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Analysis of Elementary School Teachers' Laboratory Instruction
Process through Experiments from Science Laboratory and
Engineering Laboratory

Lim, Jae-Keun' - Lee, So-Ree - Yang, II-Ho
(Korea National University of Education) - (St. Mary's Elementary School)”

ABSTRACT

The purpose of this study was to analyze of how the elementary school teachers lead their classes of a science
laboratory instruction and an engineering laboratory instruction in a science subject class. For this study, science
laboratory and engineering laboratory lessons were selected and for each science and engineering laboratory
lesson, five elementary school teachers were video-recorded of their lessons. The science and engineering labo-
ratory lessons were analyzed by utilizing processes of the science model and the engineering model based on
Schauble ez al. (1991). The results of these studies are as follows: In science laboratory instruction, some partici-
pants didn't distinguish the difference between the science laboratory goal and the engineering laboratory goal.
All of participants used search and end strategy of engineering laboratory for science laboratory lesson. In engi-
neering laboratory instruction, all of participants guided to students engineering laboratory goal and used infe-
rences and search strategy of engineering laboratory. However they didn't use the trial and error strategy or re-
design which can be an essential element in engineering and design process. Educational implications are discussed.

Key words : science laboratory, engineering laboratory, analysis of laboratory instruction process, elementary
school teacher

LA E 2 AR S A8 97 SRR 0]

1996). Walell H3pat g2 7E As U= 5

AEH o Z oA 72X = WA o 2 A 1} e THOE A AYE IHF/]E%% Al
St Fehe A3 FREOIA Srk(Lewis, 2000). Ao} ShTK(Vincenti, 1990). FHehE Aol ]
gy wHEA Ee 223lE 1 PA|H PP Aol W oz o7} A EE AL AL o3
WA £ A A4 BA, o) wel FHE 3 FASS Bree solw, e A, 2
A7 EPgske] Stul waEA e BAE )l 3h AR, QlEES FH 8d0] BRH R A-83)
7] o) el goEes 2000 A, 2010, of wEeld FA U FeH A2 pEe 2
European Commission, 2004; Lewis, 2006). 33t} & ol o]& &85l = stEo|tho]7]|EH o]y 7],
& Ax} oA FAE T, ALS] 7817 Asl ¢ 1996; Bloch, 1996). o]&igt &k} Fste] 71 T8
3 WS W] wiol] BE sl oY ddHske ¥ gk ApolHde 13l0] @A E e Hiolth #8hY

2010.8.7(& 4°), 2010.10.11(14! S 1}), 2010.11.15(24! & 1}), 2010.11.18(= S S 1)
E-mail: yih118@knue.ac.kr( 2 §)



=3Ee AA AAE olalstr] 43 A4 e o)A,
olE el Bt Abgsith a9y e

= s

o) B BAG) et A Aoz gt
o] Q79 BRE FEA7)EH USH(NRC, 1996),
ol& I3k 71 LRbA Q] W o 2 A7 (design)E At
L3ltho] 715 o]¥ 7], 1996; Bloch, 1996; Constan-
tinou et al., 2010; International Technology Education
Association, 2000). B9} AAl= YAE1 &A% &
Aol RS Uﬂ AFLSHE Fojd =2 gy olgl=
FEHo| AR, B kA F2 APERE W
ola, AAlE Tt FE AHES= W (Lewis,
2006; Schauble et al., 1991)°]E}= =Fo] o] Ut}
Yy ‘AAIE F3 B(inquiry through design)’,
‘AAE &83F Sl<5(learning by design)’©] 233
A9} HAE oldlst=dl &34 o] (Baumgartner,
1999; Baumgartner & Reiser, 1997; Benenson, 2001;
Crismond, 2001; Kolodner, 2002), Bridge project$} 2
< 38 A7 B3t Sl F-8&¢ Wehs At
3L(Roth, 2001; Seiler et al., 2001), Z-& &2 o]3}
o} 2 #8hA d5S A 3 FEZ(Edelson,
2001) #sta} F8e] ARA AAE Hetuds
o A&3slee =8o] o] ShtiLewis, 2006). T3,
Krajcik et al.(2008)2 vy AHFZH<I Het w8
A3NA T8t FAE 7I9ESZ 3 Project-Based Science
A2 e ARSI, Wk ojje} Aol TS
ZXo 72 18} 7)& F8} ote] B3 wS T2
2 Q1 STEM(Science, Technology, Engineering and Ma-
thematiCS)O] W5 N opAt T sfURE £33
I Atk ol A F43 7] o] Fehe
03? - /MER&D) Aol ofsfA] o] Fojx Fol=
2 7] o]FolA kel MST(Mathematics, Science
and Technology) 53 59 #38HEngineering) W
&5 Tkt 2T 5aSd 24skE = AolthA

A%, 2007).

o)} o] %—fﬂa as% er;lmon A g 3ol

}(AAAS 1993; NRC, 1996)
S} oJGA ZtE Aok =R &
111(Brochway et al., 2008), 283} 3-3}9] :|l
wolt 25 B0l e sl ZHAL
B34S 7FA 2L A tHConstantinou et al.,
S WARSS AAIS T8 tialA
2 A48 AT o8, o]zl o

glo] B o]

22X 159 T8 22l
g &S 7]Zth(Rohaan, 2010). L&
FBA FA7F et

7] AaA AA Bty
FHAA wAFS o] A8t} Fake] FEolY T
A, gk A gigk A

Y52 o9 A
o QA AvRa oF oz B8 WA
Fo) ol W@ A e Bast Uk

AF7H A FHefago A #Asta Feto] gk A
T= 3A #3371, "ok AAY] ofn ¢ ds
FA A(Cajas, 2001; Constantinou et al., 2010; Lewis,
2006), 12]3L ¥t HAE L83 23} <5 (project-
based science)®] F+843(Baumgartner, 1999; Baumgart-
ner & Reiser, 1997; Kanter, 2010; Krajcik et al., 2008;
Marx et al., 2004; Rivet & Krajcik, 2004)°]gt= =
7HA 8] 50 & o] Fo gt spAIRt o]2)gt A3
ATFES A3 FYe Adste wAL #53 F

gho] R0y 45 FAA ] Ui ojgA o]
sta JeAE AHshe doe 553 A4l

whglA] o] Aol A= Schauble 5(1991)°] AA|
3} J,].zﬂ;q }\61:4’_‘,]. oiﬂr" Nz‘sq_q ENS 7}11 )\lfstq'

SN 25 WSl H8H P T8 4
dol 49 BEE o9 olsian, 24 ¥ B
g @7 Al Agshe S8, AR 2L A
Y FE AL oudA 4Y £YS B - 1Y
rozA St o) JuA wA Feus

$o AhH0E Age BAg NS

A g

|

it

e

E

kl _l.,°1_', n°¢' o
ne o

2 %04 4*} f{ 59 lE}. oleq —_;Lxﬂzﬁ

A Al B 1 3 2k & o)A BE ule} go
T ZolAe oAl 49, FAl 1 olH, a7
©0.5~6.53 Aolol] E¥aka ik AT FA
A 63hd BELS 72 XE WAL Fol|A] A
o] YALS B3| ALY 497} 7ks TS 4143}
Ao 2 Z(Creswell, 2007) o]t & ziste] A
T ARE ARHoZ F Ao} st} o) A3
AT R Agolgr| Ry AF AT Ty

>~



O=R> TR M3 Zo MBNM ZSTAR £ M BY : A2 - ola2] - 25 517

o] zt= EA o7 B 4= QTKGall ef al., 2003). & 1) 73t A

WA B A A tEA R R tﬂ“%“’ﬂf‘i 3 39 A} Qe A o] o] Al A
o]t Ast #AL AT Fodxr AAdl| 1A 2] A|7)ol| FFS %% HolS ZALse Ao] A
o}o

F 3%k g S3olH, ol e A3} Aol] BAE o

—(‘5]._‘5 z—lo] /Rl‘oé' E__LO] J,}_?_s'_]—g-] /\1‘0‘4_4 E_iL’_ 1?;3
o
=

ool

2. TSP MBTt BN AP MY AT, EH, T2 W9 AAY 4, AUEAe 3
o] el B Tl s B Ags 3 & A5 AR Al A G dohn
G s & %] 12 BEO sl o} Bk 4

%2 Schauble et al.(1991)¢] A #}&H4]
&2 Aol Aol Akl A8tk Schauble Pl A AHEste M F AA} EA4o] & Yehdth
et al(1991)°] AAZ ek A} Fo42 e

SAE 329 2k wSIA, WA, AmA ] A 2) &4 A9
AlEo] e A7 5%, Ax 38, 2L 2P TR 3E 40l AAF O] = A 2ol o] AA= Al A
o] A8 E4J3}e] Schauble et al(1991)0] A|A]gk A& RrEE Zo] A Hifoln, o] k= 2
Hata AP 354 AP 54l & =gve
A¥ N2 ARG HRE 738HA quy)r = B 3. H5tA dFPor HWGHE A
34 A3 e FtusAETt 30 A HEEE A welm  gahd 1817] 7. AR
Attt olgjgk A4S Fall AHE A5 ”U‘ = B ke = gol 2
e . . FA AAR A = 89 ZAB619)
& A 72 w53 6shd 1817] 73 A 9 6
A1 OJEES. Z1 golE=L uk
AL AR A7l S FE 28 A > :djbi:;lﬂﬂl %S FE AUES ¢
O]D:L —TO’—Q]JQ }\Hﬂ o Xﬂ 7 ]‘ﬂ%jq‘ q 66-]'1/3] ]51‘7] Shoe > A9 29} AL 78 3152 W)
le_o 0 X ﬂ X 2 t= O b ] na =10 = — RT=E 4
e A AR AL WA wETlels, 2% A 2449 AYE WA 9
D> A3 #dd M-S 3] At A
E 1. 97 Folde] A% Ay 449 A28 E3E & Ak
T s 29 6o 9 | I &4 9 2z gho} |
el (S A8) ) 3FE) 1
v ANEEE 6 : A=A 2 M 24 2 49 |
4o a5 2 2 AN :
9]
ot o A3 0.5 1 5= ’ 3. A8 5 2 A A= ‘
2} o w65 2 ¥
4 g A 5 . | 448 % A2e wn |
H 2. 457 A7} 384 A E(Schauble e al., 1991)
EERE 28 4
B3 013} AT} Alole] BAE o]a)T}. date A Tv) JE 2HAE oA F
so A AR QFRATE G WA FESES 2F WA, AFEA e Wl iE 2L %
T Bzan zg
A Az 7zt Fa wQe] Agd) nAE 93 JFA 24 Al g Hladch
e . . Aol 910] Hrk AZkEolAE welo] 24E B
) A = o AlE =
ZAL AY Jbed RE WY 23S APt 2o) g,
248 & Qe BE Wl ga AAF A%l & . ]
WER 0w ame A3k ANE AGe W AP B




518 =Sat5tus HM29H ™45, pp. 515~525 (2010)

h} grigle AnE Qe sol 4Y BEQ ¥
A A3e] Saish pitor wg Aol Ahe
2 e WAL 99108 AXE el 2
A gol Al RS W5 HEE Tk A
GolH AHgSHE A% F 223 24k B0l B

Uehdt.

oI5tk B9 A9 A= 1049} £ whol=17)
AgEgdth 9% A8 FYARE Qo182 7
3} 191o 2 G AASte] LR ESS A4
shoick

AT Zoztel A 63hd 1817] 78 194 6, 73} 4, X2 A
AlY] S FHE QS v sk, st w A5 8BS Schauble ef al.(1991)9] #3H3 A¥
S A3 Agel] wet 7 xFAje] ¢)o] o] 7o 7} Z8hA Ao g EAL 2AZ ¥ 59 2
A ARt 7t A8 £hS JYEE a5l BNES nlEo] T2 EZS BAG YT EAEL
TS HWE7} 3917 B A 621e] F
E 4. 234 2907 44" 24 Mgt vl BREE AAwdth 9L 4d
99y eshd 18] 7. AN AL g o] 9o HetugE Aeehs HAY
==l o] AL = olFlsle] TE 3+ A
olE2 X35 O]——[O]_‘L_;ﬁé"ﬁo pap= m [
b Al AAAS TS S Qe 2AS T & 5 Qo -42 3= ]:—LM J’]riﬂ_trE]o_Tv:ﬂ'l‘oc’ﬂ ‘i]
s > Al ARAS BSo] B, ojelslA o o] FolAth 47t 2810] BHES o] &dto 7 =
[ ? - = — -
sy LANE 3HT 5 A9 REIS THA, & A ZREZ i
T = A33) 3 ] = J =
DSl SR A el W S A o) pg doht ARe) #Y A0E 45 v
A7 AT 5 Aok i
She WAooz EAo] o]FojFth o] wf A2} 2
LA e wE S g 2a A9 | olo] B4 Ase Mwse] EAR AT 7
AZA 7 S+ A}, Kappa AlG 0945tk 471 2919 oA
e 2 4 AR RE] | ol BE el dsiiE stus 18t 2
sz 3 atug upataky 62lo] FA3 Avjugol A F
AFAES 9AS EE FE5H I (peer-debriefin
’ 3. AR A7) HlElr) ‘ T }EJ] A= 2 ° 'L_(p g)
o H4& T3l B4 2945 AT
E 5. 354 49 gohy 430l ha 9 Y BAE
49 £ s 24 4 A% =9 7%
2 (Goal) A7 A3} Atolg] BAE olshste AL AW BRZ AN S
FE(ufeences) A AR, ARAZF P W0l Askol WIS G Yoht si
S Qe BY FEE e chidn
%
(Science model) = ' AXKProcedure) Zt F9 WQlo] Add vl HIE Lol EE Fit) Sp
Z2AK(Search) A8 ks RE Wl 23S A8 E gt Ss
Y FE(End) 248 5 e ZE W9 AAH HZo] U 4¥e vhAc Se
£ X(Goal) date A Frlsle 2E de Fo] AP EHYS AT Eg
354 A% 32 (Inferences) E3EA, JAFGBA N J= WA 2HE S| FEIEE Ei
(Engineering A2 HXKProcedure) 2R AHE Hlasles stk Ep
del - - L
model ZAKSearch) Asol 9o] B AZFolAE W) 2YE wro] PTG, Es
AY FE(End) Ak A7E dow AYL v Ee




(@iP=2> HE Ngn T4

x

fu ]

I HI

04%1 FoiAsel Aoty 48 F9S 55,
FQX]- ZAL 89 571 71FoR %ﬁf&
# 63 2t 7 o, o, 2 a3
Aol &3, F8, A, 2AE TR
Sttt SHAIRE v WA= HehA A9
A F 7 BEEe EJE s 29
Ha e A8 =de £3589
Aol v WA} o= f‘z =

32 5 93

!

mﬁ&ﬂ
Z"_‘ _Ihj oL —l
mg ﬂf‘l = > N
F-Ez m?i o :\_1‘
A 2 0 AT

="

BN
>
o
::l,
o
flo
i

£
o
o

—

) A

813 AGeIA 7, o, vk WARE 403} A
Aole] BAZ olsshe o] 4 FEYL T
Sl ANSGT ol HEH AGe) B B
Fake Aol

feici)
o
=51

:1

7 A AR AP o] e weTkar
ot o] glertar
oAk A A e T A

o 1A A AT e T 299 FL ¥
A 22 FEe] Eos) BAL

AL o, o aAlE A SRS AAE 3o
ol@A s AN AA & 5 ¢ °
] A3 E_Lg]. ‘qu}/u,] A7

E 6. H54 A0 A7 Folsel 9 94 ¥4
23}
A}
e SR = S S}
=3 Sg¢  Eg Sg Sg Eg  Sg Sg
e Si Si Ei Si x
A% Az Sp Sp Sp Sp Sp
ZA} Es Es Es Es X
A =35 Ee Ee Ee Ee Ee

NBHOM 25TA £ 3y

4o o2 - s 519

FIII

U AR AR o] ojE A shH AlojA]=A] Lol B A
d Q. (F2) olAl v A A7lel Jaks:

n @782
o Ak AAp ] A7) Folel we) gEkEke? (B
Z) A& AA st ofgA ok D7t

e
Eu)
El
_,>L
rir
e

AY E5xE 34 *—Jfé %Ei 23 o 8%}%} e
3 7L A NS vee 334 49 H30t
obd AR ) 7)ol FIFE Fe 20E e F
2 d9 sxde dEs
oh Ak AT e AR e A olg AR
of A7]el = T 8lol FIH 24
EoE FlA XPO}Ew A Q. 183 27
= Ads FdM SdEs e Ay

43 SN P42 B AW g 2EE A
5| o /\16{4 ExE 9
+ 573 (Hart et al., 2000;
Hofstein & Lunetta, 2004). 21222 7813 Ay =
2E W ¢ Zxg vt *}94 P& ISR
stdz BetA A3 2Re wilsl oA EE
Fozy stlEe] HatA AF9 v E o Z o]
A= =Y AH3) A 78, 2003; Hart et al.,
2000; Wilkenson & Ward, 1997)3 & 4= St}

2) F&

Bt AGo)o F2e AlLALe, AnAA 7}
gle B34e FE271A Zxs ) o, g 2Ab
= FASNA AR A7]o] FEgE E 5 e
ohFst wlel giste] AZbsl] HEE shal, S
o] W= Tkt HelEo] HAA ] A7)o] o
gs F Hdol F F UFS dFeH ol £
A3 Hel7kA] 228 B3ha Ay FRo|g
=

7 Ak ol gelo] A4S A1) FFE F7har

Ao AL (G5 o el o 2

A7t AeAE Behe. (3 (Bol9l ¥

= RRITRs S ) FEake )
gl 2.

2 mak: o] % 7bA) wa  ARA e Ale] Jae

& 2olo] ® 927ka? (32 QA A4

a1

=
T



520 =Sat5tus HM29H HM4s, pp. 515~525 (2010)

of ol ol mepAlE AAle] A1} &

BAA e A7 & oAbl

AT o afe) B, SW e %— 34 glo]
AN A Ho] Q= welolg FEees sy
Sol7) ehhsisch

[1194

o Ak oubilad s wol et S HER gol
At BFS A 4a Q. WA A}
Aol A 2 vehg 3 glef e,

EF T AAG Y BE AHAT 7
SEesle] me} SBE) FE A9} gebanh
9 48 BAE AN 7 ] HpEe

o B 4719 F, IR G A, FD,

AR HE AR, AR o, F7 F AN
o A7l A4S F e D MASE FE
b3, FoHE 49 BEE AT U A SyE
o AL Bol ek, A £ HAh,
A $E B 5 AANE A B 5 U
WHE FEAAD. F, B3 2PN T
ZEE AN W) GASS 499 BEs) o)
g FEL A9ee ¢ & ud
3) 2}

et A ZAE 49 159 nE 9
g ATUHES ek Sl HA% o 2
194?& U Al 499] wARs Aol ¥gle]
E}i AZYE| o)A = wlel] 24& o] s}
32 A9 TALE AMSIATE 2y 24
A2 PAdE 7 3P g 7 o make
aFpA o] AAE o] Q= WAL HA 9] 429} o}
We) e s A ES A, oy 2
DA FE2 A A] Zropd tﬂo]c Z 7} B0
A 7P o] & Aolgtal AztE oA wdl
S 237 Agste] Adstes stk

Agl‘ll‘rﬂ—.a N

of Al 927 Ageleln sk A 3 WA 49 A%
o A9 AN A1 AR

() ool WA= ,
1009, 15007 ofjijd i,] 7o —’ﬁ% o
stol Aelulz AdaA 48,

o ) 7 mgelA of ol ‘of AAE BHis e
I3 A ol o 4AHE A
HEE Y4 29I,

AR U, 2 aake] SHEe] Aed el
G el A0l sl aﬂzu 2} o}
9] zhe Sigolm, Agel BEOIAT 4R
7&7{],] qﬂ_g HLtH = —7-1»]-/\101] urgq_ o];q oF
bt ol Fa 97 BolAso]
o eEse] AT e
@ % Lo, ol sl

Nor

Eu
[o

w oft

()
S o
ofr

t:JuSL
X
_>.:

I ot

o

r-?L O'{N feicc) (R
Ol

>

Qh
ek
O}ﬂ
rlo
_L
JgL
X

>
o s
=2
X
o
o
B

>
oo
lo,

e A om e ogfzw— B
o} iuwou &Y 4Y BEe
]. _Jrs]-;do] ;/,}x ] o —5—“
o 7187 Rt

= =2 . ]
3} o] BANOE AZH 1 ArhF

folt P 1 RIomQ PN e rlo T ma
>
_>i
<4 e
i\
rd

N
o

-

e

LN

o

ok
1r

_\;

o

-
>

ot

Lo

g

it o

U aAk A o] A e BE wklo] o AR o] A
71l @ mA7a?

g5 ol !

o} 3Ak oh g 9 ohgok AR o v S 9
& 7 S8 A & oA
._o] /\hﬂ 0 5]] gq_o]: Qt

T, H5H A9 22 ofs) F WS
EaA0 48 2o1E0] YEs0] 384 A
AE A Eale ASE A9,

I -lN'

U 3Ak: 28] A28 oIS 250 277 shpt
o §lol L. zaﬂ/ﬂ g o] Bro N& |7}
= o 25e] #7] WMol )

rni
N2
—lJ FO
1:0

= md

Aol & 74 el glol . 19
s20] 7)ol wehd AR A7)
& 4 AT Wl AR AF
F3) AF olpuie @
2. A e #

oo N
2y o
o & = =
Eg—‘—‘ﬁ‘mdﬂli’ﬁ
=
ro

ﬂ’i
EE'
—r‘_qlf\

ol U

XN
rir
>



@I B A

[T =X

AFEo] UTHAAT-2 A, 1998;
3 5, 2004; Hodson, 1996; Keys & Kennedy, 1999;
Lee et al., 2000). &3k o] Ao M= =LA =
I AY FHIE RFo 2 sty A3ty AHS 7
R CENEE LRV EREUT-C
B Eddoz 48 BES PR A A
@ ulgol e AAE A Buls FEE 29

FHES FH7F Fads & F Atk

¥
Kot o

2w
Lok

0
2ogor

XU |

i
>

b

)

o
Of
-

oX

ofr
o

r
T [ [

(

=

i of rlr

Jric )
o\

A,
o, M

)

tlo wln m
r

o
32,
tlo
>
o
>

£

o
Lm
o
=2

ot

D
!

o

—

Bl ot 24

Qlt‘
e AL
o o o

o

>
P2

>

i
¥
) _1]1
2 Hr
Mo
2
ol
o i
2
_0|L
fdr 5o o of i . (&

>

at
-
[ol

it
o
il

2

o
5

o
2
ot

= flo 2 i N _Q,
o

%, off
[o% [‘_&

:Oé

>

&

e d
>

o

= 1o

o
U

1)
o

2 3t} =
(Lee et al., 2000; Martens, 1992,
A9 9tk

o —

)
o
o
ofj
S
ol
ol
ol
N,

Moo > O S b g O o
Bl 1o

]_

1997) 43S viA =

M

Of

arx et al.,

7 wag o= A 4ge] X
2 vhe A, Agiel vl glojAl el
Aok B A o

v Ak 28 FAGU. Aol ehn

A

oF st zt. e 2

]

m
o
¥
A
2

O

—.~
i)

[

—_

Ll

G

A<
rlr s
= X o2 1©

tlo o HIERY o
i

of > o2 ol
o ot o rr o
N 30 fz
_L?‘_f
2

rir

2. S5 Ay oMl = oY 24
AT FAAE9 FEH AY 98 i, FE,
Azl AL 829 VM4 71EoE B Ade
F 7% 2tk 7k W o 2 v aibe 3 AY
FAol M et A8 ZRE AN F, Aol 9
9lo] H= HAES AY FHERZ AATFoZH

o o

Eg Eg

Ei

X

=

2

- o
M &
QL
32
T

2
&
>
<
Lo

to ¥ Mo Ho
g

o B Qo Y
ox, M
o = i7

%

—
~—

>,
) EO{'

of{
>

o
Yy

GolH A7 FolAEe -

u

ﬂd
i

ol
¥ 2

e
o
.

>

2

f
il

1
H
ro
ol
ot
2

il
i

o > J
ool B 2L

[

—

7} nAL:

o s

A

ARNE WE

2 27] BE0|

LR

d e A 54

o WAk ofgEEe] AZEs o
Eo] HAlQ

ai,

>
i)

B

Lo

Z‘,U"“'—E‘
1%
}UJZ’L

rr

of _>L
Fl_r‘

>
n I

Ogﬁﬂl

ol ol

kb XHE
il

s
l

X
2

w1

QL
ol 2

>

1)

2dst7] e A
} 2 2 (Schank et al., 1994),
AAE RE A

v T

)
=3
it

9‘15
yl
E}m I

{e

L
34 4

F FeiAse 8

o o b @ 1o X O K 2
>
o=
O]

Lo o, @

o
==
Of
-



2) F2 90 24}

244 AQolAe) FEL THWA, ATBA
e WS Bz AT FelAEe AHAL
2 FE 9 2R S ANSAE @
A, e} ele] B WNAES Y FuIB
2 ANFOEA DHA PHOE 3 4P

7h aAb A o] o tidd s EHIROIL. (2
Fg RO o] Bg FEHUZ A=
TR ARG A A S o] okl
A. AR Ao glofa. Alw ARkl gley
2 8% F 7ol Q. 81 <hell Al RS vhE
oM Ew ti@ed Hut.

ok aAb Q5 ARt 7 e 3232 o) ot
AT 22 Jhe] ARAE ARS s 7
& AT AANE YT o 99 e

27 S 2 HE =

HEE FHBIGTh: AL o3 HIE
AE vteed 43S F A7) yio
3

= JY—1

=
gom, o]F Hld 2H& g3 Al AAAE v
EEE ok AR WAL Alg Abgkelu %
THIES FAENA AN AL TS 2
34 FEG ZAFE & 713 E Ao & &
Atk S| FESHY WFE H} wso] F
o F28 2 29 Sl H(NRC, 1996), &
S22 JAEAG AT A sE FE JEgFS T
= SHEo|thWilliams ef al., 2004). 1222 WAL}
AgE Aoy FHIES AAE v ARG T4
222 Al AAE 7] Y3 WS FES

WHS o] g3t Al AAAE ThEo] B
£ Qhfjste AL Ao] dAEY T FE
=z

A 59 e Fe Agolzn 4z

[‘

=
-

w2 BT RE
A
D
r
O:

3) A% % AF B2

F8 PN AL 2HA NS

waty AE FAAS TS & AMA A
< 53 o Y& A34ES == FAoJTHCobb et
al., 2003; Collings et al., 2004). 347+ g A7 ZF
Aqrpgo] Al AN S e HEE AY Hxv
AAEL, el A disiA ZE Ha 2
28 HE ngro g A sk H4 S AYSA
QFBEA] Ut FeHA A3 o] Aol A A A
o] BAS Vst AP F9S JP3A 7] Wi

of Zestae] v ¢ Alto] 402 E 27
Stal 2} wARE Al efF A wAkE FehA A
B FUS 20~-26% A= v 5, watst &

Aol @3] Al A elgte AAES TEUE
o 238 F%13(Schauble et al., 1991), ]2 A 3f
of Z o] Al Aol B  U=A, o 8 2R
oE 29 AxpAe] o AAel tig #4915 Fal Al
AAsRs FAo] o] FolAA F%7] Wiz oll(Cajas,
2001) &9 = ARG F-2 A7l AF F9E
nk Zelth Aol tigk EAAA <] o] FolA]
A 90 Zolgle AT o] FolAA gt
(Barron et al., 1998). A7A19] A2 49l Alx9} 4
3 (trial-and-error) e Ao} AJdA 9] BHES
53l o U ARES vteed vieA] s 3
Aoltt. webx 38 AolA A= A, A4
A #H8L dFHo g ALl sk 840t
(Cajas, 2001; Lewis, 2006).

2 A 2ol o] Bo] BL |45 gl
=%

712 vwatal, 7P Al AR S we 5 Ay
Ak ol Fejo] 49 TE= dske 4% 249
£ donl AP TRk T4 APelNY F
E gejolnt

=

>~
>
i}
lo,
-
2
A=)
o
o
M
1%
ol
2
lu)
o,
re d



<

o
B
B

>
i

EH

S

>

o
o

2 Lo

b

ofr

ok,

=1

(ot

offt

£

- >,
BN < fomeh moh ot o oot

>

e
£
k)
o

T N

b B
lo

ot

y

Chu

i.s2 e
>

=

BN
>

(

rr
fd

2 i
*'H re o

=
ofN o}
b 1%
o )

[e3
e o>

I

ol

Z

1
=51
il

[0
-
XN,
1o

o
o4
Lok
i

> o m oX
2

i)

>

ol
-

ofl ofN L K

O o

7 LS|

Aol A A 9] &4
)(trial-and-error), A4 Al(redesign)S] o] e}
A &1 T3] 7ﬂJJr€~ WEE Al AL T
3 Alo] o] FolA, ouglE 3
o]ﬁ‘:]'—‘—lt g F T u)\‘:]' o]%
St Al thgk o]z F-

o] AT AHEL

%

i
Y
(o)
2

—

il

o
o1

kl
>
o El Rl ol

X} ”?ﬂ 34-4 X}O]E °]

o] ol 7ol ol e oleie Ul

3l WAREC] #3HH HAYF F

ut2 A olsfstal, 4o Ay EXE

3 AHg F&, "AL, 7"‘]‘ 5

ol fE F A

4 A9 04 3150] Fd

ﬂ%ol o] Folxjof gt} #5+3

o Shigol Yo NelE AnE
Z3) BE 2

9} A5} (trial-an

o Ak
a7 4
gAlsy

El
¢ Ho

= _
=SS

il
— d

2

=

Nl

o, rlu

-

ol

ro

A=)
ox, o

al

o N BB o ko

r

oH

e 2

)

d-error),

% g
o %
> o
1 nE

_

Qo

lo

]

S
=

o

f

X

=
[«
o
a
@

i

e
Iz
O]

o 1o
=°.=
Kl
e

o o=

Uq EI

I(

PO
A<
Lok
2
>
> flo

o it
> o

>,

% rlo
& o
N N

b
>

d
of b X

< o
o g2
>

oo o & oo B

ol ¥ 2oy B
o of g o K&

~
-

==

>
o2 (O o
frl

[

)

g Lok

o

%.Y:‘,{OO?.‘L.

ol

MEFJU
ok

==

I g

A
ez

tilo
S
L
O

=
>, N
>
oot
i)
>,

(¢
Bl O od i nfl ot R o> ool 2 1% N, Ho o

, o2 ok o rf
NN 0t "

p
% g

>
>,

met pok R

2 Mo

>~
>
R
it
oot
ol
ko
oX
=

o

i}

o,

-
w2
oo
[e]

-

=
Ho

o
=
tilo

o
[rt

—

MN
to ol

=
oft nfm o
ox
ol
ol

Jor 2
il
g H

tlo
o
[, ¥o

O
-

T

T ST | P S o Tz 2

o ox
10 T
ox

2
flo
ull
i

ol

, =B 3(2002). A7} 25
a7A 9] STS LH%fﬁ

=

18(1), 35-42.
AR%5007). 71%TF) 2L %f;am% 3
2] B B G, 7
3] 7, 4-71-3(2003). 3} A3 <] Ex“ﬂ EHEP THYE
M ZA) S et §88) %], 23(3), 254-264.
T, 215, BEF AT, A, o1avé<zoo4>.
FaAkEo] £4e ehds 35 3% a4
FE 4. =53] A, 24(3), 565-582.
. o1'871(1996). &8t} #3ta} 7)Eo] A &S
WG, 2(4), 5-7.
ZAA7(2010). 2009 A WP
o thet wAls) A, AT ET A, 23(1), 128
Z58(2002). TS F7|E TS ,9(2), 26-28.
American Association for the Advancement of Science (1993).
Benchmarks of scientific literacy. New York: Oxford Uni-

7]

ﬁﬂ

o
Jo
e & 2

o P
4y o

X]
of
=)

o]

N

Z, °l

59 & M w3

versity Press.

Barron, B. J., Schwartz, K. L., Vye, N. J., Moore, A., Petro-
sino, A., Zech, L. & Bransford, J. D. (1998). Doing with
understanding : Lessons from research on problem-and pro-
ject-based learning. The Journal of the Learning Sciences,
7(3&4), 271-311.

Baumgartner, E. & Reiser, B. J. (1997). Inquiry through de-
sign: Situating and supporting inquiry through design pro-
jects in high school science classroom. Paper presented at
annual meeting of the National Association for Research
in Science Teaching, Oak Brook, Illinois.

Baumgartner, E. (1999). Designing inquiry: contextualizing
teaching strategies in inquiry-based classrooms. Paper pre-
sented at the annual meeting of the American Educational
Research Association, Montreal, Canada.

Benenson, G. (2001). The unrealized potential of everyday
technology as a context for learning. Journal of Research
in Science Teaching, 38(7), 7130-745.

Bloch, E. (1996). National Research Council. The New Engi-
neering Research Centers : Purposes, goals, and expecta-

tions. National Academic Press.



524 =Snistug H292 H43, pp. 515~525 (2010)

Brochway, D., Bartus, G. & McGrath, B. (2008). Engineering
connections for middle school science teachers. American
Society for Engineering Education Mid-Atlantic, Hoboken,
NJ, October 2008.

Cajas, F. (2001). The science/technology interaction: Implica-
tions for science literacy. Journal of Research in Science
Teaching, 38(7), 715-729.

Cobb, P., Confrey, J., DiSessa, A., Lehrer, R. & Schauble, L.
(2003). Design experiments in educational research. Edu-
cational Researcher, 32(1), 9-13.

Collins, A., Joseph, D. & Bielaczyc, K. (2004). Design re-
search: Theoretical and methodological issues. The Jour-
nal of the Learning Sciences, 13(1), 15-42.

Constantinou, C., Hadjilouca, R. & Papadouris, N. (2010). Stu-
dents' epistemological awareness concerning the distinc-
tion between science and technology. International Jour-
nal of Science Education, 32(2), 143-172.

Crismond, D. (2001). Learning and using science ideas when
doing investigate and redesign task: A study of naive, no-
vice, and expert designers doing constrained and scaffolded
design work. Journal of Research in Science Teaching,
38(7), 791-820.

Edelson, D. C. (2001). Learning-for-use: A framework for
the design of technology-supported inquiry activities. Jour-
nal of Research in Science Teaching, 38(3), 355-385.

European Commission (2004). Europe needs more scientists.
Increasing human resources for science and technology in
Europe. Report of the high level group chaired by Josee
Mariano Gago.

Gall, M. D., Gall, J. P. & Borg, W. R. (2003). Educational
research (7th ed.). Boston: Allyn and Bacon.

Hart, C., Mulhall, P., Berry, A., Loughran, J. & Gunstone, R.
(2000). What is the purpose of this experiment? Or Can
students learn something from doing experiment? Journal
of Research in Science Teaching, 37(7), 655-675.

Hodson, D. (1996). Practical work in school science: Explo-
ring some directions for change. International Journal of
Science Education, 18(7), 755-760.

Hofstein, A. & Lunetta, V. N. (2004). The laboratory in
science education: Foundation for the twenty-first century.
Science Education, 88(1), 28-54.

International Technology Education Association (2000). Stan-
dards for technological literacy: Content for the study of
technology. Reston, V.A.: International Technology Educa-
tion Association. Washington, DC: National Academy Press.

Kanter, D. E. (2010). Doing the project and learning the con-
tent: designing project-based science curricula for mea-
ningful understanding. Science Education, 94(3), 525-551.

Keys, C. W. & Kennedy, V. (1999). Understanding inquiry

science teaching in context-A case study of elementary
teacher. Journal of Science Teacher Education, 10(4), 315-
333.

Kolodner, J. L. (2002). Facilitating the learning of design
practices: Lessons from an inquiry into science education.
Journal of Industrial Teacher Education, 39(3), 9-49.

Krajcik, J. S., McNeill, K. L. & Reiser, B. J. (2008). Lear-
ning-goals-driven design model: Developing curriculum
materials that align with national standards and incorpo-
rate project-based pedagogy. Science Education, 92(1), 1-
32.

Lee, K. W. L., Tan, L. L., Goh, N. K., Chia, L. S. & Chin, C.
(2000). Science teachers and problem solving in elemen-
tary schools in Singapore. Research in Science and Te-
chnological Education, 18(1), 113-26.

Lewis, T. (2006). Design and inquiry: Bases for an accom-
modation between science and technology education in
the curriculum. Journal of Research in Science Teaching,
43(3), 255-281.

Martens, M. L. (1992). Inhibitors to implementing a problem-
solving approach to teaching elementary science-case study
of a teacher in change. School Science and Mathematics,
92, 150-156.

Marx, R. W., Blumenfeld, P. C., Krajcik, J. S. & Soloway,
E. (1997). Enacting project-based science. The Elementary
School Journal, 97(4), 341-358.

Marx, R. W., Blumenfeld, P. C., Krajcik, J. S., Fishman, B.,
Soloway, E. & Geier, R. (2004). Inquiry-based science in
the middle grades: Assessment of learning in urban syste-
mic reform. Journal of Research in Science Teaching, 41
(10), 1063-1080.

National Research Council (1996). National science educa-
tion standards. Washington, DC: National Academy Press.

Rivet, A. & Krajcik, J. S. (2004). Achieving standards in
urban systemic reform: An example of a sixth grade pro-
ject-based science curriculum. Journal of Research in Science
Teaching, 41(7), 669-692.

Rohaan, E. J., Taconis, R. & Jochems, W. M. G. (2010).
Reviewing the relations between teachers knowledge and
pupils attitude in the field of primary technology educa-
tion. International Journal of Technology and Design Edu-
cation, 20, 15-26.

Roth, W. M. (2001). Learning science through technological
design. Journal of Research in Science Teaching, 38(7),
768-790.

Schank, R. C., Fano, A., Bell, B. & Jona, M. (1994). The
design of goal-based scenarios. Journal of the Learning
Sciences, 3, 305-346.

Schauble, L., Klopfer, L. E. & Raghavan, K. (1991). Stu-



(T2 BEW HET T8

dents' transition from an engineering model to a science
model of experimentation. Journal of Research in Science
Teaching, 28(9), 850-882.

Seiler, G., Tobin, Kenneth. & Sokolic, J. (2001). Design, te-
chnology, and science: Sites for learning, resistance and
social reproduction in urban schools. Journal of Research
in Science Teaching, 38(7), 746-767.

Vincenti, W. G. (1990). What engineers know and how they
know it. Baltimore: John Hopkins University Press.

22 Y 24

UM xSmAle| £ JH EY : 2

o

HI

Wilkinson, J. W. & Ward, M. (1997). The purpose and per-
ceived effectiveness of laboratories work in secondary
school. Australian Science Teachers Journal, 43(2), 49-55.

Williams, W. M., Papierno, P. B., Makel, M. C. & Ceci, S. J.
(2004). Thinking like a scientist about real-world pro-
blems: The Cornell Institute for Research on Children Science
Education Program. Applied Developmental Psychology,
25, 107-126.



