SRR AEEHE DN
U TEN T ERIVRRGEN R

2IBE" EHIR
ETEAHTRAS RBREHRA

wm =R
AUTFE 5§58 (8 R AEE RSB B R E BB E - o (E R A
RS ERETE - WHIeas R - (AR BENBE AR I B R T EIRE 2 DLRIIR1E ~ &

Ak~ — Al - FHELAE B X E M E RS - M ALSTBEREZ MIEER

BEM S REFSE - B2 ERBARECERET A R RS R Z > I
FE 2= RV A Gl o RS R R~ AR BB KBS AP B — BUEAY &5 S
BASEE T - oMHEER - BBREHE RBA

‘EIE

AT B T O# E E =, (flipped
classroom) & # » 5[ #E & 1 BF 0 B2
BEHIRE > MBCEERENEBERKEE
BEERBGELE  BENEEDNELEH
FEBFB RO o BEAES TN 2R
54 T g Y 3R = BR 5% (Anderson, 2002;
NCTM, 2000) - FRITHEZANFFIESEENT 5
o AHBE b ST S B BRI B > R LR
THER A B 52 2238 1y B iR B fEL 4 (Fennema,
etal., 1996; Wood & Seller, 1997) » [E]BF 7R
RE o b B2 AR A Al 4E ) B R R BE D
(Kwon, Park, & Park, 2006) - fi# fH & S 22
9% 1) F BLE B (Baroody, 1993) » ¥ —fi% 1k
(generalizing) ~ 7 ¥k b (specializing) K JH EL

falt

* RARSCEEEE

-12 -

S BB RN B 4 S i R Y B %2 SRR (Polya,
1954) » i S5 RN B PR 50 2 — SC SR Y BE
(Cafiadas, Reid,
&Yevdokimov, 2007) - i 3% 45 5 (Becker &

Deulofew, Figuerias,

Rivera, 2007; Shorrocks-
Taylor & Threlfall; 1998)&¢ B & & 4 & B
5 U R R R B > N RE SRR R
IRALHY SRS ) — AL AV SE IR - SHRE S
AR BB - FR > B2
R UL R 0 AL > BRERB R
[o8] % S0 I B 22 B2 T i 5i 2 ik L B SR Y
>
Advancement of Science [AAAS], 1990;NTCM,
2000) - A LL - ARHTE 5 RE —E
A B B A B R R Se A R TE g

BB — L REZTT R AR R
M2 /NHERFT B RN > TR TE

Hargreaves,

(American  Association for the



BERPIFE T HREF A R F ENERER LB

BEBZBEETN > HLUREIER R
BUETE (ENEEMSHEEERDN
i) BEGRE (CRFEEEE R
SURE S AETEE ) A H A 5R 77 (Gravemeijer,
199N H Z il > ETRBENEZSH -

& - XRAERES

IR —EERIEE - LR A B I
BE NS EABERR & - W NEBR
ZPF A M E 1Y £ 31 (Branch& Oberg,
2004) - (N1 - BMEBHRANAEZHER S
fip R B IR B R A  FE b
(generalization) i $ &% 42 FEHY 1 B2 BH 1% >
I LA & Bl RS i AT EE Y B S (Kent,
1997; Peirce, 1955) - [E4h - B PRITIEE)
HIRZ 00 72 ST B PR B TR B2 e B R 2 I R
HUE T8 (Meyer, 2010) > {Hi5 2 {5 B 1H
WA RS - BRI T AR BB RER —
Y& 42 (hypothetic-deductive) #Y % 4 L #8 12
(Lakatos, 1976) - fii 5 < » B2 TRIT AT 58
AR B E Y T BB, (doing
mathematics) ;> £ 48 f% i =5 i i A E 1Y
B0~ $2 S ARG FE i SCBUhn PAE TR AT B
it N #E 17 & @ Bl 3 4l (Baroody,
1993;Mason, & Stacey, 2010;
NCTM, 1991, 2000; Peirce, 1955) = AN °
TEARNGEIMNER S T ERIEEE - Ik
JREEHET EMEMELET » IRRE R AT LS
fEYERYPRSE § (Richards, 1991, p.38) > [AIE
KRB EE B2 — AR E R4 R
&L By B 5] RELBF 92 2L 45 (Dewey, 1938) > fE 8
it A AR I o P o o B A R R - A

Burton,

-13-

RRBAZE—(EEA LT ER HELIEE
B9 8% 2 (Aulls& Shore, 2008) » KA [fi F7 £ R
[F] 32 R 1A (| > 401 Lee(2001) 3% Fy BUE2 BR 72 2
e f5 Bh 22 A R 4n BB RN AR
Jaworski(1994) 58 & B2 R L B2 5 N E
ok Al L MR ARAS o (E B AR AR R A
AL o % 2R B B ] R U e B2 R Franke
Kazemi I Battey(2007)5 DL 5 B B 8L 2 H
PR MR B EERE 5N ER
— BB B ER BT - A B H s B2 AR i
B2~ ST BB AR B R B B R A
HHIRE > T HREMRBEENEE - 45
R - B AE R T B S B P e i B B2
A A E A Y R R4S R A [EI B R A
AT HE AU SE(AAAS, 1993) - T
REESRAESNEERE A LAH - B
B b T BB AR D E R A M B A
& e R R - IREBE » AR
BT Y 12 1E B 21 R 3 g % R f 1k, (Mason,
Burton, & Stacey, 2010, p.141) » [ F&E7E R
AR RS s R SRR E - F
DA i i % 69 05 20 == 2 LAY 1T R 401 56 A A8
2 Bl BB R ORI R 4 #Y A E (Lakatos,
1976) - & = iy 21 8 52 g M /2 BB PR FE Y %
O WE TR 25 H A b2 R — (5 S Y #
B4 (Cafiadas, et al., 2007) o L4} » [ S IEH]
17 M o R 2 P & ke R R o PARE AL
A7 i i B A s B ok A B 0 458 % A R
B 1% 5% &5 SR 0 DA 72 310 1 ol — M 1 e A
A R R DA R s B Y s A2 B2 R R AL > T
A R B B AR A Ry — Ak o i — (b~
5 IR AL B B 8 E B [E] AR DR R (Polya,



HE22F A 201604 F > 387 #75 12-24

Science Education Monthly No. 387, p.12-24, April, 2016

1954) - 3ifr H 52 A= oy 8 52 I 0 8 4 1 B By
BFMLEERBEN - bk - KE - HE
HY IR FEAE (RN - PRAEZIE > 1998) -
e > AR I EREER AR BENZEH
Bl i B — M B2 E IR BT - 5[ EL A A i
B BR R L — (b - BIEEHE RIS L
BRI R WHBR AR
s A1C P 8 A2 o R AR B R A

2\ IR
- EE R

AT FE oA B R RON B R VS B 4 T
Fo PRAREVEL o ZOGENEIRE N HE
HWETER > W E R AR & — 22 -
"RLIRET R 2 DL i B R SR L
s et IV BT At i Bk - 228N 07 202 B da B
g fLEEREEE 1 F 63 Hep—{EE T 24

Yo 2B R 2P it 3 (1 7 R 5 R HH R AE
e — B Bl ST B % B A 1 1
DL RS — B AR N BT 1522428516 -
32 fE B RGP (BT R B 2 2 [l
HAID 2R TR IR 6
SER AR AR ENET TS &
HEETAG — = B L f 4 EIEE] S -

W T E-

R 5% M 6 0 B B 1 B o e
W% A+ YA o KSR
5% R /N R S R S R
75 3050 25 o AR A £ R R B B
A L A A B T B AR
7 (B e 50 2 B3 o R ) LB BB -
AT 2 BRSO B B (R FE - B
1l e 250 1 0 — BE 4 -

No. 1 No. 2
17119 | 61 | 43 | 25| 27 | 57 | 31 5051|1043 |58 |15 | 62 | 63
1 /51|37 7 9 |11 |13 | 15 2 27| 6 7 |54 |22 |14 | 38
33 (35| 5 | 39|29 | 23 | 45 | 47 18 (19 |11 |23 | 26| 3 | 30| 31
49 | 3 |53 | 55|41 |59 | 21| 63 34 (35|59 [39 |42 | 55 | 46 | 47

No. 3 No. 4
15| S |44 |37 (12|13 | 39| 4 46 | 13 | 26 | 63 |28 | 11 | 30 | 31
20|21 | 61|23 |28 | 29| 38| 53 12|62 |42 | 43 |44 | 45 | 29 | 47
52|31 |54 |47 | 60| 22|62 | 63 56| 8 |58 |59 |60 |61 41 27
36| 7 | 30|14 | 6 |45 | 46 | 55 57| 9 10 24 |40 | 25| 14 | 15

No. § No. 6
61|17 | 62| 60| 20| 21 | 22 | 23 58 |33 59|32 |36 |51 |41 | 39
48 |49 | 50| 19 | 52 | 53 | 57 | S5 40 | 38 |42 |43 | 56 | 48 | 34 | 47
24 | 25 | 26 | 27 | 28 | 29 | 58 | 31 63|49 | 50 | 37 |52 | 57|54 | 55
56 | 54 (3059 | 51| 16 | 18 | 63 44 | 53 | 61 46 | 60 | 35 | 62 | 45

B & i B B

- 14 -




BERRFE L REF A - G RSN E R R S

ERNE - R (D) ERRBERR

EREERESZITEE  LHEREH b 7E B AR E BB RE KB I BRI
5~ BRTRET A~ FUET S E BT EE X - 3R TS - RISELBHAT ¢ SRE B g
EH BT RERE f?%m’%)i/\\%lﬁﬂi%l §% > CO; ER1&a 5w - CD 5 ZANIESE -
A A RERRORIBR T - Bl AR R L~ B2 AR/ D BENEE - TR« 558 M ERHE %
HEEFHEPSE  ZETREFTEZEREEH o B EARTER T (B
Hhitg - ZEN$T B AR RS ~ Bl sl e BT BAELS-
Z AT RE - SRR ET ER 0 SR E B Z 1R L

{6 2 F Bl 1 38 TERIE Y BRI ~ B2
I~ P A IR R AT RE Y R T A
{Tadam o FANHE SER BT S Eh TS
BETE HRNBERNLEZNERES
BT AR H TR I S R AT HE B -

2 FHA

AU TE B T AT A S B SR A A
(strategic competence)(NRC, 2001)E[ st %f
B A B2 P 7 o 14 28 P A R e B B2
HETT > K Glaser I Strauss(1976)%7 48 LL %
Sy M J70% » BLK Strauss I Corbin (1990)
$RYE M B RHET B M

53 AT HE SR A FROH R 9T B SRS R -
(D HEEE

RIS S A TR T B R AROE |

BTy E o T = AKIE
R ENEE
MEER > BB R AT A PR R 4y
M R &R - BERT TR =
IR > BHSCER (HIEE - ML

(triangulation) °

Bl H o) ST E R GRS - s
T B HE 77 K2 7 Tk v L B P i Ak

-15-

5 R ol aR S
PR R R G RN LA RS AR &

B ME#R
SN /r'g,,r/;:—u.ﬁ]?
TRAREVE  HEEHEmE 2 — [
RE AR EE - HAN &R
(abduction)fy B 52 i I 30 A1 4% 2 A2 5 B
RBCANEEH R R T RITE SN
B 7 (Peirce, 1955) o H A BEIRHY & A
WG I Ry e 4G 0 BRAE T S22 A B E Btk
Hb - B AR Ty R BB A S P R R B
oA @ Az T oo ik
B ineh#icw LR W R IR
gk O B FRANE A RS
RPFmELPER?
T: HRFBAEE?FBLLF RIS
ezt - Bid@ Il BAE
T A 10 B A Geig 5] -
R X @%%ﬁﬂ*ﬁﬁ‘
Fo.. R iR 5\)1* ERSRE
R E_ G H A2 RLYT R AR
o E R FEEe - ERE R

P PR

Tow W

q‘f_
E4
9

A F R E A -
[ TI-20141112]
AR e BT 0 T



HE22F A 201604 F > 387 #75 12-24

Science Education Monthly No. 387, p.12-24, April, 2016

Pk w

PRI HEFLT Y Ik e
R L X R
oW pEmaoE v e BEFER-
#§ & o [TI-20100525)

¥ 1 ;ﬁ“g} TR EFBAE

kB BRRE LR

" 2.4:1L | (systematization)iZ2H &4
PR E (Mason, et al., 2010) » &R &E{EE
AR R AL B — A AL P SR Y B S A
T 3 IR BT 1M o RS 2 T e R R
PARGAL - 2 2 il B el B ok i g > 4K
25 R A a8 1% R 4 SR 0 DA 78I TP B — M
P AR — e B A =5 R AL R R A Rk
Snny i A2 B2 R kAL - T i RITAY 28 12 7
Fy—MAL - RFLER "B, T HAR
2 SR A E BT EHE R — M =AY AR
R BRI R T B T B IR E AT
BRI - EEIE"\E:&QE%%%?EE:%:E{E
HIES » (Rt B E RS P Ay R
B S o A B BE S B E PR - ARS8
HEE A S21 R EE > FEHZ
KAV EBH - B — el B
7€ 2 B A WA 8 4 B B ~ W R
(BI 236~ 710~ 11 DLpb%EHE) > F=
& = A Ry 48 4 (8 B — (B EF4HC B 4~5
6~ 712~ 13~ 14~ 15 DLBLSEHE ) - AR I
BifEREIUE 8 (EHEH 7 — A4 - &
TR 16 {8 2 8 87— E BF4H - R A% /S Al

Ko 32 flil G B — (A B 4H - E B B UM
R BLTE 1% By - i R B L R AV B

AR > AT A By 2 BRI (L

-16 -

ﬁ”‘
O~ [ w [V~

DX DR PL LK PR X KK [ < [ [ [ [><[ > 8~
| | X1 )

Jolxlo xoxoxgxoZoxo%ox—c;XAX o~
OO A oxxo‘ovogooxx og;xoax N
O [0 P PAPX A R[OOI XXX Q) [O[Q o P<[> ><"~
xx%xxxx *lop oo oo ><_><><><><>< >
Qoéoooooxxxxxxxxgxxxxxxw

20|
2\
22|
23
24 X T X X 0T 0 [X
30 X X e 0 X
)| G o
Q
2X| X X R 0 ) —XL__
ALY X Q 0 o X
o X 0 o [0 I
3] O [0) 0 [9] 0 X
32| X X X X X 0
0 X "X X X 0
4| X Q X X X 0
S o '~ 0 X X X Q
3b| X X o) X X 0
N o X O X X 0
B X 9] D X X Q
Al O [0) D X P8 Q
4ol X X x o L X [»)
1l o M | X o X o_|
2] X Q X [0) X Q
8] 0 Q X [} X 0
4 X Y 0 o X o
4s| © X Q o X o)
X 0 ) ° i 0
Ml 9 Q. EE O_|
. *& z.'gﬁ ﬁq y XU ﬁ' 'EI %

Blz ~ s siv bl

B B 000010 ~ A {ir 85 3 #R L —

iz 8% F 000011 > fﬁiﬁTﬁﬁiFﬁﬁn:Lmﬁi

F 1 RRGHBAELRE 1 0 IS - N2

B 2 AHHBAES —(EERE - MEF 3
Al - [EREH - 1ERT— o8 RSO+



B RRFE L FE R AT D i G SR RS S B

iy fr ) A 8y 0 B 1 [ RFER
Z BT EALBEAERSE T > Bt
BT 2 -3NE_UEEL 1 HNILE
HFRAERAG o FR B 3 (i 3 R
T E TR o TR N TR
A HBRAERETAYRA > Hitds - 8
FZH AR HGALE LS B IR -

T: 4 >S21 ip i ER -« £FF
Ay E - BEag {.w%{g‘ﬂ
P A e T EAPIT, X
F-F o EGR G S21 3 sl
%t’f)é-"xll}%‘vhgﬁ »j*{lf'?;
P AT HE?

S03 ¢ Jk suit o

T: F#H L ARAFRLian
b

- B )+ o [CO-20140515])

1~ FFsRREROE B
OEBEEHEEERER ST BEE
R B A AR JBR 4 R T SR R 0 BRI AT R B
7 (thinkable concept)(Gray & Tall, 2007;
muww»&%ﬁﬁ%%%%ﬂ%@%%
B EA BHA RS - £ LR
mm B HETS [ EE LB R R RE T
{E BB N IR AAE SRR HR > W8 F
23 HIRAESR 1 35 fEFRfE > WEDB
B Al aE B A S21 (YT » 5 EL 4 gl
FFotRBUERE RN B > AL
TEBIIRZ L o
T: WK S2& - & R4ZET 1-2-
4~8-~16~32... @B Larp
el B B 9

St &k -

T: v @ 2eaEF=3 o HF A9
Eall RN P = I A -
R2aRx> 3 Mk #3282
HEESBAET MR

S: 1~2~3-~5...

Ayek B 14243450 & =K@
(e

St &
%éLﬂ#ﬁgw—f$@%Mf&$3
A58 4 - B HEN L LB O
R XS

WOl z £ 1 AN - BARS
ZEV2RLFE-BEE e B AR

fedr ko R BLIAEF RGO RE

g?ﬂ{%%ymd’?wmﬁﬁ{
SR R AR AL
S et A7 &AL &

Hoor oo R g n B destih 0 &
BH PR AR E o B
4w | [CO-20140515)

HIENHEZ2EBEEER  LBE
B T2 72 VT A B ) A A M Y O 1) L K B K
BAERM R E R~ L (Dewey, 1938) - 1
AEB -+ 8 2 BT & AR 5 S0 8l 7R



HEHF AT 201604 A 387 #7 - 12-24

Science Education Monthly No. 387, p.12-24, April, 2016

RBRHBE B AR AR - At Ll =
AP L RRER— =P 6 RNRHEN
AT A FH AT A R SR AL B o B SR TR B
REUREBRBAATR/NET - UAKRE
o B R R 2 VR RO B
(HRE 323 I B BLRAR N T L B
R - Pl = 6 RRFBAERS
Y N

b

T: Ap2w#z 435 7 B
Bl d = > P8R 1 iE

BB D S BF o &
(prime) o T_& * M
IR 4N

AL R M 4 — B
B S03 # ¥ »
s
Hobk)h? B | A 'FB’I’L'“
£Z 8756 Bl chilico AL A
B dEE ar%’,_,ﬁg\ﬂ
Fooxo g §rA SR
B&Ld n s =
R N
B MR RS -
SO3: AR B A FEFERIL Y
S5 SOt WRELE SRR
[R5 N
L2 E Bz 4
SR ;f}_gj\w s R

ZiE3 R - Ko

s v

By

> 4

;UE 19 A
iF f‘zm—fﬁ | W
% fgd = & 4559 prime % | 7 g
is l";':_,f\ o !

o %{feﬁ °

AT R E L » = 4 35 prime
EIE- R E R W
e & R R R A2
- [ CO-20140529]

S03 -

gin-1 & 3

-18-

B - HEMRFEER 2 RIFROBBRE

2R MDB AT - BUR1E D AR
RE T B PR SRS - B B 52 Ak 4R e ER A
(L E S RN R e D

(LS (Popper , 1972) > il 73 A7 1 & 4%
41 A (analytic scaffoldlng) EE B4
L ERYEL i - ST E R E S TR
fE ~ AL - FRug ~ REBL - R - SR

HEh 24 e M AR B R R T =

ST RAIEHE B E R T B B AT
6 25 Bl A2 A B 822 AT 75 (Baxter & Williams,
2010) - FyE Bl 22 AF mE S B il — A iy SR P R,
B of iy FT Y B ] 2 BT AR 9% HL A0S
KEp o BREABRBESEE EULRFEMEHN

oA SR - A0 R R B B RS - B
BG5BT SR R -

oA ALY Aok aig
frtid gz B2 3 52
o TR R (0 E AN 9

T: 708~ PR~ & 3N



R T R et T P

SRR SR SR L LR T B AR R AR L - 4ASERT
S EiwEna, Plenih b St {15 2 250 1 R 78 BB R 46 > Fo M)

R AP A o s 0 e £ AR E
WHEFRG BRI B

D88 B 3 B A A R SR AL R (L
7 : S ACIERE T AT R OE e
POpRA B TR 5 e T B R — LR+ — o {0
T:me Bk AR RA -
(120141112 B Y 8 2 T R L 2 D 2 G A 7 58
BRI 2 R 4 7 o 2 I O
=2 AR RRETARE/N B R > B3 T MBS R B e
BB 4 A — R A8 N B R AR I B b 48 By B 4T 1 £ Hfi (Dewey, 1938) ¢
BT A48T — 1 B (LU R 5 e

T: EFAPLEFY F - 27 -

FROEHVRERGE - Bl H 32 B B R BN N N .

N TEALGEE AT Y o0 B

2 NERT > B4R R8T I fE ERPBELD 64 B ES
B 2 INEX TR %EJJE’ET’I%*EF?E"]ML o7 =

0 1T A o
# (NRC, 2001) > TmﬂijfE%/\fE@frEl’J o S03 @ - it o

ARy e ViR AR B2 - 2%
o Z e R EAS I KD
2 F RN R RS
5‘—?7?]7— cRRh BB - B
TREhH AT R BT
- B PE o - B R
TArE R AR - B
Eﬁeféiwufrbiﬁwﬁﬁw =

T T R ERER D

-
l

—
W

T

1
1

S03 : 3 fwif -
T: $-= 1h -} @ 5= xag
RRA B PG A P

B ?
S: 2h-
— Wb ~ R R AL A DL 1 1 1 E T:RERG RA $zx g BAR D
$ 2 A5 RE (Polya, 1954) » — (L 21 ¥ 1A AR U B - B BB - X
B —(E 45 E £ F E R E 2 EEEE -l g RiEiEA BN E
EEMERES > FHRCERE RN —E I RN R O JEIE ST
GEESG HEmMEETEESEEEGHNN S: 1lh~2h..

—

I

BN S TR PR SRR AR A A 0 ©f Zho B gk ey

-19-



HEHF AT 201604 A 387 #7 - 12-24

Science Education Monthly No. 387, p.12-24, April, 2016

SIREL R Ll

S: %G & B HAp e o

T: GBERMAERT?ZER?

S: 142> 75 3h...

T: BEEEY R¥ED? AR
B ?

S: WHH A BRF o BE - B

T: v | FRHIE? 5708
RSB pEAE

S: - BE%= 5 -

T: 1.4 2BRF o %= %72

S: 2+~45o

T: Gy mEGE | %= =9

St 1~2~4> 23

T: 2MABHIH2E > miprig A
Lehg - fE. G - B EAER -
TP OA = @a:ﬂ.i% ? [ co-
B ST h HBMBEY - &>

TE TP 22 Atk - (8 25 2T #E
— R e RE - B A LR %@E%@%ﬁ
[@ 1k (Dewey, 1938y EAZ & FH - —
AL S ~ LRI MR AL o+

-20-

i 8 F A BE M5 > HE T S 3R T fi B 3 fir
B EHRAR P 0 B2 AN 07 18 18 P B ik
HY B2 B - AN 8 e 23 HHBRAERAE 122
%5¢’$2%%%ﬁﬁ%%%04%b
2440 ¢ 2341 ¢ 2241 « 2141 {7 B F
K5 010111 > 0 BIFR A% T R HBAE L E
FerrERI RS (E iz 0 RIS
=g ) L RIRTRA R - &% > BATES
B 23 BT B — M ALY & 5 B
279 RAZAE —MALAY BB N P JOETT R IR
{LHIMR A E 42 » =5 Bp 52 4= e ) R 4B g Bl —
BB AE

T: ¥ > cBRMPFFng Ry Mk
Etkehe APt A ?
St 10 -
BBt 10 & e foo
- o279 A e garif
* o L
B} ?5KE
10 g i & EAR Y
Podh %872 82 k10 i ey
ARiE 3T g
>0 F 9 FREHEE A
RE 0 THREE TR H?
%%*5ﬁ&°”:@&ﬁﬁﬁ’
P EL 0 1 pEd
P EAREE0R1?
S: AfHE -
T: =

AEH

LRI )%'\‘ ‘? 3\ :U fa

284+2442242142°

(2R

s
FoowaE

T

g foo S Laeme R

Ltk 3 BALT T Xo 2 et
- e foed X Lo ey
Bed 279 - T AER R X T
R A - ? [CO-20140605]



BE R RS AN R F RN E R AR L b

B 20+3

= /o'xz +/0°.3

92 oy
zj('v) g X(z)

93 = J41+147
J — )
= [N AAAED

W6 - ieim- i GAEE
AWTE 5 T2 ZE FEAE — A A
BERBRFTEESNBEEBEE > oM EE
BETHIH RIS E A BT - IRIBER
G AR o I8 % T R RO R T B AR
& URIRE ~ &b~ — (b > BHELTE
FytnBh 5B 22 A SR RO R e ny e 42 » &
Rt AE SR BERREZ MBS - &
BEEM S REFNGIE - B2 ERE

221 -

B sk BT R A R — AL E R Z 5
o 0 WAE & PEVEAY G AL RS i ER R - B
KR anie e — BRI &S S - H o R &b
MESZ2LEHEENEREROEBREY
kAT R E R o RS T R E RS A TR
2 HE 3w b am e — B AV & SR - DAY H Y
T BB ER AR P b U HE S R G R Y IR
WATEB P R FEFRAE - BIZ2 A
Brau AR RETRE ORGSR -
CEEETTIHIR - FENAY S &R T EE - A
I HTVETEZRHY A A o BT R AR B AL PRl A
AVHAEER PRV R B - FREEIEL
fE[F{L &L ER (Dewey, 1938 AL F fe 1 12
FF 0377 W5 B R A& Y B fig (NRC, 2001) o

W & 1 ZE Al AE A E B o B2 RO
R BE R RIE BRI - R%1ME - —
AL LRV B IR E 28 - S E 4T
B - TR OI R ER e  EEE - B
B 22 AR A 2 PRI HY G 10 B AR o R i B R A
a o BB RAREESEELEY
ST B S Y B AR o [RGB EROR B
B2 e S B B AT R ) OEG T B B B 22
A 17 22 &L B R A Ek HY 4t $ (Beane,
1996) > B B &2 4 1 iE g 1) 77 S22 e
I RGHIRE - 1k - IR EBEEEH
il Y B BRI O R JE B 2R RS R B B R
f ¥t & M 4 (social norms) 81t & g E2
% #i (socio-mathematical norms) (Ssocio-
maGarcio, 2014; Hershkowitz, & Schwarz,
1999; Yackel & Cobb, 1996)FfH >~ | - 41
ZNT S I (e g TR Ra ke 4 R
R ARG F RN o S5 22 A 5% B At A S



HE2 2 A 201604 F > 387 #75 12-24

Science Education Monthly No. 387, p.12-24, April, 2016

AL B R SR AT A R R
FER B SRR 0 3 AE 1 R
M T R A B T 8 0 BT A 4 D
BT L LR B R IBRE P (T

mALEET > BEHEANESTKF W
BREE - NILEERKAEEX T RN

R - S R G et
BT R R LS A
PR e -

2E X

BRBZ A - MRAE 2 (1998 ) » BrER B HY 8 4
Rl - BEHEET > 6> 191-218

American Association for the Advancement of
Science  (1990). Science for all
Americans: Project 2061. New York, NY:
Oxford University Press.

Anderson, R. D. (2002). Reforming science
teaching: what research says about
inquiry? Journal of Science Teacher
Education, 13(1), 1-12.

Aulls, M. W., & Shore, B. M. (2008). Inquiry in
education. Volume I: The conceptual
Sfoundations for research as a curricular
imperative. New  York: Lawrence
Erlbaum Associates.

Baroody, A. J. (1993). Problem solving,
reasoning, and communication, K-8:
Help children think mathematically. NY:
Macmillan Publishing Company.

Baxter, J. A. & Williams, S. (2010). Social and
analytic scaffolding in middle school
mathematics: Managing the dilemma of
telling. Journal of Mathematics Teacher
Education, 13, 7-26.

Beane, J. (1996). On the shoulders of giants!
The case for curriculum integration.
Middle School Journal, 28,6-11.

Becker, J. R. & Rivera, F. (2007). Factors

affecting seventh graders’ cognitive
perceptions of patterns  involving
constructive perceptions of patterns
involving constructive and

deconstructive generalizations. In J. Woo,
H. Lew, K. Park & D. Seo (Eds.),

-22 -

Proceedings of the 31*' conferences of the
International Group for the Psychology
of Mathematics Education (Vol. 4, pp.

129-136). Seoul, Korea: The Korea
Society of Educational Studies in
Mathematics.

Branch, J. L., & Oberg, D. (2004). Focus on
inquiry: A teacher’s  guide to
implementing inquiry-based learning.

Edmonton, AB: Alberta Learning.

Canadas, M. C., Deulofew, J., Figuerias, L, Reid,
D., & Yevdokimov, O. (2007). The
conjecturing process: perspectives in
theory and implications in practice.
Journal of Teaching and Learning, 5(1),
55-72.

Dewey, J. (1938). Experience and education.
New York: Macmillan.

Fennema, E., Carpenter, T., Franke, M., Levi, L.,
Jacobs, V., & Empson, S. (1996). A
longitudinal study of learning to use
children’s thinking in mathematics
instruction. Journal for Research in
Mathematics Education, 27(4), 403—434.

Franke, M. L., Kazemi, E., & Battey, D. (2007).
Mathematics teaching and classroom
practice. In F. K. Lester, Jr. (Ed), Second
handbook of research o mathematics
teaching and learning: A project of the
national council o of teachers of
mathematics (pp. 225-256). Charlotte,
NC: Information Age Publishing.

Glaser, B. G. & Strausss, A. L. (1970). Discovery
of substantive theory. In W. Filstead (Ed.),
Qualitative methodology (pp. 288-297).
Chicago, IL: Rand McNally.

Gravemeijer, K. (1997). Commentary solving
word problems: A case of modelling?
Learning and Instruction, 7(4), 389-397.

Gray, E. & Tall, D. (2007). Abstraction as a
natural process of mental compression.
Mathematics Education Research
Journal, 19 (2), 23-40.

Hargreaves, M., Shorrocks-Taylor, D, & Threlfall,
J. (1998). Children’s strategies with
number patterns. Educational Studies, 24,
315-331.

Hershkowitz, R., & Schwarz, B. (1999). The
emergent perspective in rich learning
environments: Some roles of tools and
activities in the construction of
sociomathematical norms. Educational



BERRFELREF BN I RSAFE RS

Studies in Mathematics, 39, 149-166.

Jaworski, B. (1994). Constructivism: A
philosophy of knowledge and learning. In
B. Jaworski  (Ed.), [Investigating

mathematics teaching: A constructivist
enquiry (pp. 14-35). London: The Falmer
Press.

Kent, B. (1997). The interconnectedness of
Peirce’s diagrammatic thought. In N. H.
Houser, D. Roberts, & J. Van Evra (Eds.),
Studies in the logic of Charles Sanders
Peirce (pp. 445-459). Indianapolis, IN:
Indiana University Press.

Kwon, O. N., Park, J. S., & Park, J. H. (2006).

Cultivating  divergent  thinking in
mathematics through an open-ended
approach. Asia Pacific Educational

Review, 7(1), 51-61.

Lakatos, 1. (1976). Proofs and refutations.
Cambridge, England: Cambridge
University Press.

Lee, L. (2001). An inquiry-based mathematics
classroom. Voyages in Mathematics and
Science, 26, 3-6.

Mason, J., Burton L., & Stacey K. (2010).
Thinking mathematically (Second
Edition). Harlow, England: Pearson
Education Limited.

National Council of Teachers of Mathematics
(2000). Principles and standards for
school  mathematics. Reston, VA:
Author.

National Research Council (2001). Adding it up:
Helping children learn mathematics. J.
Kilpatrick, Swafford, J., & Findell, B.
(Eds.). Mathematics Learning Study

-23-

Committee, Center for Education,
Division of Behavioral and Social
Sciences and Education. Washington, DC:
National Academy Press.

Peirce, C. S. (1955). The nature of mathematics.

In J. Buchler (Ed.), Philosophical
writings of Peirce (pp. 135-149). New
York: Dover.

Polya, G. (1954). Mathematics and plausible
reasoning Volume 1. Princeton, NIJ:
Princeton University Press.

Popper, K. R. (1972). Objective knowledge: An
evolutionary approach. New York, NY:
Oxford University Press.

Richards, J. (1991). Mathematical discussion. In
E. von Glaserfeld (Ed.), Radical
constructivism in mathematics education
(pp- 13-51). Dordrecht, The Netherlands:
Kluwer.

Strauss, A. L. & Corbin, J. M. (1990). Basics of
qualitative research: Grounded theory
procedures and techniques. Newbury
Park, CA: Sage.

Tall, D. (2013). How humans learn to think
mathematically:  Exploring the three
world of mathematics. New York, NY:
Cambridge University Press.

Wood, T., & Sellers, P. (1997). Deepening the
analysis: Longitudinal assessment of a
problem-centered mathematics program.
Journal for Research in Mathematics
Education, 28(2), 163—-186.

R HE 1044205 H 01 H
B HE] 104 4 11 H 26



FHE&%F A7) 20164 F - 387 #7 > 12-24 Science Education Monthly No. 387, p.12-24, April, 2016

An Investigation of Mathematics
Conjecturing-Inquiry Practice: A Case of Binary
Number Pattern Exploring Activity
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Abstract

The purpose of this study is to investigate a junior high school mathematics teacher’s
conjecturing-inquiry teaching practice by means of the grounded theory. This is a longitudinal panel study
over one academic semester. The qualitative data collected from videotaping of teaching practice, in-depth
interviews, after-class discussion, and teacher’s reflection. In addition, the coding categories and the story
line of research results were constructed accordingly by open coding, axial coding, and the constant
comparative method of analysis. The results reveal that the teacher initiates the conjecturing-inquiry
teaching with strategies of specialising, systematising, generalising and analogy. Further teacher applies
analytic scaffolding to help students to justifying and refuting the validity of results of generalizing and
pattering, which combined with teacher’s personal mathematical proficiency and the guidance of
mathematical concept and procedure. Finally, the consistent conclusion was formulated from whole class
discussion, interpretation, examination, and induction.
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