL S EN E R T BERAIE JIHENEZEEN SR - i
YRR I N E R L BB VAR T > BERRIG AN S R B - &
SEMETER RN EBERTTANIRE ST o E4ERVERTE LA B (6 R R B SR SRS T AR -
RV HY 2R R B T AMNRE ST » WA BT SIRENNEA TR - B ETERYZ &
SRS PR LS B AYEE T o HE IS Torrance 2% & H 2K A Al S HIER vl s & (N 2L %%
B ZE bAl#E JJAYHE A ( Sternberg & Lubart, 1991 ) » [A [t Silver (1997 ) #E— 20 5 i i fif
AR REERRE ] - HEREEANET] - WA E=(EH A 7 ¢ R - AN
FIERIME © FiG M imEe ) St g 2 A~ S ok )7 Z R R 2 (R R
ah ) DURBRREE P SRR - SIS R EATE K ELE T 20— (EF R TN
BT o HEHEEE AR TRV B R R T AR S R Y o TR BRI f2 2 A R R — {IE B 2B R R Y %5 R o
RN A — S E KRB ER - ERWEE AL CRAVER T EZ I I E
A —(EGRT B R 5 ZE 0 - SRR AT ARG E S e -

RIS BIENYZKE » Hadamard (1945) Bl Poincaré (1914 ) 583 1 &2 0V RIS EIE R
RS B YT P AR RIgE ) - MM E ST sm B 2 R RV A S M B AR R PR T AR =N i A

(gestalt model ) » 5% f5HYFY Fy Al P 8 2 1 PO {8 PR B &0 A7 AE A U2 1y R RE g 1 B2 o - Al
EEECRE AR FEE - MBS MR T R A SRR E o MEIE R ARV AL ER
5 AL R RELRE B R o A0 SRA P 28 Sy &8 B 2 A IR AL R RE Y IEME S 25 M PTR e AT Bl
B PEEL » BRIEAVE ZEGEEH AN P RB I ZE A E - A A THIE ) PSR - &f&
B HEAY A4S AR I CAEEH - (EHBIRRETEAL - DEFEEE Ry B3 | PEEL -

BT BRI JTHY E A ST > Kaufman B2 Baer (2004 ) 7 241 fir 824y H Featli S
o BRET— M A ) B E SRR IS T - BRI RS AR N o TR I R — R
RIS 1) B PR GEISRI S T R A AR - B2 AR /A CEHE —REIE I - @t
TR E CIER E I B FRIE JT - (HABRAYZE Kaufman B1 Baer (2004 ) £ — B
— MBI i ) S B R MR Y B R B - Meder 55 A (2023) RISS IR BB H R R B2 Al 1)
BB RE S R HAA - L7245 3R B R B I A B S B RIS STV 2 2 - Leikin B



EFEE -~ WURTR - 5REF ~ Sigal Klein ~ Roza Leikin INELR BB RS /1 ERIR 65

Sriraman (2022 ) FHEBCURNE R [EIRE - B H ATEEE aE T E B B 205 L8 1A
EFEEE - MOl LA 10 FRAEEEEAE NRYHE - #HA 49 BEEHRAICE -
[ClEE S E R A 18 M EEW R ERET B2 RS DM (41 - MBS E - HEER)
Z [HR R - RY—FNE B R ERBERS: - 5UEBAE ) 2 BRI % - 6 R 3CEAIE
BRE ZRIE R BE T RE TRV S B EBRE ST - 12 ZDM B2 AIE S BT » 48 Ty
Al JTH R ER o 40 ¢ Sriraman (2022 ) 585 B T E M2 U R 45 BHEUE2 A B ZEAR A - Haavold
Bl Sriraman (2022) W EIREELRSE NEBEIIRARE S THE T AWEAENER - B
kot BB %45 E0YH22 /7 (insight as consequence of conscious analytic thinking ) F1[K|
1 o 4 2 S R AR 45 SR 1Y 22 /7 (insight as result of unconscious processes linked to an
impasse ) °

EEHEANE T - RIS RENEEAE NS - NEBERE - TFER - T
F G IRET I RS T B H AR R AR (& > BI0BEE Bk ~ —ARRE ) ~ ZURRIg S > &
FHEAE PR 2B 2R ANE IR - S (2005) f5H - B HFEN AT DA
HEAENEERANE ] - BUERIER T DGR AT W Y R B B R B A Y B
BR LR a0 - MR R B AR RVRCE EYERE T - B (2006) 3% B/ NEUER RIS JR2 B BLET
HIFERE T H - PR G Ea38Y 77 =0 SRR RIS ) 35 B2 77 18 25 e NI & 05 =N TRR A -
SHIBZS B A0 (2008 ) EiEEGEE = FRFENEEAIET) - BEAIE 22 BT E
B EREE > BENEEGEEHEAE TR - ZHERFEA (2015) B THEAE
JTHIE T B EIER - RIS D —MalS s 2R AIE 1T (HENEEEAE
NTEFHERE - Rk K2 E R EEMVEERISE M E - BHRiEEaIE T HE T
FELAVEE Ay b — Se Pk - Blndh = B0 BLE AR T - DUSCEE DU (5] 302
SHIBLRE TR ERVHIE - FIED (2015) $HE 2 EEE0E B HIAY s S T SRR EIR
HMEEEENEBANE RN LERNS - R8N SEHEAE TR ZEEER R
ZERIBAE - [ARRNZEEE N - gl - 2EEKSE  BRERZEEHREITE - RE
BRIE% -

W RIS IR EFR AT DIEEF L A AR fim 2 BB AT E - EEAY
EREHEAE T ELEARMGENAZE T AMNEHEREER > SR AR RAVIGHE A
TRAMETENEEES > FEE—ESMEIEE 1A 2R o A9 B8 X AH B LA P
ANIE o AHE R B E L — RIS TR B EHEE RS T AHFREEEM T Leikin 5%
B [ 5 2 1y S ORI B B B2 Al A T R s - S (SRS T i B B 28 e st S Ak 52 A A B 22 < I
HYRIAE JTR IR  RLAL » A58 R B2 A Ry sl B S8 T » DR il B 22 A1) 0 iy R 3 B 8 =2
AL 2 T R M - 52 KA Bh R SR A T R 88022 B 28 T AR B e HAE R (5] 85 22 SR sk
HYZRER -
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&~ MRITGA
— HAREIR
AL B 52 T AR (- G0 135 17 B8 B et 5

(—) RIESTHIER

AW G Y Al ZE 7R B B HE — A Bl IS 7 BB R Al IS 1R 0 B Leikin BHFEE R AR
$% Torrance ( 1966 ) gl J7¥ 5 K Silver (1997 ) #Y 2% T i REEH BLFT 28 2 ( Leikin, 2009, 2013;
Levav-Waynberg & Leikin, 2012) = [Kft - — M RIE ) B18E2 RIS ) BB G @ UE - —
R Bl RIS 2R Al s 7 R B B 0K BB AR £ HH S TE R [F] A g RE RIS - W90 3 P ST B B2 A Y 42
TRES TR - SUEETH @ BAMREREEREANST T > m2E  BHEEAIEN
% 2 TURERE Y S (RS HIE - H2 - Wil MIEmsa T 7 HS > MERIE AR ERAER H Ay - HIE
WAT 42 2% R A (A A AR R - PHEA M S R It & /U AR R 42 100 A > DATEERE R {73 11
SR B B AT AT MR RO R R B2 A T B P TR I I © DT B RIS B I 2 A YR 0] 2 - BB
B H Ay R - 22 ENAE S EE Cronbach’s Alpha £ 0.75 » #UR B HEZAYNE—
B REEHAR A RVEE RS IR - I —RREE SR A —E - SAETEE Y
Mr > RIBEFRAME A T B 2 505 AR B At 5 M BB Ry P SE M - Rl Or—MEBNE T BB B N 2575 31
M IRMEEE T = B R ETRE - Hf > BREMUAKZEEL S EBI— L AL FE
BB R R B B BRI B TIFE - BERMRENERIEE AIHERME - RS
FEHEAT T aPfh - B REEEUR  MEBTHEE T EH AR ZK - et 7 — S Uu 2 -
MR IR E R A R N ERTE B BT T EENHFHE > DS HBIASERE - BRIE
HYREAL &5 SR8 B TR B & — AR S 1 05 ey A Rk -

HEANE TEaUEEE - mM—KRelENEE—EEE - RS2 ala IaymEEH
e (FEPREMERERE ) SREBAREME (REMENEEGME) - BEEAIE )
BEWESMAWERE T EEEE P REESAERENETET ) FRE AR
EITHIERIR o DUN REERAIE HARERE (RE) & -

Anat % 3 4 i@ 7 4 % FEE TP B b A 80 2 ek F hfp b hig
G A AR BTN T84 B R AT PR L b
AR PR G RAR N BRSO R FROE T A

foB A e SR T R AT -

B ANE STy H ek = o FE i RE X SR ERAE P A R R T AR B A R RE - EE R R

R RS TR B H BT B R REE © SR RS G (EA T A E R - ey
SRR TR H B ] P AN (R BB T (F 2 AR R R o A R ACRS A S e —
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(| IEREMARE - (HE2R AT DUR IR H SRR E Ay RBER BV IR 5 TR AT DL R B E 2K R
B ROM AR EE -

— R AIE T A RE G T B B ER A Ty R - T i — AR AN 7R B fe it — {lEl i S PR iU i 82
SR AEAERZ AR B - R H A AR P R R 2 e Rk - HLERAE B R IR AT LRI T
FOEE ~ B AITEATAE T R oy Bl AR -

(=) BEREEHER

B EE Bl i H B FI 2 BF FH 48 R R By SAT-M HIES: ( Scholastic Assessment Test-Mathematics )
Kt e B2 BRI FEIA (Leikin & Lev, 2013; Paz-Baruch et al., 2014 ) - SAT-M H] DL 2
It g B2 A S ERA BB A A R BB R A B AR - SRR Y SAT-M 55 35 B (3
HEFIE 1) - 5SS A SR A B G BN SAT-M B2 iR rY St 0
o MEEPRETT IR o THRE REREH TR /\FEE 100 2B £ - THE BV R 24
RE I i H BUIN B A fR I ] - W FE B AR THEN B A 0 1a] 2 - 1T 5L SR Y B
3 - 208 Cronbach’s Alpha % 0.68 » BISHER LG T HIPI Hi—Be M - SESTAEER LAV
BRI ER R -

1
SAT-M i i 5]

RPN (21) L) I
11.  Z&nl=n(n-)(n-2)(n-3)..3-2-1 - 3+ & (5131

(1)% (2)24 (3)% (4)10 (5)1152

—~#AIAR
(—) A& HER

Leikin (2013) {E##RE AR RN ZR T 0y E M AGE H B2 AE TTHY ST R 204 » Leikin
ey H AISCRRE FH Y25 1[5 FE EL RN A RY o> 7 sUBE 2R n] (e A8 oy IR i 2 A RO R RS 1Y =
(& o B ERP > 77 UEARR BRI S D R HEAVRFIRTE (40 - JBRIME ) - B T RIS S5 R - Leikin
et EE G - 8IS - BAITERAE DHI M HI ST &4 -

L
Skt (fluency ) S5 FE MR AR EE AR AV & AR - Ny E R T iR
YR FE LR AN [RIBRA T 2 Z [ V) - BIEECKRAREAE T/0NRER - A Al RE BB R AR
JT% - LTI T G TR R MR T R EE > ARSI T A B AR & % S
AURARIE 22 > I HEER R IENERY > BERANER 1 2R NG 20 5
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2. BEM
&5 (flexibility ) AYRP A 55 B B2 A (5 YA [F] AV BOSR TR B oM B A D R Y RE

aF oy AR R AR RE T A 38 DARHAL SR A R A R Iy R SR O B UE E o A SR e {8 A R T R (5
HERARRR - HE CEH - ERBEREE ) BRI SRR > AIETTEIR A
[E YR TT 5 » AR E— BRI - 55— EMA ] DUELS 10 57  AIRAERZ I o 3R —
(% > H#Z A0 — A A B ER TR > RIa]DUER 1 5y - EE2AERA
[E Y RBOT AR AR —ERE > B9 #sZ RAV AR A TR Y AR A28 P > AR 0.1
73 o R E B A B AR BRI - B ATE S AE M M S S MR RIS 5 - &G =]
DL BRER A SRR I A B S R R ER E -

3. BRI
R Coriginality ) = & AH B AR WI(E I = - MHEFH G S EAUHRE T SNEL
PSR RIS i (M T 8O0 - B0t > HEt B AR & T E AR gk )T E 2
AEITEE (P) o EREE A R SRS B 22 B RG HY AR RE SRS o 4@ SR R L 1 it RE SRS 0 B
HURZE IR T EMN - 22 WEIFSHR R 2T MEA BRI E RIS ERM - B5
BIffE 22 AR A — B A EE T ZMREARN > AZEDaVRIH R T e 4 B
B B AE )T - MIEEMEME - BEIERYEHE SR TR R4 - BT ¢
(1) & P < 15% BZEEMA THRBEEEZ )] (mathematical insight ) AYIREH Hi
(non-routine ) fi#7% » AR AR 577 Fy 10 73 -
(2) % 15% < P < 40% Bia%fg A e R IR E BUF AV E g 7% - QI i R

Tk 1y
(3) & P=>40% sz B R BT B L - AR SRS B AL 0 B
0.1 53 °

A Bl = (A5 R4 > EH (el AR RE SRR P RE A AR 70 B - W IIAR S BB AP Ry 48 ST -
- HE RIS 73 75 3 FT LA R T R ) 1 A A e L o IO AR R A Y R PR AE < 40
BRI Ry 21.3 30 > AL AR RIS B & 2 (A ER ARk - B 1 (8B Al I A
MLUME A & BRI AR A - DA 3 8 B piy e 5% AR [E] B g - Rt > S Bl e oy By 21.3 O
A% R R REE A 2 (ERGY 15%HE A4 (E R AR A R a0 IR E Hp% - B 1 15%2
40%HYEE A (5 I B E FH IR RUIB LAY B AL ER A - LUK 3 (RS 40%HY S 4 {5 F BUARIE L 1
BRI ML -

4. AIETS
Leikin 5E FeAl#E 17 (creativity ) Fy i el oRES 737 B B VS PEA B AR Y 2R s - AR A
HAVEHBRRETRES - WINRFERVARL > AT AT DUBB B S (Flx) FU@AIME (Or) #IER
I3 AGEH T Cr =FIxi <O > Horpig = 538 ( Cri =10x10=100 ) Y BLA e R85 MRl i)
THRIMERTERA (Leikin, 2013 ) » [ E 25 7] DURE 58 %5 7 A fifd i SRS A8 & Rl Al S T RIS L
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ERTAEE 0.1 5 0.01

i 1

NFREBRIE R 69

SRR A AN (LB TR T B A AT OB T Flx 357 ATHER 1 24 0.1 - i Or
SRR 10 - &R Cr {533 Er2 10x1=10 5(10x0.1=1 - [y - 18 LB = WAl ey
+ BETN A AALEL SR B At SR 2 P AE AR A R
SUR— B AR FRRA T FEIEF 2 TCARRE (T 5 (O B B T4 43 2 15 (B RE SR 1
B I1353 2 A0 » BICr=2"" Fix;xOr;

T 1 BRE IR TR -

#=1
AliE TP
AliE IR 18] fAE R SRS 1 7 oy
MgtE (Flu) 1 Flu=n
EULME (FIx) R —(EEE : Flx;=10
A [E] SRHE Y R A : FIx;=10 Flx =i|:|xi
MHERESEREAE - FIxi=1 =
HESRISHERE : Fix;=01
EIE (Or)  RE]15% #2835 FrE 4 (Y R RE BRI @ Oni=10 .
15%% 40% ton=1 Or=>0r
40%pL : Or=0.1 =
B3 (Cr)  Cr, =Flx, <O, Cr=3"Fix, xOr,

i=1

=¥ 1 AZERE5| H “Evaluating mathematical creativity: The interplay between multiplicity and insight,”
by R. Leikin, 2013, Psychological Test and Assessment Modeling, 55(4), p. 394 -

(=) BERHLHIER

AHSE P (6 FH RO B SAT-M HlBgaRi St 35 /> B2AEH—EET 157
077~ RITE= TRy 3573 °

o A=
B TS

=~ MIRERETR T

ARG LU T RG T st =B o (H B~ C B~ S B ) By VR A bt ge iy
F 0 TR AL My T U T AU - BEHUA S AR ERVER - Hop > H B i ¥
gl C BT Al S B i T il - DL 109 SE &5 3% SA tERIfE /B AR
FEHIFEHE > H B SA LEBI Ry 7.9% » CET Ry 15.79% » S BT fy 18.5% - &= pl &8 0 #r
BUR H B 2 AR SRR - i C 8 S B 2 AR TR -

W ZetERe /R aR SR A E A2 B B SR Al T VUl B A i HYAH B B SR M1 - AllE T M
B B B85 22 i g R B e By P FE R B R DARREORER A2 € Je Y BRE 1 52 I A (I8 0B SR B IR
A AN R 335 A AIBRIESBEAR (WIRAESS M RIS ) - & ARBEA Ry 313 A - 313
fir AR A AR B B ER R M B8 SAT-M & 73 Ry s B2 e ~ BB Bl ~ FIMERBER R -
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ZHHEAERAR S AR 3396 o SERAGAEHAE SAT-M 157 #ilE fy 25-34 71 0 PEERRL
PRELE Ky 17-24 57 ¢ ([RECERRGLEE F 2-16 77 »

WrgeE bR 7oA VR AN R B ot B SR A VB AE T it - B80S
TRITEAIRE SRy FRIE Z 51 - [t ) — A RIS 00 R0 B2 81 4G ) A 25 VU el F5 15y R 36 B
MBATE > WTFE R BB N T2 853 17 ~ Bonferroni Figiw e ~ MHEA AT » K fmfHBH <40
st ot A 7A AR e = (B FE A -

B HIREER

—  \FRBEEBEANE T HERHIRHE

BT FE R - & RT3 i /AR R AR A U RE RIS (7% & B [ Y R3R - 455840
2 PR o R 2 BUREGERORIG M - BUEM - WAIMEMANE ) - REEEAE EE B HE
e (RSN F(3,936) =61.42, p<.001, 2= .16 ; 8 ;&M F(3, 936) = 56.87, p <.001,
N’ =.15: J\E|: + F(3,936)=15.14, p<.001,n*= .05 ; Al 7 F(3,936) = 13.16, p < .001,
N’ =.04) o fEERRESE BT ST E RS M EEE SR EE R ( Peor < .001)
T MR ST E ( Poow =.001) - 45TF I EEEE & P FERIRE ( Poorr <.001) 5 8
JE M7 T PR B R R = A S R E R R R ( P =.750) » TG MEEE S E R
B ( Poont <.001) » FETE R R 5 R SR IR ( Poowr <.001) 5 FERI 14 77 e S e P OB v 1 2
GHBEREEEZR ( Por = .261) EEMESNEPMBEEREFREZEZR ( Pox
=.950) > SEPRTREREE =i REERTE ( Poor <.001) 5 A3 777 1 BE 5l R 2 A 22 4 L RE{H
REFHEEZR ( Por =.564) > EHEMESNERMEERZEEZR ( Poor =.966) 5
IR E = R R R ( peor <.001) 5 TEFIGME ~ BEM: - WAIME - FIAE SAA - FEEE
FIRERYF B 3S Reicdr CRIGIEFES =1.39 5 BIEMEFE =11.56  BWAIMEE =528 Al
JIFEg =44.10) - MREBRBTIT R ORGHEFSE =071 8EEFEY =673 ; HAI
P =2.70 5 AW ST =23.54) o &S SR EUR AT T A F BBV RIS 1FR
RABEER -

#E— B E R U B SR Al 7 H & oy BT Y (FETAIRE B R H ) AL (R
BREARME) BT - 5% 3 o > TERGHE - 8IS - AR AN 02 %M
B CRIGHEEE = 119 5 8EMEF = 10.56 5 BAMEFE =4.93 5 gliE 79 =44.02)
BEEENRBOER ORGIEF =0.94 5 EIEMEFE =9.08 5 BAIEF =3.66; fliET)
Wy =31.33) o GEMEEN TSR RGN © F(1, 312) = 49.24, p < .001, n*= .14 ;
BIEME © F(1,312)=23.76, p < .001,n2=.07 ; B © F(1,312)=19.62, p <.001, n2= .06 ;
BT ¢ F(1,312) =22.44,p <.001,0*= .07 » &EFR] - (EETARBOVERR - JUFHERE
Al = PR B B2 Al 7 2% T8I e Y 2R « 1771 T S 5% T TR - Z2 AR e A B 20 A1 JEL A SR 1 B
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=2
VU RE B 2 Al T R A st o i
SEEE oy (REAEE )
e 7 T g =5 FE
e 0.99 1.39 0.71 1.16 142"
(0.71) (1.08) (0.63) (0.62) :
Prony FEEE >TT ZEE ST GEE ST LR
T 9.55 11.56 6.73 11.43
(6.31) (8.09) (5.43) (5.84) 56.87
prony FEEE > ZEE ST AEEP ST LR
BaIE 4.59 5.28 2.70 4.61 15,14
(6.16) (6.20) (4.80) (5.36) :
Phonf EE%E > ;lﬁi\‘% > %Eﬂé > %%
Al 4 43.94 44.10 23.54 39.12 13,16
(56.19) (53.60) (41.45) (55.77) :
Dprons BOEE > ZEE > GEP ST BHE
*p <.05. *¥*p < .01. ***p < .001.
=3
LM RIS 1 B 45T 5
SEE oy (RS )
A [A] F &
A fr] REL
SFrls 1.19  (0.75) 0.94 (0.50) 4924
Eepnalid 10.56  (6.05) 9.08 (4.50) 23.78"**
TR 493  (4.81) 3.66  (3.95) 19.62"
b=yl 44.02 (42.11) 31.33 (37.68) 22.44"*

*p < .05. **p < .01, **¥%p < 001.

= FEBERRBEERRRE NRE L ERIER

WEFCHE— M= Ot AE ~ TR LA AR s AH Y BB Al S SR - 3% 4~ = 5 AR
o TR b REE BRI ABE A AR AR R T E R ES R 0 1
A (F(2,310) =65.54, p<.001, n*=.30) FRHEIHA! (F(2,310)=44.51, p <.001, n?
=.22) BB HE A B E AR - EEEN E > HEBAMEERGR S HAE L EER
6 B - B R A e &S R BT 0 TR (MRS (F(2,310)=68.30,p<.001,0*=.31) FIREIHE

(F(2,310)=41.65,p<.001,n*= 21) G BHEEZRE - £EAINE (FQ2,310)=
38.21,p<.001,n*=.13) FIAIiET] (F(2,310)=33.88,p <.001,n*=.11) {EEE2REL 73 4HAD
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AEEER - GRERZHBAERG!
REEROH o S B R A IRV — B - JFER AR S B A TR

A S
=4

= o BRIt B A AR B A A T B 25 T [ e AR T A R

%11 &% 28

C B BANE - Al A EEER - HA

FRAY

Y ()

{45740 thor4H [=Pandl
TelEE  defo] 068  (0.58) 131 (0.66) 165 (0.66)
ey 065  (0.41) 097  (0.40) 122 (051)
T & 637  (5.09) 1150 (5.07) 1429 (5.00)
oy 650  (4.11) 961  (3.79) 1143 (4.09)
BAIME LT 276 (3.45) 537 (5.26) 693  (4.70)
Ry 193 (236) 387 (3.41) 536  (4.95)
alsS A 2572 (33.02) 4722 (4437) 6122 (41.18)
oy 16.10  (24.25) 34.00  (33.06) 45.64  (47.02)
=5
= (RECEE B R A A B R Al A N B S T (R AR R T R B 4 R
B EEL A
e F1H n2 F 1§ n2 F 1§ n2
NS HEL 2% [
TeEa1E }ig 8129 025 56.37°  0.04 1215 0.02
BT 4
BEME ﬁig 81.77°" 025 2714 0.02 931" 0.01
J a& fn
At }ig 3821 0.13 20.09""  0.02 0.68 0.00
AllzE 1) 2 n]
g 3388 0.11 22.69 0.03 0.43 0.00

*p < .05. **p < 0. ***p < 001.

B TS T B R 4 - W 6 FR » WA RSN - BAEREM - B
EME -~ ARSI T HE o 8 Lo 5 R AR B B R A B RO R A A B N[ - R
VEJS A - BESR = AH AN R AR S AR B AT AN E A REE AR (K

pbonf = 1000 ’ I:F] : pbonf < 001 ’ % .

Pont <.001) » FEEEEVETTH » R ABIFAIEL 28 7

FERLS > i~ & o S AIE AR A B = Y RBE A (X2 Poon = 1.000 > H1 2 Proy =.006 -

1550 Poont <.001 ) FESHEIMETTIHI > H
EF‘ * Poont =.060 > % :

= 7 A A TR RS = R RBCH I (XS Poon = 1.000
Poort =.033) > FEAIIE ST U5 1A > HEZA = SHEDE S A S Py RBUH AL
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BEEAEREMNSPEAEEEZSRE (K Poor =117 » 5 Ppont =.037 > 55 ¢ Ppont =.007 )
FEEE AT R - ARy 4HL5T R A ) S (TSR A (RBCR A G 1 ~ OG- AT ~ AiE 12
HEZEAZRN KBTS 4 RS REBUEATE RIS ~ 85N - BalE - Al
HEE RN o v DUBURTEETT RIS T8 HIBS - K040 2242 B (RBUE AV RI 28 (o SH AL Y )
BIRBIGAAR  MEarHAER -

=6

F& M E-SAT-M 5341
BriRE 534 toraH =574
T & > U8 e > fm >T R
BEM 8 > %o & > AE o > B
ZLpl M > Q& > B & > R
A& M > Q& & >" E & >7 R

*p <.05. *¥*p < .01. ***p < .001.

AL S E A R B H A - 0% 7 FoR > ARG IR - SRR
R o s B P gl BT © prow < 001 > fRESHEL © poow = .027) > 157
HEEEE R 0 poor < .001 > RBEHA © Pooy < .001) 5 FEFIEVETTIH > 1
ST oy AR B E R R B A B E 2 R (RS ¢ poor <.001 > {8
FEEL © prow = 076 ) > M A& AH AL AN QBRI o o sH AP B (B (R 8 (R8T JHAY © Poone
<.001 > FCEZHAL © ooy <.001) 5 FEAAITETT I - 28 IR B A & o dHR TR oy edig A
BE AR (ML 0 oo = 114 > (REIHAL ¢ poow = .159) [P $HAR ST SHA BEE 22
S (SRATJARL ¢ poow < 001 - (RECHARL © poorr = .010)  FERIZE T T » A& {AHHAIRI QB
s e A BE R GRATEAL © peor = 132> fREHHAL © poow = .438) > T
TN R A EE R CGRTEEL © Prow < .001 > fREZHE © pooy = .009) © FZLELERE
HY o B2 N EER OB /K S BN EE A iR MR R B RE DA R - [FIRE - SR AH 2
AR RS T JT R LT -

*=7

Bkt E - BB H A
Birtnc &34 oy 4
LAk m > > R > > &
EEM [ T SR ¥ &> >R
R o> >R > > &
Bl 7] > h >R > T R

%p < .05. **p < .01, **%p < 001.
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=~ NERBEBRAE IR —RAIE IR AR T

AHGEHE— 25 o3 i R R R A AR R BE ST — AR AIE T HIZRIA - WHe o AT B R AlliE
TIRI— Al TTRIFHRE - AR EMTE & 2 IRt kg SAT-M FRIRAZE - Gratad R4
R 8 AR R B AIIE SR — R BIAE D 2 A G PR R B B AR BA (R B Ry 0.34 (p
<.001); FEEREEAY K B AR FHBE (R 808 0.26 (p<.001): FESEAIMEAY K B AR AHBE (5808 0.19

(p <.001): FERNIE JTHY K B AR FHEE R 80R 0.15 (p = .008) - BUREERBIE I — Ak AliE
Frihg e Ry th FEREEAHRE > 8IS ~ J8alE ~ Bl I R (R ERTEHRE (Cohen, 1998) -

PRI > B R EER R B SAT-M & Rl B I - 1T RARRE AR - SeatdE RAE 8>
BURBUERB1IE TR — e AE D I BE R BOT R & - SRR R B AR FH B (R 8 Ry 0.24 (p
<.001): fEEEEVEAY B2 B AR AH BE (R 80Ry 0.17 (p <.001) : TEFE A1 AY B B A B (R 30Rs 0.10

(p =.068) : FERIZE I8 5 B AR FHER 2R 0.06 (p = .310) - HEZR—fRAIE T FIBER RIS
JIFE NG I O B M 2 B K AHRE (Cohen, 1998 ) (BB AIMEFIAE IANE K 2B

FEHRA o A AF 4 S HS I AE P B2 B I ER SAT-M 2 F » JUEAR 2 4 — RIS R B g
Bll7E ) 2 R A M AERY -
=8
B2 RS T — AR AlE S B R B
FZ R AR AE BE (R B BEREHE—RAIET  BUERAGIHIER SAT-M FEHi{z
St 0.335™" 0236
S 0.261"" 0.172""
BRI 0.193"" 0.103
=Ub=p) 0.150" 0.058

*p < .05. **p < .01, **%p < 001.

- B emEER

AW EE B RITEE R R A BERANE JHIRIA - W72 Leikin B[R
F RIS B HET T HEM - fKIR = (B4 AT 8 PR DA R O R HUR Y ER AR A Ip AR By
F— ~ RO IUEEER RS I HIEE RBUR - s e ~ SR - WAIMERIAE ST - £
A F R MR IR R 2 R - HRoR /R R AR B AE I RIE HslUE N & Fr
RTEHY - MBS ER - R EAIGTE ST - WelMEAE IR R A - TR
EMEE G - 857 - WelEalE DR RE - D REEAIE I EE T K
R AIRBOER A - BBEATRIGNE - BIEME - BEIMEMANE ) - REHERTI9EE
= B o BRI 78 A LR i i S T ] RN i R OB R RS SR VR AR R A A
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ARAERG A E EEEBA G SRS - F 2~ LEBE B ~ T EE R ~ RBER Rk
SRR SR =B A E A RS I A A A R o I IS IR BRI
B2t B SR BB R A0 ) IR — 8 - B EONER S HY > AU DB A R R A
MAREAIZE FIRILE RS - SRR R A s R 2 2 © PR A bR T AE 251
Hept 2R - (KB AERGYE - 8IS0 - BRIMNAIE g REHEER - 5
= BAERVEERANE T R A TG M Ry T R B E AR o T EE M  mAITE ~ AlE T
Fo(REREZ MR - 2515 B2 ECRH B SAT-M & el 68808 » T IRAHRBR 3 1718 > FIZ24my
B RIS T — R A SR B EE R o Lo IS R HAETRR B B 2 1% - /(a2
A B ER IS T B B — AN 4 ) AR B  SRRE A A

HERA RS MERYES B LEEL - FRFTE SR AT 5 4E R E I By C 88 2 R AV IR ETT U0
EE#L o CERCHIARIEZREHRE (Leikin & Kloss, 2011) » WF7EE R EIE/ EHRAVEDL T
125 LR dr s B DL HIAE G M 2 8039 B 0.82 47 - BE S Y EE Y 0.71 43 - BEE M 80P 8
F5 7.39 73 > TGS EZIERY 6.74 71 - (EIEAIME B R 1.59 71 0 BRI EIERY 2.72
g1 o MRANE I8 =8 R 23.79 B S LLEYSPIFHY 15.89 41 » LW T BUR &
AN RI M ERIR A REE R LS o ERES TEAEIE 5545 IR ZER] © Leikin 81 Lev
(2013) SRR REMEEFEE S EL T ENEEME - RAEBER S KBNS
Y R A QB e L S AT o o By QBB R FEL A o At T2 — 2 oo A S PR R B T R ] DU 2K
S RERERN BB ERENMEREER - CHEBREHAE R - MREHE =
B\ FRBAATESE - WAIMEMANE DRI AN BERMEE - NIt > 2D b =g
BEASE PSR @S] - 2B AR AR B RS A S Ay 2= -

et AW e =28/ FRBAER ARG - 8511 - WAMEMANE S - f[B24R
R IR B B A E RIS Y RE ) > BB AR R BRI MOl F = i DL - 5t
SRR - DL ARG TR T A S E T R REAAEERE
G — R EIGRAE M (BEIRBEHFRT » 2020) » #EELEFISE] 12 5 - BEEERAIE )
B A BRI T

RS ORAY RS AR A AR ST EH TS ARG #E T2 # T4 & -
83 & S =xenigm > H B p R/l & - Ad#p 7o Bt I ERF L DALY fi
mEpEid o TR HLs DEY B2 BT ES - (H3)

EERNSEREMEANTR R4 RS - EHBADSRE DRVE R - [EEREHE
RIF I B AE N RERERENE Z MR (5 o D HEEERE T > $&5E
SRR IE T A A D E D R BANE I EPE R B AR IEIL - 40 ¢ D-1-1 B Ay ek sl
B "AREED T 2R 2 HER B L E2AENAE - WIEREXFES  (BRBEE MR -
2020 K 68) > HeraRiE A DUFI R BETR 48E s 0B 52 A1 AE ) SR AE Sa T HY B e U5 - RalliE
DEAFEBENE Z B RN - SRS S 2 BB ERERRN TR Z— » A
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SRR 4 S AR R A2 ) Y B IR U 1) DA S LB SRR N R 2 A R M o DUR T RE R
& o PR AR TERE KB I R — -

Charalambous %8 A (2010) fEELEREE - B - B8 B =8 R B/ NUFEER R
EHHE > BRHEEERET BRI o g 2 AE 2L BB ER - LHZERE
B2 N RR RIS - LTS R T UE R ZERRIEEL CE LA Mnyss ) - HREH
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BB G I R ARESE « K H > Silver (1997 ) 381857 B 22 2 1) (1Y 2 22 RE S 28 B2 A
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PR~ SEEYE - WRIERIANE EVH R o FEE S HEAIREA o 5549F » Charalambous &
A (2010) B9 BILREBVNGRIE > ZEE P BRI E A TREEE L TS > AR
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EFEE -~ WURTR - 5REF ~ Sigal Klein ~ Roza Leikin INELR BB RS /1 ERIR 77

SN REHFE I ITEE RE ALY Leikin P& feg 6 VU RE 052 Al AE 7 RN — R — R Al iE
JI TR - 11 25 T A REL SR AR S B R RIS T R B AT RE TN B B SR RGO A [RI T A8 P -
PRECRFEIEUER R (40 - &iat) MGt DU S 28R A BB AIE NHEE - (TERHE
ST T A

ARHFEEIT 2 B AR BERE S (FFE8wIT © 110-2511-H-007-002-MY3 ) » LEHN A K
B 2l AGmik > FARREMGZEREE -

SRR

SLAE - BRAIEZ (2008010 H 4 H)-REEEE =ZFRBENBBANES) ( IHERR L)
BB LHEEE 47 BEE > 6L 278 - [Wu, C.-J., & Chen, R.-J. (2008, October 4).
Exploring the mathematical creativity of third graders through problem posing (Paper
presentation). 47th Annual Meeting of the Taiwan Psychological Association, Taipei,
Taiwan. (in Chinses)]

BIZRZEF ek (2020) - + ZHEBRREFAFFREAEER T/ NEBL BRHRTEFER
— M BEEREETFM - /F& - [National Academy for Educational Research. (2024).
Curriculum guidelines of 12-year basic education for elementary, junior high schools and
general senior high schools—Mathematics domain’s curriculum handbook. Author. (in
Chinese)] https://reurl.cc/pvEdyQ

ZEE (1993 ) B EH/NEFREEAE - {E3E - [Ministry of Education. (1993). National primary
and secondary school curriculum standards. Author. (in Chinses)]

ZEE (2018) - +HBEREFABFFEAZERRP/NEBL B SH P FER —BE
& - {E& - [Ministry of Education. (2018). Curriculum guidelines of 12-year basic
education for elementary, junior high schools and general senior high schools—
mathematics. Author. (in Chinese)] https://cirn.moe.edu.tw/Upload/file/27338/72246.pdf

P4 (2006 ) - B/ N2 RIS Ty 2 B BLaR R R AR T EL i 4% - B OB - 38 (1) 1-17 -
[Chen, L.-C. (2006). Developing test tools to analyze and diagnose mathematical
creativity in elementary students. Bulletin of Educational Psychology, 38(1), 1-17. (in
Chinese)] https://doi.org/10.6251/BEP.20060503

BRFE & (2005) - BUEL iz 8% fe AR SR & AV ER - BEBBERETE T - 1> 22-29
[Chen, C.-H. (2005). Mathematics games and their application in the classroom.
Taiwan Journal of Mathematics Teachers, 1, 22-29. (in Chinses)] https://doi.o
rg/10.6610/ETIMT.20050301.04



https://reurl.cc/pvEdyQ
https://cirn.moe.edu.tw/Upload/file/27338/72246.pdf
https://doi.org/10.6251/BEP.20060503
https://doi.org/10.6610/ETJMT.20050301.04
https://doi.org/10.6610/ETJMT.20050301.04

78 =B EFERT 11 &5 2 HA

SRES ~ BREEE ~ =IHEE (2015) - HHEE FANS Y] - BEEAE A E T RAVHEE - AliE
BT]-6(1)83-107-[Peng, S.-L., Chen, H.-C., & Huang, P.-S. (2015). When mathematics
encounters creativity: The development of a measuring tool for mathematical creativity.
Journal of Chinese Creativity, 6(1), 83—107. (in Chinese)]

BIE#A (2015) - BERAE RSB EIRAELERTE - EBREBHEFHT » 2 (1) 23-40 © [Liy,
H.-K. (2015). Survey and discussion of mathematical creativity. Taiwan Journal of
Mathematics Education, 2(1), 23—40. (in Chinese)] https://doi.org/10.6278/tjme.2050313.002

Baer, J. (2012). Domain specificity and the limits of creativity theory. The Journal of Creative
Behavior, 46(1), 16-29. https://doi.org/10.1002/jocb.002

Baughman, W. A., & Mumford, M. D. (1995). Process-analytic models of creative capacities:
Operations influencing the combination-and-reorganization process. Creativity Research
Journal, 8(1), 37-62. https://doi.org/10.1207/s15326934¢rj0801 4

Beaty, R. E., Benedek, M., Silvia, P. J., & Schacter, D. L. (2016). Creative cognition and
brain network dynamics. Trends in Cognitive Sciences, 20(2), 87-95. https://doi.org
/10.1016/j.tics.2015.10.004

Bicer, A., Chamberlin, S., & Perihan, C. (2021). A meta-analysis of the relationship between
mathematics achievement and creativity. The Journal of Creative Behavior, 55(3), 569—
590. https://doi.org/10.1002/jocb.474

Boccia, M., Piccardi, L., Palermo, L., Nori, R., & Palmiero, M. (2015). Where do bright ideas
occur in our brain? Meta-analytic evidence from neuroimaging studies of domain-specific
creativity. Frontiers in Psychology, 6, 1195. https://doi.org/10.3389/fpsyg.2015.01195

Chamberlin, S. A., & Moon, S. M. (2005). Model-eliciting activities as a tool to develop and
identify creatively gifted mathematicians. Journal of Secondary Gifted Education, 17(1),
37-47. https://doi.org/10.4219/jsge-2005-393

Charalambous, C. Y., Delaney, S., Hsu, H. Y., & Mesa, V. (2010). A comparative analysis of the
addition and subtraction of fractions in textbooks from three countries. Mathematical
Thinking and Learning, 12(2), 117-151. https://doi.org/10.1080/10986060903460070

Chen, C., Himsel, A., Kasof, J., Greenberger, E., & Dmitrieva, J. (2006). Boundless creativity:
Evidence for the domain generality of individual differences in creativity. The Journal of
Creative Behavior, 40(3), 179-199. https://doi.org/10.1002/j.2162-6057.2006.tb01272.x

Chiu, M. S. (2009). Approaches to the teaching of creative and non-creative mathematical
problems. International Journal of Science and Mathematics Education, 7(1), 55-79.
https://doi.org/10.1007/s10763-007-9112-9

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Routledge.
https://doi.org/10.4324/9780203771587

Ervynck, G. (2002). Mathematical creativity. In D. Tall (Ed.), Advanced mathematical thinking (pp.
42-53). Springer. https://doi.org/10.1007/0-306-47203-1_3 (Original work published 1991)

Haavold, P. @., & Sriraman, B. (2022). Creativity in problem solving: Integrating two
different views of insight. ZDM—Mathematics Education, 54(1), 83-96. https://doi.o
rg/10.1007/s11858-021-01304-8

Hadamard, J. (1945). The psychology of invention in the mathematical field. Princeton
University Press. https://worrydream.com/refs/Hadamard 1945 - The psychology
of invention_in_the mathematical field.pdf

Hamid, N. H. A., & Kamarudin, N. (2021). Assessing students’ mathematics achievement and
mathematical creativity using mathematical creative approach: A quasi-experimental
research. Asian Journal of University Education, 17(2), 100-112. https://doi.org/10.2
4191/ajue.v17i2.13399



https://doi.org/10.6278/tjme.2050313.002
https://doi.org/10.1002/jocb.002
https://doi.org/10.1207/s15326934crj0801_4
https://doi.org/10.1016/j.tics.2015.10.004
https://doi.org/10.1016/j.tics.2015.10.004
https://doi.org/10.1002/jocb.474
https://doi.org/10.3389/fpsyg.2015.01195
https://doi.org/10.4219/jsge-2005-393
https://doi.org/10.1080/10986060903460070
https://doi.org/10.1002/j.2162-6057.2006.tb01272.x
https://doi.org/10.1007/s10763-007-9112-9
https://doi.org/10.4324/9780203771587
https://doi.org/10.1007/0-306-47203-1_3
https://doi.org/10.1007/s11858-021-01304-8
https://doi.org/10.1007/s11858-021-01304-8
https://worrydream.com/refs/Hadamard_1945_-_The_psychology_of_invention_in_the_mathematical_field.pdf
https://worrydream.com/refs/Hadamard_1945_-_The_psychology_of_invention_in_the_mathematical_field.pdf
https://doi.org/10.24191/ajue.v17i2.13399
https://doi.org/10.24191/ajue.v17i2.13399

EFEE -~ WURTR - 5REF ~ Sigal Klein ~ Roza Leikin INELR BB RS /1 ERIR 79

Haylock, D. W. (1987). A framework for assessing mathematical creativity in schoolchildren.
Educational Studies in Mathematics, 18(1), 59-74. https://doi.org/10.1007/BF00367914

Hollands, R. (1972). Educational technology: Aims and objectives in teaching mathematics
(Cont.). Mathematics in School, 1(6), 22-23.

Hsu, H. Y., Yao, C. Y., & Lu, B. (2023). Examination of Taiwanese mathematics teacher
questioning. International Journal of Science and Mathematics Education, 21(5), 1473—
1493. https://doi.org/10.1007/s10763-022-10313-2

Kattou, M., Kontoyianni, K., Pitta-Pantazi, D., & Christou, C. (2013). Connecting mathematical
creativity to mathematical ability. ZDM-Mathematics Education, 45(2), 167-181.
https://doi.org/10.1007/s11858-012-0467-1

Kaufman, J. C., & Baer, J. (2004). Sure, I’m creative—But not in mathematics!: Self-reported
creativity in diverse domains. Empirical Studies of the Arts, 22(2), 143-155.
https://doi.org/10.2190/26HQ-VHES-GTLN-BJJM

Khotinets, V. Y., & Shishova, E. O. (2023). Cultural and educational environment in the
development of younger schoolchildren’s creative potential. Frontiers in Psychology, 14,
1178535. https://doi.org/10.3389/fpsyg.2023.1178535

Kwon, O. N., Park, J. H., & Park, J. S. (2006). Cultivating divergent thinking in mathematics
through an open-ended approach. Asia Pacific Education Review, 7(1), 51-61.
https://doi.org/10.1007/BF03036784

Laycock, M. (1970). Creative mathematics at Nueva. The Arithmetic Teacher, 17(4), 325-328.
https://doi.org/10.5951/AT.17.4.0325

Leikin, R. (2009). Exploring mathematical creativity using multiple solution tasks. In R. Leikin,
A. Berman, & B. Koichu (Eds.), Creativity in mathematics and the education of gifted
students (pp. 129—145). Brill. https://doi.org/10.1163/9789087909352 010

Leikin, R. (2013). Evaluating mathematical creativity: The interplay between multiplicity and
insight. Psychological Test and Assessment Modeling, 55(4), 385-400.

Leikin, R., & Kloss, Y. (2011). Mathematical creativity of 8th and 10th grade students. In M.
Pytlak, T. Rowland, & E. Swoboda (Eds.), Proceedings of the 7th congress of the European

society for research in mathematics education (pp. 1084-1093), University of Rzesziiw,
Poland. https://hal.science/hal-02158191/file/CERME7.pdf

Leikin, R., & Lev, M. (2013). Mathematical creativity in generally gifted and mathematically
excelling adolescents: What makes the difference?. ZDM—Mathematics Education, 45(2),
183—197. https://doi.org/10.1007/s11858-012-0460-8

Leikin, R., & Pitta-Pantazi, D. (2013). Creativity and mathematics education: The state of the art.
ZDM-Mathematics Education, 45(2), 159-166. https://doi.org/10.1007/s11858-012-0459-1

Leikin, R., & Sriraman, B. (2022). Empirical research on creativity in mathematics (education):
From the wastelands of psychology to the current state of the art. ZDM—-Mathematics
Education, 54(1), 1-17. https://doi.org/10.1007/s11858-022-01340-y

Levav-Waynberg, A., & Leikin, R. (2012). The role of multiple solution tasks in developing
knowledge and creativity in geometry. The Journal of Mathematical Behavior, 31(1), 73—
90. https://doi.org/10.1016/j.jmathb.2011.11.001

Mann, E. L. (2006). Creativity: The essence of mathematics. Journal for the Education of the
Gifted, 30(2), 236-260. https://doi.org/10.4219/jeg-2006-264

Matraeva, A. D., Rybakova, M. V., Vinichenko, M. V., Oseev, A. A., & Ljapunova, N. V. (2020).
Development of creativity of students in higher educational institutions: Assessment of
students and experts. Universal Journal of Educational Research, 8(1), 8-16.
https://doi.org/10.13189/ujer.2020.080102



https://doi.org/10.1007/BF00367914
https://doi.org/10.1007/s10763-022-10313-2
https://doi.org/10.1007/s11858-012-0467-1
https://doi.org/10.2190/26HQ-VHE8-GTLN-BJJM
https://doi.org/10.3389/fpsyg.2023.1178535
https://doi.org/10.1007/BF03036784
https://doi.org/10.5951/AT.17.4.0325
https://doi.org/10.1163/9789087909352_010
https://hal.science/hal-02158191/file/CERME7.pdf
https://doi.org/10.1007/s11858-012-0460-8
https://doi.org/10.1007/s11858-012-0459-1
https://doi.org/10.1007/s11858-022-01340-y
https://doi.org/10.1016/j.jmathb.2011.11.001
https://doi.org/10.4219/jeg-2006-264
https://doi.org/10.13189/ujer.2020.080102

80 =B EFERT 11 &5 2 HA

Meier, M. A., Gross, F., Vogel, S. E., & Grabner, R. H. (2023). Mathematical expertise: The role
of domain-specific knowledge for memory and creativity. Scientific Reports, 13, 12500.
https://doi.org/10.1038/s41598-023-39309-w

Mumford, M. D., Giorgini, V., Gibson, C., & Mecca, J. (2013). Creative thinking: Processes,
strategies and knowledge. In K. Thomas, & J. Chan (Eds.), Handbook of research on
creativity (pp. 249-264). Edward Elgar Publishing. https://doi.org/10.4337/9780857939
814.00029

Mumford, M. D., Mobley, M. 1., Reiter-Palmon, R., Uhlman, C. E., & Doares, L. M. (1991).
Process analytic models of creative capacities. Creativity Research Journal, 4(2), 91-122.
https://doi.org/10.1080/10400419109534380

Paz-Baruch, N., Leikin, M., Aharon-Peretz, J., & Leikin, R. (2014). Speed of information
processing in generally gifted and excelling-in-mathematics adolescents. High Ability
Studies, 25(2), 143—167. https://doi.org/10.1080/13598139.2014.971102

Plucker, J. A., & Beghetto, R. A. (2004). Why creativity is domain general, why it looks domain
specific, and why the distinction does not matter. In R. J. Sternberg, E. L. Grigorenko, &
J. L. Singer (Eds.), Creativity: From potential to realization (pp. 153—-167). American
Psychological Association. https://doi.org/10.1037/10692-009

Poincaré, H. (1914). Science and method. Dover Publications.

Romey, W. D. (1970). What is your creativity quotient?. School Science and Mathematics, 70(1),
3-8. https://doi.org/10.1111/1.1949-8594.1970.tb08557.x

Silver, E. A. (1997). Fostering creativity through instruction rich in mathematical problem
solving and problem posing. ZDM-Mathematics Education, 29(3), 75-80. https://do
1.org/10.1007/s11858-997-0003-x

Silvia, P. J., Kaufman, J. C., & Pretz, J. E. (2009). Is creativity domain-specific? Latent class
models of creative accomplishments and creative self-descriptions. Psychology of
Aesthetics Creativity and the Arts, 3(3), 139—148. https://doi.org/10.1037/a0014940

Spraker, H. S. (1960). 4 study of the comparative emergence of creative intellectual behavior
during the process of group and individual study of mathematics [Unpublished doctoral
dissertation]. University of Virginia.

Sriraman, B. (2022). Uncertainty as a catalyst and condition for creativity: The case of
mathematics. ZDM—Mathematics Education, 54(1), 19-33. https://doi.org/10.1007/s1
1858-021-01287-6

Sternberg, R. J., & Lubart, T. I. (1991). An investment theory of creativity and its development.
Human development, 34(1), 1-31. https://doi.org/10.1159/000277029

Sternberg, R. J., & Lubart, T. 1. (1996). Investing in creativity. American psychologist, 51(7),
677—-688. https://doi.org/10.1037/0003-066X.51.7.677

Torrance, E. P. (1966). Torrance Tests of Creative Thinking: Norms and technical manual.
Personnel Press.

Vigotsky, L. S. (1939). Thought and speech. Psychiatry, 2(1), 29-54. https://doi.org/10.10
80/00332747.1939.11022225

Yang, K. L., Hsu, H. Y., & Cheng, Y. H. (2022). Opportunities and challenges of mathematics
learning in Taiwan: A critical review. ZDM—Mathematics Education, 54(3), 569-580.
https://doi.org/10.1007/s11858-021-01326-2



https://doi.org/10.1038/s41598-023-39309-w
https://doi.org/10.4337/9780857939814.00029
https://doi.org/10.4337/9780857939814.00029
https://doi.org/10.1080/10400419109534380
https://doi.org/10.1080/13598139.2014.971102
https://doi.org/10.1037/10692-009
https://doi.org/10.1111/j.1949-8594.1970.tb08557.x
https://doi.org/10.1007/s11858-997-0003-x
https://doi.org/10.1007/s11858-997-0003-x
https://doi.org/10.1037/a0014940
https://doi.org/10.1007/s11858-021-01287-6
https://doi.org/10.1007/s11858-021-01287-6
https://doi.org/10.1159/000277029
https://doi.org/10.1037/0003-066X.51.7.677
https://doi.org/10.1080/00332747.1939.11022225
https://doi.org/10.1080/00332747.1939.11022225
https://doi.org/10.1007/s11858-021-01326-2

Flifdr ~ 2 RO Ak (2024) -

BB bR 8 ES R L SRR R TR BEA T -
3 REEHKTHA 11 (2) > 81-106 -

doi: 10.6278/tjme.202410_11(2).004

PRI SRR T
HREFEREN AR RIS SRR 2 ER5E

flipd AR fiEk
SRR S RN FF Fre g

AWFELL T HRsE — RBREAATER S B 0 B T IR ECEEE L - W)
T 2 B A RIS AR, - fRIRNTFE H Y - WHFTa R (E R (B ] 8 (£
HF] MPgE: > 2B VB AEEE R - SR&S oz i BN E HEE - AR FE(E 2R IR
FEEEIENE o R H P 2 EAVEER BRSNS A o T BRI R R B A 20 EER B
BENBBEBIST AR S R AR IR BB A SRR BT B 5 -
SR RERIIA T R 2% - P - AEGEBENE RS - RS - ROEAEREEH
B2 o IFRAEREDT - T IR R R B ER A S R A MR BT [ R - AR
SRS - (i s GBS BRI A 4 - IRIE > BHSE B ER BoR AR AT T 88
FREEEEEA | EEEAEEFHEEEERE > DUEBEERAIE g HE RS EEE

MiEF D5 R T HOR R 3 e & R Y

i 3 f’riﬁ ! % f 8 > e-mail : abechin@cc.ncue.edu.tw
Jefg 2024 & 37 18 p ;
BEZNE 12024107 11 p -



Liu, P. W., Chin, E. T., & Chien, C. T. (2024).

A case study of the influence of inquiry-oriented professional learning models on the teaching strategy Knowledge
displayed by a junior high school novice mathematics teacher.

Taiwan Journal of Mathematics Education, 11(2), 81-106.

doi: 10.6278/tjime.202410_11(2).004

A Case Study of the Influence of Inquiry-Oriented
Professional Learning Models on the Teaching Strategy
Knowledge Displayed by a Junior High School Novice
Mathematics Teacher

Pei-Wan Liu Erh-Tsung Chin Chi-Tung Chien

Graduate Institute of Science Education, National Changhua University of Education

This study develops an "Inquiry-Oriented Professional Learning Model" and examines how Teaching
Strategy Knowledge is displayed by a junior high school novice math teacher participating in this case
study. Data was collected and analyzed from classroom teaching videos, in-depth interviews, and the
novice teacher's daily reflections during two sessions of "Classroom Observation" and "Teaching
Practice". Central to the "Inquiry-Oriented Professional Learning Model" is to help the novice teacher
identify the research problems within the mathematics classroom, and formulates research hypotheses
by reviewing relevant literature and discussing with other teachers. Subsequently, the novice teacher
designs learning activities based on teaching theory to test her hypotheses through co-teaching. The
findings indicate that this professional learning model can effectively support the novice teacher in
developing her understanding of mathematical teaching, student mathematical thinking, and the
connection between mathematical knowledge and the mathematics curriculum. It recommends that the
"Inquiry-Oriented Professional Learning Model" might be applied to the internship of student-teacher

training programs.

Keyword: inquiry-oriented, teaching strategy knowledge, practice-based professional learning model

Corresponding author : Erh-Tsung Chin > e-mail : abechin@cc.ncue.edu.tw
Received : 18 March 2024;
Accepted : 11 October 2024.



BT ~ REEE - AR BB UITEHEANBEFEIRR 83

B~

HEwE - AN RAT | fEREAE - BIEHIEA - T EE ) CAH R R EERAE
ESHGE > MEHERAEE F8E - TEHRER - BAMERET - I HA &S EET 21
Hea AR (ZFE > 2012 ; Organization for Economic Cooperation and Development [OECD],
2013) - MEHEREHEH FEEKE - o B HRRBEN A - A TETRER - B FE2EKBNE
Bl BREESIEEAE TRE  FTEIREIRES - £ THE B TR EENFEESEH
fErp (FEE > 2012) » fERZKFENE B FHIRER - B TEEHFER - KGR AEAEHEMAE

AR B E A RS (Practice-Based Learning ) » Wi 2 5 2E BT & 5
R EG - HESREHREEMEE - Y  HZEAEFEE AR - FHEE - RO
T B fige R R DA e B B B B 5 I AR Y B SR R RE ([T 453 ~ SR04 - 20195 FFEEH » 20185
FEOLE 0 2022) - Hp o fFEEE (2018) 2 TSR - REHEAERE FEA P - 11
(AN REPE M AR TR B S Z EEEE - AIRERL - BRE(F - Hm
REFILEMERED o AW > WITEEBMERF TS MHwmEE R - ZE2RERE - D
FROAtETE AR S BT R 2 U7 (43 ~ sREE - 2019 5 RO E - 2022) - HAHRH
BEMER S BRIV A - 15 YIEREI CERATERE S RE - SBEE L
Khp o EEEEBEER - LRSS - BAEE SR - MIRTENE RS 5 BB SR
R AMEE MR RENFr RV BER R (BE L - 2012) © AL - RFZE LUE R AT
T IR THREA - ZEeERmESEHA ) Hie o FERETEREEEEEA - Wk
T A B B T B AT B S B SRS s 2 J B -

Bl SURERES

FRIZHIIE H Ay - ARETERET SN H SR SR i = - BTy B 5 MW 5 T SO - (F Ry
AT 3 e SRS B R B L B AR AR -

— ~ BEEERREHE

BENZEEREREF HERE RENZL > RESEHAEE - BENBEHITINE
SEHHED - ETER BB SREREZ B EIRE ST - ZEE - RS Bl EaE
(BB 2012) - BUTHENE S 5 B AT E SRR - AIRBEEENE - BlBBEEE
K mE R ETELAY(E A48 Es 2 n ( Experiential and Personal ) %% ( Kansanen, 2006 ) ; A
BB E B /%L IR EETE ISR - (SR ERCANIESE (school-based ) %/



84 =B EFERT 11 &5 2 HA

g (FE0 0 2010) 5 R HECRBUSG AV E 7 A 3% - FEEZ0s B am s URRRE o - B2 E
TR SR B » ARk e BB BRI 72 AL B2 PR (Research-Based Learning ) (75 H »
2018 ; Kansanen, 2006 )

FEAE N 8 B 5 m J7 1 - BlAES] (Mentoring ) B8 15 4% B BB %5 (K - Bl (ELEALAE S5 A9 18]
FPEBSZHET KR - MR EBRRSNEFELRER - DB EEE 5 EERE (FHH
A 2010) - BUTEENREEEGE  LEBREEETENE  ZREHSGRE -~ &y
EAFTEEREYE  HeNEAEEHEREE - B AR R ERS - 25
BE RGBT T/E (2R > 1998) -

TEERRAN HYEL T 7y - DLSEEAY T B2 U0 A& RS A L (School-Centered Initial
Teacher Training ) BiHAHY " SR Z= 15 | (Lesson Study ) A HLRIZE (] - R > EEEFH
LI/ N R ETE R 551 [(LATE A S I B E % - BIERZE A KRG - £ /N2
B2 —FRBEERHN (SR > 2010) < B H AR ETHVER E V5T - RIEEBEN#E Rt
HERESTE - BITaRERE SGRATES m T - MBI B EE RS RN AR AR H 5k

( Yoshida, 2008 ) o [EIZREERCAAL Y ELE A - B i B B2 Al 48 Je2 2 JT R AT 22 SRS,
A AR ER A 0y 2k RS LR AR (Suh & Seshaiyer, 2015) » {HI IE 5 —FrF/NEREH
e S HY B SEZEN (=R 0 2010) - DL BhAR SR ER AT RS B B A -

HOBGEETE R B RS - fNEHFRSENR - PR Al E BRI g EE TR - B
TTHNE B 5 B AN B S 2 R 30 - W2 A VB E B B = 0 (S A& A P b 0 P SRR BT
BEEGERITAHGOBE T  SFEIRERE - BEITE - SR ABER R BB RS A
BEMIG (FTEHE > 2018) -

R Y B2 E Y B TCME JT 1 > Zeichner (1983 ) 5 tH B E £ & A GG 1T /5 & 1] ( Behaviorist )~
{E N2 ( Personalistic ) ~ 284 7] ( Traditional-Craft ) K #£7tZ& [ (Inquiry-Based ) VUf&E
T e Hp o SFREEREE T AEHEEEEMAETHANEFHRE T » HEETEREHHA
HLHAVEZHIRE ST (=E0R > 2010)  fEEERFEE W E T7 3 2 WEEER - RHEZREEA
EYIRG - BRI E R T EEEHES SR AR > SHHEE &R (National
Research Council [NRC], 1996 ) - fE£R 57 & [ 52 o » B2 3 4t B 5 23 2k S BRI 9T fT R
A M E BBk B RCHE B[] o SRR B AR o SRS R R R Y SR

(McComas, 2014; NRC, 1996; Pedaste et al., 2015 ) »

"HRAX -FZBRERATERSEX ) RES TR, B TR A fYHEEE
B B () REAEEBHRYS - SARIHITHEE  (2) BB EHEEH R -
TR FE a5 (3) WHFRaE SR RN - SOEHE R M B AR T = RS FE A (FF
EH > 2018) > (HRENE 4 SRR LN IT B 1% > F5 i3 5 SCRREY AL HI Rl 5 - B E IR
GNBEREFBEL R » REEBEEEFFREEANBREEE - M - ZEA 6= B
HEBEEEHMNRRS - SRR RE VT EETE 2 YRR » USRS E
REEB SRR RIS 22 -



BT ~ REEE - AR BB UITEHEANBEFEIRR 85

= BEHENE

EER 5 HAETEEREZ B - 2B 3R E 0 HEERE - 2N BB R
BE (Jaworski, 2008; Oliveira & Hannula, 2008 ) - (S22 e T B 6§ 2 B R A0 - B 22
B RBES (NRC, 1996) » #5225 ST BN AR A RH I 5T -
WHFEHE A RIS - SREEHIE - BEEHE - BRI B - EE B - FEE R
R IS A 3R 2 Y BB 22 ( Elbaz, 1983; Grossman, 1994; Tamir, 1988 ) 51 » Elbaz( 1983 )
RO B IRAIE BB RAE - BERINAE R - BRI - SRS A S ' BRI
{lEl <1 5 Grossman (1994 ) RIS HIZEMRIEA N A ~ 28 Z A - BRI - SRIZA
i~ BB R B S A B S N (E ZATRHIE 5 10 Shulman (1986 ) JRERET Al AT 75 2 5 HY
BRI HER A EA (Content Knowledge [CK]) ~ 2RI 21 ( Pedagogical
Content Knowledge [PCK]) FIRFEHI:% ( Curricular Knowledge ) 2 i F M2 2 405 -
FEEHENE S E HE - ZPHHE X2 Learning Mathematics for Teaching (LMT) Hf
FEER AT RV R o IR R T BB A0 E ( Mathematical Knowledge for
Teaching [MKT]) ¥z (Ball & Bass, 2009; Ball et al., 2008; Hill et al., 2008 ) o Z7 &2 FEEL 51
. (MKT) AERE-BEAE (Subject Matter Knowledge [SMK]) BLEERIZEHIE, (PCK)
Wy - Ho > BRIFEEMHRA NS (Common Content Knowledge [CCK]) K45
YRINZSH13% ( Specialized Content Knowledge [SCK]) B #iE2HE L4015, ( Horizon Content
Knowledge [HCK]) =#&(77 5 MEARFAER RG] 77 Fs N A 8152 4= HIE, ( Knowledge of Content
and Students [KCS]) ~ NFELZEHEE ( Knowledge of Content and Teaching [KCT]) KA
BERFE 5% ( Knowledge of Content and Curriculum [KCC]) o
TERMER B SHIER 77 » Park Bl Oliver (2008 ) JNEFERIEL B LR B2 HIER 1L A TP
( Pentagon model of PCK for teaching science ) » G.§F @ FIEZE Z 5 ( Orientations toward
Teaching Science [OTS]) ~ T fEE £ F415% ( Knowledge of Student Understanding [KSU] ) ~
RIS Bl R FH15% ( Knowledge of Instructional Strategies And Representation [KISR]) ~
FHEBRE A A ( Knowledge of Science Curriculum [KSC]) 817} £2 52 38 &Y & KI5
(Knowledge of Assessment Of Science Learning [KAS]) ( Park & Chen, 2012; Park & Oliver,
2008 ) FLIHE[A] ©
2B ER R EHEE » TMREE Ll w4 R BET R G GREEEE A > 20125
PREE » 2014)~ BEBE 24 (HmZl 850 2012) F AT ERELE (R FIEEE A - 2008 ;
FERFE AN 0 2012) % - Hoo SRUEEHE A (2012) FrEfs " EH E R4 TERECEE )
ffi PCK 45 » DIRHERERIZRIGH - 224 S L B2y R a8 - BUR SRR AIEE - SP R BRI R B
e PUTH[A] - RS 27 G FEEEE  BEE (2014) RIIDAEZRAZ BT EH RRANEE, - 2R A /I8 -
PR RIS RIE, ~ B RABHI G B H e Al R - RS T BN BT MPCK S5 8 5%
(17 8 558 HMEE (2021) DIBERSRIE A, - o2 AR B2 sl A Es - B8
RESRIER =0 » B T BET B A A R A | -



86 =B EFERT 11 &5 2 HA

& " HETBER A AEER B E | T > B (2021) REBE /N B
FHEA SRR - BLFE - PR ZE (2015) ~ $EAFELEIESS (2014 )~ MKT HIG%Z8#% (Ball etal., 2008 )~
TEDS-M ¥ & 254 (Tatto etal., 2008 ) kz KQ HI:kVUEZ (Rowlandetal., 2005 ) &+ & »
RERBRBE ARV R BIA EH - AR B BMRERE (2021) FrdfE2ess - s 5o
R/NEHETEREHANS - [HEEEPBEINIMNI R/ NEEEREHE R - BEAH R ZE R+
BERERAT Ry oy - Hob o T EUEB R SRIR IS, R W B - B -
BRI EREEB AR - BRI RAERES 2 mE AR - NI - AHFEUMKEE (2021)
PR RV B B RIS ISR AR TS (WIFR 1) RO T ET 2 B SR 2 E R -

1
zﬁﬂﬁﬁmﬂﬁﬁ%ﬁﬁa
7 I

B SR L ey
TR S R
TR E R

STERE TR o R 3

T GIGIE TR AT B 5 R

H B i R B SR A IR M
TR B2 4 TERE YRR A BUREDE
TIAT o~ (ESE TR A IR EE R R
THIRIER Az B 28 SO 7 B R

B ER AR RS A IE AR H R R S T B2 E) (4wt TO1)
H o AT A ER R BRI AR (4wt TO2)
{50 28 & YR (e AL 2 30 B R S BB 2. (4R TO3)
PREE R RS A R SR RIB (4wt T04)
IRE AN R B (AEM ~ BIEEE) (4R T0S)
= HBERAET T2 (45 T06)
axat AR M ah 2 B 2k B (4Rf5 TO7)
PEH SRR A SR B BER R (SRS T08)
HIETA [ Y FE TRl sl B R E (4wt T09)
% AR B0 ER A SRR SR e 388 P e s eV Bl (4RiS T10)

it 5E (RERNEHEEREH T BB, 2 BEEM BOESE A S R B H et E
o) MEE > 2021 0 BEEBREM > 34 (1) H 60




BT ~ REEE - AR BB UITEHEANBEFEIRR 87

— ~ WrFEEETETTA

RIBUTZEEHY > AWIFE2EBRER (2018) frig " HEX - KB H R ER FHEA
SRR SR A SR T R E R B S S ) WP T A B R R
K #EHEElE > NP EESERTE - BT APMENEESZETE - e
(EZEN 3 R B B RIS AR AR - fZEatE oy TERERE | T HEEE , B T X
BEE > BEASFLOT

(—) SREEBE

"IgtE R WEEEE TN o BRI BT AR o WMEBEN D FIEE R
B (B HEHam o~ M (EEE) ZEFEE - SO e - SEHAERT
FIE > KRS B AR S - BANBERR AR R BRI TE > BEESEAE
EREELEE -

(Z) HEEE

PIEAETS EE AN EER SR (FEM R & 1 /0 ) » DU E R FATH B R
Fi o BEEIER R A BERERFN - BRAFBIRL > WAL (EEAE PR B B
TEISN (FRET 10-30 535 ) WHEREIEER AR SE HEE - LEXEF ER AN ZHEE
5 E RS R 2 A PR E S -

(=) BBEHE

RAOMEZET 3 R = BRI RF T ST R AR - B R Al sl oo L e S 5 B2 22 A B K
WE A Tagat BB ETEE) - VMEBETNEITEN M > EEHEMRER=ER (£
SR~ 5L 0 2012) 0 R = {E(E R ITR T HEBUR A - FREEEER - MALEZEBETR
HEEERBERRET - MOERE T EER T B/ R A BERENE > s N AR

EH =t
BN [ZN
KutseEht P IRIEEE T BHEEE ) B T REEFE, ZHRE > aE 1
& 1
b 7easat H R E

E—F E_H&F
RidE wByE AT BEEF

ZE e  ——

HEEE 1]




88 =B EFERT 11 &5 2 HA

= RSHEE

AW SRE (5188 - —IERER (BB ) EMPE SN - H
AT

(—) 518% : BRI

BERHEEAL TR BB SRR AN S AT E M o HhiE R
REBRFERM AL - BMEmEE ANMERE - ES/ NEEE R AETER - REEER
BERBENN P AT NE ~ B REFT (RO RS (E8 % - EE R R TR 2 LR T -
WA+ 5EAT  FFREER R P2 E R -

HRBENH S ARy > s B H BB RGBT 4% - BB R/ NS R
Ry Bl BIREE E 2R EEMEE - A EEEREAS - WESEREEE S  EEELH
BEAR - BERFENTFERATHFNER > HEAHEBEANENS Z EHPE - Wit
BERBENIFE B2 M S FEE HEF18F - ot » BERBENVGEE L2 AR » %
ZE B M AT 22 % Norman Lederman 8 Judith Lederman $228 » [ffj £ HI B 22 S 2 55 50 2 &2
B -

MHFENEEEEHYBRTREEHES S FHERBENER R " HERENER
—iEEHEEEHAEEEILER  EXEHEE T SR P IR suR M E
WIS PRIT BB R AT » TREE T P RS ER BB B EW R L, 2 BFEE
BB R R VR H R AN - BER BN E R &R 5 &5 - (EHEERBEE
BEERHR ZETES » R&EEERE T RAERFEZEEL WEBH -

(Z) BEH : 1R

PUEAEEISIEA & WH =F (&) BRI SR EET (FRIABIF A > 2014)-
AHZE 2 WHEZATR 5 — & B g% - TLRNIEH] = B A RS 4 - Ald K228
BEEER - LRI E R TR IEAZE - W EE A B R T2ER=F - A5
AETTHAR] > T A B B e E RS A S - T H KRBT R =
WA e e 1 B X AT R AR A BT 7 508 -

PIERET R R E R R 8 - S R EPVE ~ FE I 24E - S8R
BtoestEnl - OIERETS DBET T OBRE /BT - HEBET > HEREICE REE - ik
Sl A B W > H AL HC BB - JEM B > #UrES2E TSRt E R HEE
B UHoeatE > WAL TV B R -

(=) RS  BEREEE - 2RBIEE

ALENHEER RV T EEE > H—UBMBERERE U2 BB EEHN - K
o BBEAERERREREVIZTREEE - BRCEREST bt CskE - AEE
FEBEE > ARIHMUEEREN T EEE - RN E R ER -

W



BT ~ REEE - AR BB UITEHEANBEFEIRR 89

= RS
5 (A ZE B RN G AE L AT LE R BAEMESR R B A AR

B (E R MBI B R R AR T R 2 5 > M 88 0 B o AL By = (W SRRl 22 4
TERHEBAN B TR 2 B 52 -

(—) (EZFEIELK : B ( "4 01, 2= "4 33, BHEILEAE)

AL RO EAETBEREE ~ LB ERR R - 7 HEEH#E m A 552
2 HIRAMAEIEEINE - ERRIEEFE - g EELHRBERHERER - B %0
REZBNVEE LT - REEFERE SN BRLESEHEFEMN - BIEHE - WE Pk
B FE MRS L R A F AR T A MR BT B o R - AR
i

(=) EEIK : 23 ( T4:40, = "4 69, /HAPEAE)

Lt R OMESBE T FNS R L — - ZEEFA > YHERET Rl LR e 2 =
Ko BRI RERIEA THE - 2810 > Z LA B R PEAY 238 [EAS AR AT - HE2 AR
{E PG ~ SR N G g - M5 BSUE SR B - S REBEEAE -

(=) (EEHLK - WHE ( "4 70, = "4 100, HNILEA)

AP R OMEBETR R EFE R - ZILSR AR e B S WA R E - /D BlE 2
afam OB - BLER SRS > ANREEZETN= - IMEpstes - M EsEE
FERRAL B T AR LR RE - PNITEL S5SNIy B2 AR 22 3 - IR bW (E B AT 2 T2 B G -

AREZEZ R TR EEEAENVAZ TR (LU [BEEE ooxx] B [FEEE(E ooxx]
T~ (EERZBETH ARG w2 R (B [BERaTER ooxx] FoR) RAUMEAETATECH A EH
it (BL[FEIRCE ooxx] Fom) FEMWER - WortrEMER - S E AN 5 ERHE
(M 2) e " HRITERFEFREHR | - BEIRE © HERAETBREERBERE
& - 125 T EE O HIHRKRA ERE - DEGEAHSZANS EMEAREN > F TERN
SUABMMIE A R AREME T - THERESRHE > BR T HFORASBRIE ? ) [T E
1122] > Sl HIREBERA T 8 2 TR SRR - SR A B BRI M > S A B M B SR S A A R
Feffites [E s (i QC) - & PITHAAN 2R A I e 1% - HBAIa R BEEET -
MHEEE SO ~ BRERBEAE - WE B BEMERTT 2 Rex (4R GC) -

FEsR R PRI E A SR I BWUMEH AN S R B R SRS RO | > e E IR EME
B (2021) Frigtsdmisintd Koo EAEmYEER 2R R B8 HEES - BBP1GR - 12
(Ey8iak g ) oo UMEARETEES LN EEPNER  KERZELHHELREG (45



90 =B EFERT

%11 &% 28

TE TO1) > BB IR A 2GRN E - 1 LR ERNARE B G - 2R
oh s )RS A 4R R 2 SNIAA S SR (R R A 1) T BB Y (4R
HE TOS) » 12 A T 1 FIT 45 25 SR S5 ST A 0 = IHE 208 5 1 52 35 ) 0T
R (RS MR b o ELIA R I A [ R S S

=2
TR SRR | REER
5 SRR RN R
EHEE  EERRY C  OMERERNER R R BRI
B SR S B SIS ~ FEAR 4 B S A
IR -
BEME  HSEZEPH QC  WIEHEEREER SRR G SR
HER B H ST (RS BERABRNS - MR
WSS ) ST I B R SR
=
REEE  REERY GC  WIESE& B AT I - o B
AT B B ORI EARMISORR » RS SOR NS R B
LRI TS » SR B S
f B -
HEER BCBBZIHE RCC SERARBANTIR I - WIS T A
(18 SR AR AR - A
BERTTF -
WESEBER  RCT  SEANTIRREER - 0ERE
(1) SEED) I S R IR - 15 2
B BB B (FRR - KRR
BB O U3 T B -
Pt soRRY A SRR R R - P R S
AEsY  KEEBHRE SHEEL S R B H R SR R AT

ERYN
\%El offf ©

e E R IR - DI B IR EE - BT A ET S S HEE =k - B
FEHER (—%) NEBEAEHLE (HEH) BPRERN I ek - ACEB AT Z
B - EMTERUERER Y > IR EERR AR - X E DRI G288 (ERHAE
ERAMESED ) - EGEE W (L 2 B E h B T 72 45 SR e e BT B HY IEETE

e —



BT ~ REEE - AR BB UITEHEANBEFEIRR 91

Rig TR -RRERMERFHEA M AVIRIIEREERE " EBERGHN
BEWIE T BE SR HIERE , & T EBESNERREF ) ZEREEE - HEE
HERET > BRHFAENG [ EOLAET R G RAAITTE EE ~ TP T e iE ~ ta bRl o6 B
PRORHE > DU TEE G S E S WY BB BB RIRE (PR H > 2018)

— BEEE  BEAEANTIERE

T oFERBEEGE AN ERFTESEREERE N (FEE > 2018) - R HAENHIE
BE BBy > (FHDISERFEE R EEIRE  EEESEYENE - RN
& e ZRIMN  PIEFETHY K Brh - 2 DB IRy F RGN 0BRSS BER =B 20 -
il B B0 R R R AT PR AR M =7 A il - HEr S BN U EEE » S EER
fEHTEL ~ B E TS > FMmIEEEE [1108 ZEh AL « I » W ZA 3 B A7 A bt 52 [ E
— FERTE A EENE AT ~ S RIS E R =2 -

THEREI S EEZ ATV - BEE2AE TERTHE - AGHAEE S ZHE
L B FURERASER — 3K - HF - BEVEEEEE S H LS - M2 EEEAR
PP EARE > S E R BETA DR = 7 U5 - BRAVEIZE% - VLA
BRBEG TEASZENE TR - Bf - EEAETEES TS - BEE/ N
BRZHEHEER » WEEEAEBN Y ZHERL - ERENE T H - BERHEFREITTE
HWEERRES B ERBEAEEHNR - WARILFEBRZEZANE (i C - QC) [1121
HEN AT -

EHRRERBERE TH - ERFAENAZE8EL "8 ) 5 AL - HUs TERF EE
T EE HEET R R AR - BEIEER > & (W] oo S8 E 8
st RAENET R ER - AT BERBENAGES A [ F3cskiA] B [ 2
FoE Y [ AR Y BABEE - WAE " (x+2)x(x+3) ; [ > 585 5x FIHRE 3x Bl 2x -
il x> +5x+6 2% {i}ua F(X+2)x(X+3) 21 F AT L H A2 FN 0 A F i x & 20 AT
TS x+3 e e BAITAE R | B 1122] (WIkE 2) - 280 0 b7 BRI EBETE
BB RIE RN E - S BRI 5 [ EEIR R S ( HFE ) MiRE " 230 a4
RAETRAMRE > RREARAHZFARTAHENRN 27T EBRGRNEHEMERZ XA
BT - LARIGA > RAT TFIREFHRD 2 | (AL E 1122] (4565 QC ~ GC) -

Ry SRR R TR - IR ZREM IR B2 (BRABLZGENT T ) ~ HHREEEE SR
G ZE B BRIV T ARV - VB EN SR A EE Y [IrER A ARETT ) B4R
BBALH PR LSRN - seE B TER [T RAMBE] RIS - AN - WHEBETH
Baiskh  IREIERBEMEEMBERTT "(- ) #Ap A A - A2 REL L L R



92 =B EFERT 11 &5 2 HA

FE (2 ) REARITYB BT A LB NP R LAV LI R FRT
EFF R T o [FATRAE 1213] (4RA% QC ~ GC ~ RCC) -

B 2
[FIAH+FHER TR ) ZEETEH)
i3
x+2
xX) x+3
BRAR g — fRA Ak —
x+2 x+2
X)  x+3 X ) x>—|§3
3x+6 X2 +2x+3x+6
x2+2x N4
5 5x
x*+5x+6

LA FE R E SIS B EREE - A DA RIRT TR o TRARIR I 22 65 SR ik
AT RE R T AR 5 [ ARl B AR = AL TS -

= SORIBIE | R D MER &

B8 A AEREE - EE O REN SRR MR > B TR
U~ MR HEH SR E UL - MTERSEE T EBBE M S R E - IR
PRE R G R L AT RE MR SRS (FFEEE > 2018) > 2R B S BB HEEI R - S
SR - AR BEEE A - At W EHENR R E AR (Skemp, 1987/1995)
BERIRFEHAEE (Bybeeet. al., 2006; NRC, 1996 ) ZF=3CRR » DL T AR EEREL 1 LR TR 2 ol

= BEEF  FHEGEANHRHE

TR MR | i E R - BB AR R 2 R o R EBEAE
FERLIERE - BRBAENHHEENARM - BTGP AFEEE - EXTOERATE
{TRE - H A SR OMEAETeARIR BRI E H AR - &t 20-30 r AV PRITEE) > W
B AR - 1A BERBETFEH T FEZEER (co-teaching) T30 HEH KA
PIEBETVR G - R BY M ABER YR IN R



BT ~ REEE - AR BB UITEHEANBEFEIRR 93

FEHEEMY (MREGTE —FWRFF) > OEAENCRERZRE SE KR HR
(Bybee et. al., 2006 ) » HREETHRITE MAVEIER B TEE) - HEBEERIUSEHVRM & > HEE

GEC ING RN AR S GRS RN TR S & Gl ke Gl Ve SIS AR 7
tH— W T FTRE SRS, > 0l 3 ) (T 2B F AR - R BEM G IR T BEHRI T ;= gz 1
Ao md FIRT AN E S R EAT NG R G FOFE- RER N0 BET
R GE A A A A E R G IR A o (BT 0115] - SR EEI - UITH
A5 3R B 2R AR TSR I RE o B - MR AR HAR - B GBI REM - sGT
ELEE) ? AR PR ER A I SO FEBLRR K o SR DI BT T — P BER 7 %

(—) WIFEMRE - MAREEE B - KBS BRI RM WG ERFTEE) ?

TEPRFEEZMPRETTIH > #E AN Ee et B G ENF - i R E IR E A P2 B 2
H o WMHEHRET R G oS AR EEEME - BBAIPER - £ [BFEEHE ] Hood o 9E
HENE RN A RV E KRG » K5 [RE2EFE O S BERZES) (415 RCT)
[ZEZEEE 1004] © 5 % - w48F A4~ AS~ A6~ AT i 3% B SRl R S aE o
TREFFRADEICT T MR ? ) WIERENHGEEAVUTRM (LOE 3) - T A =5 4R
sRERMNEG (45 T0L) -

i 3
(F 82k 8] 2 8285

]

A4 A5 AG A7
21.0em x 29.7¢m 14.8¢m x 21.0cm 10.5¢m x 14.8cm 7.4cm x 10.5¢m

RIUMERETR AR B EBK > AER2LAFEAERNE - FRB2A BT mHEL
B4R RIR A T U - 2R E - SRR EHRIRERAIR A (4Rl TO1) -

ROGTorEk > —r824 (4 21) R8T Wik OHEREITR Z ML > 5
TR S TS A BETEZT L 1051521 A tpp L AN E 34556
- SApR T UBRAEL 1S5 o %o

PEFZe M HARAVEE R - YHTEEN AR F R 2 A AV B R4 » HRVEIR HIFr S (4R
B TOS) - [t - SBREB RN HER AR > HEZ RO N HE - BULHEEETS
AP T PR AR A EP L A B S Ao P RAFEN Gk TRLAPR
AN S5 N Wk 35 NI

B A R 2 BB i B 5 > BNy LR sm A A B RS - £ 1
AZEBI T > BB ERR OMEFAETET Sk 21 RS8R - i2 Pt RIfE B R 5 [ZE Rl - P (LA

L



94 =B EFERT 11 &5 2 HA

OB - 28] TP A E 2w RFERLEE » LT FWALREE S DR
[F2EMEZE 1004] (4RH5 QC ~ GC ~ RCC) -
—BEi% > YHERETBGE R R ZTAE R (Bybee et. al., 2006) (4565 T04) -
Thp e pEaS - 0 B RALTS 0 21 S AT AR HBUER TR S )
- EH_10.5 (A6A)» T KA 15 (AS W) A1 E.21 (Ad¥)> v Pip LB | P4 >
WAL 3 45 68T REATL U PL LS (QIE4)
[E2R - EREREHERAE - Tad R AT AT R 7.5 07 [EMFIAN3S )= BERA (% -
AWEEH 6 ~ 4.5 B 3 (EERA G o REUEIEE BN RITAL oy FHEH > TG E B E M
M- e Tl RGBT LR TR

4
(@ (GUIEEEYE @ WP & b

|

21em 15¢m 10.5¢m 7.5cm
A4 A5 A6 A7
21-15=6 15-105=45 105-75=3
6—45=1.5 45-3=1.5

TR - R FERAE] | BEREKEFEBMI R B MR T4 17
TRtk | 0 BRBETREL 17 HERBEZER 5 HIE -

TR LE - R R R A AR ke e A 12 DIERORBH AR RE S -

r%s\— BE A0 1 06 PEERR

TrR G RN A2 %%&Eﬂﬁ%@}ﬁ » GREA RS

TR A1 RBIRARERHIER T A B Al oo

TmE A R 7 BRHAEEREN -

"2 BAAR o A06[EE -

"I REA R Ae FRLER 7 K EIRGRHAE  BRAENEEEEHEE A
ZHARGRAY AR (5 > WE5E2 AR [ 5 56 ] Hag 3R -



BT ~ REEE - AR BB UITEHEANBEFEIRR 95

5
[y eigh 8] B2 AEA B
A5 14.8cm
29.7em Ad A6 | 10.5¢em
21.0cm | A5
A5 I4.8cm AG lolscm
21.0cm 21.0cm 14.8cm 14.8cm
' _\.
A7 74 ek
14.8¢cm | A6 e
A7 | T4cm
Ab5
10.5¢m A4
A6 AT
A7
N s

BRI EBHEES > WHEHAETRE] " 2 (2 73KFF ) AEATHFR LB % > 54
FRE GRS AMAS 28 oMYA 19RT) TA A o X FFE 28 o P LT
SAR IS o % BB AE R LB Y IR 0 Bt RS T G R R FER A L B A
FHEAwRLY CEP  AFREXFAN NG EIZEEMEE T OHLEL DA A 3D
B 72 - 2 RN R FRBEAERBREFR ST EFTIEIT RN N o - BN
ZERLGEY S o (4HEIA - TO1 ~ TO2 ~ TOS ~ T06) [ZHERHE 1009 ] -

7 [BAERE ] ZEHIh > AR EEETEFER T EZME - REEEFAEHE P HE
B ER8 N c FEEEEEE T - BAME AT BNER 7.5 N5 BEEEAEH
(International Standards Organization [ISO]) FiEHZMVKER THER » MR EEHEE
JTHH  EEIERE - A6 dRAYERE (14.8cm) Ky AT 4RAVE (7.4cm) WifE ~ AS 4RAYE (21.0cm)
By A6 4RAYE (10.5cm) [WifE - {H A4 4XVR (29.7cm) Bd AS 4RAYE (14.8cm) AIREM
PRZE 0 MDA EIR IR BRI % o RAIEFEY » ERBENE[E 17 WEBLER - 8
A 37 R T R AR S TR AR TR Y TE R A (%

(Z) HRZERIRE « AR A NIE - REBH B BT T —H 58 2

B SRS [ T > PIT 2T R AE SR B2 A BB, I 2 [ e i 5 | 2
AR ST & o BRI o 7E (BB EE A ] Boct [BEEE 1102]  IESREK
(e R ST B PRI M A E RIS - BB s s —HENEEER - IR HE
—RHET A~ B~ C~D~E~F> A4y 5]## BD & DF (41[E 6) (45HE TO1 ~ T03) <



96 =B EFERT 11 &5 2 HA

6
(ECABEFEA) 2885 A

A F A
B©EE>B ;: .\. E
C D C D

"o R e #7) ABDF e B & o 2R R 2 WL -

T @A 4 812000 @ 2 BF 5% E_240° - | 4E 06 R{EMRL 24 REE o tEE

BF AYILFE  ZR1f0 > 4B 06 FY[E]fEE A REHS » ST IETFZGERT > 37 1 7 BF 5% £_240°? |
06 FEFEBF oL 2 A AR > 50 1T 24 5 BF 2 ig3hen— X v /D 5 BF 2 ¥ 3% -

v @ ¥ LABD v LZAFD #p % - | 4 06 ¥ B ke FRGEERE (Q0E 7 A —)  WAEERRE

ZABD F1 ZAFD t855HIJHA » 5 T 4r% 4= 8 B fr 8k Fid 4= % » LABF= LAFB % /DBF

= /DFB> %]} » ZABD 1 ZAFD #p & ® 4cv4= k §_180° - 180°“,’TT 2o %{90° °

J-

7
(ELABRERE)] 282

A F A F
| . >E B®E
D C D

B =

1 -

4z 06 SLiRF YR IE ABDF Sy &I HEE = A ABF MIE=FJ BDF - {RILsHH £ ABF =
ZAFB * ZDBF = ZDFB 1% > #% » fRIE £ABD M £AFD f% > K |HIfE o B E SN AY B

% » AKHEEH £ ABD Fl1 £ AFD %5 By 90° o
IR > WMEBEN AR IR B AN E - sREES | BEEFEEEMS - 4 06 1 ¢
7~ AFD B 90° (%08 7 >

ADEF ¥® » £E &_120°> k4&3#% «DFE 2 ~FDE % 30°>



BT ~ REEE - AR BB UITEHEANBEFEIRR 97

TE—) > WHERETH TR AR - BEIRR " W LABD v LAFD ¥ 2 ¥ 0 % {1} & b
R

"3 AD A=k o | 4E 12 BFAEE (WE 7 BES) -

Tatse 2 WHEEATEBLRES AD o A ERAT -

" AD ¥ E_180 B - | A 12 [A[fE -

" ADFE_180 B 0 R A€ i 7 PHERENEER -

TE s Er o AR 12 MRIEE MR

P2 jEfr o2 45 E AF~FE% ED% > @ ¢+ = 5> AB~BC %2 CD >
ATl E - e - X dh 5 180° 0 Fpt & R E90° - | WL IREN E R A B A B e
SR -

" e #7) ABDF chw B & RA 0§ G A g EARLS ? ) YHERENHEEAEEEN
AR -

T3 B A Ak £ 180 B o | 4 12 83 L BAF Bl BDF 7 M181 ~ ABD ¥ / AFD
FHhO - B K 180 & -

TA A FHFRGEEH2F L AT LEMERP > PR YTHAEES B
ARFRNA -

PRI > PMEZETE P SRRRER - F24AMNESEE T | B EROEENEAE
ICERAEE MRS T FERUE S » HA A 85 [ E2 4 8% (45 T0S) -

e e THERAAEN - FRYMERERERER - MI200E LG - & BIRAVE
T EfFehR L 0 3 LBAF 2 /BDF 4v4> % §_180°> L ABD % L AFD 4r4= % 180° « 7%
» §#3 ABDF m#ﬂ R 2 (AR 7)

FT%MS F ¥ oo AR 12 T1Z[CIFE -

" " g&‘ﬂ ¥ oo BRHENSE—E - WRE AEERUE (QE 8) 1%
frE=e 4 ) «7;—& By g - BR A Bw BE* PR BEF ARDiEe BH-
gk BE GG PREEET?

8
(Bl ABLE AR ] 2 85 EH B

2%
N



98 =B EFERT 11 &5 2 HA

BRBETESE T v e g 2 W (R 7> F 82 F2HE ) bk 25030 L 32
Bl o frchBfc 2w B kg > B4 EFEP P F 0 7 EFIE ?

B RN AR - A E VR R R S o AR o AT SR R - IS
193 & SR B RE (NRC, 1996; Pedaste et al., 2015 ) - £ [BL.OAEEIFEA] BExd - )
L2 LB N REE N B I R R - BR(E SR A4 e 45 SR B N BE VU B T 1Y ¥ e /8 B 4R 4% > 2
AAEIE BRI B - BAFE R P — MBS R (4RE% T03) -

RN B HeET - YMERENS Sz BN - 25

TAGE4 AMrENE 2 #@BBD BF X R w A, BDEF P & 2 5 8RR 2,
feldgd @B b PER? T2 bdr Fr Bp bt B L friri B Fagn,
R38R | B84 d - wHBARFR > LF AP A2 BZ B3 FE L hit 4 o
Ao EEF (BRKF) REEF O GFRETVALE - EPor B FRME GRS &K
FitoRa » TR 3G EHEgMm FA0R2FIEE AT Ragm T AL
6 E 4 MR A PTE R o [EAT B 1102] (4555 RCT ~ 1A ~ TO1 ~ TO3 ~ T05)

£ (B L AEEEA Y BT YHEHRAETS H SR 2 A A H RN % - iR
BHASZEMFRGR - FREHBEREMEXT

M8 % f8 3 fads ehis 48 ¢

- FEAARAIENE A E FRA AL VLIS 0 G F A4
S EAR LA O b RRARE S I F LA FEAEREF L
R EYHEE-FoRE-B A PR LASE A 7 FEAKETE A

e FREETV AR E - Err g e #0E FRM G gF o

FEAFGBEEL S s TG RE Y- FlEre g die g L
EAEIREe BP & LFFELZ P R BN RnE R > I AR EERE L 7D
By RE 2 F R HE S B F o [FETRAE 1102] (4R6E RCT ~ TA ~ TO1 ~ T02 ~ T0O6)

o~ FHEREE - PR AR

FELC P LW SRR EE ~ B EFETam R » Y ZETHERE S5 O 20 AT L B PRI L )
BEF - BEFAT - BERREAZETFNERN (FHE T09) - B EBEZEET O
BEERNS > RKEHBLR B ERE > HIEE TP AR (B REF) DHIRE -
E5 o RIrAEE G EERERILEp e FEP L AL RAPR R HbEES TR
FHIOCEFEF ALOREN o [FRETE 0223] - KL » )(EZENEL 5 ZETE fm %
RIEJCiREE SE $RITELEIR (Bybeeet. al., 2006 ) R stEUE A EE) - DE#EEH CERER
R TTEBLERNE (4RI T09) - BTSSR &S IR B2 = (40 © SE $RETEHIR ) »
HWYERE TR BB m AL B EREEE LT EEER -

RENTRICEMPREE JT A - WE BT RE R A E B RET 1% - Asie H & BB EE -
Bilfir A ST am AR RS AT FHAVERFTEAM » 12 [ ek ] B - wHERET R AR E =



SIS - RAR - RHELK KEBVIENMMBEEERRE 99
MY RpRgt £ > KRG8 2R RV BER - 280 > ST BT ENG - PIEEEN SRR I 8
FHEEENVE  FEZEETERAIFRNEAR - B REAREBHEERS - #H
SLE BB TG R A A (B et 0121] - 1% YMESET S E BRI A BT T Bl
B e PR AR/ SR S R B R PR REN RS (B AE 0202] (4RES TO1~ T02~TO03)

(A% 3) -

#=3
[ =&ep#r] Z B2 EEEKG

TN Z 2R IR T E%E

EDEDFTE

SRAGH R EFHEERAVEER » /N~ /NEREL
INE=NERALE (0, 0)EER » 3 = AAYEER
HABH 7T Al Ry

JNHE Yy =—(x—3)*+9

INES 1y =—Xx? 44X

AL M2 = N3 BRI -

i MRS B ? BHREE 20 7
N BRI By y = —Xx* +6x -5 »
i o fth S EREE R 2 /) 2

a5 H/NRAY SR ERIEE - S/ NRAY

UL 55 = N SR -
¥ o RN~ NEEUNERHSEBREES -
/’,.-/" | '“ %E\Z y=—(X—a)2+bﬁ2ﬁ R

Ny =—X"+2X

BEAE - FEZETI T RE 75 A E HYHE M - 25 [ E 2 AR SRR G - £ (=K
) BEoTeh o WIERENGE R A =HEEE (WE 9) > WFERAR TR AR - E Ry iE
1 [BEEEE 0308] -

E 9
TR ) 2R

E_ ﬁ: ~<E

x o 1| 2|3 ‘ 4 x| o ‘ 1| 2 ‘ 3 | 4 x|o| 1| 23] 4

y o | 1 4 9‘16 y‘1‘2 5‘10 17 y 0 4 9 | 16 | 25
SN\ NSNS

+1 +3 +5 +7 +1 +3 +5 +7




100 BRI EEAT 11 &5 2 HA

e
o

o

TR REE gy B GRFFERER? ) YERAEEEEREIENMG -

M-ty BB 4R 0 BT k=4 I~ 3 45 47 2 -chy @4 1o i
BT RS R4 L e 3 e 5o e 7o AR 22 [MIERR

"HA 0l R R A2 o FITEENFEA 01 4gElfe - SRR T G g 4
FOLREAH L - > U HRYE S 2N 7

Ty=x* o | BAEEE -

PRt ) WHEEENEESM -

Fy=x"+1- | BAEZ

"HAFBEZEPLEOR > gaF R A - YHERENGERAEENE - E R
BAG e (LI 10) -

Ty=x’F & 1} - fg,;j}grﬂ y=x*+1-$; y=x*" & A % - Tﬁé’fl‘*‘ugﬂg y=(x+1)"
-tk o A 04 EEERIHEARE -

TZ BRI E G AN WHERAETESESE 04 HY = M AR M (4R TOS)-

TEA A RS- FA AR 2 - o A 04 HETTEREA -

T A H - BAZESW | 1 RHRECEREAIEE -

REeE 11 BREA% > 0T 20 R R s B R O o I T3 B AR AR y = X
y=x*+181y=(x+1)* R {% (4WAE TO5) -

10
TR ) 2R E R E

3

y=x+1
'R\
(r+ 1)
N\
y=x
—4 1 2 3 4

FEARZEZEG T - WIERETRE B LR R (4Rt TO1 ~ TO3 ~ T04) » {HE2
ETRRY=X" > y=x"+18y = (x+1)* (VR o BIEBERIEIE AN b0 - FIREFE
HERSIEER > BERAERFME - BERRAEMEREEMS -

Rt E A EEEFEA > (EYEREEREEFEE T > SREGHRAATTERE - #2
o BB SRR RE - R E P ER R E T HEE - RGBT E SRR
PR L E S > WSk R H B ER A TR A -



BT ~ REEE - AR BB UITERETRBEERER 101

i~ PR

BEEEREE A2 > ZAEMELEERE R - FREMMTE ARG REHEEE (F
JEHE > 2022) - [IAHSE AT I 2 BATH R T H > QG SR FREm RS &R > 8
BEEFRFERNEFRE T > BT EMBEAENEBAH - 1 " R EREEEEE
o B EHRGHREEE - BRSO Z M HIMERRE - EAERERER - BHRES
o o ELEE R B LB HEE (AIE 11) - (ERMERAETEEEZE « #EME -~ RHBER - WA
T~ TSR PRI SR E AR - 2IC 5% o 25 B B G B O 5 A Bt A 1YY B B B B R R
11

HRIE F E R E B

ZHEME 3R

EAREME G ( WORRaE B
EHRB N ORMH §> A BB F A
_ SBR 3t

Bt <] &%ﬁiﬂa

W Ak Aty AR fllh

WIS —4F - PMERETF Y EBSERFTRENE B, - L ERE T EEEEEH
BzunAat  BREHEHESNEEEE > SHEARANTIREE - G - AR
BEFRAERET ? QARG SR A R EE R ? R E R E B RE 2 F - |
SEEE > BERFENL AR EFSTMEREAER RS - EEMERREER - 817
EMtIEEtE - WAERSEEEFE T - BV RERILY it

(8 H R BEE R - HTAEIF RGBS - WA A B H AR [E
AR L R EBRES] - EMERE T - PHERENEEEEENAE - HRREEE
PRI E L A ES > BREFEN T ERBER AR RIS - 1 5B EE 5 F 2
B Es | EEHEENAe > EAERETUEEENEREGE > A SHEEE®
sPHETTIRM - EREEFT > BRAEMABERERENAT > EVEREREEES [ HE
EPRFCBR R - ERAENRREERE > WEBEIRNAE R E® > EYEBRETETK
B - B HFRN SR E R RAVEZ TR (Clarke & Peter, 1993)  #]{E:
RN R R - SRR ER - BB SUREAL IR - P EFRK
& RS R B R TR AR -



102 EEBHEFEAT 11 &5 2 HA

s REUR > [BRFE ] hAZEEANRC - P EFBET > TRETHE
i R B BB T [ R BRI RS [ B S R BRI i R BETRIRE A
R ERAVBE R (O ERETE R > W EEBEEFEY - EREHET
FAENH S EEER A G > fEEVTAENE BRES > B E B E BRI -

Wrsefat - PHEAETHE BRI B SR E - S2REEWHEL S > IF mEASEE
B~ PR~ AR E SR MIRITAE R MR E SRR R AN ARSI R
HEMFT R VBERSC R (BEEL » 2012) » SRITE A H R FBA - (EE) (LA E 7R E
2 SMBUEPFEEAHE AN > BB FIESOREIRE - B E AR I o AT T
Frlia B M RE SRS - HAEH E B ES AR - BB R R R B E
HEAVEZEAIRE (FFEH > 2018) -

RIB AV TSRS - IR BATE R REE T/ NEHFHY > WER T E
FLEFEESEEHEN > BWATERE S EERE RS RS EEE - B ENBEM BOEH
FER - RIS E L BT E e m R - (LS HBEER G - RS HEE
Ry - (RMERTE AR S BN S H R S SR = B - B EE I - A& 4 n B A
M - BHA SR ER A > FREEEERAE AR OERENR - TR g R E
A FREEE - FERETN B ARG U R E B -

SE > AWTFERE R KA - ARG T IRSTE MR E S, R TR EEEE
SRiE 0 EETERE B REHE RS/NEGERMR - FERTE L BB R FEmRER - A28
BHGOEEREE > NHEPERBRNVIRRE - TERES S EHEm BT > K
JEE B ER AR SRS A -

g2
g2
=

R TR PP R B ) EFE R STEERSE NSTC112-2410-H-018 -015 -

S35 3

Skemp, R., R. (1995) - BEBBEF LHE ([RER - 3) (WHJLRI > 2007) « JLEHRE -
(JFZEH R 1987 4 ) [Skemp, R., R. (2007). The psychology of learning mathematics

(Chen, T.-M., Trans.) (1st ed., 9th printing, 2007). Chiuchang. (Original work published
1987) (In Chinese)]

SR EHEL (2012) - HEPFE CHETE TR - TR A E - [Wang, WK,
& Wang, Z.-H. (2012). Methodology of educational research (15th ed.). Wu-Nan Book.
(In Chinese)]



BT ~ REEE - AR BB UITERETRBEERER 103

ol 438 ~ R (2019) - RBEHEATER AR + LRZBRE Y - BBHFFwAT
8 (8)> 51-56 - [Ho Y.-C., & Chang C.-Y. (2019). Literacy-oriented teaching of teacher
education: The case of Tzu-Chi University. Taiwan Education Review Monthly, 8(8), 51—
56. (In Chinese)]

G ~ MRAEAR ~ B REE - BEETS (2008) - NEFATEER R B R RAE IR - BHIVE]
o RIBLEFET » 16 (6) 627-650 - [Lee, Y.-S., Lin, F.-L., Leu, Y.-C., & Chen, M-
F. (2008). The standards for development in elementary mathematics teaching:

Perspectives of elementary mathematics educators. Chinese Journal of Science Education,
16(6), 627-650. (In Chinese)] https://doi.org/10.6173/CJSE.2008.1606.04

B~ &85 (2012) o S EEEBETBEEERSRZ B EBZ ARS8V ET - PERE > 63
(3) > 8-29 - [Cho, Y.-A., & Chin, C. (2012). Building classroom observation system of

high school mathematics teachers' practiced-based knowledge. Secondary Education,
63(3), 8-29. (In Chinese)] https://doi.org/10.6249/SE.2012.63.3.02

MEEE (2021) - BIER/NEAENER R " BERAEHER | Z BB BUE SRR 55 1) 8
¢ H B EEE T - EEERESE » 34 (1) 45-90 - [Lin, P.-J. (2021). Mathematical
competency test of the elementary teacher certification examination: Knowledge domains,
specifications, and distribution percentage. Journal of Educational Practice and Research,
34(1), 45-90. (In Chinese)]

SR - 2205~ BRESTT (2012) - B PRI AT 2RI MR R 2 B R ) 2 PRET -
RIBZFET] » 20 (5) 0 413-433 - [Jang, S.-J., Tsai, M.-F., & Chen, H.-Y. (2012).
Exploring the middle science teachers' pedagogical content knowledge and science

teaching orientations. Chinese Journal of Science Education, 20(5), 413-433. (In Chinese)]
https://doi.org/10.6173/CJSE.2012.2005.02

SRILE) ~ Z2RE ~ TisRIE (2014) © EERCHIMEZRATE GG 2 5T - BBATE » 89 0 121-141 -
[Chang, H.-H., Tsai, S.-L., & Shen, R.-Y. (2014). The study on schools beginning
teacher's orientation training. School Administration, 89, 121-141. (In Chinese)]
https://doi.org/10.3966/160683002014010089007

HEH(2012) hEREEEE S HKE  RHAE  BEB A - {F% - [Ministry of Education.
(2012). White paper on teacher training in the Republic of China. Author. (In Chinese)]
https://depart.moe.edu.tw/ED2600/cp.aspx?n=37734BA79B67A89A &s=AF04D533FC9
3AA8D

FEHE (2018) + EHREABFREAER R/ NEBL B HR T FER —BEH
I o {fE& o [Ministry of Education. (2018). Curriculum guidelines of 12-year basic
education for elementary, junior high schools and general senior high schools—
Mathematics. Author. (in Chinese)] https://cirn.moe.edu.tw/Upload/file/27338/72246.pdf

AR (2018) - REEEBEZBCHRFAVETER S * B 28R 5 — REEEHTAD
EEE  HEEE BERIEWEET] - 63 (4) > 59-87 - [Fwu, B.-J. (2018). Teacher
preparation in response to competence-based curriculum reform for K-12 education:
National Taiwan university's proposal of inquiry-based and competence-based teacher
education. Journal of Research in Education Sciences, 63(4), 59-87. (In Chinese)]
https://doi.org/10.6209/JORIES.201812 63(4).0003

BREE (2014) o T BI/NBAETEERBER A (MPCK) B 8% | e 25T - HIERET - 61
(1) 51-78 = [Chen, Y.-T. (2014). Developing a perception instrument of Mathematics

Pedagogical Content Knowledge for elementary school teachers. Psychological Testing,
61(1), 51-78. (In Chinese)]



https://doi.org/10.6173/CJSE.2008.1606.04
https://doi.org/10.6249/SE.2012.63.3.02
https://doi.org/10.6173/CJSE.2012.2005.02
https://doi.org/10.3966/160683002014010089007
https://depart.moe.edu.tw/ED2600/cp.aspx?n=37734BA79B67A89A&s=AF04D533FC93AA8D
https://depart.moe.edu.tw/ED2600/cp.aspx?n=37734BA79B67A89A&s=AF04D533FC93AA8D
https://cirn.moe.edu.tw/Upload/file/27338/72246.pdf
https://doi.org/10.6209/JORIES.201812_63(4).0003

104 2B BHEFEAT 11 &5 2 HA

f

BREZE (2015) « BR/NERATEER ZO2 AIE 2 (B 2R 0T - RIBEEFEF - 23 (3) 0 213-239 -
[Chen, Y.-T. (2015). Mapping out the integration of mathematics pedagogical content
knowledge (MPCK) from two elementary school teachers. Chinese Journal of Science
Education, 23(3), 213-239. (In Chinese)] https://doi.org/10.6173/CJSE.2015.2303.01

PRsEE (1998) - EifEA BB EE - —(UEHAEAE 25Tk - AFEEWEET
3(4)>41-48 - [Chen, J.-M. (1998). Mentoring Practicum: The analysis and interpretation
of a pre-service teacher’s reflection. Educational Internship Counseling, 3(4), 41-48. (In
Chinese)]

FEA (2010) - JAGET - IBREETE R B E RS E B EENEE - ERBEMRET - 18
(4) > 1-40 - [Hwang, Y.-R. (2010). Fixing the glitch: Bridging the gap between theory
and practice in teacher education. Contemporary Educational Research Quarterly, 18(4),

1-40. (In Chinese)] https://doi.org/10.6151/CERQ.2010.1804.01

FEEE (2022)  EHAFNER S 2 E# - RIREEAK - BB EwmA T - 11 (11)-
36-42 - [Lai, K.-J. (2022). Initiatives, dilemmas and solutions for practice-oriented
teacher training. Taiwan Education Review Monthly, 11(11), 36—42. (In Chinese)]
http://www.ater.org.tw/journal/article/11-11/free/01.pdf

HEF ~ SRAME ~ BREEE ~ RS - WS (2012) o B/NEEREEN B SR AR 2 A - RIS
HE2H > 20 (3)217-239 - [Chung, J., Chang, S.-I, Chen, H.-M., Lu, Y.-J., & Tai,
K.-P. (2012). The development of professional standards for elementary mathematics
teachers. Chinese Journal of Science Education, 20(3), 217-239. (In Chinese)] https:
//doi.org/10.6173/CJSE.2012.2003.04

HEF - BBEsE (2014) - BEVNBERACEREEEHE N 2 BRG] - BTER B EAET R R R
7 (2)°21-48 - [Chung, J., & Chao, H.-M. (2014). The study of elementary school
mathematics teaching mentoring contents. Journal of Teacher Education and Professional
Development. 7(2), 21-48. (In Chinese)] https://doi.org/10.3966/207136492014120702
002

Ball, D. L., & Bass, H. (2009, March 1-4). With an eye on the mathematical horizon:
Knowing mathematics for teaching to learners’ mathematical futures [Paper presentation].
The 43rd Jahrestagung fiir Didaktik der Mathematik, Oldenburg, Germany. https://www
old.mathematik.tu-dortmund.de/ieem/BzMU/BzMU2009/Beitracge/Hauptvortracge/BAL
L_Deborah_ BASS Hyman 2009 _Horizon.pdf

Ball, D. L., Thames, M. H., & Phelps G. (2008). Content knowledge for Teaching: What
makes it special?. Journal of Teacher Education, 59(5), 389—-407. https://doi.org/10.
1177/0022487108324554

Bybee, R. W., Taylor, J. A., Gardner, A., Van Scotter, P., Powell, J. C., Westbrook, A., & Landes,
N. (2006). The BSCS 5E instructional model: Origins, effectiveness, and applications. BSCS.
https://fremonths.org/ourpages/auto/2008/5/11/1210522036057/bscs5efullreport2006.pdf

Clarke, D., & Peter, A. (1993). Modelling teacher change. In B. Atweh, C. Kanes, M. Carss, G.
Booker, & Mathematics Education Research Group of Australasia (Eds.), Contexts in
mathematics education. Proceedings of the 16th annual conference of the Mathematics
Education Research Group of Australasia (pp. 167-175). Mathematics Education
Research Group of Australasia.

Elbaz, F. (1983). Teacher thinking: A study of practical knowledge. Croom Helm.

Grossman, P. L. (1994). Teachers’ knowledge. In T. Husen & T. N. Postlethwaite (Eds.), The
international encyclopedia of education (2nd ed., pp. 6117-6122). Pergamon Press.


https://doi.org/10.6173/CJSE.2015.2303.01
https://doi.org/10.6151/CERQ.2010.1804.01
http://www.ater.org.tw/journal/article/11-11/free/01.pdf
https://doi.org/10.6173/CJSE.2012.2003.04
https://doi.org/10.6173/CJSE.2012.2003.04
https://doi.org/10.3966/207136492014120702002
https://doi.org/10.3966/207136492014120702002
https://wwwold.mathematik.tu-dortmund.de/ieem/BzMU/BzMU2009/Beitraege/Hauptvortraege/BALL_Deborah_BASS_Hyman_2009_Horizon.pdf
https://wwwold.mathematik.tu-dortmund.de/ieem/BzMU/BzMU2009/Beitraege/Hauptvortraege/BALL_Deborah_BASS_Hyman_2009_Horizon.pdf
https://wwwold.mathematik.tu-dortmund.de/ieem/BzMU/BzMU2009/Beitraege/Hauptvortraege/BALL_Deborah_BASS_Hyman_2009_Horizon.pdf
https://doi.org/10.1177/0022487108324554
https://doi.org/10.1177/0022487108324554
https://fremonths.org/ourpages/auto/2008/5/11/1210522036057/bscs5efullreport2006.pdf

BT ~ REEE - AR BB UITERETRBEERER 105

Hill, H., Ball, D. L., & Schilling, S. G. (2008). Unpacking pedagogical content knowledge:
Conceptualizing and measuring teacher’s topic-specific knowledge of students.
Journal for Research in Mathematics Education, 39(4), 372—400. https://doi.org/10.
5951/jresematheduc.39.4.0372

Jaworski, B. (2008). Mathematics teacher educator learning and development. In B. Jaworski &
T. Wood (Eds.), The handbook of mathematics teacher education: Vol 4. The mathematics
teacher educator as a developing professional (pp. 1-13). Sense Publishers.

Kansanen, P. (2006). Constructing a research-based program in teacher education. In F. K. Oser,
F. Achtenhagen, & U. Renold (Eds.), Competence oriented teacher training: Old research
demands and new pathways (pp. 11-22). Sense Publishers.

McComas, W. F. (2014). The language of science education. Sense Publishers. https://doi.
0rg/10.1007/978-94-6209-497-0

National Research Council. (1996). National science education standards. National Academies
Press. https://www.csun.edu/science/ref/curriculum/reforms/nses/nses-complete.pdf

Oliveira, H., & Hannula, M. S. (2008). Individual prospective mathematics teacher: Studies on
their professional growth. In K. Krainer & T. Wood (Eds.), The handbook of mathematics
teacher education: Vol 3. Participants in mathematics teacher education (pp. 13-34).
Sense Publishers.

Organization for Economic Cooperation and Development. (2013), PISA 2012 assessment and
analytical framework: Mathematics, reading, science, problem solving and financial
literacy. OECD Publishing. https://doi.org/10.1787/9789264190511-en

Park, S., & Chen, Y. C. (2012). Mapping out the integration of the components of pedagogical
content knowledge (PCK): Example from high school biology classrooms. Journal of
Research in Science Teaching, 49(7), 922-941. https://doi.org/10.1002/tea.21022

Park, S., & Oliver, J. S. (2008). National Board Certification (NBC) as a catalyst for
teachers’ learning about teaching: The effects of the NBC process on candidate
teachers” PCK development. Journal of Research in Science Teaching, 45(7), 812—
834. https://doi.org/10.1002/tea.20234

Pedaste, M., Mieots, M., Siiman, L. A., de Jong, T., van Riesen, S. A. N., Kamp, E. T.,
Manoli, C. C., Zacharia, Z. C., Tsourlidaki, E. (2015). Phases of inquiry-based
learning: Definitions and the inquiry cycle. Educational Research Review, 14, 47-61.
https://doi.org/10.1016/j.edurev.2015.02.003

Rowland, T., Huckstep, P., & Thwaites, A. (2005). Elementary teachers’ mathematics subject
knowledge: The knowledge quartet and the case of Naomi. Journal of Mathematics
Teacher Education, 8(3), 255-281. https://doi.org/10.1007/s10857-005-0853-5

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational
Researcher, 15(2), 4—14. https://doi.org/10.3102/0013189X015002004

Suh, J., & Seshaiyer, P. (2015). Examining teachers’ understanding of the mathematical learning
progression through vertical articulation during Lesson Study. Journal of Mathematics
Teacher Education, 18(3), 207-229. https://doi.org/10.1007/s10857-014-9282-7

Tamir, P. (1988). Subject matter and related pedagogical knowledge in teacher education.
Teaching and Teacher Education, 4(2), 99-110. https://doi.org/10.1016/0742-051X(8

8)90011-X

Tatto, M. T., Schwille, J., Senk, S., Ingvarson, L., Peck, R., & Rowley, G. (2008). Teacher
education and development study in mathematics (TEDS-M): Policy, practice, and
readiness to teach primary and secondary mathematics. Conceptual framework.
International Association for the Evaluation of Educational Achievement. https://w
ww.iea.nl/sites/default/files/2019-04/TEDS-M_Framework.pdf



https://doi.org/10.5951/jresematheduc.39.4.0372
https://doi.org/10.5951/jresematheduc.39.4.0372
https://doi.org/10.1007/978-94-6209-497-0
https://doi.org/10.1007/978-94-6209-497-0
https://www.csun.edu/science/ref/curriculum/reforms/nses/nses-complete.pdf
https://doi.org/10.1787/9789264190511-en
https://doi.org/10.1002/tea.21022
https://doi.org/10.1002/tea.20234
https://doi.org/10.1016/j.edurev.2015.02.003
https://doi.org/10.1007/s10857-005-0853-5
https://doi.org/10.3102/0013189X015002004
https://doi.org/10.1007/s10857-014-9282-7
https://doi.org/10.1016/0742-051X(88)90011-X
https://doi.org/10.1016/0742-051X(88)90011-X
https://www.iea.nl/sites/default/files/2019-04/TEDS-M_Framework.pdf
https://www.iea.nl/sites/default/files/2019-04/TEDS-M_Framework.pdf

106 2B BHEFEAT 11 &5 2 HA

f

Yoshida, M. (2008). Exploring ideas for a mathematics teacher educator’s contribution to lesson
study. In D. Tirosh & T. Wood (Eds.), The handbook of mathematics teacher education:

Vol 2. Tools and processes in mathematics teacher education (pp. 85-106). Sense
Publishers.

Zeichner, K. M. (1983). Alternative paradigms of teacher education. Journal of Teacher
Education, 34(3), 3-9. https://doi.org/10.1177/002248718303400302



https://doi.org/10.1177/002248718303400302

W

B~

{h~

(EBREREFHT) =Y

2013.04.03 RFEZ BTGk HiE
2013.09.27 RBFEZETGAEE @M
2014.09.04 RFZETGAREEEMA
2017.03.17 4RBE B TkEa [ EA
2021.04.09 4REE BT RS EA
2022.04.08 R FBEZ BTG R SE M

~ (EEEEHEEIF]) (Taiwan Journal of Mathematics Education ) ( DL N fEfEA<H] )

EENTEEME AR A N GEREAF R I FES T T A L R
FUE SRR RV R RIS R g -

» ATIECIRT & o BRI 2 T RIRRER TR SL - AT

— ~ H#EmSC (researchreport) & RHT SR EA T M 2R ER ST BE Bm s B Ea: <
— -~ [elgEMERm S (reviewarticle ) BEEHRH 2 B WA - e HEAIMEECRSE %
HIRERT -
=~ Elolr S (academy observatory ) : RIS MNEERZ S ~ s  HTA ~ B
FERCR - ETEE ~ SRR IR ~ ot - Bham - ROBEER
~ EZ5F (bookreview) : DUEGE ~ &f5m ~ /047 ~ BORE - SbbE > 2R 4G REREL
B EESH BRI EEEFE -

=

 BERSOR R AR

— ~ B R R S ¢ A A SRS o SO #2020,0005
F3210,00077 fy BFR (RLEGR SRS ~ PHOGHE - B3R - ffEE - 25508
iiferE) - WHREERFEME GE2REHIEZS) -

T R S EERY - DIhse5,0005 B IRRAT > HidRER =B - AKIEAEE > HE
RIS B

ATEFFZATRIE > AU A ~ A HHH WERE T RISRAS G 3T - 25 Ed
PEE ks -

TR Z SRR B[R BT R ER T 3w S 2 SRR > BIR G RE B L 3w~ OE IR

HAUHT] ~ bl S edm siE 58 - G UREEFR B TRl > S —RE &~ B1E

fRElEEY - RIDE PSRN RE R > R NIRRT

— ~ Kl —4EE > AT - R e s A S R ERIE 5 IF
RIREL I B TS - —FRA R (E s -

o BRI RS R RIUEFEBGE N R e T > BRI E
@rEsh e —UIRERFEER - HATR = FENA 22 FEANR - WA H
BB E AR EOKAE -



vil

il ~

=~ FEER S HSORE IR E AR = E N E S E IR KA IR R E - EE
e - S AR IR S BT -

F REATEE > ERZIEAFHNMREES o SR Z SO RE %

HEEFEHEREEFEREBR T LTS » g8 CE & (F AR B 17 2 E AT
REE LN GEREREEGHERE SCRRFEEA - IRE (ZE8HEH
BN Z3FE > AL SR HEFERE - TERE (2E8REHE) -

» PO PR 2 S AT SRR AR BIHER B s E 3 T 2 S0 S RS 2

SChE -~ 5SSO A R RTSE - ANEF 2B APAE LR R - &S E
FETFIEIE ¢
— ~ HEREER
(—) XhEAEAER -
(=) e EE 24 - RS BRI ~ Bk ~ Jmatthbl - Bes S sE A1 s T B bk -
—{L DA FAEERE - FREERER R RS % - IR A AR
(=) (RS K BB« SE R BT » RIS EE SO FTE A AT e AL -
() HEJERE Crunning head ) : FSC DIREEE15(E T ~ S DA EE#E40(E T
AL -
(H) E#E:E (author note) : ZREFELARRHZEAHRIAYERR ©
- BROORIESGN BRSSO - SRR (ZEBEREHT)
s SRR AE B
=~ BREIER » BB IERN S ( LIUFERIEE =R Bk FFEUETERE
MR 0 IR IRE S B AR BN A SR -

AFIBETRL S Ry T E A A (AP -

— THE  RFAATIRE - REEK - SRR - S TRROR R
BT -

= EREE BB AFE SRR FEHEEE DRSS
(P FkE - B U -

» XhEE g ERE A (http:/itjme.math.ntnu.edu.tw ) 5 3 50HE - SRR #H%EZ > fF

HHRAEATHEM L (EM R R EE L%t DIRmtEsiA =05 - fF&
FE S Em LR SE IR I 2 55 » e s2 P12 S0 > (R R fR Uiz doi » DUk
T SE R FGEER] - $IEZ TSSO - (FEB ETRERE SR THY
g~ 505 - 9H8 - SENEEIEREN - fEEEEATERA 2R -

EHa ~ HITIBhEE AR EFE © TIME.taiwan@gmail.com


mailto:TJME.taiwan@gmail.com

(EBBEHETT) Pt EERRES

2013.04.03 4R3EE B G GkimE
2013.09.27 RBFEZE TGRS @M
2014.09.04 RFZE TGRS EMA
2017.03.17 4RBE B G TS EE
2022.04.08 4REE BT RS EA

AHAFE A EAEER O HHEE @& ( American Psychological Association ) fYEEEFR =, »
HOORRE 2% TR BHEA T C 3 RS - 45 Ry CBER 2 SO ~ 5 TR0
DAUREERTTR ~ AEF 2 APA SRR AR T - SCREE5 {8 Microsoft Word 98 L)
FZERFOCCERERE - FRESARIES » oA AR RE - s —
1% By Times New Roman -

~ SRR

— ~ TR fhalRaR I EIF A B RRIE SN » PO B B O
H (GRgy) ~ JOOmEHA (Sky) ~ 130 (RiEE - & - 6T - 558~ 2
HIR) LUk CEERnE R EHE ) FOCR M Z BER IR - o S
HArEHEH -

=~ TefhiE ¢ DUER AR R R E S IRIAARRRRARGR > BN A G SR 25A 0 ZEH 0 FREA
BRREIMEHEFT IR - SORF 8 (BE®E -~ 1530 BRIt - 255080
fifgkE ) F1322020,00077 F FFR - 5£3212010,00057 5 F IR

=~ BIOURM P SGEEERT - SOGHEER - TR NS EERGER CHHAS20

By~ BH) -~ fHE (RB FRS00FDIA ) ~ BlRgsE T (DLAME A LR difkEE

EEFHDEIZHY) - EEEE NS Title (bold, 20 pt, central ) ~ Abstract
(o7 E% > PR300FZLAN ) K Keywords (558 S IEfF /R B2 R S BHEEGAAHE E ) -

MY ~ FECCRRESE SRR - POCRERR - SRR E NS Title (bold, 20 pt,
central ) - Abstract (“R57E% > FR3005=LDA ) K Keywords ( LAFLE £y EFR - AR
BHEFFHES) o HE NS EfERSCEE G204 7~ B ) ~ o2 (R
5yEE > PRB00F-DAN ) RSz fiaal (75 Ry R B 5 S RS arl fH T e ) -

To ~ FERERATEE * PREIANEE - RZeEaCE S B2 530 - ST 7y thaiscss 12

Ay BATTEE -

N~ FRISERSR  PROVARUESL - POCTRI-HRER RTINS > SRR R ZE O T RE
B TR —1# 5 Times New Roman »

Fl



R~ IESORAE
— IEEXWE RALEERE Ty TR~ TOAL - TEERL - TEf
B TSR FONEY 0 T e SR EIRE H Y - BREERbT SR TR
ArAS U IRRITERR E > (B3 AT RSO B -
= BREMER - BRRFETRE
(—) HEE AT - AR E S - EEHRERE T EREREETT - %—ZJE‘&
T Ry r%%%ﬁyrﬁif%ﬂ%ﬁy Fﬁiztu ~UEER > TEER L BT 2O F

BETIEEERRTR = ()1 (1) AH‘&UJ\?{.J:AP&EEJ
(Z) B EREEEET Eﬁ%saf%ﬁr FH— * DU~ AR AR S (5 A A

F A 16 45 > B g M‘?%Eﬁ% 14455 Hek 127 -

(2) F— = ZETIEE KBTI - WEARTR FREERES Ry 1175 580U ~ 71~ 7NEX
FRRE Ry 12 B/ M7 e ML AT R PRy & 0.5 17

(MU) 55 ~ NERIZEANYE 1.5 FIT 0 M SEIIZENN LKL -

(

= - 165F ~ HHiE - BT

— ~ 144k ~ fHAE ~ SEAEEE

(—)128%F ~ HHAR - FEAEHTE

1124k ~ HHAR - SEAER
(L)AHELESFIT ~ 128k F ~ MR - FEEHE

A NGELEETT ~ 124577 ~ JiE4s - B/t

\.

=~ BCUEIRSE | BRI o BIAIR(L 53) = 1008, t, F, M, SD, N, 1, pl% - A5}
BIRTERYA - G140 ¢ a.B.en -

U~ ORI BT R RS X~ ¢ /N L G9E - BIAIKR20, o, peEiit
BIEREIRBT "0 ) FHEN -

Ti - ST

() SEMIETRRAHTE » B IEC 6 - S5 16 G LA  of 36350573
FTRE ~ 55— TP 2 T ~ 12 G1F -

(=) HEEREE R 25 SRt 2 B - RIS e 17 » DALY - (KIEF
P -



2.

SURRE 8=

C EREHE

(—) SIFHSCRREE - A FEES (PoUFEEREY] > SOEEEIIIER ) K

Ty (PO R SSCURI E R T )

(Z) MHEEEER —E P EEWS [ - SR HEN 2R - EAER

AR MR B - B F B e TR EE S R - AR5 Rt -

(=) A5 HZ SR RAE S SRS, -

* 5 SRR E

&5 | R E ORI - BRPRERRPEE ~ 6~ B - &~ 220 AEIRE g
W05 B IS ORRED R » ZENNEEES » PoCbL T H ) FoR s PESCEE Kp. ~ WHE
DL B“pp.” -
il REEA (2019 - H9) B¢ (GiEE4 - 2006 - H167)

(Dubinsky, 1991, p. 102) = (Heath, 1956, pp. 251-252)

C EBEABR—A - A~ Z A EEE -

(—) EE AR —A

B (FE () =2 (FEE - 0
g, Author (Year) = (Author, Year)

g Fin7s (2021) =t (FkA7E - 2021)
Heinz (2015) =& (Heinz, 2015)

(&) EBEABR A - GRS ISR 8 EE - 70 DU T B 3B 5 fEFE5R

MSE R > FocPAEs: T~ o PESC DL &R -
ARt EE 1 8RR 2 (AR 80 (FFE 1~ 1EE 20 410
R E, Author 1 B Author 2 (Year) = (Author 1 & Author 2, Year)

P ¢ SEPUEBIRAEE (2021) B (ZERUHE - ZRERHE - 2021)
Yang Ed Idris (2021) = (Yang & Idris, 2021)

=) FEABR=ALE -

1.
2.

EFREENE S > BAFME "FA, 8 Tetal |
LB AR EARE (B—FEEEAEHEE) @ HREEZE—
Hl 2 e E B
HERE—FEARE - ARG [ HGE R A EE Y -
1 BEEREEA (2018) = (= EIHREE A - 2018) B Green 5 A (2014)
Sherry et al. (2010) =&, (Sherry et al., 2010)
Hif 2 : Hong ~ Hwang ~ Liu % A (2014)
Hong ~ Hwang ~ Tai &£ A (2014)
Ef5 3 ¢ Mullis ~ Martin ~ Foy B Arora (2012)
Mullis ~ Martin ~ Foy B Drucker (2012)



(IU) EfEEEFEZ— s - NG HESEEER2Y > WL ESEHERZ

J\

faife - 5 A& BT AT {sE ﬁ%ﬁﬂﬁﬁ
i ??Wm!ﬁ%ﬁﬁ (EfHer » 2011) = (TTEGREIRRE R E S [ERlE] - 2011)
National Science Council (NSC, 2011) =, (National Science Council [NSC], 2011)

» F—EEAREZEAE  ECET S HEAFEER—ENSREFR  BAEEARI

sEa b, c..... DIZEEH
Ef : (FEE - 2009a > 2009b - 2009¢ - 2009d )

 SIFHEEERES - EWEICURZ SRR A5 et Bk " ALE

AiEAER ) HES -
55 © A.J. Bishop (1985) FI E. Bishop (1970) #3715

- [ERFS I ZEOR - (RIFEEREE (SOUHFEE) $r © ERGA PIsUEE

AISERI S EE - A EVEE Z M 9855 - AHEEEA ESE A SO A 55

FR
B (PEEEE - BEEEE - AREESE > 2010 5 Laietal., 2013; Yen & Yang, 2016)

* 5 FEHESOR ¢ PR (JRIEE > R MR AR BURIEE (A& WAk

FAEEALRFER) BRI -
#Eif : Skemp (1987/1995) =k (Skemp, 1987/1995)

S R ¢ 85 IH 2B ERA - 25 &R - ERRGERAEE &k
[FIRFEER - FEFRSRE T E ey IR (FE R BT S T51H ) R TE&

B VBB > WRIHH R EN  sE S [ HE—FER 2 SO -
#if : (Garner, 1988 » 5|H&FEH > ~ MOFLL » 1992 » 246 )
(5IH&RESS ~ PRFLL > 1992 > 246 )

C HRESIER : SO 80 (340 %) - AIZASHIE—EL - WEURIRfEHEs 10

BT IEAEEE 2 ot BLIE SRR 25 —1T » HAES [SCRiIR TR H 5 (9% -
&l -
Schoendfeld (1992, p.335) H—Exs5 0] DA AR E & ¢

BEHA A2 2 e 8- AL g E o B ER Y - HYRG AT EF (P E T
HE Al np g — A RE F R % AR FRE A B AR A2
gl R B e R (p G %ﬁx%‘f) BEAF AY RS R R k2 ke
HosS (WA B ) e e B s BELA M ol ik T A F g pu
1IECHRAE2G - BANEESISALLA e BAHRY 1L o WP LY
BE () VI EE RSV RS R AR P REERY (2) FELE D
1 Bchigd o B/ EE LD R A PRGBS L & (mathematical

sense-making ) e



A~

- EEERE
« EEFEEIAC A E IR - BRIRBIEETE 5 & L TRTT B - BEFE LT

PARTHIBE T Fes > HAgiae - BRAE T 7T il AR -

ERBERAR > FERNEIRR TIN5 > [EIRF AR SR I LAGEAE - 8% o S A AR

T > ST R REE B R GRS IR - AR ERARE AR T 51 2 -

» RRaZ BUELREHERE ~ 7 (ERFEAREAT - THm SRR AR (1.5pt) g%l > o

B A N EE 4R o

+ B EEFRA AN R E RIRA - Al - AEER I RFERINE (&)

/ (continued) » {HiEZHEIREFL > 40 =1 (48) = Table 1 (continued). -

[EAIFAS NG B RN nI{EREED - SEscER 2 ARV YIEE -~ %
Z N5 EEESEAT o SRR BRIA AR -

(—) —{EEEME  POCREMELL TRk ) TR FEOTREMELL T Note. | TR (Note. Ff#g )
(&) —(EEEAELL L > SRR B -
1 —fiatlg « fRE - PR sde itk - BAVHEBIER (DL T3 o) -
2. RipEERE © FrERELE B - A E R B AR (DLERE Ta b o) DEEROR)
3. MEAEERE ¢ fEHHBETEEERHVAER (LL T ¥p <.05. #*p <.01. ***p < .001. ; FIR) °

B :
& 2
A [E] R A (@) A M HIHRF I 2 () SR PETRF I 2t

(a) Irregular (b) Linear-Spatial

3 s [T TT 1717 .

5| B “Materials count: Linear-spatial materials improve young children's addition

strategies and accuracy, irregular arrays don't,” by J. Schiffman and E. V. Laski, 2018,
Plos One, 13(12), p. 4.




=B -

%2

AL R WA ER A A E SR AR (JETI R R ) THE
EH PR PR pps e

IR EEAREE IR REEEE

ESS 5.25 1.03 3.73 1.08 1.52 4 57***
Ak 5.23 95 3.85 1.07 1.38 4,31%**
AR 5.44 1.08 4.17 1.18 1.27 3.53*
ShE 5.39 1.08 4.15 1.13 1.24 3.55%*
EpEb 2132 3.81 15.90 4.18 5.42 4.28%**

af - PeaH B E BaaH 2 e H 5204 o

* BIEH YR F510 -

D RERE Y BN VU S IS5y IAE -
© RV = A R — R TR
*p <.05. **p < .01. ***p < .001.

h ~ SEUBRE

— EEEH

(—) B A= - IS S @ SR - AR 2508 A - A SIS
Z SRR » SRR F & R FEBIR AR > SNSCURRARIE & 2 R - BHE RS -
BEFER—THSE LR - B TP A =Y FOIREGE AT

(=) BRREAFHR © P SCURRERE F T AU RERLET ST > SRR I A ERRE 5% - A2
IR TR R 2 — A PG E R -

(=) IEXBBZARNR - HITRAEEARR T - B2 RS A 25—
BERESHN » HEREEEA/ING o BIFIRAHEER 7 Zaad B REE S - B HY 58 —(E
BERE -

(1U) ohSZse R BRERRA | Pk HEEE A (B ¢ Li-LiHuang) - RIES)A RyHuang,
L-L.: #92A (140 Lung Hung Chen) - RIIES7ERyChen, L. H.  (EE 3R E&1E
fefen BT THER TG 275 SO R (IR L% -

() BAXE

L FER 8= - ARSI EEES - R B CUR » A ERg — L E& AT
b T& e

2. =z (&) DLEEERE - @YIHAT-F AU B R R — (L (P& > FRLL ..
A o

(R) #ZTIBEZREA:

1. {FEEREESE IR Z B Y55 DOL) - #8=EE (" https://doi.org/xxxxx |°

2. RXSFEIREATUE > IFIIRNZEPSCORZ % - WERITEESE [1 A -

3. ETNSHIMEA HHEICREE - 55 LIRS ML /A EIC
By > AR iR R EABEPRE - Al (A0 858 thEAET
SUERAYBEE - SEERRAEITEE THE - BEE1TEE -



= HTERSC
(—) EE:
HOCgE
B (B0 - T3 - JATR - B8 GHED > HEL - [Author, A. A. (Year). Title of

article. Title of Periodical, xx(xx), xxx—xxX.] https://doi.org/xxxxx

IR

Author, A. A. (Year). Title of article. Title of Periodical, xx(xX), XXX—XXX.
https://doi.org/xxxxx

#h -

X0~ TREPH - BlRaZE (2019) - EEE R EER ST 2 B A B ¢ DA
1992 42 2017 FEfiam L - EEBUERBFHIT > 6 (1) 27-51 - [Tsai,
W.-J., Chang, C.-C., & Liu, P.-H. (2019). Analysis of current state and
recommendations for HPM research in Taiwan: The case of theses and
dissertations from 1992 to 2017. Taiwan Journal of Mathematics Education, 6(1),
27-51. (in Chinese)] https://doi.org/10.6278/tjme.201904 6(1).003

(Z) BEResz  REE
SRR
VEES ([TRER) © 44 - BAFI44 - [Author, A. A. (in press). Title of article. Title of

Periodical.]

FEHEE

Author, A. A. (in press). Title of article. 7itle of Periodical.

#p -

SRFE (P - BER A4 B e BURIRAY SE AT A Bl N 5 - BB
HAF] - [Chang, T.-K. (in press). Math Students’ Misunderstandings and Obstacles
in Learning Limits of Functions. Taiwan Journal of Mathematics Education. (in
Chinese)]

=~ REBHREEBERSL
235°E 520
fEEH (AR - X (RIS /AR EERS) - S24TE - [Author, A. A. (Year).
Title of article (Unpublished doctoral dissertation/master’s thesis). Name of
Institution. (in Chinese)]
TR
Author, A. A. (Year). Title of article [Unpublished doctoral dissertation/master’s thesis].

Name of Institution.



Y~ Bl Eram sl
(—) RHAR
kg
R4 (A HED - Rda (BESY IR RS0 ) » bET & 447 » BRYeT - B -
[Author, A. A. (Year, Month Day). Title of contribution (Paper presentation/Poster
presentation/Symposium presentation). Conference Name, Location, Country. (in
Chinese)] & & amtLdgtt
FORER
Author, A. A. (Year, Month Day). Title of contribution [Paper presentation/Poster
presentation/Symposium presentation]. Conference Name, Location, Country.
https://xxxxx
(=) ATHHR -
1 ) - B T HATER S MRS - SR T -
2. &F B TapiEE ) MEERE - SERENH -

T BE
TR
VEE (IR ) Edh o H RN 4455 < [Author, A. A. (Year). Book Title. Publisher Name.
(in Chinese)] https://doi.org/xxxxx
TR
Author, A. A. (Year). Book Title. Publisher Name. https://doi.org/xxxxx
N GRIEE C EREA A T(Ed), o WZPAEA T(Eds) ) e
TR
Famt (F4g) (HRE) - S - HRFE  [Author, A. A. (Ed./Eds.). (Year). Book title.
Publisher Name. (in Chinese)] https://doi.org/xxxxx

TR
Author, A. A. (Ed./Eds.). (Year). Book title. Publisher Name. https://doi.org/xxxxx

t - ERPNEER LEESER T BT WFRUE T ZAT -

R

fEE# () - FEIH - S EREAY RS (E4) > F8 (H xxexx) * TR
11 £478 - [Author, A. A. (Year). Title of chapter. In E. E. Editor (Ed./Eds.), Book title
(pp. xx—xx). Publisher Name. (in Chinese)] https://doi.org/xxxxx

TR

Author, A. A. (Year). Title of chapter. In E. E. Editor (Ed./Eds.), Book title (pp. Xx—xX).
Publisher Name. https://doi.org/xxxxx



I\~ BHEEE o Ryt GEAS > HOURUAS R th SO AR > WA R R DL BRSO

KBS R - (A AR R IEE 2R R oG » AR R RE

& AT SOURZ A - EH A RERRIEE 4

g

FIEE/EES (BREAMMRER) - BEE4 (FEH 0 3 - A0 - (FZE
HIRRY xxx &) [Author, A. A. (Year). Book title (Translator, Trans.). Publisher.
(Original work published Year) (in Chinese)]

FORER

Author, A. A. (Year). Book title (Translator, Trans.). Publisher. (Original work published
Year)

#HL

Struik, D.J. (2014) - BESE (S7EE » 5%) - /KA o (JAPEHIRRR 2012 ) [Struik,
D. J. (2014). A Concise History of Mathematics. (Wu, D.-Y., Trans.). Buffalo Book
Company. (Original work published 2012) (in Chinese)]

#H2 -

iR = (2009 )- BB R ek (Cufe - 5% )- S = - (JRIEHAUR 2006 4 )[Hellman,
H. (2009). Great feuds in mathematics: Ten of the liveliest disputes ever (Fan, W.,
Trans.). Goodness Publishing House. (Original work published 2006) (in Chinese)]

- WHSEEtE RS - B AT ERITEEEH: - RIS o SRR B L R EEA A [F]

IRf - A AR AL -

TR

P RREEE A (A0 - B (BFEERIT - xxx) o ARER{L - [Name of Group.
(Year). Title of report (Report No. xxx). Publisher name. (in Chinese)] {494k

FORBE

Author/Name of Group. (Year). Title of report (Report No. xxx). Publisher name.
https://xxxxx

- QERREER ¢ MR - PRIz Mg BB AL ) - FEIN H B R S 5%
FRdEuE R HI > a0 R > chSCORAERSIMAEER Ry (SRR ) > 3530
RREEIH Ry (nd) - HEITAEZ AR (500 ~ (EA) ~ (FEAH) ~ (EEE) -
&

VEEIBEAIS (EAH) - B - 4915547 - [Author, A. A. (Year, Month Day). Article
title. Website Name. (in Chinese)] 4g3f

FAET
Author, A. A. (Year, Month Day). Article title. Website Name. http://xxxxx



&

B (2020 4F 12 H 8 H) - EB2NEIREEEREZFEISEHAE (TIMSS
2019) pREEFE - L5 ERE N4 - [K-12 Education Administration. (2018,
December 8). The report of trends in international mathematics and science study 2019
for Taiwan. Taiwan Ministry of  Education. (in Chinese)]
https://www.edu.tw/News_Content.aspx?n=9E7AC85F1954DDA8&s=B822E38
553C1D561



(EBREBEHT) BREEATRR

(30
me ()
LA fafFesl (BHSCR® - I3 280300, - IifsRs) £ -
— (30
R R G 7 1) 0
HEEE (35 LA i3 158 oS 7 BRAO (B S T By A - )
(running head)
B (30 (FE0)
w | B
| BRBEAL (720
fE | Gusikg) |(FL32)
% | E-mail
& | st
o o ¥JJ_ ﬁ%ﬁ (. ) VALY
{TEhEEE ¢

RIBFEAZE  FaFELL FHEAZTEAML - TEHEFE (FRIT FEE - (L i B E B a7 H 7T )

HEEEA %4 FRFEBEAL (s 20 i
B—EE (D (4130)
(ChEEERrEE) |50 (FHZ)
BTMEE (D (4130)
(ChEEERrEE) |50 (FHZ)
B=EEE |0 (F132)
(ChEEERrEE) |50 (FH2)
. [ AREsCRE ~ MmOs - 588085
) O] AREsmsC i P2 o
[ AR sIERRI R - sTEI4RST -

L 2R A S SIS -
2 BB ABIRENE » SCRiR Y UL SRR T » RS - B

SRR > SCRRE A S S -
3 ZEWEIRAL PR ST (AR - 36 (R NS R (AR B -
4 BRI S RS (38

HEN

BEEHEIIT) -
ERA

s




(EBREZEFHT) M ERRERES

LE RN 2B 2 EATE KRR AR B R R R E G HER T (2EBEH
BT Z—30 Mk

IENEH R RS RIER R R AIMEEE - Fro (A2 ~ BRI 55
GEEREA AR SR M R > WRABFZNEAERMA LB EFEZE
k> BEEGEFETAEL (FH) R WHRAZFEREHHEACR LR - ZFEA
THERAZER AR NN EZNE - HEREEMAZEZMERE - 1LFEEEE
RIER I ZEBAE N BB LM R R U E RGN AL FEEERR - DEnsCE
ST ~ SRR T BRI E S SR A FTA 2L PR ~ B - KRB BN AAE
fE > WSETRAZEE - HISRAEEEESEAR EE T AL ER -~ 2E
N (S R Y ENE S TR o B EEATER R A e B R E R g S
PREM AT AT ZRER] - (B ARA RHIZRER] -

LAEAERHRA 2 P s A -

QA A S & (E AR 2 R -

3.tHARIR - ABEZ EEEE I AN B (B N Z & P eGEn LR 2 ERRE -

4 ARZEAE RN B N2 (TR P 0 00 25 2 B SR i SH 2 (I

S AR REFTE B Z AR -

SEANFE EAEER T 2 ERamEE IS E ERATE - LS IH (ZE%
SEHEIT) -

WMRAZLNE R NP EZ AR - Fo%E 2 E A CEREA S EREE AR
FEE R LS HEZFASREE - DEGREQREEAEES - RA
EEHREEAN ZIRSIE REAWIEATE - T& B Rigidimrr A - R EE
AR > WAE N

REEZE R G (5508 —IH)
L1 Z&1EARTE
[ Z1EANZ(EItstarTA

UEEEAN CGEEASRAMEBREN) & -

e M PN Al e




=

W

(T

(EBBEHEHT) A

2013.04.03 4RHBEZE TG FHEE

» (ZEBBEZETN) (LUTNEHAT) ZFEECMETEE - EAFEMWEREE
—  HEF RS E AT Z 5 5 amoCnE DU TS e A
= IEUEE  FEZ RURRE R B TR UETT - EREMEEZENEEE
LRGSR E PR SRS - BUR R E(F & ESUR F A TR A SRl -
FE T BIEREE ) 2Rl KEFEZENE N ERREETHEE - A
R ASRIEZ B gF T mIBR%R - JTRETI -

Rt 2 R EE DI 7N (8 B N SE Ol s A -

- FEZ AR MR AN « IEREME R EE SRR S - DHERATHISOR
ManE - A Z A ATt EE REstirveivEss - DADORIEIE a8 iR
A P F1 o — ey TS R m] 7
— TEEWE, @ SO REEUTERERRTIE -

o MBERTIE ) OEAFEREEE REBNEERETIE -

= TBEREF )  EREEREEERBUEER EERDREEZETER
FOZBNEH LR EETHE -

-~ PARETIE ) O EREE R

fafFEENRFRE U= A RIR - SEBIIR - wiEZ 8 gk A rielE s a2 2 R

& HENEEEH AT EEERR > AlwiEE S gEHEEGE S IFEENA

Z - BIFEEEEHREFEL  BEEFFES TPy REE -

C AT LR - B EREERIER BUREAT] > %% B E R AR S - 2
FEEGERIAE Z 5 am s T HEE AR F A RV E R (B fRERE & - HEEE
ELZEVE - FRERS) -

» AT A A0 B HAR - FEERIENER B 4R RSO B B R
LB RFREZ  HE—FEH SR —R AR ERE AT E TS

AR 2 S e 4l T E AR

\)



oA 2

e R 3

A

\ 4

=
N

A

RO RS

[ SIS

)

L3



Taiwan Joumal of Mathematics Education Vol. 11, No.2 October, 2024

Publisher

Editorial Board

Chief Editor

Vice Chief Editor

Editorial Panel

International
Editorial Panel

Department of Mathematics, National Taiwan Normal University

Taiwan Association for Mathematics Education

Wu, Chao-Jung Department of Educational Psychology and Counseling, National
Taiwan Normal University

Lin, Yuan-Horng  Department of Mathematics Education, National Taichung University
of Education

Chang, Yu-Liang = Master Program in Education Administration and Policy Development,
Department of Education, National Chiayi University

Chen, Fei-Ching Graduate Institute of Learning and Instruction, National Central
University

Chen, Jhih-Cheng Department of Applied Mathematics, National University of Tainan

Hou, Ya-Ling Department of Special Education, National Pingtung University

Hsu, Hui-Yu Graduate Institute of Mathematics and Science Education,
National Tsing Hua University
Huang, Hsin-Mei  Department of Learning and Materials Design, University of Taipei

Lee, Yuan-Shun Department of Mathematics, University of Taipei (Retired)

Liu, Po-Hung Fundamental Education Center, National Chin-Yi University of
Technology
Tam, Hak-Ping Graduate Institute of Science Education, National Taiwan Normal

University (Retired)
Wang, Ting-Ying  Department of Mathematics, National Taiwan Normal University

Wu, Chung-Chin  Department of Early Childhood Education, National Pingtung
University

Yuan, Yuan Department of Mathematics Education, National Taichung
University of Education

Lo, Jane-Jane Department of Mathematics, Western Michigan University, USA

Seah, Wee-Tiong  Faculty of Education, University of Melbourne, Australia

Toh, Tin-Lam National Institute of Education, Nanyang Technological University,
Singapore
Address | No.88 Sec. 4, Ting-Chou Rd., Taipei City, Taiwan, R.O.C.
Department of Mathematics, National Taiwan Normal University
" Taiwan Journal of Mathematics Education”
TEL| 886-2-7749-3678
FAX| 886-2-2933-2342
E-mail | TIME.taiwan@gmail.com
Website | http://tjime.math.ntnu.edu.tw/contents/contents/contents.asp?id=21

Copyright©2014 by Department of Mathematics, National Taiwan Normal University &
Taiwan Association for Mathematics Education. All rights reserved.



29

59

81

RhBRENBRLN FEIDRLA T E SRR
/REE ~ BHRE

Comprehension of Addition-Subtraction Inverse Principle in 5- and 6-year-old Children
/Meng-Ru Yu, Meng-Lung Lai

S A SR AN BB SERAR0E < IR5Y
SREE

Study of Students’ Conceptions of Angles and Teachers’ Knowledge about Teaching and
Learning Angles
" Hsin-Mei E. Huang

Bl \FEREBEGEHBESHRBARIEZ DM
S HETE - YR ~ IkR== ~ Sigal Klein ~Roza Leikin

Taiwanese 8th Grade Students Performance on Mathematical Creativity Problems
/" Hui-Yu Hsu, Chen-Yu Yao, Yun-Meng Chang, Sigal Klein, Roza Leikin

RAEQEXEERANHH BN EHNAERBIAERIZZBE=MR
/BN ~ REBHR -~ BBRNER
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