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EMEXRENZLAFEFEEEN > JAYRERBBENERRMY B
BE S| HBEANEBRALMIKREFRENBREESE 2 XA
MILEE RHENHEZEEE  MHEHETE LHESEEBEN
AR o B (monitoring) B ZFHBENAERME > —HETHE
AEH A N > fEBEEE (selecting) BAZ§E (sequencing)
amlEFRE AR EABE2LEREAEMEHE  B2EDN
AR BAEAERETROEM > U EHRMEITTETSSR > KA
BAEEEZEHNER HFEEZEE4ANEEE L0 FE S IE R AR
RolmfE > B LEEE YT EMES S E K FENPTE 2
B B4 SB2AE TS REF(FTE? WEEHEMBERET T
v | e B Ee LW | A > SB17 BFHEAAIES T RE
BRRHFI, -

ErREBEEREEANZRAERGE=RMELE » KR L& B IR
KER - PhEEE S DHEHRAHEAN R ERERFELER © Skemp
(1982) #5d > BHNEFZ R ERR > LEYH (mental objects )
ERNFLEE - A2 5 #AE & U (substitute objects) - [A
It Skemp fEHEFENER LR EAEBUME K 57X (physical
embodiments ) DAE B2 4 2 HEEM T - &2 4 M EHR = RF
Khs > WEBLRHEHNRAL  BEBEFE==RITHWAIEHREF >
A EBWEL - MY (DI EM A E =8
I ZEA ) HEITHE > R A A e #5182 A 2 Y IR B
(20120402 ¢ ~ #@®) > OIEFEREB L A BEFELHE A > AW
WL RS 2kan - FETE A " HIRBE , > MBARBZATN
K FUESHEEEBETNESELER - BERNSEEE
HOBEE HUOREHERMAELELEMELHFHENS  ATEERH
Bohu e 2L HMEME > nHENEE S 2RO EHEGR
 FBE FERE UTERETESSHVHERE TR FEFE
 BE R TR, R BEPRRENIERE o KILE ZEE S
W FrHEEEEETHEEANMBROEEM S (02 %FERA
o ETERERE) > BEHMKOUEETH REERNE > 2

18



PSR E A NEBEER E 2 B © IR RIg A

A i G EE > EEEHESEEE(L (sense making)

(Z) BB HEBETEREAE XNNERN > TMNERRMEZEELE
BB AR ¢ [Loh > W90 8 70 2R 05 A 55 0 8 i 1Y R R
== EFETHwEERN > HRAER - B EREAN
EHhEANER - BEANwm T R =095 EE M
HE A B - 20 B OB A1 B m (2002) BYWESE - FIAH/NE R
HWE24FECHmMWHE S#HEENEEE2RANREN - F
oo /N B BN R HE ZE VAR % - Schwartz (2008) ¥ 7 %/
BT ERBERES SN HBEEFEREER  DEHIEZEZE /N
By EME S - Bl B ITER (blocks) ~ HAR (flats) ~ A
& (columns) DAk /NI J7 ¥R (cubes) FEHH » 7 pl(UFRE A ~ +
Sy s B s AR Tl W HAE LB EENHKE -

CEREEENEBERELEA BB ENFOL > AR E LA R
ERE LRET ETERRE AT - HEKH - FEEEZ ML E
AR T LOHEE > BITHERE > BOZPERE T 82 LS iw i
FFROEMUEZTEENEREAGEBRKS DRz TrERERER
BT AR o

Z B

HHHEBRABRZERESFERREM R  REEFLBEGRER > Pt
HZERmAT

(=) BEHRBZVEERELABMIRG  FECHENEREMEL @ &
THETRI MR E ,  HEZETHRAT > BRIRZEERENHE
HEBEMNL "7,  @EERAREN - BERBECRERES
MEER—T7 - ERTHZEMAL ? P EEE LRSS
—hlmE B R A AR c BN T ETHEER  AME
RAETT AR IR BT o AR B ¢ AT A0 AR AR AT i TE 2R AR
W1 {a] @ FE (interpret) R R L (0] 8 50 H 28 ff > 2 HAE $2 85 A
BT 9% 55 5% PF AU R SR B o SRS SRAE THOE AV H IR > A0 AR B FE

&4

ot

19



PGB A/ N R 2 B - IR RIg Z At

B

15 B 2 ) R AR T B BOP AR G o P A R R B T 2R
it -

B2 AR S R BE R L REx ¢ AT E &L W Bl ol BB AR A BB AR
= % B H M BE (raising questions ) Bl JE ¢ {E 5% ( formulating
conjectures ) - [hEBEA LAY ER > EHO > T REESHE
ZHYEME (NCTM, 1991) - KRuF7E 282 & DL1T 8ot 58 PR R B it =0
BETREZEER  HNEMENRAK REZXSHRIORRE > HE
FEARER B CHRE M BB A E » DU AE 5T &m B2 i o 2
FIRBZHE BHAMFKAMBBEZRYE  SBEEASHRER
e oA A 5] o B B A AR Y B R B P i R e Y PR B SR BB T —
&l B 52 B B > SR BhEE A TP ek - A BBss B C @ Iray ek - PLE
FhEBEREE N ERE R -

DERBAEGHEEMBITRERER S - &% > Z60E B 2R
= BEREZTFEHNNEBRFELEE  EHACHERBEIFEK
AN AR EE EREBEERREEMS > U HKEE &SR
HY BB M S i & Rl AE /N PE B (E A JEIE X (informal)

2 & AV EC 3t (transitional notation) E{EMEZ - LEHPEEY
EMKNEXANEE2RE  BEATURYEBARERBEEP
S (Skemp, 1982) - NCTM (1991) 7 2 &% B 52 2 il g 3% &2
B E A (when) Bdgn{ (how ) & % 2 & 9% ( mathematical
notation) EizE = ( mathematical language ) HE#T 2 4 @y A8 7L - 7 5k
R AR S E RN (THF 5] A BB S0 9t B B B 5E S P
a5l A? EEHRBEEZNZEMEE -

B ER g EZE B (NSC 98-2511-S-415-003-MY3; NSC-102-

&%

2511-S-415-015) - WA U EXRFEARUEENER -

SRR

fopleffl (1999) - WMEBHRNE ~ HEAMNEE - BBEH 23 (1) »3-7-

20



PRGN EER A N R = 2 I RIS A e

i

PR BE (2002) - fTEHARAEREERTAVHETHEE  REEBYEF
] > 5> 81-96 -

HEAFRF (2006) - o bEmEXNRE (NEBER) - & Lk
XHHY : 2013 £ 8 H 23 H - 494 : http : //www.edb.gov.hk/
tc/curriculum-development/kla/ma/res/pri/assessment.html

BRORUE M1 218 (2002) . BE/NBESR BT SRS B 0T 1T 07 E 2 BRET - B
BEEZT > 10 (1) - 87-107.

wOLME - £205H (2002) - RESREI—HmBEEY - 510 I/ -

wimE (1991) - BWHBEWHIE G E - 640 ¢ LB H Rkt -

ZlrEm (2007) - o EELLPIERES T —RBEBEEHHBREER (
WET—hR) - &b AT RESE -

P -~ HIr®) - =E® (2008) - fEL0 I & 2 Al Y 8 82 22 A e B =X
BEEATEENTREN - BMEHRFHT > 315 19-29-

HAE (2005) - WHIBERBELTFERZEE - FEWRA A » 133 124-
134 -

Becker, J, & Shimada, S., (1997). The open-ended approach - A new
proposal for teaching mathematics, Reston, VA : NCTM.

pil

Boaler, J. (1988). Open and closed mathematics : Student experiences and
understandings. Journal for Research in Mathematic,. 29(1), 41-62.

Carr, W. &Kemmis, K. (1986). Becoming critical - Education, knowledge
and action research. London, UK : Falmer Press.

Dantonio, M., &Beisenherz, P. C. (2001). Learning to question, questioning
to learn - Developing effective teacher questioning practices. Boston,
MA : Allyn and Bacon.

Kabiri, M. S., & Smith, N. S. (2003). Turning traditional textbook problems
into open- ended problems. Mathematics Teaching in the Middle School,
9(3),186-192.

Kazemi, E. (2008). Discourse that promotes conceptual understanding. In P.
C. Elliott, & C. M. E. Garnet (Eds.), Getting into the mathematics
conversation - Valuing communication in mathematics classroom (pp.
53-61). Reston, VA : NCTM.

Mason,J. (2000).Asking mathematical questions mathematically.

21



PGB A/ N R 2 B - IR RIg Z At

International Journal of Mathematical Educational in Science and
Technology,31(1),97-111.

Miwa, T. (1991). A comparative study on classroom practices of
mathematical problem solving between Japan and the US. Sukuba
Journal of Education Study in Mathematics,1081-84.

National Council of Teachers of Mathematics (1991). Professional standards
for teaching mathematics. Reston, VA : The authors.

Nohda, N. (2000). Teaching by open-approach method in Japanese
mathematics mlassroom. Proceedings of the PME-24 Conference (eds.
T. Nakahara & M. Koyama), Vol.1,39-53. Hiroshima University (Japan).

Pehkonen, E. (1999). Open-ended problems - A method for an educational
change. Paper presented at the International Symposium on Elementary
Mathematics Teaching(SEMT 99). Prague : Charles University.

Pehkonen, E. (2008). Problem solving in mathematics education in Finland,
Retrieved on 23 August, 2013 from the World Wide Web :
www.unige.ch/math/EnsMath/Rome2008/WG2/Papers/PEHKON.pdf

Resnick, L. B. (1995).Inventing arithmetic : Making children’s intuition

work in school. In C. A. Nelson (Ed.), Basic and applied perspectives
on learning, cognition, and development (pp.75-101). Mahwah, NJ :
Lawrence Erlbaum Associates.

Smith, M. S., & Stein, M. S. (2011). Five practices for orchestrating
productive mathematics discussions, Reston, VA : NCTM.

Schwartz, J. E. (2008). Elementary mathematics pedagogical content
knowledge. Boston, MA : Allyn and Bacon.

Skemp, R. (1982). Communicating mathematics : Surface structures and
deep structures. Visible Language, 16(3), 281-288.

22


http://www.unige.ch/math/EnsMath/Rome2008/WG2/Papers/PEHKON.pdf

PRGN EER A N R = 2 I RIS A e

bt s — BABCMERYIE BT 4 RS

F—RTE  NBEMSERE

1 FHABESEXREXY (BF) RnfTEE 047

2. HEBFR L 2-0.4

BIRTEH : NBHEER

3. PREEEE /N R ACH B B F = A W HE B BTN o AT R AE R K HY
&= > ME 0.8 M BB E RN ZERAKRMBEFEGE - 552 T |
B EERFHET  HEpEZMHAHEESNE (HLaEIBEERE -
HESEHENEEE A ) -

F=RTE : NBHEEXE

4, —HBEEZHEER 100 27 > +HOEEEZE 1 AT SR MI4ET
FAE TN HE 2.4 AFFAUM T A2 B 28 8 - LUK B A0 e A A gk R B R 2R
ZEE R G ER TR 2 SE R R MR BUR B AR R ?

-*//EE\\
/A

2.4

P 21 4 47
B ()
= -
0N
>

245FF

23



PGB A/ N R 2 B - IR RIg Z At

The Practicing of Open-Ended Approach in
Mathematics Classes of Elementary Schools :

Role of the Questioning Strategy

Wu-Chih Shiao! ~ Shiang-Tung Liu?
! Teacher, Chuei-Yang Elementary School of Chiayi City

2 Professor, Graduate Institute of Mathematic & Science Education, National
Chiayi University

The aim of this research was to study the open-ended questioning
strategies that teachers adopted in elementary school mathematics classes.
By using action research, two researchers and three teachers collaborated to
aid third grade students’ mathematics practice. This study involved three
non-routine mathematical units and three corresponding action plans. The
first researcher took on the job of teacher for class A. After discussion with
the other researchers, he modified his teaching and questioning strategy
based on observations of class A student responses in order to apply a new
guestioning strategy in class B. Based on the analysis of class B,
suggestions and recommendations were proposed. Findings are that : 1)
When the tasks were too difficult to obtain good responses from students,
the discussion of students’ errors and questioning approach allowed for
scaffolding of students’ leaning; 2) A lack of preliminary knowledge or
hands-on experience was the main cause for learning difficulties; increasing
preliminary knowledge and hands-on experience through question and
challenge skills of questioning approach beforehand could significantly
improve learning; and 3) Organized and sequential questioning approach
with instructional media plays an important role in focusing a discussion
topic while also enhancing learning effects.

Keywords : elementary school mathematics, questioning strategy, action

research, open-ended approach
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