PERTFTEFEET Research and Development in Science Education qualterly
2011 %= + - # - 51-80F

2011, No.61, 51-80

UFRE AR RIA B AR B i
FIRAERUEZBERAR

*

FEERY RS S

LT Y
PR R F P RT
"k3448@mk ks.edu.tw
(#FAfpp 20113165 i3 & p #p : 2011.4.23 ; #< p # © 2011.4.26)

W %

BERE | vy d
ERFAFETHAERRERF A RO EFEAL P28 (DB EE
AR EEAE S ER 0 RPN F S RE LR S HT F A - QB %
ERET LR R R S AR NS L AN NN K -8 SRR
SRR A S B BEAFAERS R L TR RE QB EE S &
Fiaw? P EREFREAL AL TAHREEE, - THIRE, -
TREERAE e THENAE, A B TN, e TR
Ay Rl d I T HF 2 B4 kiR e

MAEF R RAE R RN

51



FHEZE IR B RS TN+

s
O]

J

)

PEEREPETE R RN P # E o (Colbert, Olson, &

CIough 2007) » & ﬁiéﬁﬂ THEAT RN AEFRE AR > A 2N RE
G ARF LS ;1 o HTIL %” "t”é* BN poocbaF T 227 p &
ﬁ§im§ ﬁp XE& o

EB4 gk dHa L8 %7 1L p &2 - (Bransford, Brown, &
Cocking, 2000; Dori, 2003; Dori, Tal, & Tsaushu, 2003; Zohar & Dori, 2003) - # F*
A BRI FFa 2 - (3P 5Bk 2010 ; Kaberman & Dori, 2009; Zohar &
Dori, 2003; Zoller, 1993) - £ B " & 7342 1% % | (National Research Council, NRC,
1996)4; ) - j€ £ 4 ‘;,,%sv* A ERPRIET AT RE DER Fakz - o 7
RELRBEHEFIEREG e CREV A ANAE) RE R RIRE
TR R BTG A (Hofsteln & Lunetta, 2004) o BTIL o B F A S5 EHAm
??%?&;&%%’?i%%ﬁgﬁF%ﬁﬁﬁ’%ﬁﬁ%i“%ﬂ&%*
# (Singer, 1978) -

A HFR B ey

e 175 E 5 (Organisation for Economic Co-operation and Development
[OECD])p 1997 #4224 " & 4 it 4 W% =& 4], (The Programme for
International Student Assessment, PISA) » %”g DR B Ty e T
FAE PRV RERE R L BE BT AR AT 8
FEFMFE o L8 2006 & S > B4 AR A RAHEFY FoH, 2
7% &2 OECD T 32 o vt fie o 8 47 2006 = 7 2009 # PISA & e
SRk T TR, THEFRA AP A RLE S THEEFX A
PRld 2006 &% 4 2423 2009 £k 12 Lo A F F R REDS U hl e
WBlE G TR A AR 2 ek Bt B i B (8 ¥ & 0 2010) < PISA e T L
BZ22 )PV HAIA-Ba e (D)EF* PEFoRERAETR N4 - (2)‘”*’*%
FFB%\q;é‘:fig?\;%%E%" ’ "13‘(3)%3}}%\ %éw “'ppmmﬁig A °,T~}t3
PISA2006 cin®ipl b & & A 47 S BF 4 chd MF 8w > o854 L NiE 1
ek B TEREAREROEH ) 4 AR E A T FREREP A L E R

52



R AR RMEAE AR P BB R A R AR R

22 it 4 PlAp ¥ % - Colbert 3(2007)1%”15 Mo BARFER R EFERRR
fRefl B L m M oM ETRIT LS B O R FETH g\)w AL
BRHIS 5 TR 3 (2 5 23> > 20105 %42 > 2008a ; Chin

& Kayalvizhi, 2002) o #512 » JF24 8 4 mah%h AT IRL B A7 3 BALE B S 0 R
R e APEREERFYRAE L PR RN N
AFTF LR qu-l?é?]t‘iﬁ&?ﬁialﬂ Hokih > ETERTERE
#érfswgri? IV RGN X 3 .F- & r+FF%Emﬁpﬂ§°nﬁ%~ﬁf’%’
FEE RERRATL MERE T s ¢ B ;56% L Ee gL gL

7f‘L§3FF RPN EF T RPAE R g AT o ’l‘q%'i bk o ﬁaﬁﬂ"’%—wfgf
T PR AT

Bt e e S

S BEREAAPEFEREHY OFE I REFEUL LR D

%~ SURIRR
-~ REHERNK

BB EREFI LR RS2 - (84 2007) » R RGETRfRYFRE & 8
W o B 4 AR - B2 PR a0 2 38 (de Jesus, Telxelra-Dlas, & Wiatts,
2003) - F1 5 0 kR P R EA4 AN mF“%{“’ HEH 4 anse s & (Tienken,
Goldberg, & DiRocco, 2009) - 4p b F A 3 » dp 4 > F 2 B W R AL 230 F § =
»z(Colbert et al., 2007; Marbach-Ad & Sokolove, 2000)£ #£ 7 #c # e = (Fr%
A 2008b) o #pau o 50 R4 B A FAAEMPREIEIRRS F L Hw(Chin &
Kayalvizhi, 2002) » #FF a8 &5 ¥ i}um FEHEEHFTHDEY T R nE
DGR BB Ea T HERILE -

TV OPERTAERAL S PARARL A LA RP TR
(Colbertetal., 2007) > & > &= 3 B L3R REfR 2P A& 3 — T P38 R
e o FARRAAREFEY PAFREZT K KEFdon 41 § 2 g
PO RVIFCEARNPAF O GIEFAREZREP FORE o PR E L S
S BB B B R ok (ISP K 0 2002) o £ F o BRI R AEE R A
RUFEELeh— 304 o € 313 L1 0 B i 42(Chin & KayaIV|zh| 2002) » % B R 32

53



FHEZE IR B RS TN+

g A ¥ A or H R 3 % & (Chin, Brown, & Bruce, 2002) » &5 ¥ vk i@ * 1+ i
i F £ & &4 (Chin & Brown, 2000) » #712 » &% 7 E6 ¢ BE 4 5 1% ¢ 1Lj34)
SR RO% L E B (Suwa, 2003) 0 Flh tEB TR EE A e T E A
= & % (Dori, Tal, & Tsaushu, 2003)> " #-2 $ % = & 4 % L & 2 B chit JLi5 1R 00
4z %k (Dede & Yaman, 2005) » >3 i& B M Fiiop p (28 3 =2k g fres
,;;2 o
AL gt AR EBF AN FET R RS PRI W

27 R(Z @ B~ E4RS 5 2010 5 AL N%Q.ﬁﬂhﬁh4p%a,a
78 K ou A g B ety (van der Schee & Rijborz, 2003) - 7 f@ AR E 2 F 5 BAE
FAER R 2 H R RF BN o B BB K pidom AR ER Y B2 F 40
FLE R AR By o

=~ RGBT B R

Pho b AT 0 AR MfRAT T 2 G o R o BRSPS R g
5> £ (Runco, 2005) » it 3B L STEFH 5142300 B X WL £ AR > SR FIS B
FTREFHFREFYL - LT RAY nr\:b‘;F-'iBf»rav" i IS - L I
) B AF 3 R BN B REE MendF gh e M 3R RRORR AE g A owhmPMmmna%%E
BT HIT B ER FHEREREA LA G LY PTG o
BEFRY ZHERERT A NE S E DRE LT AL - Leer Cho (2007)45
FOALHE R & 2T g2 B o g % 2 Heinzen4s iz - ChingZ Kayalvizhi (2002)
BB 2 Bl aRe kP PR B % AR B A G
ApEAR G r+ BATAT Y] - Chin% (2002)5 6 FHEA }1 % 748 4 LR FF Y ¢ ch
BREE 7R LAAMLERFSREORE 29 féﬁ—,%#%‘*i‘#?f'l“i° L
A EAF AR RPREE I A3 4 2B Y L E a4 2 B %o b4 Wakefield
(1985);%fc /| T 4 BT HITHLL L BREF BEHTIRF L SLEHECT H
FAPRBE > g ipl1E o Subotnik (1988)rt i F arst &2 #hATst L Y H A A E R
T BRI R LT E R RN 4 DM G R o Colbert# (2007) 14 4
Bitwmm T o T A B2 RGN FREZFAT  SEETRNFERHPEE
g% 3 22§ - Yerdelen-Damar £ Eryilmaz (2009);%“@ B AEPHEALS7E 4 H
PRENEEP D > T AR SR FERELRF - 52 FALFEHNER

54



R AR RMEAE AR P BB R A R AR R

Ikl"‘v PF A R 4 R e B4 D Runco£r Okuda (1988)# 7 4% 5 > # ¥
BRI E V- HERNE A F vk - Okuda ~ Runco£ Berger (1991)F 7 i&
—ﬁ%*@” FHFIEE " BATRSNFASNFIEA D L F 0F b - Sapp
(1997)4F % B RE Bk B ¥ H[ 04 & 4 31 rp R o B B T mﬂai&m 3;
¥ ORI e F 2 FL R AL BT R BT A]i2 4% o Chingr Kayalvizhi (2002)4, !
#o BB T ] dmé%”%¥ﬁ4§ # #Eﬁ&iﬁ_°%mﬁﬁm
(010§ B %41 HPHEESF LATEFLZ RN G370 FAERNL
e N S #»E;“J F IR &R R en L % fEA% o )4 D Hoover 22 Feldhusen
(1990) 4 r da iz - gbde 4y T R i’:ﬁ‘ IR LA hB + 4 ) 3 PR Y
B R RLA L R AL R R A (R A ) R S (B AR R) ihi
%f,o #T ;,(1999)3@ ;;wﬁ" R T AR BEF PRSI

WH R 45 MRS 3w~ LA a4 BRRGRAE & 2
W% Chappell ~ Craft ~ Burnard Cremin (2008) 1 jic | ¥ i & 4538 7 F 27 7 -
FHZLRFPER » v Bl 288 m%%ﬁo“iﬁ{ﬁﬁﬁﬁﬁﬁ
s IE A % o b4e @ DedeZ? Yaman (2005)# Wl B BE P TR T KR

SRR A 7}51 Faé 35 - Kaberman Dori (2009)/?H EVRBEHB AL
RO ET S )BE -

*”ifi **#%FFHFF EHERPPUHATT > VERED - BRG - > FAEE
B NP FRA A AREPEE s R ARREFRA Y AT - B
ﬁ&f #l‘ﬁ’vkﬁ )J_;'_ﬁ;r “;-‘-r‘ﬁ"’%_ﬁjﬂlbrﬂ—% -:’Lj;gi]]\%- 2R

TE B LRR N Y A e R O o fR 2 IM*"#%,FF R A2
zsl i’?r JEI«’H% P PP - LERPREAPEFRFAT S5 5§
i S R 7}45 AP BT L o AR S LR 7 R A
B ek KR “%E’ﬁiﬁ‘ufﬁ B EdpE e T R AP &ML
AR ARSI A AP BRI Rt R F R AR R P
PR EFRONTRL LR B

55



FHEZE IR B RS TN+

= REEPBER

Popper (1959) L 58 #1832 448 B i p M AL > ¥ 00 T 2%  BELR I P8 v
BHE RO F B — A2 TR PP o B RS i
FLEEA (TR R Lo B)AR G TRE RS 2 - o7 L TRE
A PG REph B PERGARRY G %RE - TEELEALITORFIEZ
Az ? &bl £ o Swann (1998):% % Popper #£ 3¢ 21 8 4vihi K 4z 0 7 4%
- RV @i g RTE S L BERR DR B B 1
AEE R DU FTHL AP DB e BIET  § BHFRD & Y
LPEHRAMTIEGE > A NER N RBELG AP ERT 2 B aoiErR &
R W AR MAEAJIE BMEF RjRY OSE 4 o T RE PER
WA A - AARTA Y B FADPH VR REXTIFHEHKZTHE E
BAR B FTR AL, R B R E B o > PR AR AR A
Boehdit o R FRIAES T HERNI AN F LRI AP L
S Al

Lawson (2002) % 4~ 47 1610 & Galileo ¥ i® (= % % i¢ ) (Sidereal Messenger)
PRt AR R F R RN EF RO hEREER oA BT R
X —FERAEIZHN ) 0 02 iffthen/therefore = FUiE T AL 83T > 2 4740 B) 1 97T o

Y N

r//// TR L iR

B eee ;{7, Z’}tiiﬁ

Hp o
g g
e ,dz\

- In
et

B Pento]l s R R

B |EEEAEBEER T l
CRAE e EL R R
\ egee [(AEZHEERTR

s Lol RRfring ’::::1///
* PRI A D

Bl 1 Galileo 3 R4 & chfrh @427 ¥ it i€ % HiEK — IR BTR A
(Lawson, 2002)

56



R AR RMEAE AR P BB R A R AR R

Kf T Galileo sy + 224 3 & B —FRRME B 2 0 H s LRI & F
T A2 (b4 @ Malpighi e0 4 88 5 % s #5258 ~ Dalton sk =+ 2 ~ Lyell e 48 %
= F] ~ Mendel s38 i% 3 g @ 5 % - Rutherford e & p 305 WA R)S 4P
v & 5% (Lawson, 2002) - £ X > ff;&rrﬁm‘_h = 0 B —FRRMHRIEAGN 2
& Piaget ;i@ mcnfe b B2 g 2 p A A F AR+ & Squire & Zola-Morgan
(1991)# gl 4] -

R oo x2birg ﬁ?g—p—: A% = #F 7 12K 4Z (Johanson, Brooks, & Papa, 2002) -
iz % American Association for the Advancement of Science [AAAS](1989, 2001) -
Padilla~Miaoulis 2 Cyr (2005)~Chin &2 Kayalvizhi (2002)- i x4 &2 jp 3 3(2005)
PER PR RS (2010) % 354 SR A R AT %L%%‘z" PR RE B Sy BB B
FTHAwENRAL e > PEFEATH S A HLFET RS FERE
L TSR %Em“ €& Fik o

:;:}fg v b irit o A E F Poppersnfl B A £ o PR FE B IS
LaWSOHm'F & — iR /F‘H&I‘*’ %3—;\ PRFEBLE R AL MR A o T R

TR R R BN TR § AT F\: AR AR B )= RTR AL - ’F"K’*ki%
i@?}‘i?ﬁ’s}‘@l g R4 o

2 S5 A

S

A RIEF ] B R BRI B B R 0 e B LR
{E&—H%ﬁﬂ§ia;$ﬁ#i@’%fﬁﬁlii%ﬁgiﬁﬁﬁﬁm
BRAL 2 E RS ELTE LR VL S RN A AT RGBS
%@*ﬁ@ﬁp*ﬁ%% ST S $oggr 12007 & § L7HE L LIE T e Y

By o TP R AREPR DR EEFREHFEL R T AP 2P H %
HRFTREAAM 2007 & 9% 423 11 7 27 » 3= B2 o

57



FHEZE IR B RS TN+

RPpFL P PE TG LR VLS T LR RS DR R
FRORFFEFREN - AR g 20 HPL T s Ll §FiF
ﬁ’%w&;*%;mﬁ%ﬁ RF RN E o FIp > B4 5 2245
A F?ﬂ%ﬁEW%mw&,(me&dmzmm pLehs Zop kg 4R 2 (2010)

AATARBE ¥ prdp R R R S &{%m@% ,*’ﬂﬁ“‘&m§%%ﬁ~
,Enw i &m‘]d‘i’t—‘;’i’ﬁ %\wp’f#-;l-ﬁa —\ o JA 7° _ﬂ;y% LJ?}-’; rﬁigﬁa%ﬁiﬁa 18 X
f%éiP;¢MH;W%A#Mu@or#ﬁ&&J&&W%Jéahﬁgﬁﬁ;v,a
ﬁ_ﬁ‘_ﬂ_f o
CIHERERPP S

A ARl L TPE AR RS Y A 1T M Y p SR Lee
2 Cho (2007) " 2t 243 &4 75 % | (ill-structured task)* %.Enﬁi~§ B oo gL K g
PP R R S LT N LR R AR )
EFTRE- - THEFERFPEL  FR RSP S 2R H3EN 54

F 1#95% o

201 FE R R X RN F 2
S f AP F

s g gy T2007 £ § LURE L LR L RS R ke T RER O Gk
;FBF\;%‘ 1. #Erﬁgmf‘ﬂ&fﬁm.uv%@"t\"};‘éf’ﬂé.E.%”jf—;_?ﬁ;fl:}%:‘;?u
v e

By B R AL

(Z)*%pIR &1 Eagit

- e THERFERFPEL | SR 24 fhhBAz d s 2fl8 K
TELEFERFE > RRAR LI LR PR AE RPN g st 1
EREHEL FocRfop FraBE R B d A T REY p ALK FHE
FAGRMPN FLFRAL CFHEIREBIFERES 6 R QL) SR
X o K{,;d B4 EREAEEER TEEP A AREE I E S AL B
oo R A Ppt s TR E o

58



R AR RMEAE AR P BB R A R AR R

(G)F L1 et

YT S R AT R Mﬁz HRE N E e TR, 2 T

FRELT F= 00 o 29 PRGNS > L F MR FEDT
PR FHEEECE A P aR )G vk Yerdelen-Damar 2 Eryilmaz
(2009) L2t > B REHE R K ALPN B DE BT ARG BARST ER R el e

4 3 # Rl r2 Norton-Meier ~ Hand ~ Hockenberry £ WISW (2008))’1% Bloom =
R I E 1o N L w@@r AR GNP Eo DR LN S Rt s T s
Jpeo THERFERAFRE  FL1I LT hBL IREIETLARLIF N
WAk 240k 397 0 DEP AT o Mw BAFAT SHT Y R AE- o

220 BRI FERLBE G RE AN TS SRR &
BRI Eap R s /éﬁiiiég%méﬁi,m&(#%i BREIAS) FRA
riﬁ'I"’J N r/L%\}J N I—/_;#.;,,J _E,Ea r%rﬁéigJ Eﬁw%‘f;}‘io 2 3¢ ﬁjﬁiygizg%\_
RERLRT RGN RMFEA RPN FZLUIEILERET > TR S EETL
¥R R (o L fe@ f2)2 3 ﬁ] TLYERERY A F 'fr’ I-n% )ik {7 4 2
(Hofstein, Navon, Kipnis, & Mamlok-Naaman, 2005) -

22 BRI PALR G B PR ALA 15 R4 4

| EE &
i FEE PR ® e [ Vi fook e T ANER S LT
g CEEPERE @R L LR H S (L A)?
e AP EPBRE ® LU LT a5 R ?
P g R PEEFREE @K L L(E)deRA) R ?

59



FHEZE IR B RS TN+

§ = T 7 ol

o BRADEY AH - FWoAAmE - FLLRY Sp F(EER)?

iz FPREEF fgrﬁ&~§ﬂ~ﬂ %%ﬁ%%%@*ﬁ%ﬁ’ﬁﬂﬁ

INISE TR S oo AL R ) (T f 08 ) ?
@’;} VAV = ol '\‘ F ¥ MTZ% rr%‘i\‘. :i —ﬁ N AR GRS = (’J()? iV g j\;ij'{ﬂégp'ﬁi (P

#M%Hi%mtﬁmﬁ N PHNLE

DN TR X A LRSI IO S ST S RS

Fo A 234 B AN Y
e %/%iJ%AAQ% N EES SRRV Lo 2 R R L LR R
riﬁ"¢ﬁﬁ PR LR P BuTE G MO
w L
NS
Gl VIEER S S R g p A A S A AR B AL T R L Loenik ok B
PiE & i TSR (7 RN 2 el ek ﬁ&’iikﬁﬂ4ﬁ%ﬁ%?*

RIS - R e -3 3 AR B

AT 2y AR yppAe s 5 T BERER  c TRPPEEP S E
E TRt Sz BB IRy 20 T A2 o

60



TGRS R T AR PR R PR R 2 B R R

L, ST o R N LR Ay Pl
B AR > A5 4~ 57 5 B 32
{1
L, FEIRE PR AT ILEER | FEER
FEF L NS & 2y Ry e
Fri1ELgEaL 7otk AT
{1 {1l
L > o g R 7};5‘3;}%1 IR T
2> FERFT 7 R AL R M FRA AR <«
o PEELT AL
¥ 2007 & § LiEE N LIF T Y
7
. a S I -
' LY St N R AT
> FLE R AR N S P &
HETELEITRE YV LARSFZ ML | 2] RP 3L B
a P fx
S TR B A 4 I 1
— PSP B R “— a4
iy 1
24 A
N St B ]fj;‘j‘j
WHER RS L RpL D L
Bl 2 F7iEAER R
CI)FBEFRE

N ;A,zﬂ”';ﬁ‘ LRGP A F T B TR [T
T L TEAE VL s T T2007 & & LTER N LR H L B B
ﬁ_ﬂ:_gr@_’h?z\' 4o % 4o Q'E"F’Til_, ﬂ‘fl ’i+ F,’T_“ M $(2007-& 9 Z‘”)i - 5§_}’+ Fﬁtfi(—
)N P AR ARPE ISR (70 B O A PR enAp BSR4 (B PRA 2
PEFELTZ) B85k MEFAME FTMASFE LT YT » F TS

61




FHEZE IR B RS TN+

il

(S FIF L mdeni i arie o 12007 & § L7EE XV LR T R 3T % 2 1% (2007
39Eﬂﬁ)ﬁi%ﬁéﬁoéﬂﬁfﬁﬁﬂ—ﬁﬂ30%3%54$m?wﬁ
§é%%%ﬁ%ﬁﬁﬂﬁiﬁﬁﬁﬁ’“Wﬁ”?ﬁ%im%mﬂﬁy%&
N TR O EIRI HiEH 3 [ NIRRT KA M #;;Z EE SR o B ;[j
—%’Z A X Fz\:‘ ;117?5,;;94;37 ij%gép%%i/—éﬁqmﬂl ? SE—f" °

Q%?&E&Wﬁ\»wff o FiT P EgER Ad PRI RER
R FE L R LB o 1T - BB A AR T e M B
kg IS8 8V FFH EWRRG B)PRAT BT < LR G R
SIEHEFAMIFHERERE L FRE Y Hoosr- ) & e 1R ani i
BB el K2 ST o T EPUR S AL BT RA TR S 0§
~ Hikd B4 P S ?}%;i;éﬁ%ﬁvﬁﬁ?gﬁr?é}i v FiE ] Bt A
REEY 0 TEE S REEFHRLI AR FLR o R R OGAREERP) BT
P ARG RBE e WIF L AT G R R TR R AL B AL B
ki i N

4 P EET ERORE RN ARG A

A AER rE Fwadk FwpAR
MR TREA NS @7 REIRPE R TRk -8 BREY-%
PEFL AL €0 BRETFESfR - &

2007 o Y - RER-%

ELTRRECLET FE @y r & (&=z)
L SIS =Nk i e - &

C)RFFBREFHEFERE
BREFRELE PRy RrEL3 7 e TE L
BENL B LESREZPERNRLPAE LRI AR R R E S8
(Z7z4)en Nz THEENERNES %R & R R B
@%*Jﬂﬁ%%ﬁ’ﬁ4mﬁﬁﬁBﬁ&%”wﬁﬁéﬂﬁiﬁi%‘w’i*%é
B R HhIE- PRI B R BIF L S ® A 2007 £ 10

62



R AR RMEAE AR P BB R A R AR R

TATIIPEF P EF P IEREAIE YR RKENZE PR 0 T
RS fEEFELRME
CE)AHFEHmEE

AT EM LA X RE N TPFRERERE L TEN T BTk
s 'F.”j—fi/»\ﬁrrﬂ % o ,—,\/FEFM?&/F’“ KoY Y A I lﬁ’{'fﬁf‘f_.ﬁvﬁ%
Z(dr# 2~ 2 397) BEP FERIHRBAAD L BAD DTRMUEF
(£ S = ey Fp‘;‘sﬁ":);— [hadi oA p - E ’F’rlbiﬂ =75, +I5ﬁmﬁi§3:¥(i 1 1 iz
FA 2 EFARENRG RGP A RREAL D e LAY Y
iE R S R O 3@%“*?ﬁﬁ%%ﬁ§?ﬁm%@5%ﬁ’ﬁ%ﬁm
AEHFLHDRBNF AR LEHF R NER  REEF L B
2 30 o b = 2 18 0 I SPSS 10.1 AR AL I T A B A T I R TR
G LKl foa TR B8 mR R e T LT
LAKRSFZ AR T FLREOPFRTIAERP LT A0 & &
o T HWUEAFETP mﬁ?&(Pkwwﬂﬁ"’maﬁﬂﬁﬁﬁﬂ%%’

I ﬁ;, lfiﬁ_gm;gb l§7 ,E,:E s 12’. .H} IFIm #stg“ﬁ"lq 1:,\'137“ ;J-% ) T'%
M ARy it B aER o

6 R RBH G
CET IR R

BEREAGRPIFHEEERLES ﬁﬁp*wagﬂﬁgwggﬁo&
AN F A5 E 2 EES%AA) S nd B At '% B R A#H VR Hme i
E ek B

63



FHEZE IR B RS TN+

25 SEEANEPEENFERBRES T L

c-1 N 1 RN AR T S TR F S
s 3 #c o g 4 ¥ Py
s1 9 0 1 0 8
S2 9 1 0 0 8
S3 7 0 1 1 5
S4 16 1 1 0 14
S5 12 1 2 0 9
S6 13 1 0 3 9
K e 66 4 5 4 53

(%) (100%) (6.1%) (7.6%) (6.1%) (80.3%)

Piﬁﬁﬁﬁﬁﬁéi&rﬁ§W%ﬁwﬂ%Jﬂﬁﬁwﬁgmg,@%
220 YT A AN BBk Bod A5V B0 A B ERE S pLE
EHRPPAEREE LY  BRPRE A T~1630F > 8326642 AR P 3
PEPRPEFAME P FRESFL S MF A U2 R e B RY
Fo TRV AMART D RPN A S HR PSRN o T
CEPN RS RE IO RRET T AT B R T L DRE
PEEPHTHEE TR FARM LA 2 RREHR T R opo i
PRATA R by i 2§ R 4E(Spanos, 1991) 0 < E B FH 4 it A
Boarsh T Ak (Silver & Cai, 1996) - £ B8 4 8 ¥ v p ¥ 4 L2 > BiE2 F
ok F O ehd E5sk (B % 0 2004) o Tt o B A T R H 2 Sip B P A
o Fet R R 2 2 2 e g L £ (Silver, 1994) o @ ¥ o FERE R
B4 PR R IHEE S Y MARTRAESEIES B AT S 4
e RARE L FY Saxe

Q:HEF F4rimaz= ?

Al o 72 T RIS ) s L R S R
S4: B T BITHRKUBRITER | > BRI KRR T S siaseR e -
fili  HAth A2 AR ?

64



R AR RMEAE AR P BB R A R AR R

L (8)  FERIEEAORIOOOSAER S - LS AR -
%-W%Erﬂ%ﬁé%ﬁﬁﬁj¢%ﬁgﬁh.
S6 : 5 4 15 5 1
(56 £ TRIEZRIBHERIRGS | PAGIRR © AT REAITRAEY 25K L A » BEH
FIREHEAER: 2 JOETTTUPURIE ] 2 BRI R T & G2 (PR SR ?)

EBRELHRFF A A

BREL DR AL Taogs o~ Tag, o~ T |~ Tads &
"HEE EIFLY AL R o T T o MY kSRS T
LA B S S T VL%waﬁrmijﬁ&

kg d AP RMEFEFEF RPN FOL T RIS FRAcL 6o
B A6 ET O BREFIREN LY LR R% J i NI 8

L

"atr g8 TEE T RLY K v Ak T a3 ,\...,,lé],u}!w IR R
BEP o ik (2010)cF § B AR 0L o

%6 XFEEA R LYESEIE

XEFL ORKFFE BRERIEN ZOLEE S

75 LR S e i3 o 45 =2 I
o1 ! - 0 0 1 0
> 3 2 0 4 0 0
>3 ! 6 0 0 1 0 0
>4 16 6 3 0 7 0 0
> 12 2 2 1 7 0 0
> L3 2 5 1 5 0 0
A 66 26 10 2 24 1 0

(%) (100%) (39.4%) (15.1%) (3.0%) (36.4%) (1.5%)  (0%)

65



FHEZE IR B RS TN+

EH BEE2RE NG Tag e Tads Y ks e T
WK R S S TR IR G BB (Dl R L LR Y e R
Be?) TILEE K nfR BRI O B B B S (Dlde D R B R ) ST ek
o SeH S in AR R R BRennd )0 DA K SR MR R A AR R
Gt S S S R L RO Sk e
B nRE TR AARCERRLS LA EAF MR ER A T
17, BRI EBEESERLSF LY E= ﬁﬂoﬂ%’iﬁﬁﬁgiﬁr%
Mo T RS RESERENTF BRI M A RFAE TS R
et B TREE DRI PRPRIELF A AR BER DR
Hofstein % (2005)s#= 3 ¥ & 4 i &8 ¥ ok B 4 3 Fin4p i -

CEREAMEBITHRREGPHEA R AE R E

%%%i@ﬁﬁﬁ%%%ﬂ PEFTRIEFBEAET EA S T b 1AL
Bey > TR, s TR, 2 rﬁifqﬁ’i Fragdli o TR
PR & TRgrtE AFferEy ot Rk a4 84 BEPF D5im
Ef e i N ALE R B P OMERT ML T PR A
SR A AL

FEEA S mRERE S b TR RS it R
RAP R R TS LTERTE VL AR AT AL WP E (P
RAotgrz ) e Pdiw BAIEE LB B PSR AT(T R Y LA R

TR XL ARk A g R Gk B %~ TRV L ARETA SR E A
"\‘F“ N N LR {J,};}’#A}'ﬁfiﬂ¢ﬁb’i’éir§”ﬁimfﬁg L) o Tg

PH RS EAN - BHAETFERFRTRE BRI Y OF L R AEE AR
nhi:} Ty gﬂﬁrﬂ3°dﬂ3%§’? %Jgﬂ:, g BV ;FA\;\ I'Z;w-)bF;a%
B~ THRRAE, c THRRA, e TR e RAE - AR
4o T o

66



FUSF 485 AR AR RV A AR R ) 3R

AR RAEZAAZHRR

FE R AR A
— ' LF ' '
- 4 )
W B AL |M®M@Mme X gy B R A
——— PEHET
o &
XEE 4 DGR SRE A N jﬁ_ Ll # R
LR R Apaa [P | #oAeL | ---m-o-- > | et
mﬂﬁiﬁ T A ﬁa ke
B AL e Cx B i
[ommmmmmmmmmmmmommooooooos I
AR ¥ 1sier 45 kLA
SRE A 2 v AR ON T 4 i R E oA
FpokBeh || F417(0.6376 —p aﬁfﬁ?
B % £ 0.6278)¢r & & e B
B H e AR R s
Iy ¥ ey
e —_— |
ol LA A ek RNIY: 7
B AR AR LA A F
q‘ o L 5> }{:ﬁﬂtﬁjﬁ_;f:j_)i _________ ]‘H VAl
Z’J'?,'e’\'é’m#:- LA fgdr’g‘?%?
R RE “HEE fp M 2 MR
M=o Taf- ®
R L EE L L L P J
ol LA KL AR A
L T e A 2R L
RS 74 Ap i B
LT R D T R
RE % ARG
B3 TELENTE LY LARSFIZ PR ) DT R R A A 7R

(=) FAR &

T RARE ) ABERE A
I—/h’;tlﬁfr
oA FAEE
Ga T AR £ kRS R
8 R ATHRE o

4 1 4 é &c:c

FLE R AL

-

&QJ?QE*

67

TR TR B R
CRED Kb N

G PRI A e B
quﬁg*“gﬂm
EEREL LG RET PR B
B R 2 i ) e




R E IR RS TR+

E)#FzRE

TR DRBEL A Frgg\% 1 o RIFBEFF L TR S NPE T
RPN P e ST )M A MR B R L QE AR R R T
o W TR AL (Glde R VL AR GER G R )o@ ) madiner) e T
TR, i@ LANTF LN EL I RSB R RH 0 BEIIRG > 2 &L
TR AREED %&\*%]ﬂﬁljgﬁmo RREBEE A m,g:_rw BAE RN T us
Chin & Kayalvizhi (2002) 73 5% » 243 4933 4 B 42 " DIPU ; (Doable, Interestmg,
Practical, Unknown) # pjen Tw =4 g2 TS gl | 2 2|8 o F T2 R 28 4
St XRFRRIFIRGI FRRAVE[NGFLEF DR TR EFE, o
WA HE TR FILF A BT %R FRZAET R PEEFY PR
2R TR, > ERFRELES % -

Q:Ff Kiima;& ?

Bl AREFEK ULAHBER E HINTIERIREIR % - Refrl B8R L RE 2

S3 : Hh[ERIERT

Al ¢ A SR EE 2

S6 © HEHMI/NMEAESEWIFE IR - 250 B R sE eI T e e ) - F—Ea
S SERY ©

Bl DRERVEENRE (T ?

S6 : ALLRHAVE R - (BRI A - EEE B 2 ARFEARENY - i HHEE
FISMA EEIA—HE o FAPIEE Roi il ATREI B ZEHY

EDNE 35k 3

FALR RS L TR R ERGP § 2 s (o) R g )
TR YRR RS RAEE TERR TR, £ B S
FLawes THFLNAL, P 1 r%éﬁﬂ“%& IR A -

=
~¢

Q:PIFH:wPEFZL
Al o TURK USRS BIEE S /K SRR (R 7 5 R ek " e K LSRR R BN e 5
MRV NNER R 7 AVBTFERRE 2
S5 Ztiﬂ@z{fﬂ'%xﬁb)ﬁkm;zﬂﬂ’é&géﬁﬂ;5E§7K§7%Fé% AHEERERA R A -

68



R AR RMEAE AR P BB R A R AR R

Bl - ARG RS 2

S6 : 1 5tE 4 BB KA E7KERMTHL(0.6376 B 0.6278) A p MRk RIS ML - iy HL R 3
JEKIBIM R SILTEE AR E &6 EAHEE — - = FARZE 5 [#RMTIE AR
B/KRERERIEKIIERRNEZZ —ME » fEZEH HAM T RN R AR -

Al TIRK LSNP e S KL A NI R S 7 ) AVRUE EEARAY

S6 By TSR FMEIEHE B R B SIUTEE AR &V & EAVERE K
L% & CHER AR VE SR § T OB B ZORRR IR KL AR 3R 52 - e
LRI AERE B AR FEE O KPS & 2 AR G A RN -

Al ERE T 2

S6 : WL R SR KRS o - SRR AR — IR E K (825 R0 &
IRIE K LY EER 72 R AT RE R S R i A — T ke -

(2 ) 3B KA
BB EREA TR PPE TR FE S S GeT )R T F T
TRAE & TR T BRI A %R FRAEEY
ERRATT RN ot SRBEFLEFEF LA GRFPE] ER
L3 G B HH IR R TS TR R (ble R LA
e m T AR L ETR P 2 0) o TIRERAL ) Aok 2Ten TR AT - 4R
HFF) 5 degr TR 2 AL 8 PR - %0 ERIEATO TR B R AL, 3
ERPEHFELEHA 2B o
Q:FIFHEMNERL » BH T M AP h?
B TR LLIZE TR A1 8 2 B R ST 2SS AR S (ER e Rt e 7 =T
K IIEERAPERI SR 2K R (% 2 ) BFTFERTERAN I plty -
S4 : MR K LLIFEREUREEIE K BEA ST - BIZ2 40 S TR - DAREM S B B35 —JR(
SRS —JEGHEIR) TR K LI RAT B K Sl » RS FARR RIS » JE K LLIRIREAR 5 8
W SR (R TR ) LA A I RRAN: » RS (R -
i CIRKILIBER AR S LERB R 5 2 ) AIRTSER AT R -
S2 : MRS SRS EBEN) 4 N ELLTEHTTE K LA LIBT3 - 17 H MR Bt
S BB K L LN 3 P /D EF I RIR 42 - TR LI 1E R R A B R (R O
KIS ARIST o SE LR LG A R -

69



FHEZE IR B RS TN+

d e X BREEA AT LT RITAE N L AR ST MY
PR AR S RAERAER 3 T IR RS AR
P Tend BT AT SRR F R(EF RS IFE R ATehRt R
A AR e A B IR A R A FRPER IS
HWr@mbaid Kk a7 ad @i P Ay famFal ) e
Silver (1994)~ 45 » K ALH E £ d SH & TR ¢ L@ ATHOR I > & A4 B Leh
ﬁ?ﬂﬂ%%ﬁﬁﬂ°§*ﬂ*¢ﬁﬁmiﬁ&ﬂ%’ﬁﬁﬁr?&meﬁ
& 4 (Evans, 1989) - % H 4 F* T B —FFRHEEER | T RN H DT LR
Eooole oy M BREE S )I}uﬁgm MY - BB R R P AHEEST S
m?ﬂﬁﬁéamﬂ&aﬁ’»ﬁﬁﬂ bR F BT P R R

AR B I g A A = (Fugelsang & Dunbar, 2005) » = # & Popper (1959)
%?% Kﬂ&{ﬂ%mlﬁo%m’§*§4mwﬁﬁﬁﬁ§%$%mﬂ’
O EAR TS A AR B E kAR I enE Bk 0 B & F I R T
(Lawson, 1995) - + & » 4 E & 4 ot & B 33 L I ik fiﬁi“ﬁ Gl R e
FLiF e H T KEFAFEREER Y I Es v d - BEERL KR ¥
F2EHMAREFE DEREF > B POMAR, PEMART FRET ERS
BePEA M S fifa(Harper, Etkina, & Lin, 2003) o #7114 » { iF » f 5 B 3L (S B K
)EFF L@ PRYT > 2 EFF VSR MEEFEMART Lohde
o FADF Y gy FEAFE

- g

AT BRE RIS SXRBEEA FHERNAHERET
TR AT o R AR R A AT Y R AL B ) o R Ap M AL TR
|-,'=3 —‘—g- ’A % b_m%ﬁ— ,v} IA\ ,H, gz ;Ln );? Iﬁ,éﬁ."l' B l,,t; Fi‘ ik _&r,—r °

<

— %

FTidpe 23 1 B RE LIS TP R ALL o B
SRR LABRMLY AR L ARMBLEEHRET ARG oL 0 AF
“Kﬁmﬁﬁ’”mﬁﬁﬁﬂ%ﬂﬁﬁmmm%°wu’Vﬁgﬁﬂ%uﬁ

70



R AR RMEAE AR P BB R A R AR R

ﬁ #ﬁ [ ‘g\mfﬂ‘ = %f
4T R RS L ﬁm‘p ém’ﬂéi Fu e Y gk o

FENIPIBRERRG  FTF Ypigfﬁﬁﬁé@ o OEETIE
Fdi- LaEiR o
(IFLRF &

AT LN ERF S A4 2 H4 REESU] o PR RS FERY 2
L EBBEY LT BERE AR VR AN AR RN B EKTR
o EHEA SHPAERTRE] 2R T

() REFE

L]
AR ;Ep%ﬁmﬂﬁ‘“m‘&F’@ﬁﬁ@ﬁ*'aﬁ’
Qg‘; » H TR NATOR A o &fm%ﬁwﬁﬂrh&Jmﬁﬁ*ﬁ
B4 F 73 ®ABIFT 0 MELKIFL FRERE S HT 2N AR
R $§4ﬁ&£@1@£ﬁ RSP RGPl E LT v § 4
mmﬁgﬁa%,:mmgxwim,w%§4w9¢m%$~¢%mﬁ4%

ABREARNBP S HEBT R a‘fiﬁ?’;’f}“t’*ﬁ?’* S N N N SR -
FEFIRFALCHFELFEORE  JELFT L BT E2F 2 IR ER
LETAL LS N AR PRt B B R PR R AR R 4 o B gt £ F (1997)
w:’élagﬁiaé?’%W%aﬁﬁbiﬁwﬁﬁw%”é*?ﬂﬁg
Voot fid F2 A B ERRELLHMES Y FHLY BT REE
ﬂﬂﬁ%ﬁhzgﬁwﬁwﬁﬁﬁﬂﬁﬁ P RRFAFERA P RTRT DR LY
Wl RIL AR o

%ﬁiﬁ?*%?ﬁi%§4ﬁﬁﬁﬂ&ﬁ&1ﬂ’%%%iﬂﬁﬁiﬁ
RAHARL  MITLRF GRS SN RRE EE > @A P FFA Lg%
%wﬁiﬁfﬁ"@ﬁfg%ipi°ﬂa FEOFELLIF AN
R e E A R NG REFELEPAENL A oonniE L RS R AL
ZRMFERA MR LT Tgsh & TP ded gl Wi

BAE LA B BIRY L Y AR o

\‘Ir

L
o+
*Wﬁ

71



FHEZE IR B RS TN+

% LRk

ZPR S ERD(2010) 0 4 EBFF HFETHPAERIERF 2T A1 2K
T E 84 41(2) 0 111-148 -

H#-42(2008a) o & A %4 PISA 2006 = 5+ 4F 4 o TR FHELE €35 =
%3R4 (3F 2 Bl ¢ NSC 95-2522-S-026-002) » A 5% o

H8AL(2008D) - B2 e P EFRAFET R A 2FH  FRARRNTFELE €
E 2RI (R %5 ¢ NSC 95-2511-S-026-001) » A 15k o

HHE(010) s PISAREFLE o4 I FHPISARRFTL Y w o

A 5(1999) - B Y LS BERY FRFMhR A LA (A hwL L
f»v‘) CEEY F R SE T

BECH 2 75(2005) © AliE LY R A R —F T MR AL A o W2 g AR
fﬁr’a%ﬁ#ﬁ 18(1) » 29-58 -

B % fF(2004) - e KA RATH SR E B2 — U BBS S B - PERTEA
12(1) » 53-81 -

5 % (2007) c B4 LY EARZHFT M F AR L b o B KT EF] > 15(4)
387-416 -

FREFA997) e vy - L - e P ERT c REPBEHM 33 311 -

P E(2002) c HREHKERFRLPEIIFE RAZEAF FFEREE 15
87-114 -

American Association for the Advancement of Science (1989). Science for all
Americans. Washington, DC: AAAS.

American Association for the Advancement of Science (2001). Designs for science
literacy. New York: Oxford University Press.

Bransford, J. D., Brown, A., & Cocking, R. (2000). How people learn: Mind, brain,
experience and school, expanded edition. Washington, DC: National Academy
Press.

Chappell, K., Craft, A., Burnard, P., & Cremin, T. (2008). Question-posing and
question-responding: The heart of ‘Possibility Thinking’ in the early years.
Early Years, 28(3), 267-286.

72


http://etds.lib.ntnu.edu.tw/cgi-bin/gs/ntnugsweb.cgi?ccd=LYu_zs&o=s%E5%9C%8B%E7%AB%8B%E8%87%BA%E7%81%A3%E5%B8%AB%E7%AF%84%E5%A4%A7%E5%AD%B8.
http://etds.lib.ntnu.edu.tw/cgi-bin/gs/ntnugsweb.cgi?ccd=LYu_zs&o=s%E5%9C%8B%E7%AB%8B%E8%87%BA%E7%81%A3%E5%B8%AB%E7%AF%84%E5%A4%A7%E5%AD%B8.
http://www.informaworld.com/smpp/title~content=t713422238~db=all
http://www.informaworld.com/smpp/title~content=t713422238~db=all~tab=issueslist~branches=28#v28

R AR RMEAE AR P BB R A R AR R

Chin, C., & Brown, D. E. (2000). Learning in science: A comparison of deep and
surface approaches. Journal of Research in Science Teaching, 37(2), 109-138.

Chin, C., Brown, D. E., & Bruce, B. C. (2002). Student-generated questions: A
meaningful aspect of learning in science. International Journal of Science
Education, 24(5), 521-549.

Chin, C., & Kayalvizhi, G. (2002). Posing problems for open investigations: What
questions do pupils ask? Research in Science and Technological Education,
20(2), 269-287.

Colbert, J. T., Olson, J. K., & Clough, M. P. (2007). Using the web to encourage
student-generated questions in large-format introductory biology classes. CBE
Life Sciences Education, 6, 42-48.

Dede, Y., & Yaman, S. (2005). Identification of mathematical problem posing and
problem solving skills for prospective mathematics teacher. Eurasian Journal of
Educational Research, 18, 41-56.

de Jesus, H. P., Teixeira-Dias, J. J. C., & Watts, M. (2003). Questions of chemistry.
International Journal of Science Education, 25(8), 1015-1034.

Dori, Y. J. (2003). From nationwide standardized testing to school-based alternative
embedded assessment in Israel: Students’ performance in the “Matriculation
2000 project. Journal of Research in Science Teaching, 40, 34-52.

Dori, Y. J., Tal, R. T., & Tsaushu, M. (2003). Teaching biotechnology through case
studies: Can we improve higher order thinking skills of non-science majors?
Science Education, 87, 767-793.

Evans, J. St. B. T. (1989). Bias in human reasoning: Causes and consequences.
London: Lawrence Erlbaum Associates.

Fugelsang, J. A., & Dunbar, K. E. (2005). Brain-based mechanisms underlying
complex causal thinking. Neuropsychologia, 43, 1204-1213.

Harper, K. A., Etkina, E., & Lin, Y. (2003). Encouraging and analyzing student
questions in a large physics course: Meaningful patterns for instructors. Journal
of Research in Science Teaching, 40(8), 776-791.

Heinzen, T. (1989). On moderate challenge increasing ideational creativity.
Creativity Research Journal, 2, 223-226.

73



FHEZE IR B RS TN+

Hofstein, A., & Lunetta, V. (2004). The laboratory in science education: Foundations
for the twenty-first century. Science Education, 88, 28-54.

Hofstein, A., Navon, O., Kipnis, M., & Mamlok-Naaman, R. (2005). Developing
students’ ability to ask more and better questions resulting from inquiry-type
chemistry laboratories. Journal of Research in Science Teaching, 42(7),
791-806.

Hoover, S. M., & Feldhusen, J. F. (1990). The scientific hypothesis formulation
ability of gifted ninth -grade students. Journal of Educational Psychology, 82,
838-848.

Johason, G. A., Brooks, G., & Papa, M. J. (2002, April). On the emergence of
research problems. Paper presented at the Annual Meeting of the American
Educational Research Association, New Orleans, LA.

Kaberman, Z., & Dori, Y. J. (2009). Question posing, inquiry, and modeling skills of
chemistry students in the case-based computerized laboratory environment.
International Journal of Science and Mathematics Education, 7(3), 597-625.

Lawson, A. E. (1995). Science teaching and the development of thinking. Belmont,
CA: Wadsworth.

Lawson, A. E. (2002). The neurological basis of learning, development and
discovery - Implications for science and mathematics instruction. Kluwer,
Academic Publishers.

Lee, H., & Cho, Y. (2007). Factors affecting problem finding depending on degree of
structure of problem situation. Journal of Educational Research, 101(2),
113-123.

Marbach-Ad, G., & Sokolove, P. G. (2000). Can undergraduate biology students
learn to ask higher level questions? Journal of Research in Science Teaching,
37(8), 854-870.

National Research Council (1996). National education standards. Washington, DC:
National Academy Press.

Norton-Meier, L., Hand, B., Hockenberry, L., & Wisw, K. (2008). Questions, claims,
and evidence: The important place of argument in children’s science writing.
Arlington, VA: National Science Teacher Association Press.

74



R AR RMEAE AR P BB R A R AR R

Okuda, S. M., Runco, M. A., & Berger, D. E. (1991). Creativity and the finding and
solving of real-world problem. Journal of Psychoeducational Assessment, 9,
145-153.

Padilla, M. J., Miaoulis, I, & Cyr, M. (2005). Prentice hall science
explorer-scientific inquiry. Upper Saddle River, NJ: Pearson Education Inc.

Popper, K. (1959). The logic of scientific discovery. New York: Basic Books.

Runco, M. A. (2005). The development of children’s creativity. In M. A. Spodek &
O. Saracho (Eds.), Handbook of research on the education of young children
(pp. 121-131). Mahwah, NJ: Erlbaum.

Runco, M. A., & Okuda, S. M. (1988). Problem discovery, divergent thinking, and
the creative processes. Journal of Youth and Adolescence, 17. 211-220.

Sapp, D. D. (1997). Problem parameters and problem finding in art education.
Journal of Creative Behavior, 31(4), 282 -298.

Silver, E. A. (1994). On mathematical problem posing. For the Learning of
Mathematics, 14, 19-28.

Silver, E. A., & Cai, J. (1996). An analysis of arithmetic problem posing by middle
school students. Journal for Research in Mathematics Education, 27(5), 521-
539.

Singer, H. (1978). Active comprehension: From answering to asking questions. The
Reading Teacher, 31(8), 901-908.

Spanos, G. (1991). Cultural considerations in adult literacy education. Washington,
DC: National Clearinghouse on Literacy Education.

Squire, L. R., & Zola-Morgan, S. (1991). The medial temporal lobe memory system.
Science, 253, 1380-86.

Subotnik, R. F. (1988). Factors from the structure of intellect model associated with
gifted adolescents problem finding in science: Research with Westinghouse
science talent search winners. Journal of Creative Behavior, 1, 42-54.

Suwa, M. (2003). Constructive perception: Coordinating perception and conception
toward acts of problem-finding in a creative experience. Japanese
Psychological Research, 45(4), 221-234.

Swann, J. (1998). What doesn't happen in teaching and learning? Oxford Review of
Education, 24(2), 211-212.

75



FHEZE IR B RS TN+

Tienken, C. H., Goldberg, S., & DiRocco, D. (2009). Questioning the questions.
Kappa Delta Pi Record, 46(1), 39-43.

van der Schee, J., & Rijborz, D. (2003). Coaching students in research skills: A
difficult task for teachers. European Journal of Teacher Education, 26(2),
229-237.

Wakefield, J. F. (1985). Towards creativity: Problem finding in a divergent-thinking
exercise. Child Study Journal, 15, 265-270.

Yerdelen-Damar, S., & Eryilmaz, A. (2009). Questions about physics: The case of a
Turkish ‘ask a Scientist” website. Research Science Education, 40(2), 223-238.

Zohar, A., & Dori, Y. J. (2003). Higher order thinking skills and low achieving
students: Are they mutually exclusive? The Journal of the Learning Sciences,
12, 145-182.

Zoller, U. (1993). Are lecture and learning compatible? Maybe for LOCS: Unlikely
for HOCS. Journal of Chemical Education, 70, 195-197.

76


http://www.springerlink.com/content/0157-244x/40/2/

Kt

(

JUSE 48 VMR AR P SA AR P LB RS R B 2 AR R A

X LETEBEYH

;%—T,J‘ l‘f’-é‘f%ﬁ@ %gillﬁji;—% ’ /)z”ﬁ i_?ﬁ\‘ﬁj%'g’é‘}é%_);lj ,_l,l l@ e E’J,"J'Fl: /é—:)
FEIREELEA? EEFERERY
TR %\va B § e ae? ﬁ%ﬁ")’ﬁ%?‘;}i‘?

.mﬁxﬁﬁeﬁ%?
L E AR AT AT LA IR §o 9
R PR KRR AL 2

: BRECRDERRICATRD L ORRELTRT
ij -“»fl“” TR A A PR R AR D
N "’—fﬁf?iéﬁii‘—lﬁ%?”ﬁ;‘l*ﬁ}i?gﬁﬂgﬁg?
f?ﬁﬂf?é?)‘(‘?"?f’;‘i%gﬁg?iﬁgl%Q_}‘_!@‘E}J,?ﬁ%ﬁii?
e g w FRALT S 2 AR RN URIR? F LG AR E R? ¥
L REER?
2 EBEHFALT ARG HOT A SER?
S R A B e N € L B i
T4 GEEER N AR )RR T 0 KR T R AL §) 7
5. el

it

P
Z.

P & Q

p

7_
¥

\EH
\,{Z‘I

n

"Eﬂ;iF\: ‘5\‘1«_1

P S
MR T

FEE S
F R R Ao A, s P

77



FHEZE IR B RS TN+

ez ERELHE B LTEHITRE VLA RS FZ AN
# &

AL R P ORI R NE N LA A)NT R FlEoBEE LT
VEITR L LA R AR A F R T RS AR VL AR L gqn“¢rh
TR QiR yg AFT Y ﬁa[ﬂp\ AR I e LR NV L p S R IR
- SR L LenEE R ﬂ,qka\i;:gf;#g PV AR A A 8E % - KRR

) \—'—'—*,"i’%:: ‘LE"«P\JT“ BN ;;‘}i S
= “Jﬁ "\’\—’v‘z}:f;ﬁmz’}iﬂbt’ LI A AR L L ARNE R TR~ o

TR BARE R EERS F 6 T 0 BRI R VD AR nd
LT -

SR LETR A Rl L AR E R A R P L B m Ak
ZEAT G FREN D - SARE VLIS B ELETE B2 F R
B %D KER ZORIR N LR A N E L TR Rz K R o

10

78



R AR RMEAE AR P BB R A R AR R

A Case Study of Asking Science
Questions and Developing Question
Patterns for the 9" Graders

Ming-Kun Li*"  Jeng-Fung Hung”

!Cian-Fong Junior High School, Kaohsiung City
*Graduate Institute of Science Education, National Kaohsiung Normal University
“k3448@mk.ks.edu.tw

Abstract

In this study, 9" graders in Kaohsiung, participated in "Wushanding Mud-Volcano
Exploration Camp in 2007", and then six students who volunteered to join in
follow-up exploration were selected to be the objects of the study. Based on "The
Questionnaire about Asking Scientific Questions"” and the explain about the work of
Science Fair which was written by the six students, the purposes of the study are to
explore the objects’ behaviors about asking scientific questions, and how they
develop scientific questions. The results showed: (1) The number of the questions
asked by the objects is large, and the contents of the questions are related to their
background knowledge. (2)The thinking questions asked by the students include the
five levels, knowledge, understanding, application, analysis and synthesis. Among
these questions, the amount of these two types, knowledge and analysis, are more
than the others. And the amount of the two types- application and analysis are the
least. All in all, there are few questions to evaluate. (3)The patterns about how the
objects developed questions can be divided into four types, preliminary questions,
specific problems, follow-up questions, and expansive questions. And the formation
of the follow-up questions and the expansive questions will be the source to advance
scientific inquiry.

Keywords: scientific questions, question development, asking, inquiry
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