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Exploring the Low Learning Effect
Junior College Students’ Alternative
Conceptions of Material Changes in

Chemistry with Interviews about
Events
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Care and Management
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Abstract

The purpose of this study was attempts to explore how college low learning effect
students’ chemistry learning can be enhanced when “Probing Understanding,” the
theory developed by White and Gunstone in 1992, is involved as the pedagogic
intervention. The participants of this study were 99 first-year chemistry class
students in a junior college. This study will be undertaken in two phases. In the first
phase, students’ “alternative conceptions of Chemistry,” as students held them before
each Chemistry class, will be discussed with the aid of an “Interactive Response
System” (IRS). They learned the lesson of “chemical material changes” then via the
IRS to understanding the alternative conceptions in a two-hour a week class lasting
three-weeks, that is, 6-hours. In the second phases, those 26 students who fail the
IRS test will have to participate in event interviews, through which it is possible to
analyze for their alternative conceptions. The results found the alternative
conceptions of chemical material changes were the nature of the internal and external
chemical composition and type of change, and the reasons were lack of disciplines
knowledge, unclear the professional terms, experience of life and the impact with the
appearance. It is expected that the result can provide the science curriculum of the
vocational schools with an efficient probing understanding method.

Keywords: Alternative conceptions, Interactive Response System, Interviews about
events, Science education, Learning efficacy
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A Study of children’s Initial conceptions
of the Earth

Yen-Ting Chen' Ju-Tang Hsiao®

! National Taichung University of Education, Associate Professor
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Abstract

In this paper, face-to-face interviews were conducted with 34 five-six years old
public preschool children to collect and analyze their initial conceptions about the
earth by means of pre-designed questions and picture cards. The results indicated that
29 children’s conceptions about the earth were not stable. However, young children’s
conceptions of the earth could be categorized to four types of mental models: (1) the
solid sphere model with people living all around the surface of the earth due to its
gravity; (2) the hollow sphere model with people living all around the surface of the
earth; (3) the hollow sphere model with people living on the surface of earth’s upper
hemisphere; and (4) the two-hemisphere model with people living on the plane
sandwiched between the upper and lower hemispheres. Suggestions of the study
were provided for learning activities of the earth in the future.

Keywords: Alternative conceptions, Conceptions of the earth, Initial conceptions

52



PRERTFLEFEZT Research and Development in Science Education qualterly
2013 % = J‘ = # > 53-76F 2013, No.66, 53-76

AN F—F A REAE EFHERFRLAAR
P a2 RT Ni&

F B Flasg’

LA AT R 8
TR AR PR KT
*k121391@yahoo.com.tw
(#Amp #p : 2012.10.15; iz = p #p : 2013.3.11 ; &= p # : 2013.3.18)

S

AL G R SO AR R F A TR o 2 PRE R
PEATOTLEFH  PHERERP L E2- FHRREOPE AT LR
Loy ML, jx@;i&gugjifr N :blﬂlfﬁigﬁ‘:ﬁ_)§$g WUEE 0 R AR AR
PAFOPTATEL o TR AR, A - GRS T AT S
AF TR DHREDfoORE > o PR OBEEEEE AL E P E o
WG PR PrcE Gitans fE R B SR GRS F RS R
VLRSS R O F A TR Y P B AR TR AR HEPM Y P B4
- R R RS ERARR R E o RERNAE AT KF ik o

MakT o4 E- Pt PEATPEFE e &

53



FHEHEWTFREL B R T /<750

AT

nn\

ARPERT AR AR E kR L P F A F (Nature of Science
[NOS]) e d 48 » B |4 # - F hfe W & XD 2 WML F —HF AL ¢§
(Science-Technology-Society [STS]) Az 88 > 1 2 FHE &7 FH## W NOS £
P22 &M a BNOSH » AR &£ - P mE (FILA-ME4-2012) -
KHFMNFTHATEL AFE ) &F A S EHPE R REMRITIR > &
FINOS g ¥ 2% o« AR BI &= (1 £ - R AL THLE) IR NOS &
Jﬁﬁ IS5t bE S FG AFROAE Ra > RERPEETE S EKY
% & NOS 7 § 2 iF3t & p (32 > & R SAeth e § ARt o A2 %
FRe+ LERTSHREL L FFRNY HNOS» X P AL g v I G
eiEFEE L AR 4 E- FHE 2 NOS -

A\ EH A B AR F ey NOS

Sk ARET REALE 0 FF PP 0 NOS - Pk 1907 #
NMAPERT 2P > 3 £ 5 F &0+ (Lederman, 2007) - Rubba ~ Horner
g Smith (1981)3% 5 NOS /41950 & 5 4 B 4% Pl €44 Bdod 5 f£15 %7 h
TE PR - o 21960 £ S el F kv it EARFLF EARE S 2 4 Carey
¢+ Stauss (1968)/i% 2 hF 4 it ¥ &3] TPASEAH P LLTY 2
PPN E AR RPTFER G A A A A
B RFHREPERNESY 4 B A RFHRIEBR A - WP FEE X : Wiy
(1996 ) mb?ﬁ?{ FLenirit o T 53’%ﬁi§fr"'¥la&m"‘]%ﬂﬁg %ig Fr
F 37 Peero 11 b mNOSE‘uKl/g‘uﬁmfp-ﬁg@ ES S P L fppg_%;g ot
fend - %5 R0 0 RAZ G RaimEal R ARERY ML P Y
“ﬂ”ﬁ%%?mﬁﬂﬁ?’wﬁﬁ%@w$¢®mgﬁ%ﬁvwmﬁﬂﬁg
Thomas Kuhn crft § & &gk » R AR PEEFE-HFL > 7 RELDRE
B EprE RS EARPE R T PEIAAGEHEME PF ORI L g
FPE 1% 2 % (Kuhn, 1970) - Kuhn #2587 it e + & NOS = % » $#1 %4 % eh
NOS pLg’ Figik -

54



BENE—FB G REAFREBEAZ TR ERET NS

3R 80 & @Az ¥ — vz > H ¢ NOS » %> 5| Kuhn 8
2 > # 7 National Science Teacher Association [NSTA] (2000) - American
Association for the Advancement of Science [AAAS] (2001)£2 AAAS (2007) %
aNOS B> H ¢ AAAS (2001)2 AAAS (2007)'rh NOS ¢ %
l#ERpEBIEHRIT [ B RE Gy ild s BIHREHHE 1 R/ 115k

2HENE e FEN T B bk’ﬁ"’ﬁﬁf“'i/&
37%?/' ER Ff'ﬁié ’i\%}';ﬁ?‘ * F*:'ﬁ*f$'@ﬁvm
455 R i 2
SHB N B IBEALAFT BT FF o EHET U gy Avg L A AR
R

BAERHET LR T B
THEfAL g Pl (21 ¢ FEREFREERTPPEREFL A

% B NSTA (2000) NOS g &_:
LS w7 Lz g ey a*grﬂé?'rﬁ
202 - E RS2 B ARG R @t 2
3.8 ﬁ”’ﬁ d ﬁ’ﬁiﬂﬁﬁ%%» #* LRS-
4pligd APFBERY G - B2y
SRR S L
6.ELF L aIT 5 B
THEREZER Lt%igf?p%*’ﬂ} WEARF A LS A
BALE ~ 2 LI EHALE £ 4 B

# ® National Research Council [NRC] (1996):%.% 5 2 i #8 F ¥ -
B¢ %6 (4o Bait SF G ) 22 3 b (4o L4 F ,;‘bfé_;’r
) s P S A P RER A RS BB R i A
%A%ﬁﬁ%ﬁﬁ*éﬁﬁio

b e iR ae AAAS NSTA £ NRC ule NOS s il ¢ 45 ¢ L5 frgs
L pE: {7mm’ﬂm&{$¢ﬁ¢%%j%1%ﬁ$f* R S G S
B 20NRE R  FERERGVLER  RAFTEAAE vt s Gy
E AR -

Lederman ~ Abd-El-Khalick ~ Bell ¥ Schwartz (2002)# ' = # NOS 2 & ch
Bl
LA TR RELH f Akt BE L AEARL -

55



FHEHEWTFREL B R T /<750

2R APE T e A T EHETRE A Faz,txﬁii'] shdral ) TE A FLRIR gy it
R A ERR RS IR o S EF 2 B G Rt T B o

SHF R A %ﬂ pARapEE o iy @3 ‘ i‘ﬁéﬁfp'lié S S

4448 5oh B A ﬂ%é?mo

SHABIAFAEE > FREFLFHR I Db F AR pF ift{ﬁ#}i%‘f}!\ o
%igfr”*{%‘rﬂfﬂm’f“’ EREFATEI DN A o 4 g FIEAR R IR
IS L R e

THEE L2 4L gj;r]% MR PLE A A o

Lederman (1992)§f 4 7 70~80 & i § & - % & # INOS L % ) = + it NOS
ek - Abd-El-Khalick ~ Bell #2 Lederman (1998)# 32 2_ % &1 NOS ~ [?% N,
s 34622 H P NOS@;;M T RRBENP IS > TR AP H o
FRLE I (2003) tns B8 e 30 NOS e bt ~ gkt ~ L% dud
W~ B AAEELE ALEET B RPN 4 E - T AEE R Y NOS i
ptkre & o

Bis {io4r: 20 FRTIVGAONOS kv~ ERFLE g PETE > &

dofe o~ gt 7 (Ministry of Education, 2007) - & {81 £ =h&_j® ' Australian
Curriculum and Assessment Reporting Authority (2013) it # 4& J) #7endc 5 kA%
BE A FERES G BRSNOS BRE  de ! P ZIRELHERS P F
i 7 #~—'—Ei’ i gﬁiéﬂﬂu%&ﬁﬁ%r?ﬁzﬁ P I HHERE TR o P IR RRE S
i;gﬁ—ri‘g,}igﬁy g N ﬁ—;rﬁg % s o %:,L%‘f;uyi%&g,)g,g SRR m-g;’% ,f,L
Frod g & SEAERROBIE RV T E 2 NOS &5 1ok fheh W E
#2d B AL N e NOS gLek k2% 7 NOS 'Hnﬁ

% &7 ¥ + & g1Post-Graduate Diploma in Education 3+ % 4 BRPCEF 13
’:“Lé‘@f’f NOS %5 # 7 » #74# B~ e NOS i & {#Mﬁmﬁmﬁ,ﬂ;, is .rﬂmNOS
FALe 2 B LT LA F 7 P EENH EALLF a2 R85 2 5L
%é;u\ Ifeifq_x’ﬁ‘@ g QP BRI T A é»ﬁ:;k mokeE QR R s ke
TEOTRA T E A KRBT NOSBIFE TP | 8> AR GFF TR T EP
B 7 (Yip, 2006) -

00 # ABR e THRTCE > ERASTS 2l ARFERAF AL
¥4 %3 % Cho (2002)F,ui ERTE PR KT AL X P ER 1993 &
AAAS £ 1996 # NRC 8 /7% o H ¢ Park &2 Lee (2009)/% 7  crpLgbt iz
Z WEi AR KET D NOS ’ 18 IFE:J%B" 24 3B it ih Npl R & 5o 7?;%‘35;\

56



BENE—FB G REAFREBEAZ TR ERET NS

A0 ¥h R AT pﬁ_pmm() TF PREFED? AGFB RIS R AL ARE
ARINFTN? I E ﬁﬂ;’? ,’i_‘,mm‘? s i kT 7 TR B NOS 6w B2
Rk Lk g ~ I :W%] B {Mjﬁﬁ)@] hF o~ R R R E NOS s o 7
WA MR A kMg ¥ T 0 | 3 NOS e 3 o

% 1 & 72 McComas £ Olson (1998) & B NOS #

2 78 2 A A 78 2 ¥t
. LE L f A FY 2
: et e 7T ® e
FL B Argk anfy pE L 8/8 B g 6/8
LB s FHFEY Y
P8R R % 78 fj?‘ PR FET g
18 FLE iR P A 6/8 FLEE A4 & 5/8
ST 5/8 B QA g - ;™ 88
paamiarrs 58 B pawr g 8
T
P E A AT & LB ek B er e
g F 5/8 FLE e 8 AE ren 7/8
R A E Y PR N
: 15 AN 3 4 4
B & h 5/8 PEHPHEPFTLR 6/8
RELEVPEEE = %\rﬁm L34 A
A ) g‘fr}_ﬁ‘Q =Elie Egﬁ
sL -t .-a q—gr
i_ﬁ RS HERD gy PE I - Mz tud 58
T
pg s PERRLFFD 7/8 PEEEL booc 5/8
LI CF & T =1 8, PE Rl 6/8
. . 5o 1E Rt HATORE
EPAFT TR 6/8 ™7 R 5/8
PRIy S ARG o d EFRAER - s 2 L Ehp AR KT

B3 NOS» @ p Al KELF &0 & f w;\ B L8 chE gE 0 3t (F
SR VT ED AR THEY BN STSH R %o v ivp AL E

57



FHEHEWTFREL B R T /<750

R 80 & (A& 4 STS K e Fom STSKELH 4 HNOSE Y 5 40 % 42
BBl % (34 ¢ 5 1998)

d 7 drd i E NOS R F afh i & W Ak & Ry e BaR jbrid

FEE e o K R B ehF AR k5 > McComas £ Olson (1998)# 71 NOS
AFF - A EE - HERAEF 4 g e P S o B FH A 1990 £ K12 E R
(4% »# 7 11993 # AAAS (&% ~ 1990 # AAAS = %iﬁi%ﬁ%iﬁ ~ 1990
£ F R4V HEE 1996 & £ K National Science Education Standards) CER R
FEr~ e X B d R 8 RS L S I#.-Qm?},% F]Ejﬁ}?‘»ﬁ
TS /*Jc ‘riule A NOS s 4o 1 - j&_McComas ¥ Olson 1% » k5 » {75 %
ﬁjSﬁ\&g§7m\ﬁ%(7m\ﬁﬁﬁyﬂ2&o

AR RT S BRI G BRI kT B B T R
S BEHNOS:E- HhmdEE®RL > A2 4d > AR FFA LR T LA -

s FZRH NS F

FATE ¥ Tyler (1949) % # N AZF & S B Y H ~ wILE g o BALE h
TR E o AL E - R R Y INOS BALE i & B RE S RN
NOS fis + 4 13tk » £ 22 Rk -

— >~ BEuEAAESH NOSHE »

Kuhn’;‘%%?i fingfEm o B LR IPE FoAE Y PR TR
HRFOPE e L T0E T PERERIET AR FHED ZHER o A
ERET ARG LR EARPF B DT AL o bldow g Arit £ K 60 # Lo
FINOS B » 14 % i % 378 97> 4o & Collett ¥# Chiapetta (1994)3z 2 /5 NOS &_:
ILPFIFETp AR LY 25
2HEE - fAIFL P
SHF A amimend £

AR FT 0 100 £ R G & - R sAE (KT %0 2008) 0 FR
POl EpRad RS RE P e T RV R T SR AR
F B E Y LT R0 7 FREMN e P @ B gl B

58



BENE—FB G REAFREBEAZ TR ERET NS

Bor B RPN FREERES f DT EHTINOS p ok o

o4&k Lederman 2 Hgrg e PH A BPRELF A (o
JRST~SE~NSE %) & &1 & i enNOS B2 77 7 > & is 7 £ 1990 & {5 1 it
FINOS# 7 £ 4 £ & 127 Lederman (2007)# 3] & 25 F she F1F b %
P HRABLFSIT > PRI R ARG PR M T ol R IR . R
TREERA R e RS P R BBt o 72 Rt it AAAS S NSTA
EW B MG B AFPF R A A ARG P LR RS
Rl B §8 PRAIPFLATRE - F BHIEF A BT F o
AP 2EeR e X RAPF LA A5 AR RS B
# e NOS J > ie98 4 e 2% 7] Kuhn £ Feyerabend # 454 4p #1362 5 © 1254
1P ’5%7\;4537%{}; $1960 £ iz > AT il i PE BRI FHEE LR 7RG
FEORE S ZIHEFOFREALRTFPEEIBA A EIRFTERE -
Feyerabend cii&=44p 3k ek & 70 # R (SR S f4Fa iz - » Figa B
KIEH AL ERAS R FH Mg e [ F2 NOS gk Fidim2 o

.2¢ ZILApsHAF L gk~ ~ 3 * Lederman & F} < Views of Nature
Msmmewmxﬁ%ﬁ@gowm?u¢m§wﬁ%%¢%g’&wmp;
$hOEREFR VU AE AR L R R A SR - 2 7
I EA o ¥ - 48 NOS BB A 51T~ A fp e =2 A5 30
FHEE 2 2 @ % VNOS B % o 4@ Tsai £2 Liu (2005) 7% B ek % £ %
Scientific epistemological views > & 7z 7 = 78 NOS LB > ZAp$iazhtn ke > & &
YLAR G AR ¥R o

NSTA (2000): NOS jaLss 33 £ 8 &2 & el 5 ~ EALAL S hpl g A -
TARFHEBANOS i - MB L LRE > T A mé U ERE TS
2 B TEg g o cpn el e B 8 4ol AAAS (2001)4 G LS R EARSIERIE
e KRF €T L 5L (AAAS, 2007) 5 Hp v R AER > 2L
¥ - National Academy of Sciences [NAS] (1998):%. % 7 e 345 ¥ 1137 = 7 o eiafd
Fipg PEBEFLYFES L R PF B RS - P25 L
A ARYE - Allchin 2004):: PEFHFFSA B ETAAENTERAREE
LR APEAEREI RS EZET 2R c G LB A EHh e
BT LB o BT L GEEREL > T R E B B S ek 3 g e

TR TR

59



IR E RS RS TR/

22 WHGRAREHEHEEET R

g ¥ bl ) FrH %
Akerson, V. L., &Abd-El-Khalick, F. (2003) VNOS R KEFRE
Bell, R. L., Matkins, J. J., &Gansneder, B., M. v
VNOS B-| B Fpw

(2011)

Bell, R. L., Blair, L. M., Crawford, B. A., &

VNOS 10-11 # =5 4
Lederman, N. G. (2003) *

Khishfe, R., & Lederman, N. G. (2006) VNOS eI o)
Khishfe, R. & Lederman, N. G. (2008) VNOS 7 E BB
Khishfe, R., &Abd-EIl-Khalick, F. (2002) VNOS 6 & &g 4
Walls, L. (2012) VNOS 3 &858

%3 AHHEE B FEABF O RA

A8 $Hem o4 i s T
Cleminson (1990) AAAS (2001) il 72 (1996)
Lederman (1992) AAAS (2007) 7 3% (2008)
Tsai £2 Liu (2005) NAS (1998) Carey ¥ Stauss (1968)
N NSTA (2000) Collett ¥2 Chiapetta (1994)

Allchin (2004)

d pb¥ 2o ii?zﬁi‘“ﬁNOSTmy—ﬂm €§'°7f"‘%? ?m*ﬁv‘}mNos
FARG R P BA AT REE 0 BAirR BB FER Y

=~ BEFANEH T

Rped #- PR ERREPEEPHDEY - F 2 ol & - TR
3 NOS &4tk AL S — 4« e A B enE 0L 23R BT L b K 2
Wogie  TIAPEORE R I PR RER S PPEF B B 0

60



BENE—FB G REAFREBEAZ TR ERET NS

R RS F AP ET B D kPR R (7 28E 5 2002) 0 x j¢_1988
E2 BERORTFIRT MAE 0 BREPEARL Z AP R A FHERA
- *%&?%7‘ - (ﬂ 2RI 5 2002 5 %A F ~ AW > 2003 5 RV E 0 2005) o

TS EE o ”’fiml_&]ﬁ SRR BT FEAER L WA
Eey gl ﬁiéﬁﬁﬁ,ﬂh H ¢ R g % Black ¢ Atkin (1996)3% 4 #1484 i e H

B R R S S EHRBETRG P e o U
EAREAT o AEMEe 3T ~ EARE 0 G KA E > B F e g AT
F R oo @ — AL AR S R (7 2T 5 2002)
ARPFHALD A AL D A ERAP O ERPEF S PHEV GRS
LERATE RO P SRR & X R AAAS (1989)7 2 % 4 7 NOS £ 4
AR S RIPFE PO EpR o e 3
ﬁﬁ%ﬁﬁg’” ﬁﬁ#%ﬁ??ﬁ%

21429 72V, bh’ﬁﬁ“'}mx% =

3.1 feehA F —,*i PR R PTG R F e AR

447 F el am R W 3l

SAHERILF F B RiERE
’"Lrp mﬁi:}i,, oAl ?&‘%’Kgﬁ;ﬁ;'}%i&

7_7fiii‘fr7r+ g 5 538 7]

AL ¢ i iiif @ R PP AR T U] (e LI EARJIE R TR IS B2 7
A

QTP * 455 (¢ X FMAHL SR AL eBERE)

JEos ¥ 4 gh¥tpe McComas £2 Olson (1998)z 2 NOS H_% |78 ~ w1 &
AEFAPFL PP TRy TS Lgad < L (2009) hpghigin o T
FEAFHDRA - PR > FHAES T UERAPET > de ! R 3 RS
BED b 0 EHE 0} PR R AR EE R o H 223455 BA LB
Boh L BT R BRI o % 6 BAUF e RS Wimri
EoEPFnB ST A LAY o 2 E MRS A E 2 o 4o Kuhn (1970)#&

T e S SN T %@ﬁqﬂ%‘?;ﬂ'@ #3 k peEk e % 78 E‘L&ﬁ—?
M HEALG PN P F R G PN LR R o 2R O Rl
FHL ERIEH G CREPE Fty BT ENATLREL T R
[ 5enTld o KPAT ALg PR B enEe Baw kFHEHPRT 1
#oofE R 2EHAE - T A% K AAAS (1989) - AAAS (2001)22 AAAS

61



FHEHEWTFREL B R T /<750

(2007)® > FHAR-NOS &L A FAF &3th ¥ LA TR L AP Fopit
FALRE & TR 0 2 R AAAS P F B PE A [T R AP R 4 pLE

FENER LESIEE > A AL PR LTS B AT R
AW NI ek E- fop e BERHEY PNOSHPHE AT LR
AR s LR e

T RIES T NEE

W E LG PRRY UTEA NS hr 4 BARIE 3 TR
I et ia;{_:_ = {I__.]?I)gb f{*ﬁ_ .E;I*—:L m@ﬁjgﬂg\ :?Ufia— v m_r)f,]Jm]L%;\ N
FEASR AES CFEDAI QAR OPERINDAL 0 T S ﬁ%%m
o LAY R RGEY P e P B2 AR 7

FArenlp oo 2 R 4o 2 ﬁékﬁﬁﬁﬁiﬁﬁﬁmhmﬁﬁ
AR BREEHTFL A by LERPFLFEPTREE . 237 8 ERIA
PEELGHL 2 B BT 2F > RS S 2 Feyerabend e Bt 4 > g
"wﬁﬁﬁj‘imﬂ" jliﬂ'/(f:]‘ Kuhn» %3 p F”i&—?-;ﬁl" FEE G "’%f‘
%Ir\: _?_‘Ui m%ﬁ’p“i]“} AR F‘(2009)F'\-¥F‘ i wai? = ‘kkl——ﬂ? %L:L E;f v S fﬁ!
THEESZ B REZERE RN T FHEAR R RS T
Fgrp—«k{g e X J F’;j’_‘?‘ﬂlg El;fg,m, = F]“innﬁt AR 3= A & oo it
AL Ao R AT 0 4 R i R *K&;fi.éﬁrr’%mi o o§ - iy
Pl AR g 6 cnig Su il B > (R F L E Aoahiv SR AL TR TR

HAE I E Ak R eegehs o o £ Kuhn (1970)vﬁ;_m1‘;—, fro &L L
PRAGRT PRI AEL PR ADLR -

SECE Rk N S Eop Jo I SERRERE o SEc AR Al
%o ﬂ%ﬂi’mkﬁ%]1%0&&¢E§ﬁ#«\ﬂ§‘§§@ﬁ§ﬁ’
fpEoT e Bk, < DB T LTI o L E R R R OA € 5 7]
ﬁtm$@%uﬁﬂﬁw4,ﬁwpﬁﬁ*aﬁ@éﬁ%?ﬁ?ﬁﬁ%%%*
HHpPEs 2 o o83y LTl £ 8 L4 ¢S REFA DR Fl2
- s A FIRHAEEE B EE T 0 S PR R R
WA A E T ERE (NRC, 1996) -

62



BENE—FB G REAFREBEAZ TR ERET NS

LB L R RROA L T L L s
pARA G FABMELE S
HEED- oA ﬁigﬁqﬂﬁa
AR G AR YA By (2§
RIEAR R AL K3 4
NGRS UR  E U o A s,
Wehd B o & PR
g TR B R &
Pt s 30 fed i 3 3 &K
FLE TG host i A L o

T3 Fr‘;
I

Fu-
ol Ry

T g o AABRET 2T > 7
‘ “;/JI {6 RBrERITAEORR > A
L e R FF ASPE R 2
i’“ﬁm*ﬁiﬁwﬁ@iﬁﬁ
g 23] A m"‘]-%g/ By prs g;?}tﬁ_
ﬁ%ﬁ’?ﬁ%%ﬁmﬁgiﬁw
SRR 0 dodr e FfEip o H

g 2.;?
- +:\
o)
ES
AN

2

me
e
i

i
=0

{
e
®
2 I

n

e
pEicy

v ale

v
o 3

3R H O~
W@%%,ﬁégﬁm
“%%‘f‘\%m‘fmvzs

B
B g

Bon % AgEFARNTE
— R RBEHE

PEOEGE LA 0 LR EEREVIBARILG AL
PO F R RG R fRAALE SR KT BN F R PR
TRE ¥R (2011) A8 ERKT Y ARSI A 2
MEEFAOREGA CHAFREHY - P ARRED P AR
BARERT RBGEREEORT  H IR LB £ F 4 3R (reading
writing ~ arithmetic) » B & 4c » 324 (rationality) » 32|+ 8 4R 2 9 A& 5 & >
HEIRT T2+ FIR T Lt ad o @ (5 047 B R Kot - 3
L IR R Ereng 4 o "}I‘."lf»‘_’ﬁ#}i—ﬁi?}& 7 g4 ﬁﬁiﬁﬁ'; 7?1’5‘1; mg,ﬁ_?ﬁ;

fB o Ba K wapsY FeE 9
1050 o F o ?;,’Qi;ﬁi?)@ﬂ%lé SRS SRR S TSR
BT AP S kRS R RS VLA ARERPRRL - o AT AT
B E A EPE G 3?/"\’ WA P B s LR R g A 0 3R ARAR
#

\

NS S LR A EFRE  E RS EA N AL
B2 40 %xmﬁ»ﬁba %F?ﬁﬂvfﬂﬁ s do L i fxﬁvPopper#R;; BAE . T
R L s L AP R s E R e e E T
ATH o B S CEE AR ¥ 5 AL 2R A R A fenE

63



FHEHEWTFREL B R T /<750

Bifd grhlig 4 o 2 NOS e LR it Bl > S {5 53R
F ok B ETE LY ) F A R R REA S R A PE R R
FrffomE s PHE DG EEEpEOLES A3 LB P A L8 o P A
BAR S K ONOS ¥ it o

Hung (1997)% 4~ f#F & 4ipse hflid 4 o P DL 4 L XT3 AR
g FEFFIwEkS R 2 PELG Y 2 ERE S A5 - TAREP EAT
PERTEHA ) RREBERERER AREF AR I AIHEANLE SR
R 3 FE L ERAENMILGE & 508 2 PHGRE F TIRIES
FE-FENOS il s §HRFPHERLL U &2 o> PHRX 4o F 2 2
pd G PR LR PR IR N R BB HhkiERe AR
22858 LEAEhE T AP A IS FLARANRE o £
HEFE R B kg &F 7 i B3R NOS ¥ § tRefp $hcnLeh | §£ 0 5 4 o
NOSE L FHE@ 25 - A 2me - mad g 7 ERELH
AAPEAMA P EAFF BT EE % (Loving, 1991) o 4ot 24 AR Tz
2B g PEE?FALRE BT IERN- B PERRED
B BX APES 7R AR P b o v R I Y #5 7

Kuhn (1977)+ % &~ # 8 & 4ijiss & g W) a0 o3 4e 4 > #2158 24k
LA o A FRIE o Kuhn 32 B4 8 L joacd ) B 500G TR R
24 e fd o Eager (1991)R:n s £ MM L Mg B ehgifd o F & jw
B CEE AR E TP RE N HIT T G Pl A R ?
% FINRC (1996) © ‘g3 » 4 il 2 SR E LR f T RRIS R S om0 G AT
YR T AR DA E FR R

PR r3ass 0 AP TR E R T E s Al o T E 3
e FR MG IE REFER o

=~ A2 e ey Bl

R A PE G BT B - HIF STS gt e BB e
CEFH A LR RRA NP IITNCE RS o o - BEATE LR
%548 (B3 A112) > 2010 £8 & o B AT2 hA 2 8 R 5 Fl (114)4r Lv
(116) > Fe P>t 2011 E 425 o Bl T § - VB RS A REDFUF ¥ cha

64


http://zh.wikipedia.org/wiki/%E9%8E%B6
http://zh.wikipedia.org/wiki/Fl
http://zh.wikipedia.org/wiki/Lv

BENE—FB G REAFREBEAZ TR ERET NS

Foo2 IPPE RG T HEW A G AT R
ﬁ?ﬁﬁﬁ?%°?&%§ﬁf%ﬁﬂ%@g
Yo del FEASFTIEAEY > FHF
FaieplvuiIpe 4ol § %G
FEORBEFTALEFIHME « F0ALE 2T RS AL EMAINL  HF %
TR E RARkARH AT o 5 AL g B RIS R o B L A
RE it gochrng B8 ev NEFL TR e- HERABFHROHRLRE
o A Ak gﬁpﬁ’ro IV u.’rf-fg‘ wﬁ%frﬁgmf%x L_ﬁi%?i E_%;?m,« HEB o
FREAKMNEBHREFAGEOPSFTLE > x5 (2004) s f#Hd 1 g8
ptmigﬂ; ) ':gl“”i B ~ e~ &3~ Bﬁﬁlgéx%zﬁg,?k_p;\ u}\?
g4 P o AL (2009) B APEFELF REZ D WRAD WA E G ']‘»
IR F ot A AAF B0 R g A R AL AT rdk § 30

Sk df L2 4p M1 o

o~ F_L
4\‘2 Pl "‘“_j =
e

Sy
S
<y
o
3
f‘n
A
)

e m

= R  BRR R S B

KGR ER R ERE > B B F LR Jq‘ui¢f¢ﬂ EERIE ok 4 Ny
m@ﬁi’éﬁéiw 4 SLF] iR ﬂ%%ﬁ’TﬁiwﬁﬁwﬂAmﬁgp“’
LRHER -RPB e FoL T HL L T A€ L Renigmpg A @
FZABEPE R 2T 2@ o« LT R3 PEPERIR Y P g5 32
PRt SR LR P I P e s
LERE o X Bldrd EZRETF B WA 0 & THAlEE L > T LA
?ffﬂk’ By 47T > BB EPTET P RIS 8@ T RERLH
Flgge ~BFe FHR - GRERLEPTPE B AT LAABNEE S » &
BF o4 KPERGAFTHALFL G ~FT 427 &g% FEgaFE (7]
£2009) - X UBEFERHLER  RPF R ER R AFT 7
ZARE S ERG TR AR L R I éwg’?f;}i% oL O FUR-g
Lakatos (1978) #73} crfL & P IRP A hop IR A 4 g it o

65



FHEHEWTFREL B R T /<750

A s R

FCE G ehdR et > SRR DAY BB NOS & e 3T Rm A c R S R A
NPk LB NOS g A T A ) B B ¢ A 4
o A RBHE A A e Bl ﬁigr\r’*‘kv b 2Ry 3 B Ry 2
awomﬂﬁw&ﬁﬁWQ*i P gL R R
PEPRTRE I 5 0 % o f B S R ) ST IO S L R F e R
ARy o B H @ B 2% 0 A gg:;f#o e ¥ 2t Mr}, mﬁi‘%ﬁi’l&q\fi
FREGEL ek > WRPE S B ST TR 2 S HE R
AR .@;gﬁmfﬂc 4 7 A5 A0 giif?ohﬁ'llﬁlgfr’i\‘{][ﬁ A BIZE gmri 1:#
F?%ﬁ*%%ﬁﬁﬁﬁﬁ” %*Lﬁ’;“ﬁ-*W?gﬁmlmiﬁa
B R e PLEE R BALE T RRET 0 (%) fé%ﬁt/ﬁm v D BT Ranp AT
! Ei RpH AL g Ol G PF SR o

POl B A RSN F A S L P A B - ke NOS i R
BANERREHMP o HT A ERPE I JE- Y R E2LILELE
o m A B4R AP F RXfRADPIERSG > FERE L P EE
TE R T OUEGKEY B R E 2] B RTERRAL ) T 2 HEY
E S A IS ) 3}%?&?}5’1&3;@ v x 2 &% NOS B - tx A=
3B oL A E Bl > S R AR E BRI FEEE

Jummﬁfnit‘)) '\':"I,Zfr'lg %ig%ﬂ?mjﬁ'r’}l}’_%ﬁ”[,l LLﬁ 4 F R o
ﬁ%?ﬁtkﬁﬁ%*ﬁ%pﬂm foeni 4 3 EINA o 2 BB AP M AT B ih

Frw#ER > 7P SERT 2R R_B L R PIAA SRR - R E
SLPANNVE S gigg 0 Qp,figr;ﬂ4‘4 ggﬁﬁqﬁg#. Bt B E A B A
ﬁ‘f#*%7 ? &1 K/,,\mst—if B P APHERITE R AIES S TR o
L e g ﬁ&%ﬁuyfiﬁ SRAESF G RL 0 LB SR
%’%mbﬁdma’m SFFRSAETZLI R

P8 AR A 4 240§ 472 HE40 0 AAAS  NSTA ~ NRC £ # o1 57 NOS &
DA BAT RS SRR A P HA E A Rg o ENEERS
TS H AR SOR AL 2 3 L ﬁiﬁff’pa rrf} me 3£ - Smith
22 Scharmann (1999) & 4 4 & % 5 NOS % » 2h{g=4ip ¥ #h & B AP FHHh o

66



BENE—FB G REAFREBEAZ TR ERET NS

AL BPREAREE A AT p R 2E5p A B 4 Ll KBy
NOS » iR# 2 f X4 § 3 I chs > @ 4 1NOS BLBR > i3 38 803
freBsh 4 SRR BT 1 LR - O i £
NOS e & #1i> » o 5 3h P14 4L~ L BB » bf HBBALITT 1iE 7]
Afedrck o VP AE DS L BEARLET R g@ﬁmﬂx? (Allchin,
2004) -

KB A TS NOS SRR EE ) R AR

1E-F PRI FPHEAHMAELY > BN AR iRy 38T
?*ﬁm%?Jmlkﬁ&%w*18@ﬁB’N*p¥4%%ﬁmﬁ B A7)
TR E ) o E A ANOS? i A EPH AT VI B s AT
EFFHA kY Ev ii—ﬁﬁﬁﬁﬁﬁﬁﬁi?’&%ﬁﬁﬁﬁﬁﬁi
Fauadia dpik e

FRL L2 40 (2003) ¥ S E AT ARINOS it 4 q ik 0 3 i # & R
ﬁx;ﬁw‘ TimernE s B A A EE AR ARG T BIA 0 TG BP NOS

¢ a‘ﬂ“’—ﬁblﬁl“ A2 FLE o DA P LT B RDEF AR E AT

18 3 NOS it 4 g4 e 738 » £ 7 0 4 NOS it 4 4p ik 230w & = 347
@ (2009) 4’51;2007 # TIMSS ¢2 2006 # PISA *5iplit % » & SZEREN 4 # -
7 NOS iz i > ¢ 3
LESEHEFoPTEF Ky BEFOoPFHRASE FRFEY | 2 NOS
ES A
2?3%%“1%?%%“‘ NOS et B & ¥ £ &34
3k A RAF L NP s AR FRBE IS i

e ) (2009) GuE R ALK L4 E- F B ANOS T A H G o iR
v F 4 4 NOS seu oL gl ~ F 1 (FBLEE 2L LR - # % 1 2h2r McComas
22 Olson (1998):n5 NOS %A 48 ¢ ~ #ELE - wBE e F iR
Fapin o @ 24 L ERKTFF R Ty S PEFR - FHFRSNOS A
%§%${£%$§iﬁH%Boﬁﬁ%?ﬁﬁﬁ%ﬁﬁﬂ@Sﬁ%’%?ﬁﬁ
FELLERFRAFH LA A 4rd o0 fT LRDRE HY L
% NOS JUrf 2 e h A L bt 6 £ M B BT E F 2B L RE kD

67



FHEHEWTFREL B R T /<750

NOS R4 > {740 1213k 22 e 2] o

4 AFEFREIEED L FSHNOS FEL

& NOS
o PE B ARG 2 L & AS s B e
PR R R mLbnea, § BLE dimo

ﬁi%?ﬁ*ﬁmr*'*"‘? gk ol B ERE 5 A e
FEAFEREE -~ p R L RERR

FE G HEUP > E ATy T80 o RIRELDT E A RN
EFFE%EO

PEAD BAELgE  ~ 3 i%f#:rﬁ%fi&\ °

g PEE AT fh- M g X R :

A g B .

PEIPF RO ¢ FAFPRREGS 0 B2 R DELIRES
iAo

P

ko w g RPN NOS A dp i < AR £4pth o Blde © 3-1-0-2 4
BEBARRNEmBE ¥ T LG ATHOE R o G AN i 4 dp iR
§ 4 4+ NOS srnmakgp 2 3= € » Allchin (2011)+ £ $Fiaf88g Bl £ 0~ 2 4 N e
NOS-izfa& &4 Mpip , ~ TH ¢ | T 542 NOS it 4 fpthd 1877 1 4
oo BRI SR SRnAvic 4 ehp R e 20 Y A3 L% NOS & & 60
EN S FREBPLEFETARS NOS » & g fdpeh e gk b % o

1 & - FF%Y NOS chp Fivak £ 2 o o ep & > 274 - £ B NOS +
$§7 v > 18 g £ - F ONOS i 4 fpfkt 5 e @R BT FRY > ¥
FO2AEAEERE ) LR LA EE B DG w0 AR HHREE P
FEwmHA AT ¥ Ao 18 a4 #Fl’fﬂ“ 7 13 A F #hh e 3 598
A AP ¥ 2 cpLEL o

BCE o it ¥ oAv s AR E R SRR o RLEE > A el | oo X
Je#E P McComas ¥2 Olson (1998)% » & B NOS eh: e ¥ -RP 4 £ - 7
NOS %% » B2 4rk 4 -

68



HBHF—F BRI THHGRAZE SR R

i~ # NOS ey 3k

Lederman (1998)% & % # NOS eh& ¥ 52 = x3g » & 7 ‘%Vﬁf{»’zﬁ
(implicit) ~ fr ¢ Jc 22 7 % & (explicit) - # ¢ &of 5 F ¥ 7 L0 @ LeniF §
g ’41\?3é?’*JﬁB"ﬁiﬁPﬁTﬁa’*ﬁi,ﬁ?/ﬁ!fﬂ’%‘?é‘_?ﬁéiﬁ&%’éﬁlﬁlﬂ?ﬁﬁii’

2t H — fﬂ—% Lbfﬁiﬁ‘ﬁiﬁ’}tp,\s% §4 fAPl -3: 3 ,t; )‘); ;,_,ﬁ“g‘!;o gg,_; ?‘;{_:nj_l;t;
BEF R R e 27 wa FOBRRERE ﬁxw; Fadd %R
FonEH e - TR - BRIAAE R OESE w%ﬁﬁ?ﬁ

SR L FARAL 7 0 FF NOS .  E A ity oAl o E TSNS f}(ﬁ
® i NOS LBk > & R85 7 NOS 5 » FHpr i l——vﬁ FEAFELMI L 8T
S FRE F%h?*%?ﬁﬂﬂ$*l E TR ’_m%@ﬂe£§4;
\..EIOJP,,Zﬁ“ TRRARIE VRS SEhE s RES r;fi%‘fmﬁg’pﬁ
BAArmiEa? | T33 ”w&zéwrig W2 BT R LR el
FRBRMAEF L EHY SINOS THENP T KE c P R ER LA L E A
AT ¥ ’%‘#@#m&ﬁﬁﬂ?( ArF 2 FAE R GG E AP T B4
BRAFLDEE - N LEIREIE @ THE2 2 R Ep ST
vl lff'j\ ) "”‘ b B “E’kﬁ’*ﬁi?ﬁfrz 7% X i AR o

LAT (2005) REBASET RS A SN FRNE R E TS
ﬁ?ﬂf‘%‘f‘/‘f PR RS S B AR H - o q SR de L F LT A R
I A e R 2 0 s~ NOS B o BT 'fvﬁ]é{zg'a RS
NOS fiar B ieen® s -l 2 dofl & ¢ % & - BP &% 3 2 Eoaik (1997)
ﬁﬁﬂ‘ﬁ%ﬁ‘%ﬁ*‘W%Kﬁﬁéf(w%)?%??&#ﬁﬁ(m%)
ERXERFPFLE AR PE R L o R A F2NOSEY 0 2 4P
W%WWF%ﬂWDSmg?ﬁﬁoBﬁﬂmiﬁ~ﬁﬂ+§B%ﬁié$ﬁm
KPEY mE 3 AR GR Ff - REPERH P ET o e B8
e %’éél‘?ﬁxﬂifﬁ%ﬁ?é’zi VL BE AR ENOS th3 2 o Ra o g PLE Y
SRR 0 AT b peINOS F Y 05 ?

Abd-El-Khalick £ Lederman (2000)=#= 3 @ @ i ¥ 166 # ~ § 24 £ 15 %3
nRFFEFHEL DR O FRPE ORI REH 2 ANOS L E 5 L 37
BE S IR AP AKE AT RN ARFRE L K B
LHPHEELTENOS - R HFFenE i frgeF it 4+ £ & %% - Matthews

69



FHEHEWTFREL B R T /<750

(1994)in i A8 ¢ e r A E Ffe? > 2L B en I 7 RS FY 245 L F 4 HiF
T AR o Matthews » dp 18 * P W REF DA > ¢ 17 FF L PRF ¢
Xgﬁm§4ﬁﬂ§m:Mo%m@?ﬁ§Q1%§%§4ﬁMrmﬂ§iﬁ
RN ‘*’L?Jliﬁi%‘f;&g«fi—i’NOSK@gﬁrirrf\i:ﬂ;%\w LEPF LR

ﬁiﬁéﬁcﬁi T2 2 f2ELHNOSaTRB 3 Hbbapm -

Abd-El-Khalick ¥ Lederman (2000) 7 & fxzule £ & € g » ch F gk -
BARHBBE T T o2 SR P T RKE Gy o B PR RGP
T RE L F px £ Akerson ~ Hanson £ Cullen (2007) ~ Lederman (2004)~ #& !
BIREEP 5 HE 7 1% E -Khishfe (2012)# 1 i~ # % NOS &2 #1823 %
@ sy ¢ s Baeg d F2 NOSHEE AL o Ra o Fp 13 - Hhoar
BRI (2012) B B4 #5 B NOS m% EARCECOR A S L = B
NOS gLeds - 4B 1@ § A/ € & (L& (Toulmin, 1958) » 4% 3 & 57 LR
E A o T oy BIEHRIEN A o R A2 RETHRERF o N TR
BT RSP ko, NOS L0 w45 G ¥ @by NOS jLing 2 ik
B Tl ekt o W ACNOS B hE 7 B o RH B Rhent e ftivg HFiE-HE
Fo R kTG NOS BLiE 7 s e ip AT 7 o

4N PR s AR E- TR RE A EREEEY o PRy LE S
FENOSY Fi = F 2B Y PG B 4 BELAS o Aa N E L
LEASREY PP R RE A FAFET AT HAME > T LA NOS k5 48
Foo v ERP NOS k5 4 -

%% LRk

7 2RI (2002) - 4 [j]]rf.—;gr_,figj;i—? ﬁq;’é;\‘.%,ﬁ»_uﬁii?@? ;H;Lij;?'{t; o pL T‘L?’t
TFT 0140516

FI & (2009) o e BPY Y P E R EAE o AT R PR KT
d AL o

Z 473 (20096 7)o & TIMSS2007 ¥ PISA2006 #5 B34 & ¥4 & ¢ & 17 2 4K
EERE S 2 R R AT RT LY SRR 22
2APMARBATY 2000 # X B EBHE AR S o

70



BERF—F A REAFTHERZARTOHERY R

AT B W (2003) 0 S Y B EEY ] FME PR T R Lo
BExT Ay 0 159 70-75 -

B (2011) FERT P BRA A - EY ) EKRT 0221 0 59-62 -

Rz (1996) c PLEhRF o S5 I fEFHE o0 o

R~ FIFL ~F S MF S5k & (1998)0 @ 2187 @ NOS—
M ESERE AL LERY A 5315 2-18 °

P A AT (2005) B F & g~ L ERARSFT ] FIE o WRETAYE 0 185
62-67 °

A3~ Btk (1997) #£8 ¢ #HRM/) » #5524 1212 NOS 2 5 »c - f g &K
THETEFEREN 82641

KT (2008)- 97T F RRAY | B4 E- FHRAKLE o L KT

FRE 240 (2003) NOS kE 4K - ERYFLEHF R F 33,1528 -

&% (2004) AP BYEALE o ST L EHE 4';1;4 o @ oo

<% (2009) W"%‘?fi?r{*ﬁ’“m‘ BRAL LA D HFIRF LT o

FATH 2 Ak (2005) L EL R ﬂ*ﬂzé FiopERTELS

FREF 415 17-34 -

24 (1997) - KF F I F o B warn L EEEHKTDTRTE

n*?’r"i’r?ﬁﬁv BI1,> 7 1- 42 IR ”ﬁﬂm"

T; ’]‘i% N ’H‘]JLZL N T‘“’ 154 (2012) ° Il \:W pﬂ_/r' % B R AL 4 ’ff'fi% *
?%I&oyfﬂﬁﬁ? »20 (2)> 145-170°

Flie &~ #E4r (2012) - f“@]'ﬁ ERY PEREFEYHEEY  PFRY
3.3, 347 5 2-20 -

w0 (1998) c PR E A NP E N L STS R b o N F AR F
ipk TR B ERT ?ﬁﬂﬁn‘ﬁ §RIPERB R, (T
445-448) > F 2 H o

Fev iE (2005) ERY [ B ERT o RY FHREFLEY 75 64>60-88 -

AAAS. (1989). Science for All Americans: A project 2061 report on literacy goals in
science, mathematics, and technology. Washington, DC: AAAS Publication.

AAAS. (2001). Atlas of Science Literacy (Vol. 1). Washington, DC: American
Association for the Advancement of Science Press.

AAAS. (2007). Atlas of Science Literacy (Vol. 2). Washington, DC: American
Association for the Advancement of Science Press.

71



IR E RS RS TR/

Abd-El-Khalick, F., Bell, R. L., & Lederman, N. G. (1998). The nature of science
and instructional practice: Making the unnatural natural. Science Education, 82,
417-436.

Abd-El-Khalick, F., & Lederman, N. G. (2000). The influence of history of science
courses on students’ views of nature of science. Journal of Research in Science
Teaching, 37(10), 1057-1095.

ACARA. (2013). The Australian Curriculum: Science. Retrieved March 03, 2013,
from http://www.australiancurriculum.edu.au/.

Akerson, V. L., &Abd-El-Khalick, F. S. (2003). Teaching elements of nature of
science: A year long case study of a fourth grade teacher. Journal of Research
in Science Teaching, 40(10), 1025-1049.

Akerson, V. L., Hanson, D. L., & Cullen, T. A. (2007). The influence of guided
inquiry and explicit instruction on K-6 teachers’ views of nature of science.
Journal of Science Teacher Education, 18(5), 751-772.

Allchin, D. (2004). Should the sociology of science be rated X? Science Education,
88, 934-946.

Allchin, D. (2011). Evaluating knowledge of the nature of science. Science
Education, 95, 518-542.

Bell, R. L., Blair, L. M., Crawford, B. A., Lederman, N. G. (2003). Just do it? Impact
of a science apprenticeship program on high school students' understanding of
the nature of science and scientific inquiry. Journal of Research in Science
Teaching, 40(5), 487-509.

Bell, R. L., Matkins, J. J., & Gansneder, B. M. (2011). Impacts of contextual and
explicit instruction on preservice elementary teachers' understandings of the
nature of science. Journal of Research in Science Teaching, 48(4), 414-436.

Black, P., & Atkin, J. M. (1996). Changing the Subject: Innovations in science,
mathematics and technology education. London: Routledge.

Carey, R. L., & Stauss, N. G. (1968). An analysis of the understanding of the nature
of science by prospective secondary science teachers. Science Education, 52(4),
358-363.

Cho, J. (2002). The development of an alternative in-service programme for Korean
science teachers with an emphasis on science-technology-society. International

72



BERF—F A REAFTHERZARTOHERY R

Journal of Science Education, 24(10), 1021-1035.

Cleminson, A. (1990). Establishing an epistemological base for science teaching in
the light of contemporary notions of the nature of science. Journal of Research
in Science Teaching, 27(5), 429-445.

Collette, A. T., & Chiappetta, E. L. (1994). Science Instruction in the Middle and
Science School (3"d.). Columbus: Merrill.

Eager, M. (1991). Dissonance in the theory and practice of rationality: Teaching
evolution and teaching morals. In Matthews, M. R. (Ed.), History, Philosophy,
and Science Teaching: Selected readings. Toronto: OISE Press.

Hung, E. H.-C. (1997). The Nature of Science: Problems and perspectives. Belmont:
Wadsworth Publishing Company.

Khishfe, R., & Abd-El-Khalick, F. (2002). Influence of explicit and reflective versus
implicit inquiry-oriented instruction on sixth graders’ views of nature of science.
Journal of Research in Science Teaching, 39(7), 551-578.

Khishfe, R., & Lederman, N. G. (2006). Teaching nature of science within a
controversial topic: Integrated versus nonintegrated. Journal of Research in
Science Teaching, 43(4), 395-418.

Khishfe, R., & Lederman, N. G. (2008). The development of seventh graders’ views
of nature of science. Journal of Research in Science Teaching, 45(4), 470-496.

Khishfe, R. (2012). Nature of science and decision-making. International Journal of
Science Education, 34(1), 67-100.

Kuhn, T. S. (1970). The Structure of Scientific Revolutions. Chicago: Chicago
University Press.

Kuhn, T. S. (1977). The Essential Tension: Selected Studies in Scientific Tradition
and Change. Chicago: University of Chicago Press.

Lakatos, 1. (1978). The Methodology of Scientific Research Program. Cambridge:
Cambridge University Press.

Lederman, N. G. (1992). Students' and teachers' conceptions of the nature of science:
A review of the research. Journal of Research in Science Teaching, 29(4),
331-359.

Lederman, N. G. (1998). The state of science education: Subject matter without
content. Electronic Journal of Science Education, 3(2), 1-12.

73



IR E RS RS TR/

Lederman, N. G., Abd-El-Khalick, F., Bell, R.L., & Schwartz, R.S. (2002). Views of
nature of science questionnaire: Toward valid and meaningful assessment of
learners’ conceptions of nature of science. Journal of Research in Science
Teaching, 39(6), 497-521.

Lederman, N. G. (2004). Syntax of nature of science with inquiry and science
instruction. In L. B. Flick, & Lederman, N. G. (Eds.), Scientific Inquiry and
Nature of Science: Implication for teaching, learning, and teacher education.
Netherland: Kluwer Academic Publishers.

Lederman, N. G. (2007). Nature of science: Past, present, and future. In S. K. Abell,
& Lederman, N. G. (Eds.), Handbook of Research on Science Education. NJ:
Lawrence Erlbaum Associates.

Loving, C. C. (1991). The scientific theory profile: A philosophy of science models
for science education. Journal of Research in Science Teaching, 28(9), 823-838.

Matthews, M. R. (1994). Science Teaching the Role of History and Philosophy of
Science. New York: Routledge.

McComas, W. F., & Olson J. K. (1998). The nature of science in international
science education standards documents. In W. F. McComas (Ed.), The Nature of
Science in Science Education. Dordrecht: Kluwer Academic Publishers.

Ministry of Education, New Zealand (2007). The New Zealand Curriculum.
Retrieved March 03, 2013, from
http://nzcurriculum.tki.org.nz/Curriculum-documents.

NAS. (1998). Teaching About Evolution and the Nature of Science. Washington, DC:
National Academy Press.

NRC. (1996). National Science Education Standards. Washington, DC: National
Academy Press.

National Science Teachers Association. (2000). NSTA position statement on the
nature of science. Retrieved July 12, 2011, from http://www.nsta.org/

Park, D.-Y., & Lee, Y. B. (2009). Different conceptions of the nature of science
among preservice elementary teacher of two countries. Journal of Elementary
Science Education, 21(2), 1-14.

Rubba, P., Horner, J., & Smith, J. M. (1981). A study of two misconceptions about
the nature of science among junior high school students. School Science &

74



BERF—F A REAFTHERZARTOHERY R

Mathematics, 81, 221-226.

Smith, M. U., & Scharmann, L. C. (1999). Defining versus describing the nature of
science: A pragmatic analysis for classroom teachers and science educators.
Science Education, 83(4), 493-509.

Toulmin, S. (1958). The Uses of Argument. Cambridge: Cambridge University Press.

Tsai, C. C., & Liu, S. Y. (2005). Developing a multi-dimensional instrument for
assessing students' epistemological views toward science. International Journal
of Science Education, 27(13), 1621-1638.

Tyler, R. (1949). Basic Principles of Curriculum and Instruction. Chicago: The
University of Chicago Press.

Walls, L. (2012). Third grade African American students' views of the nature of
science.Journal of Research in Science Teaching, 49(1), 1-37.

Yip, D.-Y. (2006). Using history to promote understanding of nature of science in
science teachers. Teaching Education, 17(2), 157-166.

75



IR E RS RS TR/

Rethinking the Nature of Science in the
Grade 1-9 Science and Technology
Curriculum Guidelines

Chou En Hsieh! Shiang-Yao Liu?

A Yong-Ping Elementary School Teacher, New Taipei City
“Graduate Institute of Science Education, National Taiwan Normal University
*k121391@yahoo.com.tw

Abstract

Through document analysis, this study reviewed the nature of science [NOS] in the
curriculum standards presented in some developed countries. By discriminating and
discussing the NOS tenets from science education academic circle and the standards,
it was found that the NOS benchmarks in gradel-9 science and technology
curriculum need be reconsidered and evaluated from the perspectives of philosophy,
psychology, and sociology of science in order to fit with the capability of grade 1-9
students. According to the analysis, it was suggested to distinct the NOS from the
nature of technology. This study also recommended the moderate views about the
NOS to reduce the radical impacts on grade 1-9 students. Those views include
recognizing both tentative and endurable nature of scientific knowledge,
understanding changes in science both progressive and revolutionary, and realizing
social constructivist and individualist nature of the development of scientific
knowledge. Finally, we proposed the trend of the NOS curriculum and instruction for
the future studies.

Keywords: Grade 1-9 Curriculum, Nature of Science (NOS), Philosophy of Science,
Curriculum Guidelines
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Abstract

The purpose of this study was to investigate the use and effects of interactive
electronic whiteboard on algebraic reasoning teaching in the sixth-grade classroom.
The algebraic reasoning contained three levels: the basic level “Intuition,” the mutual
quantity relation level “Recurrence,” and the generalized algebraic symbols level
“Modeling.” The researcher provided three-week-instruction to  six
sixth-grade-students. The data were collected by the pretest, post-test, interviews,
teaching videos, worksheets, student questionnaires, classroom observations, and
teaching reflection. The research results are summarized as follows: (1) The teaching
design was efficient to scrutinize students’ intuitive thoughts and collect their
dynamic processes of the mutual quantity relation recurrence through the use of
interactive electronic whiteboard. (2) Algebraic concepts could be modeled by the
two-dimensional tables. (3) The average scores significantly increased from the
pretest to post-test, and the understanding of symbols as the unknown numbers was
also improved. The study findings imply that the teaching design in this research can
help students develop their algebraic reasoning, and provide teachers with effective
instructional materials to use the interactive electronic whiteboard.

Keywords: Algebraic Reasoning, Electronic Whiteboard
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