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The Effect of Science Writing Heuristic Laboratory Class on
the Creative Thinking and Critical Thinking of Middle School Students

Park, Sungju - Moon, Seongbae*
Pusan National University

Abstract: The purpose of this study wasto investigate the effects of Science Writing Heuristic (SWH) laboratory
class on the creative thinking and critica thinking of middle school students. Science writing heuristic programs were
developed based on SWH dtrategies developed by Keys et al (1999). This study was conducted on 63 students from
two classes as the comparative group and 63 students from two other classes as the experimental group. The
cognitive level of the group as a homogeneous group was similar, and the program was applied to a tota of 18
periods based on nine topics from March to July 2011. Evaluation instruments used in pre-test and post-test were the
cregtive and critica thinking tests. To consider the score for creative and critical thinking. the SPSS 20.0 program
was used. The study made use of technical statistics and ANCOVA. The reault of this study showed that cregtive
problem solving skills were improved by SWH in laboratory class. Therefore, persistent presentation of SWH
teaching strategies and devel oping various experiment topics are required.

Key words: cregtive thinking, critical thinking, Science Writing Heuristic(SWH)

2007 784 Fstul 1w
Ayl AR A s
il dstel 712
23} ol B4 o2

szo s dsl=r Jlg—s} 4@@ ﬁ\_ooka Zlaeyr A9 AR TE)ar Agete] W= ik A
I YA SFATHES A A AAE 2008). Fol2] A 7} -85 ARSET o]2gh F 71A] Abale 11
ANAYe 24 SEAE HBY ALS B }oq 57 S 92=] 9em(Popper, 1994), W] AbiLe}
AerS. mlobslal A4S Higlo 7 ol EAE = Zol A Alal= ubz] EUul A uL‘j 2 7FHA 28
ojupzitt, ghibA] AbaLE Foto] theket xu% ot T ZAE FYAHeR sjas) L 5 Yok
55 zhohfjo] o] wjEH o g BXgka 1 5 Al 3], 2011). 948 Gupt @ol, theFstal, 5551
o] AL *LE—‘,*Q' 4 QoK (Treffinger et al., ARALSH=71E] AR ARaLe) ofmlE ZEA|AL glom

2000), BA) Akt A of a21%] o2 zkw, tjore  (Guilford, 1950), TAHA AlaLelE S35k @99
AAslT v o R dksie] HAet flAae 2 A AANIA w2 s ISR S vl
7] Sl 712 Hola AukAel Azt opet 3 BHeR YA AoR

LSy B Y
o4 Al @ Elw AR 53 22 15 Afarge]  1999). ejal iz Al

*WAMKXE 24 (sbmoon@pusan.ac.kr)
**2013.02. 20(7“*) 2013.04.20(1&E 1), 2013.09.30(2A5 1}, 2013.10.09(3AS 1), 2013.11.19(4AS 1), 2013.11.25(2I5 S
0| =22 BAHE D Kbt skaETH|(2E)o °|6f04 ATEUS.
http://dx.doi.org/10.14697/jkase.2013.33.7.1259

0})1



1260 ey=.2

0x

i

L 24 329 14 Z(Ennis, 1985), oA 24
o] sjAAE AHH o R HFHL FAFSHE AH
AeFo]thReber & Reber, 2001), WA Alato] &}
o THEo] 2 As= Y A olsfstaL, olgA g
] HHA AFA o7 AAst v o g AESH
WA 15 ol AS 714 AA], ol AS 7

3 A0S AAFH= Ho|th(7<3], 2011)
A gold EAsA] dat 28-S PR o

Ho] gtk(Feldhusen & Treffinger, 1993; Karnes
& Bean, 2003; Renzulli & Reis, 2003; Treffinger
& Reis, 2004). Z1&fu+ 20099 787 ZFetal w&x
3k oAste] WeTE/|SHL HE SJYES
oF % - 2S5k HE Aoy o148 3HoFsh 4~
© A9 1 B, Ao A ZE, ArslEA
of, A9 At2|e} ‘Hﬁl?ﬂ ohergt L%ﬂ?gl +9= 4
She el el 28 7 ek & 2Asse,
B GAFES Sl B Y ofjgt AsHA o
2 Ageitd AS AuFEe d a gl 24
A BE SHE oAl A-&-sfioF gtrhar Al o] stairh(a
S|, 2010), 1YHERE Y4 w8S whe
a4e] ) SPE ® W opel, BE n
tioho] dut SMIEE WS wopoA ot &
2 YAE URT - U B sl st
& Ao

Aol

o) SES o R Sk SU4 i) 48

-

BN e 20 :12

oY

i

oo ]:”.L_

|=J£”.=

>N I'Uf 0::

sﬂ %ﬂr rol Ao ehpselah 5
abol, ol Al i3t el oA whoke A4S
W 52 AL s st B Al B
sk S0l BastrhEa, 2010, ol Bt
ol RN 2AES vPoR o ARG GE5
7, o] €9lS Aatn], dlSshe =o)X Felvt
55@9301 At Martin, 1997). ®+ s8I =24
AR freluleh ARRA 13 917) el
ShyEel gl AYEE PSS 5
oz L "okl eF,
2010). & thi 522 st @l A= mabAof Al
A AdE S Id R wetehs vEA S ol
o]Fo|2 1L lehFU T, 2@E, 2005). ol A
TUZ S T Ay Al avkAd #
At} wekd 2L w3k Megko g ggks o
3 S aamTh Apaslel A4S P8 U

5
T UEF 3 @4 e} F247](Science Writing

st Abzee A

Heuristic or SWH, Keys et al., 1999)7} 7H&= 31
o} SIS BLA gkl ] /\04 ° Eg]_o:] AL
7} shgEato] wht AARE Al AR Al Rt
8= Seer wEal olF °H730}7] -r]fi AdE
AAstH, dde T3l SAE skl 45t +
A& wso] I FA gigt 2AE AlAshs 1l
A dpeitel A IS FEE 4 A "k

S54 et S247](SWH) olAe 3 228
AS AAlske 52 Soto] SHSoA Lar

21k 71815 Algshr] ol Aare e Es

HehDriver, 1989). 2u] Q= 271 = H|HA

O oz
N
3
=

A7+ Atal(Kieft et al, 2008), @2 ol3)2]
P& A7IWHolliday et al, 1994), 73+ 350

Ao 227]= HEo] vl Aol disl tiakstar v}
ota] Zd el tigt A 4s Hd5HA 8l =tHGunel et
al,, 2009). ¥ Sk ol Me] 27] TEL e}
A AL gAst A} st = EEA AREETCH
(Keys et al., 1999; Prain, 2006), & 2= 1A
F3 Aue] B0 Folxl sl i A
7‘4]—9,]X4 H]E‘L}-FG E'xﬂgHﬁ jﬂf?ﬂo]r,}u .105 2001;
%‘XH 3, 2001), SAEL 27
del ABel Wol 2 How_ei#a oL
Sk 2 R T A4E T4 Aol
Ade d52 O“ZHKelly et al., 2002).
974 ot 227] %5l SRS Aoy, Al

—

= a— = = S = 1Y
19, Fehd Aokol ghoF SISO A 4230] 4
AE Foledl M9 UL FUT MY

(Akkus et al., 2007; Keys et al., 1999; Hand et
al., 2006; Prain, 2006), =Wol|Ax= &+4 st =
M7] _/;: ] 51—/\14;_,] _]4‘?517]115‘ o]oﬂ J,}tﬂ— EJ— ‘:_Eﬂ
9 ujehA B gFA, B|EHA ARl ARt =50
gokar AtE BF lok(3E R, 2011 EA 3] 5
2008; o]27, 7+, 2006).

33 A T2 Gl ol 7ha 3] 3t
6‘]— :L/V\7] o] 017\]D]—(x—]xﬂ 2006) J,}tﬂ— N—/}_IIJ_}
#E 7] AEm FHeE -_r“*% Zlo] tjFFolr},

1ol tfekdolAf 1 270e] st A7) Sk AA|
w3 glo] SIS AolA A g g AnE 2
o & 2 gl AR B 2] ZRae Aol
L Aol mhekA & Aol U ) o
% 913 S0] ohd RE SPSIA FelH A
HTH A A1) Sla o B



3 1261

Of oA Afet BIEA Afo OjxlE &

2 e o] AHE L Bl A FHHA AnE

=
sloj A oS mFEo] Ujo] SHIE Axzy} 714 &tHLawrenz & Munch, 1984)= Q1A=
doS AAlsh B 49E s oo 'He & v o g sto] & AFoA = 87] 2of =24 ARaL
ofi= U9 '4 et 227] Aol 5T 2 gl GALT 24 (Roadranka et al., 1983)
S Ao A ARaLe}l H|EA Apale] ojw gt FEFE ARgSto] QRS zﬂo}‘q QA p220] H] 3k o

xgco1 ZAAGoR nES LAEgon 7 Mg
= 3~47Y EElow O]—rohu— TAA A= 2011
¥l 395 H 797 & 1ol A sk,

1. 37 e 2. BAL =7

o] A= FAMA ol HAR Eist Fetale 15} & Aol 2RI A2 A Aoy} Bl
g 47 ok 216 e tideR dAlskln Blal o e $EAE B sl A= HAF
o2 270 ﬂJolfﬁl wIpAof AAlE g2 Ay (GALT), #He} Hofa A2 8 AAHER],
FHe dAste AdeAd dedede Adska, 2010)& A&t 58S s,
A2 270 sl EL—_rqu et 227] A
AS Aaystgict. AT el A 1 e 1) AFE A

4

Table 17} Zt}, &, $=¢o] £33t A L a3t
Aol SEEIA] 9k 7= Aol ALl

o] Al e HE=d, vlg=d, HASAl=d,

gin] 4o 23] 679 Hom 74

Skl @R A o] R XL Q= AW, YLS HiFE e 7 G 2FH o Aoy 108%, 34
o] AT R W3}t Ao thE oY T R F 220 A= qlrt,
sk gtk 1 o] gl Abe] 2220 HYEo| ZE A o] HAk= 351t AAlsEon 1104 107 o] A
O AFSES olEo] Vi &= 7]t wAL oy T g3 o] f7t B UE A AR A
AdeYgS Ads717F 4sh7] ditolt}, shA|vt El 5 ST L FU R DA Ttw g2glow (1He &
Agaddo] a5t g tsgoly 7id olsf, e o7hel & FollA 7H, 12912 F 24709] & FollA 2
AHE ol aIE HolA Fetal le& A A5t NE w71 xgagi Aejsteict, ofof w
1 Qe AFEE SlthHodson, 1990: Lunetta, 2} AEo] 77 0~4700H A4 227, 5~T77)

ARgke] olH Lgelo] Er
Aoz AY TS oA Unx] sHES Bt
A4 QA FolA H™(Basili & Sanford, 1991;
Chang & Lederman, 1994), E3t 7HA19-S &
ol A2 thE Bl 49 =Y S =9
o FRE A EolaL, o9 o M A ¢
=9 Aol A oldfishA] ke mH HEol A
SAG-S AR orebe (57, W<, 2007), 4

Table 1
Cognitive levels of students
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Cognitive level (%)

Group Concrete Transitional Formal Total
Experimental 19(30.2) 31(49.2) 13(20.6) 63(100)
Comparative 26(41.3) 25(39.7) 12(19.0) 63(100)

Total 45(35.7) 56(44.4) 25(19.8) 126(100)
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Evaluation question of science creative problem—solving ability (Park Insuk, 2010)

Number Subject Inquiry process Assessment items
Write down subjects you would like to study as many as possible
Problem after reading reference regarding yellow dust.
1 yellow dust iy
recognition  Choose one subject that is most valuable to research and give a
suitable reason for it.
There are two plates that has water and same amount of
duckweed in A, B regions.
9-1 Hypothesis  Few days later, there are more duckweed in the A region.
generating ~ Why does this happen? Write down various hypothesis about this
duckweed question as many as possible using every knowledge and
concepts you know.
9-9 Experimental Choose one hypothesis that is most likely and make a plan for an
designs experiment in a concrete way to prove the hypothesis.
You can burn an object if you collect sunlight with a magnifying
glass.
One of the students in Hyeyoung s class will be picked as a
. winner if he/she bursts a ballon most quickly using a magnifying
3 balloon Deduction of - o555 What do they have to do if they want to burst a ballon as
bursting solutions  qyickly as possible and be a winner?

Write down every possible solution in a concrete way.

Choose the most effective and appropriate solution and give a
suitable reason for it,




Table 3
Creative thinking standard for valuation (Park Insuk, 2010)
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Creative thinking Standard for Valuation

The number of appropriate ideas Score 4 & 2 L
Fluency S . . more
generated in given time. the number of ideas ;o 6~8 3~5 1~2
The number of categories that are Score 4 3 2 1
Flexibility not classified the same in the . more
generated appropriate ideas the number of ideas than 9 6~8 3~5 1~2
S 4 3 2 1
The number of unique ideas that core'
Originality are differentiated with other thenumberofideasthat
student s ideas, are below 5% of than 4 3 2 1
frequency
Table 4
Critical thinking standard for valuation (Park Insuk, 2010)
Score

Critical thinking standard for valuation

Students should choose ideas that are directly related to the problematic 3 9 1

Validity situation, use correct scientific terms, and choose clear causal questions.
Verifiability Students should choose problems that are able to be studied by experiment or 3 9 1
research to prove,
Students should choose ideas that are right based on the scientific ideas and
Accuracy 3 2 1
presented data of the problem,
Table 5
Evaluation factors per question and points (Park Insuk, 2010)
Items  Problem Hypothesis Experimenta Deduction of
. o . . . Total
Evaluation factors recognition  generating 1 designs solutions
Fluency 4 4 4 12
Creative .
thinking skills Flexibility 4 4 4 12 36
Originality 4 4 4 12
Critical Validity 3 3 3 3 12
thinking Verifiability 2 2 2 2 28
skills Accuracy 2 2 2 2
3. BN IS 24| 49 2Y U 49 D2 F AW BES S| AR gTgoRy v
2Ho| st A7k ek AT gre Felo GPAEL & 4 9l
=2 gEsjof gtk s AEH HiLK 270
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et A7) SR ARRTA 27e g 4 ol AY ATE dohus Yo Tt Ade sls
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Table 6
Steps and contents of SWH strategy (Nam Jeonghee &, 2008)
Step Contents
. When the teacher presents a problematic situation based on the aims by pictures and
Begining . e . :
. sentences, students make questions individually and then make questions in groups by
Question ) . ) . .
group discussion, after that make class questions after discussion in class.
Tests Students design and perform experiment on their own by discussion in groups to solve
the questions.
. Students write down the facts that they observe through experimental activity and
Observation . . .
convert data resulting from experiment into tables or graphs.
. Students find out the answers to the questions based on the experimental result, write
Claims & e .. . o - L
. down the individual opinions and basis, make group opinion by discussion in groups and
Evidence . o ) : S
evaluate the opinion and validity of basis through discussion in class.
Readin Students find out theoretical basis of answers to the questions through expert reference
g such as textbook, reference book and the Internet.
Reflecion Students write about how their thoughts change throughout the class.




Table 7

Subjects of Science Writing Heuristic program
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o

HE Learning contents Begining question

1 the change of property of material and mass How does the property and mass change by the state
by state change change of material?

2 vaporization & liquefaction How does gas change into liquid and liquid into gas?

3 sublimation How does solid change into gas and gas into solid?

4 evaporation What are the conditions of liquid being gas?

b) diffusion How does liquid or gas spread?

6 relationship between pressure and volume What relationship do volume of gas and pressure

of gas have?

7 relationship between temperature and What relationship do volume of gas and temperature
volume of gas have?

3 temperature change when state changes How the temperature changes when solid becomes
(melting point) liquid?

9 temperature change when state changes How the temperature changes when liquid becomes

(freezing point)

solid?
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SISIC, Table 50] el AN AT Bl OIAL WA b Tl Aol o
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Table 8
Homogeneity test of experimental group and comparative group before test
Items Group N M SD t P
o Experimental 63 5.38 2.574
Cognitive level Comparative 63 5.2 2.377 202 802
] o Experimental 63 9.67 3.931
Creative thinking ™=, rative 63 9.95 4,637 313 710
o o Experimental 63 11.22 6.507
Critical thinking Comparative 63 11.70 5.844 432 666

*p<.05
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Table 9
The change of creative thinking score by class program
Pre—test Post—test
Items Group F P
M SD M SD
Problem Experimental 3.70 2.318 5.17 2.612 9793 009+
recognition Comparative 3.25 2.633 3.68 2.507 ’ '
Hypothesis Experimental 3.14 1.7112 411 2.149 1044 309
generating Comparative 3.37 1.860 3.87 2.044 ' '
i E i tal 2.84 1.537 9.25 1.759
Solution xpermenta 45.928  .000%
offering Comparative 3.33 1.576 3.44 1.673
Experimental 9.68 3.905 14.54 4.799
Total - 24.455 .000%*
Comparative 9.95 4.637 11.00 4.450
*p< 05, #*pd 01
(p<.0D). o]AE AFAT M50l o] 9&, £ 79 T2 whE FYA AL 7159 §k9l &
xo) o shFo] o B ol OF W/ R A $AA, $BA, SR X 9 dop
e 4 AL, e =40 A, -2 29 F=40% 7] 9Jsto] AL HAF A5 SR Sto] SR
SAE &oto] oZel et B Asdhe ol o EA4& AAISE ATH= Table 103 A}, 24 23S
MR Gl Aol ohUieit A ol HomA st mul Aise] wmywuc B W47t ok
SO dopstal S5 ANE 3 W 4 ol Sl u WYE 719 Aol FAHOE fejuat At
ARk B e g gt 347 UeidehploD. M-99E gReY 229
Ageelo] 4 A4 BERIAE BOH AT By ATHE LokRgd Hhen|(006)9) ATN s
of 3784l ANE njHA] X3 ALz YEyT o] A ol 2ed ¢ ole oA Alals Aol B
G Ane BPA U I SURE F IS WA I @ ofoldolE ol A U
MRS WAl 7] WEe] Sl S = selo] ohel Fojxl Aol AR ofoltiols
AAsh Wol] ol%alA olob Folulgt AukE U A4k vhs Seoleks AL ofujgit shelL, v
ERUA] 33t Ao dekgc ERIA] A7 A2 A7} Q] AEE AAshs 2,
Table 10
The change of creative thinking score by subelements
Pre—test Post—test
Items Group F p
M SD M SD
Experimental 4,52 1.758 6.35 2.041
Fluency - 21.379 .000%*
Comparative 4.63 2.034 5.03 1.892
o Experimental 4.05 1.453 .32 1.522
Flexibility - 16.937 .000%*
Comparative 4.05 1.539 4.37 1.506
o Experimental 1.10 1.316 2.79 2.017
Originality - 19.71 .000%*
Comparative 1.27 1.598 1.60 1.571
Experimental 9.67 3.931 14.46 4.948
Total - 25.541 .000%*
Comparative 9.95 4.637 11.00 4.450

*p<.05, *¥p<.01
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Table 11
The change of critical thinking score by class program

Pre—test Post—test
Items Group F P
M SD M SD
Experimental 1.95 2.303 3.01 2.361
Problem P 7930 .006%
recognition Comparative 2.08 2.295 2.44 2.169
: Experimental 3.29 2.511 5.33 2.185
Hypothesis 7417 007%
generating Comparative 3.56 2.551 4.19 2.645
) Experimental 1.73 2.111 4.22 2.379
Experimental |72 12,589 001
es1gns Comparative 2.03 2.307 2.90 2.454
Deduction of ~ Experimental 4.25 2.658 .29 1.979 - 169
solutions Comparative 4.03 2.546 5.00 2.362 ' ’
Experimental 11.22 6.507 18.35 5.010 "
Total 19.230 .0007%*
Comparative 11.70 5.844 14.54 5.918

*p< 05, *¥pd.01
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Table 12
The change of critical thinking score by subelements
Pre—test Post—test
Items Group F P
M SD M SD
Experimental 413 2.637 7.22 2.439 N
Fluency - 18.881 .000%*
Comparative 4.46 2.375 5.41 2.480
. Experimental 3.7 2.225 0.75 1.492 ,
Flexibility - 14.184 .000%*
Comparative 3.71 1.879 4.73 1.868
o Experimental 3.38 1.818 5.52 1.480 )
Originality - 19.821 .000%*
Comparative 3.52 1.758 4.41 1.719
Experimental 11.22 6.507 18.49 4.610 .
Total - 27.250 .000%*
Comparative 11.70 5.844 14.56 4.928
*p 05, *¥p 01
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Fig. 1 The Effective aspect of Science Writing Heuristic Laboratory Class
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