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ABSTRACT

The purpose of the study was to investigate the relationships among university students’
strategies and attitudes of responding to anomalous data in science laboratory, their views
about the nature of science, scientific laboratery environments, and teachers’ views.

The participants were a group of ninety-five Taiwanese science-major freshmen in a
university, who enrolled in a general chemistry laboratory course for a semester, and seven
Taiwanese sciencerfeachers in‘the tiniversity. The“course implemerited some inquiry-oriented
and challenging open-ended laboratory exercises, called “challenging event”. The challenging
event was used to challenge sstudents’ perceptions toward anomalous data in science
laboratory.

The data sources were based on their responses to anomalous data in science laboratory.
In qualitative data collections, students’ reports of responding to anomalous data in science
laboratory, including their strategies and attitudes, were collected. Forty-seven students
selected by the richness of their reports were interviewed after two months. The interview
questions included nine perspectives: the purpose of the laboratory activity, the influence of
laboratory activity in science learning, the influence of prior knowledge in laboratory activity,
the influence of laboratory teaching in laboratory activity, students’ responses to anomalous
data in science laboratory, students’ strategies of responding to anomalous data in science
laboratory, students’ attitudes of responding to anomalous data in science laboratory, the
influence of anomalous data in science laboratory to science learning, and the ways of
responding to cross-subject anomalous data in science laboratory.

In quantitative data collections, students’ responses to a multi-dimensional scientific



epistemological view (SEV) questionnaire and to the Science Laboratory Environment
Inventory (SLEI) for pretest and posttest were collected. The SEV questionnaire in this study,
with adequate validity and reliability, included 19 items on the following four scales: the role
of social negotiation on science (SN), the invented and creative reality of science (IC), the
theory-laden exploration of science (TL), and the changing features of science (CT).
Furthermore, the SLEI in this study included 35 items on the following four scales: student
cohesiveness (SC), open-endedness (OE), integration (IT), rule clarity (RC), and material
environment (ME).

The result showed that students’ responses between pretest and posttest were statistically
different in the scales of IC, TL, CT. Students’ scores increased in the scales of TL but
decrease in the scale of IC and CT due to the certain answer given by teachers. The significant
differences suggested that the chemistry course with inquiry-oriented laboratory practices
may promote the development.ofithe participants’’SEVs, but open-endedness environments
needed to be improved.

The study revealed that students’ scientific epistemological views were correlated to
their strategies of responding to anomalous data in‘science laboratory and their satisfaction on
science laboratory environments. The construetivist-oriented SEVsstudents preferred to have
more open-ended science laboratory environments, exploring the uncertain world of nature by

a scientist-like way.

Keywords: challenging event, anomalous data in science laboratory, scientific
epistemological views, laboratory-environments, general chemistty laboratory course in

university
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z ~ B % (anomalous data)
5 £, B ﬁ.gﬁ%z gilqu';;&%ggo .iYI:TFIE%HI o B G ET {2 ?ﬁ:{ﬂtﬁ ”F SIS
SR G 2 R NIRRT U

I~ 2 25 $ % (anomalous data in Science laboratory)

R TR SRR T ek o e
G » P B T T B S, - IV L R 2
B [l OIS sk e bR B ) 4

A ¥R ot d Ak B (types of responses to anomalous data)

Wit SEp ! Gy TSR TR IR AR APEE G

FI 8 AIERedl

RS E S

¢’33J°£1115”Eﬂj » AT B IS B 2R

FRPFE G R J#ﬁTulf‘JFfrlEnJH 1] = PR Gy PSS
S AT S TR SR %ﬁlﬁ,rﬁﬁﬁfﬂﬂ FISFRIES T IRIF 8 I
Al

B > SSRGS I 2 R [ R R
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IR SRl TEICYN - Lin, 2007 )> 4P £ Chinn & Brewer (1993, 1998) »
Lin (2007) Fsifa]e i1 5H Gy de B! 537~ TR > ¢ BERHIAR 57t R bR 0
TE'I}J[*@ A S S R g R R S







R N S

FRE -2 p 0 -l Rl o HE @

ToBEELIABAD TR SRR B
FOEE e R A RS XA R ERE A AR R L R e -
o RBETEARFE.

BRFIE A LY 5 PL A RA s AL AL maE A A

SR REEET T RESEEY LR ES SVIET U RS R G SR

LERcos LRIHRE G R 2 alicdfeod SXFHRAFREPL 2B T -

B3 ZIF S AWA S i PRS00 e g (1970 1988:31-39)

DL“

i ?1[mﬂasw FPORARLI-
R £ = VTR - SIRLE[ S0 pudais b
1970; Laudan, 1977; {##=%; > 1999) -

IR B R R A
(Popper, 1959; Kuhn, 1962; Lakatos,



(R 55 g0 VYRR e F) > Kuhn (1962) iAo BfR[ SR AT (paradigm) fY
N4, ’FH ERIECR [ AR SR R S e [MOFIRVRUR N o (T ISRt 1
o BRI Y (B2 7~ 58~ FU > 1993) « Kuhn R VRIS SERUPTHIER -
Tfiﬁ_fﬁrr~ PR lﬁﬁﬁ (adjust) ;‘iﬁh,gz%al% O HIIE = I= THIEPHSE  58 (prior

knowledge) 5= | K| S2fI i (existing scientific theory) fi Jj Pl o PR PSR | 25 B 751’|E}§

f
TR Frup&[ ST FFH‘ i L E Fral SR BRI o 1P AR S it BT R T

FiE ) 7EEL DRI, (anomaly) - <9t - Kuhn ZEERAEIR ﬁl%ﬁ%ﬁwa—ﬁ]ﬁuﬂl B IPVTERL

AR 7] RO EERISP I o R[S J?ﬁfﬁ‘f,ﬁqu (falsificationism) fY= J=
AR AR l*%ﬁﬁ T 4% LA i e e Kuln S 20T 7 SRS L
F[IE > L RS R IR T G H R 0 1994 0 40 WL
1992) -

. (MRS R ) TS SR ] (anomaly) - iy i 40 . B g
B[54 s i P £ o Ruhn G20 e S50 < IR - BRIP4 R 0 TSR -
) TR i SR - RS e Bl < ] f&v%@ﬁuﬁ TERISAE
PR SR ™ Y T B A oo 2 SR[EFE (o 2 R
B 1A A [J§J;[['f—r5'7rg’%'[fk BB FTRT SRS B -L R (Kuhn, 1962; HFY,

f
1994) -

sz i) R 57 L S S G i S
[ CE R CUREE b u%%@ﬂ*ﬁ% BEU TR e i
%ﬂ»ﬁﬁ@%ﬁ»@*sﬁ%f@a@FIEJ%FFUF»%W%W [IOR[ 5 S F o 2 AR B IS8 o en
TR SRR SR e T ORE S A I R S S IR
RLE RIS EI[JFH 8 RlL— FEFE L FIIVE[ 2% (developing scientist) (Duschl, 1990;
Chinn & Brewer, 1993; Niaz, 1995; Abd-El-Khalick et al. 2003) ° @'[‘J%»%{“J%ﬁ?%»??ﬁ[%

U5 o SR SR S Py ) B T T



Kuhn il § 2 85 a W PF R ERHFY P72 - L Z e Fim e} o
FIS R T R LRI R R TR L R Rt R

T (A2 & 1997 %5 F ~ % 545 0 1995:624) -

AT F'.%&‘Fé‘l?% T Mf”*iﬁ”ﬂ%ﬂ”ﬂﬁ["ffbﬁ” iPJ} > Al ]
it 2 R e Ry o T Fl’?F?]EjEUE:' (== 1 G lipagny 2 1] = PR R (JTF 1Y
£ +1997) « i) Kuhn (1962) FIREBSRIFIOE 05 A )0 - [ prfiod s » (5

Y s A R EE*EF,? R[S R R - G Ii”V%'Frm °

SRR E P FIFVRE R 52 2RISR ST Y S S AR
AR o (A AR O T R i“?T”%:’EI o Ruling 7 520 ) (R AR A ST
FHFIDEHAY Koba S THEHINE , » TR TR g 2y e

’ ﬁﬁﬁ‘ PHE TERE RLD JLETHEISES ) pUSi -
I JH=s s Iﬁﬂr&'ﬂﬂﬁ rfF:cp% JITEZEEVEYE (conflicting information) EHJ‘F’—?
et sl Jb}%&ﬂ‘ [ 0 R R R B e i 2 %‘ﬁd“ﬂ@ﬁ' i}

#d (Mason, 2000) °
A S B Sk

B G PR S 5P U R %I FE A, » 1] | (R oA e A I
(IR RE B S Y TR TR SRR R S PR 25
UORCE R [T R QIR S B i SR R S R S R (Y g

1953 T 35T IR (Chinn & Brewer, 1993, 1998; Lin, 2007; ¥ §% > 1994) » F57”

Z//LI

-~ SR AL EZERF £ 6] 2 Popper 2 Kuhn 3 &)
HF=T (1994) Rilh > (R HE 35 (post-positivism) [V £ j%r]‘ TR

Bl 53 5N FlI R R



1. ® KPR 6]
I RLA 5] > JRRT [

ip R B ] > RISPA0 R RO S0 3 2
IF=£% Popper fin FF” (falsiﬁcatlomsm) U= 0= o

B TR (1 OAC Kuhn POt B RS
FOTRII - B T AR S o TTRlg Skl [l TRy iiopl, » 21 1=A 12 frkl
PR S Y, © T RS0 o [ R S R AL b
GESTGE o ) Ry Pl e P 1994 ¢ 23-24) o [N F S (2003) 2 FH
¥ Kuhn & i LG TEEL T 77 4 A e op@poeiL gy 1 1i| Laudan 015 "

2
M PRI S R g

R BT R G| R R LR R AR D B
T 2]

ERR V- == gr;;%ﬁﬂﬁgp‘gg-% I R VA B RN Ef,érm}
bl o AR BT L0 R B pEERIE S PR RO T 2T &
Lo Finfeera gt nE i

>

gL e

GEFM LR NGk AT AR
A e B Rk ek

LB bl @ W 24T (F %8 2003
165) «

SNy REREERTEY ¢ R 5% % : [Chinn & Brewer (1993) 3 &
Chinn & Brewer (1993) f1itlt» i =152 5" ff AIE'TUEI UNSE s (ELEE £ ﬁ'J
Plee MrE TR SHREA VI I s e i TR T WF@A%Wm%Wﬁ

ITEE A AT
R F[p&F’lP&'A%‘WuWﬁ%\%ME TRl CIRIN e B2 e R LT 3
s ’ﬁﬁzlﬁ:g}{:] L B 2

ﬁ%&sﬁ?mpuglﬁ WSS RGN B TR G o -
A "‘iwﬁr“—B e (1B LAV A LR
RGBS R G - 2T 2-1-1 B
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il 2 T SRR B g i 8
RIS

ERR - r R ER L ;RS S

B IEE B QPSP U AL - PR =4 AR T - i h
R PRI > NI PR B S AR QIR R R IE S - SRR Y
SR G0 R S IO > R I (R ) R e
R RV HeE G BRI S A RS S A B
SOE PRIV LEM S R SRR o T gL E R 2 AR A
B ETRP EEE] T [

PO AR B QSR TR D TR R S R I U fﬁ'ﬂiﬁ& R

P SR T L R I R R S e VR AL - 1

_.E[
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FRE A ey PO L S B Pt R pl GRS 50 Tl PR S5y 21
B FE IR gk 2 fﬁ’%mFﬁ%‘E%ﬁ@iﬁ%%W¥ﬂﬂﬁﬁ
ARGt VG g AP £ T ERE 41 | (anomalous data in science
laboratory) o ZHKj£! [T].V EAREHYIA 2-1-1 > BG4V ERIETEY I 2-1-2 -

*2-1-1  BIFERD T

e P BIFREES

L 2

Karl R. Popper (1959) EIERLS 3] -
o FEBFELHEIE G o RIPRI BT S -

Thomas Kuhn (1962) e BT T 5] 15/‘@ M
. L[IIE[T *TF—‘ l'ﬁﬁF%EﬁFﬂjiﬁ%
o [T BN R e o 8 (e
SfoflH | ] P o= Al & mﬁf% R i, -
Larry Laudan (1977) . gl[ﬂlff‘l ,i\E@E{_I—&H@ e PR

SR PACHEE

%212 g B

RENRE S il J%;t—[/ =Y
Chinn & Brewer (1993) o (i8] ff}“’mji?‘iﬂr"L %Tui“u TR 1 ! ﬁ SR LG
FHE (2007) o BIGC REE f  E %‘Tuﬁ: & B
i T g%ﬁ@ﬁ@w%?v*%wwﬁ@@
’? " VHABH g

o UTREIG R RS RS
"‘ﬁl(ﬁ%%ﬁz e A EAREE IR G RNE 5 TS
R EPM IR T”E R VARG -

TRRITIR P R
FF2o R erAd 2 F BRI
FJ' (L Bl Gy > EL AR 280 4 7 > £48C Chinn & Brewer (1993, 1998)
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FARE I R 0 R

1. &% % % (ignoring the data)
* (P E GU o RIS O R T - P TR P S
H ﬁ? Ejz—i%::’ﬁ%‘%l TSR G e E@El’,’f[ﬁ*?ﬁlﬁqﬁgﬂggﬁ P D
UG~ L R R > e i1 A S AR o

. % £ % (rejecting the data)

TFReTE! SHYAL P B G0 R Aadinsf! 50 o 32 e Rl [ E Mg, - JFET
E el aR SN e s i e 2 S S S N R kB
4o {E1 T AFiRe B g BT A [ B i £ [ P T R S
i T At G R E S M T T BB T  E  eE Te T
BN > o ARG 3 & g

3. £ %3TR 677 FE &% (uncertainty about the validity of the data)
l’%ﬁg,?é TR G AL S ,’ﬁ foEyRl ST i[liﬁﬁé‘f,j\l?}% Aol
G40 T SR SRR ARG Y E R

4. #% 8 % (excluding the data)
Kuhn (1962) ELF 2R[SF5 S Pabe G o HpR B! G ikl Th - PRl
BB, (concern of another discipline) » [ 1| F<7F | EIofy o B 0 o i T 9
Gk SN N U AR S R S R S UG I e

;2’ Jgﬁ 4 cl?‘ﬂ%‘\

5. # % £ % (holding the data in abeyance)

MR RS (W2 SR B SR o [ RLRTE SRR 201
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Rl fé - lﬁi“u*ﬂ?&“}i'”ﬁﬂi*wf&%‘% PRI TR G2 B R

ISHE OB » T SRNG5S B GOt R R A L e

47138 £ % (reinterpreting the data)

(BT T Ao B QP izl > 20 SV TR By e fl 2 LA TR - A
RO TR G ) O S T EHIRE ) lﬁﬁﬁﬁ’ﬂﬁ‘*ﬁﬁfsl%%@ﬁ A
B QR RTE I TR e Sl AR AR R g o YR 2-1-1 KRR RO
PO SR b A IS BT IR 4 o (R R SR
FORTRTIRE Il - [ RRERE] R IE! 51 ) puy =t Bk Qi > H T
(RE o B 50 - USRS e T ORRR (LSRRI T ISR E B i 5L D e B
GIPVHIT D I e B e el fre 2 VBRI, - ISR TR A AR
gL -

7. % F)®3#% e % (peripheral theory change)
Lakatos{(1970) Bk 7Ll SR by K (proposition) : J71f% (hard core)
LT (profestive: bel) IR REEERAR L 10 0 R
20 B R P UG % 150 (confial heories) - [ RHSEELE [
FEBUEY ™ A ) iy 9 e I 212 777 < P T R -
SEFH PR L [FST §  BHE QR Y R R )

o > TP R T RIS B R 5 R T A SRR 2 g s
A FE B, Frr J[ELI%FF”FILJE&%@ I
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b %32 25 (Fringe Theories
9 5 £ 65 I 0 AT P ‘#2 (Fring )

(Movement only into hard-core

LR SR CRA RN B S

(Movement both in.and out of outer soft-core)

il 2-1-2 %[5 lzi,%jj;%g R R |
DR IEL : {SF 1 Duschl, 1990: 61

8. % e (theory change)

Bl AR s SRS NP A IR e e A i N P
Fruﬂ} 'F‘ (theorist’s core'beliefs) i e« s [+ FEIHE S Ed 50 > 4 SSPEd Gu R
¢ VAR 2 R Rt ] e L S R (S AR | (AP T AR 5 o
G I I o

J@%

i 7E R £ 5P R QU0 - ERLET] R (defend) [1F)
%Frm (Tsai & Chang, 2005) » |fi][5F J;‘[F[;I*Jf%ifl ﬁﬁ,l*J@T”y* PE@ FIJ]H o [RIpF= 28 Fuﬁyﬁ
SR 7 LR SR G SR [ S AR R
FEH:E‘ ?l@ » P H" < (RS 57 (Posner et al., 1982; Mason, 2000; Chinn, 2002; Tsai &
Chang, 2005) ~ HIFEH (=T > 1994; 735 > 1995 5 Shepardson, 1999 ) -

S0+ Lin (2007) SHE5 5 SPUERTELHD B o QImiE Ptk s - e
GIFTENEYJ FE B G R R T f2 B % +h 3 FE X | (uncertainty about the

interpretation of the data) : E&%’g? HE] B%JEJJ‘ T I[lﬁﬁ:gj :ﬂ% SR T Feiaﬂﬁkl%&
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ENE R A SRR A G, o A AUE Chinn & Brewer (1993, 1998)

% Lin (2007) 95357 » 3 B 0 T a7 o 4 2-1-3 -

F 213 JFEFEE G RO R

R BIQURLAMAE 0 BIQRL G BR gl s
EREE g b g
i1 4 P i i
Bl H fi R
R Bl 41 T it FE TEE FIE
PHE 41 R 7 A
e 5 L Filk fi
FIPTIS R ) K P A
il e p k. kL Hfi5
A Rl RE RLo =

PR 75l : Chinn & Brewer (1993, 1998), Lin (2007)

J491 » Lin(2007) (o SEEHE AT 5 AR 2 R B
Hio PrsshEd gafh % & AR e BI {952 Chinn & Brewer (1998)y Frfit |1 1" F~ Ei1)
A B9 R AL G« [ AT R
RGO VE Y RRE GV IR ) (ning | types of responses to anomalous data in
science laboratory) > I'] F}{li%~ Hjﬁkﬁ:q‘%g;f ?j%'ﬁ’&%:zﬁi%[’?%’%iﬁﬁﬁg i@iﬂ%ﬁ’&%ﬁﬂ%ﬁﬂj » 2

& PR RER R VSRR
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s BEAFRLE2L LB
— ~ $IZAEES 1 P4 Aristotle HiE 8 K

R ORE S A A g - R B PFLY R ARZ Y EARER > FIL RGeS o E

B A o Newton * fg (Iff 125 £)

B 7 B 1 > Democritus = Epicurus S5P7 R (P PE g SR o T
AR PR E ] SRR TS ) BUEEE o Epicurus L - iR
R RIS F N P R SR e AR ol % S0 - (ETRL PR
I RUE L O G PRIE o] i) £ — PR S E et ) -

Aristotle il T HERIEE ERAT A RTRIIE o (WIERTE VI - e
RIS o~ FHEER (B A R Rl ORI 07 (B e - P R
TR F o (R PN PSR T R e TR R P
ﬁ@%@ﬁﬁﬁ » L5 Aristotle BRRLIHHERIRTE B Fi ° Aristotle F27% - ?@?Ejﬁqgﬁéﬁ_j
FOTIRUP i A= AR v PRI p TRy i T R S » [ % 50 | 1)

FIPIBRBEIE o R PR PPN 2 ¥ = RS I A [ RS s T S SRy
Aristotle PV [Ty E |72 SR i, H S T BB B[ el 10550 R R B
a7 il 3 5% 1. Phileponus 3 Aristotle (USRS 2] 'l?ih?ﬂ?ﬂ
dEpSUE AR [T o L ERE R o B PR
£, F@%}@F:I.%J » HHIR %~ $2 0. Wllhamr?%h » TSEIE™ P #j:%l JHAET s > — EIEED
R R o PSR > William BERIED TP
PR B T SRR B A L T PR e BRI T RLRE R P D
PRI RO R - T RG] SR U T - R
i o

IF=9% > F. Buridan P17 %] Aristotle" 23 vi_?ﬁ‘ﬁﬂﬁgwﬂ J#’—‘EI*J% JfURNE o AUEL Aristotle
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SHSSREIORIY " PR B (R URPBIEY R S
o SR P B o [N ] Buridan fI ) T 5 AL BT R
Pd 7 BESRCELE I Pof 2 (B2 0= ST PR IR 2 ) Buridan RiI T
fﬂp_ » (B AR e F‘ [T T’UF“’EI#EGF WL pUE T B Aristotle T2
REEHERYa ) puBiE o I?Jf b Aristotle fIVERIEI T ﬁ S VB e R T e
T e AR R - PORERE] - SRS S R g ] AT
RESEEH PR o CTERBEE (I IR YRR 1994:3133) ¢

= ~ i“BAFs ! Lavoisier 2 VE E &

Lavoisier E;’I’ d,.—Z]H“qE’JIZLEJT‘ kP (SR ET PR L PO IR B o (]
1772 & EJ= » Laveisier ElfJfﬁJEJ& Morveau %+ — Eﬁ%’ﬁ_@ BRI (e ?FTH'[ -

}‘%ﬁ\ﬂfﬁﬂﬁiﬁﬁpgﬁ |, » Lavoisier ":'F;\iﬁ VO E ;;,LFT,UJ_/\ R ETAIE
WAL 5 IR el TRIRE B e A SRS G958 B P I
VISR - BSOS VE BUEEVERCD BV P IR o & PV BIEER DA e xﬂ[ﬁ
e P VSR SRR, ST KIS YR P Ei F,[ i Sjbepenffifli Lavoisier 3% 7~ F'ulﬁ};{{%l APk
b (R R R e S LY skl
I T FIETE! | - Lavoisier TE‘I*— IR 2 “‘H SIETG G~ PHIF=Lavoisier ﬁfﬁ?ﬁkff:'gjyb
T OIS A, o V% > Layoisier ¥ 55 2GR @'Fﬁlﬂjrﬁﬁ" LT R 1S
I A S A B 1 PTG, e Lavoisier §*PTPNEEHR T SR PRI 4 S0
F'@'ﬁﬁ lﬁﬁgj%i%’i S Pl (§3'| i 1993 5 F[F =T > 1999) -

Hﬁﬁyf‘iﬁ' & EPYES RS IEREE B 0 B RERL(T ,f}’i Hzﬁf{ Lavoisier [IV#r
i , §’:Eﬁ§’%‘tﬁ$ﬁ§”§‘%@§ BF o £ LAY - SIVISRE > ARy AR T
it Lavoisier fuiil . - Wn—iﬁ O o RS TR AL Lavoisier #Frl S
FYRLEVRS S [FIRIBUGER (IF 1Y > 1999) - Lavoisier Uil 4k g =1

% 2-1-4
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% 2-1-4  Lavoisier Friffl SEVRFL LV ik

skl Lavoisier P .
£ PrET i
A 5 i 0

SHORSIKEL W SWEFRRAYH LW

ERRI R PR

= v 3 3455 0 Mendel 23 @32 % 0 %
EPopH T TR R I S 2 e s P p PR R
E|J = Papo S Bk e e PRV 1 o] HCRERRGEE BN o~ o] o BT S
DNl Vlst * Frag o Rt 96 » 5 iy st~ S < AEIES 7L p * P
LRG| = | IFFEr B EICH 428 7 = PAT P o bty s, (7 S L TR = < 0
EL MR G3 EYAIIAS= o TRUB R A B PR PR R G RN G =
Rt 055 Danwin FREESGISG S W =y Ui 2 PR ViR
E’Eﬁ%ﬁ%@%@%%%ﬁf@ﬁ%WREWEEEQ?@@T%%éﬁﬁﬁﬁw
SN e 2 PR (0 B s R e P BRI (7 © T VR
A (P AR L] R LA T 2R B i e 2 oS gy PP i &
S TS - ) el <2 SIS ELA R
BRI AY 2 P i PR R AV T A R R f%?“ﬁiiﬁiffﬁ'wu (blending
theory)  J1% PIF ERLA" T LEAY » (B~ MIFRE FEOPIRIN T 0% e [l
FIU ISR RRVR T PP FRE=T ) S0 R pR Be SR  AST SR 1

}':{Jil’l%géﬁ é-élEl'U:J‘ ) JEIQ‘I’JIF‘EWT KA L[r I‘@ﬁgﬁgﬁ””ﬂjliﬁ{, [E[:‘“gl{ F[ 7 ,7_1{
[ 24143 FITE W B BT WO R G S (O 7
W1 FK/JTLA R1 > [E?’rf@* ,QE—@I;I s El F)}@F&E/Jg‘l’%‘[{é 3 E TL‘ w1 -~ TL‘ R1 <-/f , r,]éj

SAE N ol BB e Y N (e B ‘I}{éj’f[?‘u W1 221 W1 2 il (8 BV L

I £ W2 o B Al S e W2 ST R2 AU (R B (RARA
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VT PO BV IRt SRR L B PR -
AT 2 o R A R BT Q2R 2 0 A
i o FE R %%NWE”EVU%mwwﬁw?*rwﬂﬁﬁ*iﬁm*
o PSRRI %Hl » Mendel f' S f

v e W T R
i 3% R1 5 WI 5 WI P EEPL G
8 = W2 Zq= R2

213 | IRt 8
THR i ¢

i 1854 & > Mendel I p) (=10 R PP = VTR T p Jﬁﬁﬁfﬁ#\
fil 28 o PR ) L~ ku%:bfé(ﬂ?ﬂﬁ SRR I P uﬁaﬁ I S TR e 2 B o
IF= [W‘ﬂjhp E1E T [ ITL428S (self-fertilization) Pﬁ FY i Bl — 7EiRG -FFIJFFIE i3]
Iﬁv%,»pvﬂ;ﬁ:“ APl o UHE R FESER (diploid) AR EURN R WA SRR
HRLFIRLPNES (homozygous) » Fi1' I (R 1 » [ 7o R 2 ARyt » B BLPSRORE 5 kLI
A0 A < I Mendel 1 BHE! (ERHBRFDRIR] » [<UH THIORRR 1| 130 st
RYFEG AU (cross-fertilization) T (& i T %}%JD\?%%@#&”}}F{@%@ 4o CPELE B
mL'lﬂh—.— FutEfs > 9t #AE] (phenotype) HiEf’ ] F S EELPNE] (genotype) FF e

F91 > Mendel TS5~ AR HORRTT > (1)~ 791 ) (s B E A B
EIRe e F7E P U = 7EGE [ B R 3E 4 PRV R L T fT - T e Wk
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(monohybrid cross) - Mendel 3t FBJRVAGH A » 7 il SRy 7 f{JF'fJi‘fEil'—iﬂ*b?“é
(P o P R BRI R RO RE L WAL T RYFE RO 96, (dihybrid
cross) ¢ [FFEEREEL T AR IR = T ) TR 2 009t A0 S o — Epoi
#2% > Mendel PILRLAEIHT - 9F ABIF) Sl B > I S o Bnk s
PP« Mendel B3PPSR T Gl S RIRITRE R RS (RIS BRSPS
FAR IR AR G 2 2 R B PuSE T APV E o (R R P
IV -

([l Mendel v 1865 = SEAFYPA T Ul - bl =B PIpVpiad f gl TG -
E= A AR P SRR S A B Y SR G« ) B O R
[EPY i I EfESREHE >  PopE] ER e IRl T ] R B S Tk
Pl > 2o i (Pl U SR AR 2 P By @7 s - I R RS

C[F 1 g o B R fey= Z=37 T (B > httpi//seience.seu.edu.tw/micro/1024/) -

T~ ¥R FLE A4S . Copernicus X 2 3502 6

i = AR ] e St i G Claydius Prolemy [UEFSR =1 7
"Almagest” » FEIRuBESL it TSR T “ﬁﬁfﬁér% 5 FeBUEPH ~ P B R
OB - [t SRR e e R AR LSRR - A1 P A R
AN Bl AR [ P R SR o PRI J}@;«@ SSEPRE |- BRI Y S T” 32

B PRBEERAREt > ORGS0 PR R (i Y &I (PR - "Almagest” [

F RGP Y S GRS A > Prolemy [l F IRVBBLAEE R B F 1A S
Iﬁllﬁru CHFHpTEfL > 1999: 48-49) -

SN]SR R T A BSR RLES B SRR IR RL S B
CEFFEI=R) IR OB f e MR - (L)~ (T 5] Johannes Kepler &M= £t
SRR = A B o P BN S P R Keplerf’“t" (5 B3R OB BT,
A > PR = SR I B R SR PR T A IV o
{10 1988) » 47 Kepler Wil {IOfEIRSHFIE - Prolemy 15+ AR fy JELRLI | T E)85s
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SEFERFRER - ¥ RS i o 2 T R R 2 R
[F e il W\FI@EJ?E'L [E1175 Eﬁgﬁgug}ﬁﬁfgﬂ_r » I * [FEJ ! ﬁﬁgsmgup;g;gag,’;%
Aok o (EHPARRIINEAS! Prolemy 7 MEUR(E| B4 5 pvidi il sy 2 F, .w@i{,ﬁﬁ JVENE
Ao [RERIYERA: Zp R PRI > AT AR SRR S R R EERL BAI R

S ST B R B R g
[BIFEPISREN = o 7 Copernicus FEET T RYSRELH 1o F'f@'ﬁ:rﬁﬁw » A F#ﬁrl“;?ﬁ%Ptolemy
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I = AEERATE - SRR S Ry e Wt = 2 Al %]
5% @T‘i‘ﬁ%ﬁﬁ%ﬁﬁﬁﬁﬁﬁg\ﬁ[%’%{l%&ﬁﬂ?’fﬁﬂj‘@'éﬁ@@‘[‘?ﬁ B3 0.55 [t sy pgvEr] o
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S I 4 4-1-1 E'ani 4-1-1 -

HeA-1-1 5P SRR A VR S PR

T g t
SN® (T £4fifi) 4.03 [0.501° 3.96 [0.61] 1.43
IC (" #4ff) 4.19 [0.50] 3.97 [0.67] 3.75%
TL (34 3.08 [0.59] 3.68 [0.58] - 8.64*
CT (T #4f) 4.30 [0.52] 4.09 [0.60] 3.83*

ﬁ;‘t * *p < 0.05 by t-test; n=95

" SN ELTE A TEREY F] <1 (the role of social negotiation) 5 1C R REGE[F = S Al /YRS 4 BT (the invented
and creative nature of science); TL ﬁﬁ%’ﬁﬁiﬁ'ﬂﬂi&]ﬂ YPEH (the theory-laden exploration); CT FiA[ S5-I J‘?}Tﬁ?ﬁ
‘[@é?ﬁé‘mgh‘[‘?ﬁ & (the changing and tentative feature of science knowledge)

SIS eIy

4.60
4.40 430
% 4.19

[ 4.20 409

4.03 3.97
1 4.00 | | '
% A U pretest

1 3.80 3.68
%E u posttest
Ele 3.60% |

3.40 [ 4
320 [ | 3.08
3.00

SN (0 TL CT
[ 4-1-1 WRREEAR S RS T B

R [R5 A I BRI | ok 2 I T
ERF P S BRIT f  S TRL ORISR K 411 B

I T WO o K TR S A ORISR ET (1) » TR
(TL) ; ~ PRI SPGB (SR IR B (CT) ) = “FUTHe | PRI < o 97 B )
W S CRGEEOR (TL) ) 953 97T | PIRIREN (p<0.05) » ({17 T BeaEp]
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=S ORISR (IC) ) = DRI AT R IR B (CT) , P RllE
PR (*p<0.05) « [ Tt (i #€1 (SN) 5 [1953 B e i el 45 AL I - 1%
B3 HE T D

PR P i PEE R - 5P IR R R RRR )
IR PR WAL ORI N 2 WO - BT P TR
IR ) PRI IR

=gt PN DI R Mt G E A I R R 2 S Al TR S R
RIS IR B (1053 8 URLEOREN - PHRT > PR
P O e i < S TR LR v RIS iR 5958 41 SIRF ek st 7 S 9
Pk PG MRS BT WERAS I SRR o 2 RUR ST Al
1 LSRR e e O o e = SR SRS Ao
TR BT 1 R T IR S T M SR oyl e (RS
GG NEERT BT

P LD e A N R A Eﬁ £t iﬁ%ﬁg’?fﬁﬁ_’lfﬁiﬁ%’ﬁﬂi PRty
T (AT BRI TR T RS i i [RLREE 7 o fn s gl i

ﬁﬁ*ﬁ%éi’wﬁ@%ﬁW%ﬁwmwﬂ%ﬂ$%%@%ﬁﬁgﬁﬁﬁﬁﬁﬁ
F AR » R VT T | L RN A (A I
PRV -

FREAPERFEFANIHN R ER- FA T ) - S - ART R
HpEiE 0 KRSl 0 B R BB A REBAP L R R EAPES Y Ry
RERE - gt Pz o g A BRI LEF g BRE L R L
R R e g5 - BRI > Flo B AR TS RRIR L€ R R R

o TR P oS AR PR R ORI - AR RS
T PR P H R - 2 SR TR -y AL
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P PR R PR A B — = = IRy e = D
WERIAELE SRR B A2 i??ﬁ@ﬁgﬁ& CET o e B R ey ke
Al TR RS, MRS, O R

P9t TR 2 RS RIS EERR  BR [ 1) PR R R e G
RIS CRAR= 3530) il QR AR ~ IS I B 3830 = B8 S VR PRI
R S5 BeRa [ R SR OTRE o ANEER A PR SR AR 03 R 27% (G
= 3 n1=26 » M=4.06~4.89) ~ [[Ifii] 46% (iﬁif’\ﬁi' n=43 > M=3.67~4.03) ~ x 27% (#f

o

B i n=26M=3.06~3.64 )» TR == A2 50 2 VR SR SR RS e 4-1-2

60



A4l KRR

=

] A oA [

HE = #a A g A
i Rl ¢ ik gl t F R | t
SN® (7 44 4.50[0.411° 4.22[0.46] 2.30%  319370:40] 4:03 [0.59] -1.06  3.67[0.42] 3.68[0.61] -0.11
IC (T 14 4.490.33]  4.10 [0:52] 322%* 427[0.43] 4.070.51] 1.76 3.73[0.51] 3.65[0.76] 0.41
TL (7 4 3.56 [0.62]  3.77 [0:62] -1.14  3.000:59]" 3.81[0.37]  -7«d2** 2.71[0.52] 3.50[0.74] -3.86%*
(o WESET)) 4.53[0.44]  4.13 [0.53] 2.95%*4743370.52] 4.1470.56] 2.24%  3.99[0.54] 3.81[0.65] 1.16
RIEHIEE (T 4.23[0.20]  4.02 [0.41] 2.11%% 3.8410.10] 3.99[0.47] -1.96 3.44[0.18] 3.65[0.44] 2.19%

ﬁ:‘} 1 *p < 0.05; **p < 0.01 by t-test
LS Flfiﬁ[?;%iﬂ%@ﬁfﬁﬂﬂ'?%ﬁﬁ t@ﬁfj 27%( ﬁ#‘%} FHA n=26> M~4.06~4.89 )~ [ 1fti] 46% (JE ﬁ%“j n=43>M=3.67~4.03 )~ = 27%( P &= i n=26>M=3.06~3.64)
® SN ?Eﬁj@{fzﬁﬂ FY e (the role of social negotiation) ; IC L LT FF =" 5! ﬁjiﬁ—pgfﬁj[g%¢ T (the invented and creative nature of science); TL ?Ei'ﬁ%iﬁ%&gw# e (the

theory-laden exploration); CT ?f’ﬁ[%’ﬁ'%ﬁg%’fﬁgj'[??%‘Eﬁ‘[‘?ﬁ - (the changing and tentative feature of science knowledge)

L 1P Fosrip e
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[l 4-1-2 B+ IS B ’Eﬁﬁ%éma$%%@ TR [T
5 DR B < SR - R AT ORI ) B SRR

“W

@&’i%ﬁgﬁfp<mm’mﬁﬁﬂ ?iWM*w%@ﬁ@?ﬂ%%@&,w¢
HEH (p < 0.05) o PEHRET RIS VR AR AR S
WEIHAR T RIVIIORI S (15-3.84 £ 3.99 5 1§-3.44 2] 3.65) « P HIK i

%@gi’?&ﬂqﬁ' 4-1-2 :

4.4
4.23

%[ 42
=5 4.0 3.99
o 4.0 g4
Rl ' U pretest
] 3.8
/] 3.65 W posttest
3.6 I
L 3.44

34

32

FHff = A TR | EF S
Sl il
[Alelio. R S P S R 2 D
TSRV E 5047 S e R [ AR PV ET DR (G 3 0F N

‘@EWHW%E@ﬁ?U’iﬂpﬁﬁﬁa@ruﬂ??Jﬁiﬂ CRIVE] TRIFRLGR AR E]
PRI R RIS PR o Ry o TR S S Al ORISR
T RIS IR B (050 G HERPIRE OREN AT B

BFRRITAA i s IR T BRI PO T REP 2 PRIl 0 e SR | Sl
I IR IR B R - o R TR R R ¢ A
§'J

J.

B FREET G [IF SRR TS R 2 L RIR] %g i
BT AR > IS TR S S Bl ORISR T S TR

j
MR B PYFIpIp T R B -
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YRR }‘ﬂﬁ W RIVRI SRR S VR SRR S 2 2=
PP I BRI - ¢ ”ﬁ#ﬁﬁéﬂ HR = SV R SRR (R R AR
I TS AR S R iy
[ TRAE IR B Pyl v -

P9t B R ERIEH T PIE 5S ORISAIEIRL B R L

Bl P B 5 SR O R SRR 4413 T 414

e 4-1-3 ISP SRR E ) s R SR P

i 0l t
SN* (71 (i) 4.03 [0.54]° 4,07 [0.65] -0.44
IC (% $4ifr) 4.18 [0:55] 3.9710.671 1.78
TL (" #4(if1) 3.11[0.67] 3.74,{0.66] -4.66%*
CT (" 1) 4.37 [0.47] 4.09 [0:59] 2.91%*

%t 1 *p <0.05; **p <0.01; n=46
@ SN £ thl:;]‘jﬁ [ (the role of social negotiation) ; 1C 1% #EFE [ & '€1J1F; JPUEISE AT (the invented
and creative nature.of science); TL ﬂ%ﬂu?ﬁ'@&ﬂ P (the theory-laden exploration); CT FLA[ S5 HIFH5HY ?TEJT
[EES =0y lﬁffﬁ & (the changing and tentative featuresof science knowledge)

O L B A

414 b 5ok SRR R ] S

P i JH t
SN* (<1 t4ir) 4.00 [0.50]° 3.92 [0.53] 0.97
IC (- S 4.13 [0.48] 3.95[0.57] 2.03*
TL (F $5{fl) 3.04 [0.66] 3.68 [0.49] -4.92%*
CT (" 14 4.210.60] 4.01[0.61] 2.16%
2k 1 *p <0.05; **p <0.01; n=49

f=
* SN £3 Tjﬂf& TRV E] <1 (the role of social negotiation) ; IC Ei¥3E P =

and creatlve nature of science); TL Eﬁi’ﬁu?ﬁﬁ]ﬁ&]&l YP¢% (the theory-laden exploration); CT Fh&| S5 510 J?’Tﬁﬂj

By [?ﬁ & (the changing and tentative feature of science knowledge)

O L B g

EUIFL JAYR[EEA T (the invented

Fe A4-1-3 FA 414 Bia o [ EARID R 0 BIER S pOR S ) B (T rﬁiﬂﬁ
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TP e ety e TR 2 S AR TRORISE A T Ry B R I B P
I PR R VE B 9 b S ORISPAIHE ) GoR I T B
PO P E R T P I R B

AR HOTITELe S QORISR YR AL ISR T TGRS
Fiff) > EAT B (M=3.74) PIRERAS T B (M=3.11) » Bi P15 S ) 2 | R,
FOEH s i) DRSSO Ifﬁ*ﬁ:‘ﬁ%"’*gﬁlﬂfﬁ B Fifp) > I Ee (M=4.09) PHEH S
W38 (M=4.37) > B P17 T P F | RETH P

e % v DRGHEE IR ) i) A B (M=3.68) PRREEC A B
(M=3.04) » B & 5% 7 [Fq il & | R a6
Y R TEREENE - Pl S TR R Gl 1P RIS R
T T ST L PR SRR T R B RS

5 A 2 SRS S P PRGER & AR e - (ORI A
e S0 il S S R SR SR T B TR SRR (R 1
Ao 73 R> COR PR Pl T o D S AR I 1= 1) ¥ 53 47 = G AT IR - A
CREEPLE S AR AR ST SR SRR R B PR - P
IV R S S T S e R Y e ﬂﬂrwﬁsj%é P AR F NS it
FRER AR R o e L R SR g SR >
Pie 54 G AP PO SRR ] B E I - R -
P A B P 5THT)

>

AL S )
BEERPLY - W] F NS ] (M3-T 57~ M2-M 75 ~ M1-S 5] »
[y DR S WSRO R IEEEY - PIRY ) (C2-B ST C1-C 1)
PIPEVR R TRI R (2592 15 PO dR B (594 B P Riiasies J LA - C2-B

ST CI-C RIS A5 BT 255 B Ko avRI i 1
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(9] C2-B BT C1-C SRS BB HA| * FHET < 1791 - EL-W ZD57RL C2-B
PP L E2-L SDF(TRL M3-T SIS « Iy Bt & i
£ M3-T 57~ M2-M 2] ~ ML-S S5jl'| & E2-L 205 « E1-W S5 Pk
S (I SR SR FORBRY » R (95 O SR R A R
BT

AP PP PR SRR S A S PR
BRI 1A 4-1-5 ¢

A A-1-5 o PR

A AT % G Fafh)

o i s
SN® IC 1y CT i
M3-T 5] 4.3 4.3 4.0 4.7 4.32
C2-B 75 5.0 5.0 3.7 50 4.68
M2-M 5] 5.0 5.0 3.0 5.0 4.50
MI-S 5] 4.7 4.8 4.0 4.7 4.55
C1-C 71f] 5.0 5.0 4.3 5:0 4.83
E2-L 25 4.3 3.5 33 4.0 3.78
ELl-W 255 4.3 4.8 2.7 4.7 4.13
A 5 4.66 4.63 3.57 4.73
ﬁ:* I n=7
" SN EL (14419 ] (the role of social negotiation) s IC B BT =" 2! flligy ][] 57 4 BT (the invented

and creative nature of science); TL EbZE S ﬂm[ xjé&ﬁ P (the theory-laden exploration); CT Ki% [ 255 1Y Tﬁﬁ

’I??%“Elﬁ‘lﬁfﬁ & (the changing and tentative feature of science knowledge)

P USRS AT B | PSR P 1 S50 A B
(M=4.68~4.83 ) ~ I /\ﬁt' (M=4.32~4.55) ~ #ri&= " (M=3.78~4.13) = {1 {f1

ST e SiAS THFEERRE I 4-1-6 ¢
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% 4-1-6 F“ R S

A= i L B A
;‘&Hﬂ NBE croaf B MI-S 5] M2-M | M3-T 7] EI-W 2l E2-L 23
(Tiff) 483 468 4.55 4.50 4.32 4.13 3.78

. UEEHTORI ST B R R 2 A (M=4.68~4.83) ~ LA (M=4.32~4.55) ~ B
= BA (M=3.78~4.13) » STARUIFRA S5 8> 91 C1-C ST C2-B F5 RIS AR50 Bt e 51 £
TS NIERE R 2 S -

FlIg 4-1-6 &= » yiﬁij— ST FEEERSE 7 AR ST C1-C PR C2-B )
RS T B AP AR M8 S M2-M ]~ M3-T SR S
B3P 5 B AR AL E 97 & ST BIWELF E2-L 2ok 4
W55 Bt (% - BH0C1-C SR E=-C2-B5 it @Eji?fgﬁ»iﬁgﬁﬁﬁ , F'J—FJ:%'A?«“ wlggfﬁ[’ﬁ@f%
BIVIIE SRR £ ARSI EL W USSR 2. L 2ot ¢ IS iy e er
APV YR L PRSI -

i

[ u,

50 B2 B REF ek )
Z z{?{_]*ﬁkj‘gﬁipjf SRl T S ;Hrp UE| gﬁj:lj%;%% "FEFUTJII P RS
YR 5P 2 (O | S RIR I R ER AR OE E - PR
S %gﬁw_@%ﬂp% 4-1-7 Bq'ﬂ;,‘,l 4-13"%

F 4-1-7 A TR mu%[ﬁgw

SN® IC TL CT
d D 3.96 3.97 3.68 4.09
1 ° 4.66 4.63 3.57 4.73
2 n=95
® n=7

. SN £ Tjﬂf& TRV E] <1 (the role of social negotiation) ; IC K ¥3E P = ?U JIAUR[SEA T (the invented
and creatlve nature of science); TL 7 Ji'ﬁ%ﬁx]ﬁ&]ﬂ U¢Ze (the theory-laden exploration); CT Ewﬂ%ﬁﬂlﬁﬁ‘%’?ﬁ?j
’[?é’?@‘éﬁ‘lﬁfﬁ & (the changing and tentative feature of science knowledge)
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5.0

48 |
8 4.70 460 4.70

4.6
4.4
4.2
4.0
3.8
3.6
34
3.2
3.0
2.8

4.09

3.97

=EX

ki ]

SER L brG

SN IC TL CT
dESE

[l 4-1-3 | 55 B S SR S

ﬁ%t © SN £} ﬁ?]‘fﬂﬁ fYF| <1 (the role of social negotiation) ; IC K LS PF - 'ﬂJ;LH JIRYE[ S T (the

invented and creative nature of science); TL £ Wu?ﬁﬁﬁﬁﬁ?ﬁﬁ% (the theory-ladensexploration); CT ELE| S5
F [ ﬁ I%E‘?f'@éﬁ lf}ﬁ & (the changing and tentative feature of science knowledge)

Fli 417 4-1-3 e i Lol © 1 (SNY', T REEER S (i ]
okl BT (10) TR IR T SRR B Q) IR S s 0
flipe 2 2 PRSI TR SRy > T TR (TL) ) [iff) > 5 AR
S SIS Y e R S BT TR 15 o Yy S )
e PRI » UEREEAA B B TRIP RN ¢ R I
O > SR & - BT RS PSR OSBRI - 7 20 i K[
BWED > WP S SE puiy R

Y-8 BAARPFHFZRIZBROBFEFEFRZILAH
AT RIS RI RIS S SR R R B R BEl
PRl gu [”FE'FTJ’E WP 7 o flr PRI D TSR SRR H s R
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BIGIVRARTELT 2 5 fl1 o $H00 52 S dr By SBUAP PR [0 afpys -
ST WO DIAORE NS AT T ST IR (1) 57 SRR TR ]
3 R o UIREH URE IR o B SRR RS (2) S
BRSO fpll 1) W A R e R o 0

FPAGE RS 2 S R PR RIS IR S - S
VB EAS  RE fE R ( LRI ) o IS RURAT Fraser, Glddmgs &
McRobbie (1995) il TEISHERUAIIE o |0 & S S HIRA
FORTEEAENE « FE W 7 le[ﬁ"ﬁ 53+ flet ™ fpd (personal preferred form) ==~ FESHS
il (personal actual form) o fii ® (i Flion Fvf 75 & SP6e U0 R RUg o !
ﬁ:@ka@%WWﬁﬁ§&%$ S U PR B ORI

i%??%%%W®F% A (i A R T LY
IO > 0 e e L | ool TR Ev?ﬁ?l O s R R g i
P RS SEF e S SRS TSR SR UL e 2 i

ECFIRPTRRIREER RO BRI RR

T TR P BRI 1 AR S - OB S
fpiEp s e #ﬂ#mmwwﬂﬁm@wm”wWﬂmaﬁkwwﬁm;
= e ;#@ﬁwﬁﬁ;%ﬁm@ﬁ (TP e P 2 SR
B BURUTRIM PO IR o =B AR B 8 T O (IO R 1 5 e o (student

cohesiveness scale) B k@4 [i[ht#d'% (open-endedness scale)~ 5%+ AURHEEC ) (integration
scale) ~ W B4 I IFE LAY (rule clarity scale) « #2FTU# (material environment
scale) » SRjf| - 1\~~~|H@7’}fﬁ?f‘¢; BRI R R S RIS

PUERUAD I Rl (5 Bl (REpLRPIRET= )« [ RS R IR v f5 e (572
PR SRR BRRETE ~ S50 pUAREEC )~ PORTRIE ) 5 0.55 i ATV ARIEN] o
[RIFEJFEVEN P 95 1 S5 % puk | SEa RS 53 THREEHRE] - S IR © ity
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(it~ TR YIRS - PR NI 4-2-1 Wl 4-2-1 -

F4-2-1 S [l po g R RUES B A R A SR P
r-]l(l* B t
SC* (2 i) 3.89 [0.54" 3.61 [0.55] 6.18*
OE (1 15(f) 3.62 [0.54] 2.77[0.51] 15.17*
IT (& fQI@) 3.89[0.50] 3.41[0.50] 8.85%
ME (= i) 4.10[0.42] 3.54 [0.65] 9.90*
7§ *p <0.05:n=95

*. SC FRS 4 fiuffi~ ]/ (student cohesiveness scale) ; OE EL#{k&@ % [i[fv#"% (open-endedness scale) : IT 17k
P20 (integration scale) + ME ELP2ETEUA (material environment scale)

o LI BT A

44

4.2 4.10

4.0 ]9 3.89
oy -
ﬁi > 361 3.62 o -
oan 341 H
e | | m i
§r3.2

3.0 [ ]

78 1 2.77

26 |

U R )
{421 52 (PRI RS R

FF T AT GEAPER T pURISPAIRSEIE 5 O A IRy de 5 o e
%U?WW%[*FIJ PRI i e RO TRV AR U - B - %
4-2-1Z2[Hl 4-2-1 B 52 |H§1+EJEM&A‘I%®'?P?E”F];THE*'[ELIH*TF&HI PSR PR (8C)

DHRR RS (OE) T AEEEHETY (IT) )~ PR (ME) |3 B e PIRARYZ B
En AR STERIE ot S O T - Rl TR A ) e oe s IR
(*p<0.05) » PR H G » 572 fiffi PO U dRRp T RRBUR T AR > 5P eiffro
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EI*J‘I‘EEET@’J)‘7\}%’Hﬂ%‘“jl’i@ﬁﬁlé‘@'@HIF??”@EJ%Fu WO R S R 1 BN
S TR O DR L O <

=9t e DR A RS (OE) ) Pifpifvod Bess BHa S B B R i)
B ISP S BT T BRI RR o e RO R AR
BB D -

FRLnPRErRRATRIRE LML
RS s B RULIL A D RIS o | TR SR ER o R[5
W51 4 e o SR ol e R o T 1 S L T g
(SN) , ~ "] = = (TG FORT S A BT (IC) |~ " HIGREAS B ke (TL) TR Ssif
T (SR I (CT)g PSS BRSBTS oy =) (SO~ TR
FHHES (OB AT SCHRTRUA(ME), R R 7 - P ik
% [ S SRR O R SR R R 402 -

H400 5 SR R S T L R

e OE IT ME
(preferred) (preferred) (preferred) (preferred)
SN* (pretest) e 0.12 0.21%* 0.21%*
IC (pretest) 0.19 0.11 0.14 0.19
TL (pretest) 0.20 0.02 - 0.28%** -0.13
CT (pretest) 0.24* 0.20 0.24* 0.42%%*

71 *P<0.05 » **p<0.01;n=95

2 SN £ ﬂrﬂ&ﬂ FUE T (the role of social negotiation) ; IC £ ¥ ¥ fiF] = 'fﬂzy JIpVE[SEA T (the invented
and creative nature of science); TL ¥32F 5 Flaui[ mEV[UPEF (the theory-laden exploration); CT L[S IGHHY F’Tﬁﬁ
(B0 li—ﬂ‘%]" & (the changing and tentative feature of science knowledge)

° SC kL iy [l 14 (student cohesiveness scale) : OE L5 8k Hit#"E (open-endedness scale) : IT £k

P20 (integration scale) + ME EVP/ETRUH (material environment scale)

ik 4-2:2 o1 S RISHBBITN R TR GBS (SN) PR
ﬁlgf%ﬁiﬁﬁlfj r%*?é& EKJHI’[J/‘D\’JJ (SC)J ~ ,—T\ﬁgﬂbjj (IT)J I}-[”:IJ_}S, r?g@ﬁiﬁ (ME)J I}Ilnglj
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RO (r=0.33,p<0.01;r=0.21,p<0.05; r=0.21, p<0.05) * A= B[t
5 R S WA TR SR MR I T R et BRI L
HAR = SIS P T AR AR R R SR [ s
RIS RR T 2 i U PR (o8 RRCRURL -

S RISHHWN I Uy TEREEEOESR (TL) ) P e iRy o
BT )3 0 9 FUAFREE (r=-0.28, p<0.01) - SIEHAF 2 BIVfos 2 sk 5
FOEGRIFHAR > PRI H S OIS ([ PRk ORR > A
LN E‘fﬁé%ﬁé?aﬁi'ﬁu“z U RRZRUR - f E%THJ/ » HAR = AIVIPIFOSE S fofl e
P BERTN T b UL B Bl A S e s -

P9t 2RISR 3 Bep RSN IR R & (CT) L fifpy

e g A BRI I - (SC) S () By TR (ME)
FIIE ST AR (r = 024 p<0:05¥1=0.24, p<0.05;r = 042:p<0.01)  :YIE = A
PSR iR l*iﬁ?ﬁ'ﬁ'”‘ | FPRART = S I ISR B RSS2 A o
U= g A0 T R PR SR a0 SRR 1 » IR
SPIOEIRRRE | I T BBR Tt il SRR HBRG [ =R ] o
AR R

J%

J\

e 4-2-3 S0 TR Y VR SIS R R R AT 1

sc’ OE IT ME
(actual) (actual) (actual) (actual)
SN* (posttest) 0.22%* -0.01 0.42%* 0.22%*
IC (posttest) 0.34%* 0.04 0.20* 0.20
TL (posttest) -0.08 -0.21%* 0.20* 0.02
CT (posttest) 0.25% - 0.06 0.19 0.14
=t 1 #p < 0.05 > **p <0.01; n=95

E. SN E@ﬁfﬁﬁ%ﬁﬂﬁ@ 1<t (the role of social negotiation) ; IC ELLaE[H =" 5! ﬁﬂiﬁ’b AUR[ZE A FT (the invented
and creative nature of science); TL £32E! Fruﬁxjiﬁflﬂﬁﬁ?p (the theory-laden exploration); CT %ﬁl:‘:’;ﬁl'ﬁﬁﬁ'{@??ﬁ?ﬁ
‘I‘%E?ﬁﬁz'ﬂéﬂfﬁ & (the changing and tentative feature of science knowledge)

° SC ELZ [y [fil-= 1 (student cohesiveness scale) ; OE FyE{E&% Hht#d'% (open-endedness scale) ; IT Fbaf

gﬁtf}j (integration scale) ; ME ?.\bff’i@ff%tiﬁ (material environment scale)
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TrERE Gup) L SR R
WERE QAR P2 LTS - BRI L T IR R R 5
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2. HWI = IR A HE= S
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3BURL T S SRR

FRUR T
BEEH U RE g BRI L R ZE oL > gl
RE LR[S 5= [T A
A Fﬁ%ﬁ»%j[puél s
B H= T 20 BRI SR SR R
L T RISETE T e
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I8 aHFTHRERAERELE S TR g2 N B g2
GRS RHRRBPHATEY B BE - PEREZI R R
B2 A4

AT R A P IR T SR RO S RS S R R
S R R 4] [/ﬁlﬁrgtf,lﬂ ? be:Equ |L IREPY T s 2 @%Hyﬂ }‘Flgr_éiij: Foed
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2B HFTHRERFTE R FHRRE RIFRIEINARIIRRE &S

FRHEFEY AR TRLU P EF BRI FRIRAZ A

AR SR 0 T L TR GURIEY - BRI S
S IR S PR PP E o pURISEE ~ HRRTRULE ST - PR S S iR
BUGIFOR MEST 8 oy (7D~ op i ED ~ B AL 0 T B 40 SRR 40 BER R g S AR
G~ S o) 5 L (Alpha one behavior) : THEIENE 1 ~ B QISR AU PR « B Qi
TR ) = AR G35 IS8T o0 (7L (Alpha two behavior) ;T EIFTERE 41 ]
@'%Fpuc'f@ ] ~ﬁ.£l%@r§? £ KL [ (Betarbehavior) © ay 7 H {5 g%ﬁ%ﬁ@glf
1 T 2 e B R T SR PO 3 o 5 Y P
BIGURLA B P R T | o AR iRl T o TR 1Y ) 2 AR R U
IR o SRRSO P R AT IR - S
Frfioaag o I RIS 3 %‘Frm D E] 5 Bl JES A BB IR TR P A
O - ik B

202 S Gl g R SR RV E U T R e R U R
F?W@ﬁﬁq”ﬁﬁm$%%ﬁfﬁﬁJW@ﬁ%’f S R B IR i 5
B TR VIR B D SV Ry PR R PO R e
FIERRATH T ST 1EIEESS » DRl o557 5P e 0 A -

- RRFEHT IV PR PREUR T RRS SR A

PR BRI S RSO RIR L 5T R F‘J'Fr%‘ RE " A
1% PP L T RSk T R rEﬁ%ﬁ'Wu Iy R g )~ AR -
IS AP Gl p (47 %) BRI ATHASRA > P H 2 Reid, Wood, Smith,
& Petocz (2005) [iU53 KT HZ g T J'PL%FFU FLJ 7Sl ﬁ*iﬁféi ey
SYREED TSR (subject) | F:’%g R Eﬁj@ﬂu e I -1
PE7tf1 (techiniques) ;= "SR RLE S FT7 irj:ﬁ»g»"ﬁ’ﬁﬂi =) rﬁrﬁeﬂ?uiﬁl
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%??ﬂ?%ﬁ& (“-7?"[71 19 TS5 (extrinsic attributes) e Tc@%dtﬁldr AR 53
TR+ 50 RIS L TR RO S TR S Rl

F%F D ENIREVE r*lggi['%ﬁlﬁﬁﬁl&?@ﬁﬂ&ﬁf#J PR o AEFAEH O A
%E’@ﬁﬁ?ﬁﬂiﬁ%&%??*IQEEIJ?%%‘EIFT&*‘*IQ%D%EE T3 B SR AN TR

Fl# 4-5-1 ¢
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o 4-5-1 ORIV & 5RO R TR R S R et

SEZE T T

GEEE T R

fak SN¢ IC T CT SN IC TL CT
Scale (n=42) (pretest) (pretest) (pretest) (pretest) (posttest) (posttest) (posttest) (posttest)
FE et 4.44°10.42]° 4.45[0.37] #:3.52 [0.65]—-4.52-[0:49] 4.2510.50] 4.00 [0.52] 3.7510.58] 4.08 [0.58]
P 3.93[0.40] 4.12[0.42]5 3.03[0.65] 4.24 [0.58] 3.90 [0.69] 3.77 [0.36] 3.71[0.59] 3.95[0.64]

F (ANOVA) 16.25%* 7.58%%* 5.98%* 2.98 3.52 2.69 0.03 0.45

PR T ORET e, RS S R
b, Hrﬁ@p[tuf F%Fﬁgfﬁ?ﬁij %%Q%Fru '—I?t[[?"%WUJ
T EEEr [P pVEe E e

4 gN tﬁﬂrﬁ“ﬁgrpg IYE < (the role of social negotiation) ; ICH i FFE{].~' rgﬂ

theory-laden exploration); CT EB% |25 J?’Tﬁﬂj‘ [ [Qﬁ’#j & (the changmg and tentative feature of science knowledge)

*p<0.05, **p<0.01
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FUR[Z84 FT (thednvented and creative nature of science); TL £% %‘Tu?ﬁ'@ﬁﬁlﬁﬁgﬁg (the



Fe4-5-1 [ LIRS FISH S 2 50 R SO RSP R S 3 Ry
[ 53 AT - FUFHIPT ARSI 1T (one-way ANOVA) » IHERIFFIEIS & 5 27%|
SRR T A e RN TR 2 Al TR S A
T = PR PR BRI SRy RIS R ) iy
AL B B -

P R SR SR SRR R SR )5 By I
AN - USRI ABEIS 7 (one-way ANOVARET. » HRRIFFIIEEF & 56 B SFfiofy
KR FTJer,ﬁ,FngJE [T TR S S A TIpOR] SR AR F@Fpu?ﬁﬁﬁ&ﬁ”?"ﬁ%r ~]

R 2 A

+ ) A AR R i S 0 SRR
SRR 1 ' I IR
]-l:[J‘EJ rg&g;& me .\ = I oAl Sope g e N7 1 iijLJ DuI’FJ s WT‘?{}H

153



A 450 WERSIE S R ORI O SR BB

(Rl g R PR ERTRU
SC* OE IT ME SC OE IT ME
Scale (n=42)
(preferred) (preferred) (preferred) (preferred) (actual) (actual) (actual) (actual)
FRE 3.92°70.62]  3.66 [0.54] 3.88 [0:35] 414 [0.32] 3.62 [0.58] 2.71 [0.49] 3.52[0.41] 3.65[0.67]
Tt © 3.77 [0.50] 3.61[0.55] 4.01 [0.39] 4.32 [0.44] 3.5110.59] 2.65[0.50] 3.60[0.57] 3.61[0.71]
F (ANOVA) 0.74 0.10 1.29 2.22 0.36 0.20 0.29 0.04

D T I IS T R - e U 2o )
e T IR | TR R

gy

d S G TSV O R N

PP s e

©. SC HEs 4 iy [[i]"=]7 (student cohesiveness scale) : OE i #f & [il %" (open-endedness scale),: 1T L7 |/ (integration scale) : ME ELPVETRUH (material
environment scale)

*p<0.05, **p<0.01
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(113 4-5-2 > FUSEIPS RBRIGEIT T (one-way ANOVAR » RIS FISE & 547
RIS AU ERT s ()l 8 U B IR BRI T pojy e TR
By TRRBERE D ) TR ) DR SRR B i R s
S RIS ORI T (ol o BRI T S o PL AR SRR -

RET .+ IR O R0 o BB o BRI i) S5 OB 10 R

A I -

ZFA B R%RE b i&&?-ﬁﬁ’lg}f R {8 R A

53 EL TR e role of s ot "‘inmﬁWWﬂ%
£ T (IC, the y -creative| Rafur: cience),, - MBI IV F (TL, the

T, the changing and

tentative feature of sci \ ) P f A TP RIEE S R R R 5
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#0453 FE P URE QR EL

R S

et dii

GEEE T R

SN* IC i CT SN IC TL CT
Scale (n=95)
(pretest) (pretest) (pretest) (pretest) (posttest) (posttest) (posttest) (posttest)
;@ﬁéji ?suf“l/[ﬂj 436°[0.46]° 4.35[047}  3.11 [0.78]— 4.45[0.54] 4.29 10.38] 4.2410.47] 3.76 [0.51] 4.13 [0.55]
= %ETV[F[J 3.86 [0.46] 4.07[0.5L] 3.06[0.61] 4.22[0.53] 3.85[0.62] 3.84 [0.64] 3.69 [0.60] 4.01 [0.61]
t-test 4.86%* 2.57*% 0.40 1.95 4.21%% 3.05%* 0.52 0.88
LSRR QYRR ) TS ARl T B BV T
L f:@r
LI PR B

dSNbﬁfm%UEnlcmm%w"mﬁlwﬂ*¢ﬁﬁltﬁwﬁﬂwﬁ$(ﬁfﬂ S

#p<0.05, **p<0.01
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Fe 4-5-3 LIS BRI R G pORE A S R S 53 e B R T A
ASUBRRT AE AR RN R o SRR (R = SV IS 2 g B RV
FIFVSFE - RIS TR OBV i fF | PRI B B o [N
HRRE GQVRETE (IR = SV oS 2 ’[Fwﬁ’i | PRI IR MO ~ 33
Fe e e iy TR “é]LH JRVEISF AT ) [Ro) e R A B IR R
Ez‘%’*ﬁ@%@fﬁj@ = FAIVIfpVSE ’F fil%%’:ﬁﬂiﬁ‘Jﬁgﬁlf@‘lwﬁtéﬁﬂﬂt"ﬁl%?»°

SRJ) > P 4-5-3 Pl DT I TR SRR SR S R S ) B

AT ATT @ ASUBCRT Bch IR AR o RCRITRRIEE (A T AV IS =R

BB BAVppusEE - R SR TR By, SR TR S S Al R
SAET ) MR PR R R A B o ST PR SR S SRR GV TR
[ = SV [FIREE ”qul?: R SRLE RS VIR ~ 1) ',W»J’iﬁé'r%
RIS 3 R L TR 5 4 AR At 9 -

PSS 4 3-3 [V P T P R SEETIRL ¢ B A R
P

I BRI e AR E BIEF N R RREL A5

88 ok R R RS Jwﬁj’uﬂr@ﬁé%ww == DY AV
FPERTR] < AT T 5T A B RS TR o RS 48 TSR o

(student cohesiveness scale) ; ~ " #f k&2 H]iY74 ™% (open-endedness scale) |~ ?ﬁfﬂﬁi yEl
(integration scale) |~ = r%‘*”@?f%i% (material environment scale) o AP H 5T FTIEEISE 4

R R QR S [l IR BRSO B0 R N SR 4-5-4
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K454 S I ERE PROES R I (R R R

(i dr U PR ERTRU
sc* OE IT ME SC OE IT ME
Scale (n=95)
(preferred)  (preferred) , * (preferred) _ (preferred) (actual) (actual) (actual) (actual)
3]_$7Fﬁ1 ?;?V[ﬂj 4.09° [0.40]°  3.65[0.49] 3.95 [0:52] 4.07 [0:44] 3.84 [0.62] 2.7510.49] 3.60 [0.40] 3.62 [0.80]
= ?ﬁ:?V[F[J 3.770.56] 3.56 [0.54] 3.84 [0.49] 4.10[0.43] 3.52'10.51] 2.7510.49] 3.38[0.51] 3.54 [0.60]
t-test 2.78%* 0.73 0.93 -0.22 2.61% 0.02 2.06* 0.55
LS IR PR T L TR 2 SVl TR ARV
= e

LI PR B
- SC EREP A fujp) =

d

*p<0.05
**p<0.01

1T t’ﬁﬁ;ﬁﬂu

JoSRMEE BRI
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Fe 4-5-4 BRLINEE S I R R = }Wwﬂﬁﬁﬁuww [elp 73 A
ASUBRRT AE AR RN R o SRR (R = SV IS 2 g B RV
IS T I PRI T 502 P = o Pl DRoo e R ) (p<0.01) -
AR R GAVRETE (IR = VRIS o PRI Ry f == [l el =5 s 2
PR PR B QRO 5  (ERIVERE 2 SV RURVREE AR - IRy R
BERERORT T 2 i -

Fe 4-5-4 (1o RN A EIURRIN R o RCRIWRRTEE (A = SV S =
%@Mﬁ%%ﬁﬁw%ﬁé’ééw%maﬁﬁﬁﬁ?r%ﬁﬂwm“WJT:f@@ﬁfﬁjmﬁwu
EOSTREE B B o A BRI SR EREEL R GRS [ S BV
sk - [ EL U TR BRRUI f H6 FH2 l PAp  psg  » =7 = UKL F’**ﬂ RE2
T R il T R BRI B S e o gy -
i BB PR ﬁﬁflégéﬁé?ﬁiiiflHifjiﬂﬁﬁtﬂ%&?VWIEJEaiﬂéﬁﬁﬁﬁﬂéﬁﬁiﬁzo

PUIFAS 454 Fuadi (PR R TR L BT IR [ R

(e o e e LA ol ey PRI Rl e

CF I RERRE RO BI PR RRT SR AT
i?%ﬁ%%%%@%ﬁ&%@ﬁ%?ﬂ%*%%@ 5T BV [ 5 53 A o
"5 SCE R E GRS S TR U ) TSI R R
IR Wﬁﬁif’?*ﬁ"%ﬁﬁurpe[% SEPIE R > 5 E RSB R
BTREEATIR > NI R P o REPEACH IR SRR R 4-5-5
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H 4-5-5 B TR ERE QU R A R

RS R RS <]
SN° IC TL CT SN IC TL CT
Scale (n=95)
(pretest) (pretest) (pretest) (pretest) (posttest)  (posttest)  (posttest)  (posttest)
(1) S ERpvE 3 3.92° [().49]b 4.08 [0.52] -2.94[0.61] 4.20[0.57] 391[0.61] 3.93[0.64] 3.67[0.57] 4.02[0.58]
() IR B 4.22[0.25] 442 [0.14] 3.33[1.00] 4.67]0.33] 4.28 [42] 4.08 [0.63] 4.22[0.69] 4.33[0.33]
3) é?[ﬁhfﬂffﬁﬁ 4.5310.43] 4.33[0.54] 3.72[0.57] .+ 4.39[0.39] 4.56 [0:34] 4.13[0.47] 3.56[0.34] 4.39[0.49]
(4) g HrSE A 4.14[0.55] 4.33[0.48] | 3.07[0.66]..4.49.[0.45] 4.0470.53] 4.03[0.59] 3.84[0.62] 3.96[0.68]
F (ANOVA) 3.48%* v e 4.3 1%* 2.06 2.67 0.32 1.42 1.05
Scheffe test 3)>() 3)> ()

LS R RR B QU ) B TR R R R T

SR LIP e R

S SN H A1 1C KRR 5! A5 ORI B TL SR ok CT SR S o el

*p<0.05, **p<0.01

FIJ
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Fe 4-5-5 [ IS S R0 0 RS BRI 3H5 BeT  53 A
B AR B 5) 17 (one-way ANOVAETT » BB B! it Tt @ sy
SLIEINE o i e S Il (TR e R L ?‘H‘%ﬁ'ﬁi CRlgEp s
Al ORI A BT 0 RSP (SRR IR By Ry i R B
Scheffe test (FiEE=4t) fI1» 2 HASURRHR"] Tl @F?]‘Tu Rl SR = S
[Pk Fr+ﬁmrgrﬂn == F%Wuiﬁqﬁ&ﬁl\%ﬁm [EUNI R iREAs Tagians =2 ea 2l gt
FSHUSE S T TR REOR IS ﬁgm | WSEBUE R] TR s
BB GRS o I R ORI B RSP RO R 4 2
R #ﬁﬁma = B PR PR

P 50 2k R 1 PP R S R ) BT ) AR -
BRI AL BT (onepway ANOVA)GES o i o BG4I PP Tt €7 fooiy 1)

o LI A | - DR R RIS RT | TE i e

PR By DAt S R =

v B4 AENRE & RS L ani R Rk R B2 A

] B S e W R P e BT BB B s
iAo T2 R R SN | 5 B S O RRNE SR %lﬂ‘?%{ﬂﬁi?ﬁ?}ﬁ%
ORI TR A AT u—pem SPEE| > 54 R SR
RSB [ 5 AT I PP P RS © RSP o SR BRI 4-5-6 ¢
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A 456 S AUEHRE GINEE

(ot R A TRy BB et

(Rl R WY RRTRUR
sc? OE IT ME Ne OE IT ME
Scale (n=95)
(preferred)  (preferted) — (preferred)  (preferred) (actual) (actual) (actual) (actual)

(1) = RpyE ) s 3.83°[0.53]°  3.57.[0.50] | -3.88[0.54] | 4.13[0.41] 3:60 [0.55] 2.73[0.44] 3.41[0.50] 3.64[0.65]
(2) @RS E R 3.5710.29]  3.38[0.22] | 3.90 [0:16] | | 4:05 [0.22] 2.81[0.44] 2.67[1.00] 3.67[0.66] 3.52[0.30]
3) E"?[ﬁJﬁﬁiﬁ% 4.19[0.41] _3.81[0.75] 3.74[0.21] . 4.07[0.35] 3.86[0.51] 2.90[0.69] 3.62[0.27] 3.64[0.42]
(4) ) HrSE A G 3.95[0.58] 3:62[0.56] 3.8810:46]" 3.97[0.54] 3.76 {0.56] 2.78[0.52] 3.50[0.45] 3.28[0.77]
F (ANOVA) 1.37 0.59 0.15 0.65 3.01* 0.30 0.64 1.51
Scheffe test
L R G 1B S IR R S TR R TR - T S i | S
" T s

CLIP IR g
4. SC 1% % |- 1 OF 13

*p<0.05

R BT

ST BLRIERE ] - ME tf{*ﬂ?’rﬁiﬁi
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[k 4-5-6 - i 5724 AEI R GUpo TSR E (Rl O RRERURLAATS - AU
A@E H5 3 T (one-way ANOVA)E=. > E{Eﬁ%jﬁ?f;z[%&ﬂ\ﬁj I M p\J[HJM‘ 5T
HEHORR A, |~ rfﬁjiﬂﬁz ol rf}%ﬂ;r?rgii?ﬁd IRIEE f gﬂi;ﬁ £ ﬂg[% £ Bl o 71 Scheffe test (Hiix:

P (1 I BT R o O AR R T
(i OB BB 2 2 :ﬁ%"r’f‘% E Eﬁﬁfl?ﬁ :

5 2 RV R S PR E U BRP U RRCRI AT AR AR B T
(one-way ANOVA)RE. - BRI R UpOpqs i TSP A=y Pulpl B0 iSE el
e e o SR T TR R B | TRRIERC ) TR, = i R R
£l o 7t Scheffe test (Hiix i) Flio F,IFIJ’}E*P A | HE 1 B r;;u,%ﬁfﬁ%l%ﬁﬁ Y
[“‘lﬁ]}l[ﬂ TR Rl o T R - 52 R R e ! S0 P TIet v [l el o

i ﬂfl@ﬂ;ﬁ g M R =y = VRS R T AR i = i K i P
F"%E“ﬁfﬁpu g RE T 72 o R b e AR e RS D s -

I B4 HTRRE b PERBFERLIPATTBRET SR AN

T T PR R A 1 P PR R 4 iSRS R R (= -
ar (7 LR HH TR SO IR S - 1SR QIERL Y g )
%ﬁw%ﬁ*%%@%ﬁﬁWﬁﬁoﬁﬁﬁﬁﬁ$ﬁﬂ 7 REHIAOE A7) R

il 2 L (TR I RGP R < AR KRR R

4-5-7 :

163



%o 4-57 5 PRI ERE Q)Y T T RS A

SES T

I:[%Ejillﬁz@g[ 1&@”

SN° IC TL CT SN IC TL CT
Scale (n=95)
(pretest) (pretest) (pretest) (pretest) (posttest) (posttest) (posttest) (posttest)
(1) oy 7 3.94°[0.46]° 4.03[0.43] #-2.99 [0.67]—4.17-[0:59] 3.70 [0.58] 3.67[0.62] 3.4510.58] 3.69[0.62]
(2) ap I7 £ 4.03[0.55] 4.21[0.56] = 3.04 [0.60] 4.35[0.51] 4.15[0.54] 4.10 [0.55] 3.84 [0.48] 4.26 [0.48]
B3P = EE 4.37[0.45] 4.50[0.35]:+ 4.07[0.49] " 4.47[0:30] 4.37[0:48] 4.60 [0.29] 4.20[0.77] 4.33[0.24]
F (ANOVA) 1.65 2.61 6.73%* 1.58 8.30%* 9.35%* 7.74%%* 13.53**
Schefte test 3)>(1) 2)> (1) 2)>(1) 2)>(1) 2)> (1)
(3)=(2) (3)= (1) (3)>(1) 3)> (1) (3)>(1)
*#p<0.01
' gy

L LIP g rh g

¢ 9N g@,ﬁ%ﬁtﬁﬁﬂgfj E‘-'J 13 IC By BLSTpe &' 8! fﬂﬁﬁ_} ngfj%j]éﬁ—¢ T TL t@ﬁﬁ?ﬁ%ﬁgfjﬁgﬁg; CT tﬁg,%j]%?ﬁ[%g’lfj?’fﬁﬁ'[@éﬁ?%"eglﬁ[\?ﬁ &
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ik 4-5-7 > 522 P iRai QU™ e B R RISPRGEI T Repolios - A
P BB G347 (one-way ANOVA)RTT » IS H(ERE! Ui e 17 TR i fioge
ENRRl IR e SR S %m&r#ﬁﬁ%WE”erﬁW'“ﬂ%JW“
SR R[S j-_ﬁ‘:ﬁﬁﬂj [EERBE TR By = [P E R 2 B o T Scheffe test
CHVEE) 1 - & HAREFRpER T Bﬁthﬁ@%$%$””EﬂtW*ﬁir%
R ) PRI B T ST Do SER fly o PR SR TR S
CNRE L A G S T SN e E e I**I*%&%Eﬁ > EfENE
o~ TR IR BB - ﬂ,ﬁ@fr WEREISFY - 1) TR
B4 @%ﬂﬁwaﬁmf@%*?%é@ﬂ%w%@mﬂﬁﬁéﬁﬁﬁﬁTﬁ%
e EﬁJpFJ*ngTﬂEI PR RSP 2 IR M SRR B 45 I el 5
TR E PR PR T T R R

Ry - 2 S R e %‘“EI%[%ip%&gﬁ.&yﬁ[jﬂgﬁuﬁﬂ  FUEHIP
PRI AT (ome-wdy ANOVA)RS: » [FISFHERR RLGIHV I T SapTant 9 oo ghpo )€ 0 Bk
SIS S Al TR 5 T\ CERNRAERORRSR | - TR R R
P 13T s SRR fo Y P e ALt obbREiE 142 g8 =77 Scheffe test (Hiil™
) {1 i AR 0 R ST, R o i s
T DR 53 B Tl el i U R 5 R T 9 % T TS ) ARV T
1B G0~ B G i e T PTR TE  Fiprapg - @'%'FFUE"S‘%U
OB RR ! G TR SRR S PSR AR o RV < IR EAR S A
*prjﬂﬁl‘*w%%ﬁ IS 0 R EL < AR WA YRR DR
KRB IR TSI TR S PUMERE G5 e T s
iﬂleé‘%%[‘%&%ﬂ THOT e o

ke 4-5-7 PN PHACH T SIRHI S B IS

L P4 RIPIHE TRPHDIORE ) DI
o5 U R G i KR R S R B ) R
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IR R B Tsai & Liu (2005) S5 > @R SR RGN (1059 4 (F
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