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ABSTRACT. The purpose of this study was to develop a teaching strategy focused on science writing and to investigate its
effects on enhancing students’ creative thinking skills. In advance, students in the experiment were led to write by inquiry
elements. And students in the experiment group were taught by science writing strategy. Students in the control group were
taught by traditional lecture-based instructions. The program was implemented over a semester. The results indicated that the
experimental group presented statistically meaningful improvement in creative thinking skills(p<.05). Especially, science writ-
ing was effective on fluency and flexibility development(p<.05). This study suggests that science writing can be effective for
improvement of creative thinking skills.
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Figure 1. Model of thinking skill.*®
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Unit: person (%)

Group Formal operational period Transition period Concrete operational period Total

Experiment 41(58.6) 26(37.1) 34.3) 70(100)
Control 49(75.4) 15(23.1) 12.5) 65(100)
Total 90(66.7) 41(30.4) 42.9) 135(100)
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Table 2. Science writing by basic inquiry process element

Basic inquiry thinking skill Science writing

Oobservation (D writing observation
. . writing about criteria for classification
Classification O . e .. . .
(@) science content writing in tune with the times
writing about changing fine unit
Measurement © & Eing

(2 writing on the methods of measurement

(D writing about scientific error

(2 writing about evidence

(3 writing after predicting the future
(@ writing about regularity of data

Inference, prediction

(® writing about assumptions and conditions

(® writing about strength and weaknesses based on data

(@ writing about scientific reasoning
writing about blanks of text

(@ writing about diverse examples

Table 3. Science writing by integrated inquiry process element

Integrated inquiry thinking skill Science writing

(D writing by concept map

@ writing by mind map

Problem recognition (® summary

@ writing on thinking about scientific phenomenon

(® writing about scientific issues for studying

Formulating hypotheses

(D writing about formulating hypotheses

(D writing about manipulated variables

Controlling variables

(@ writing about controlled variables

(® writing about dependent variables

D scientific writing through table, graph, figure, formula, statement
i. writing about similarities and differences

ii. writing about regularity

Transferring data, Interpreting data

@ graph drawing

iii. writing about scientific meaning

(® drawing scientific concept

@) express scientific content by using formular

(D writing about opinions

(2) writing about conclusion

Generalizing (® writing in many ways

(@ writing about problem solving

(® writing about science principle
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Table 4. Mean, standard deviations and adjusted means of creative thinking skills

Category Group - Pre test — - Post test — Adj.M
Fluency Experiment 9.69 436 13.87 4.74 14.81
Control 13.03 5.40 11.78 497 10.85
Flexibility Experiment 7.01 2.80 9.18 252 9.72
Control 9.28 2.98 8.57 2.64 8.02
Originality Experiment 1.34 0.69 1.60 0.82 1.60
Control 1.30 0.73 1.31 0.78 1.31
Total Experiment 18.29 747 24.86 7.36 26.21
Control 23.45 8.29 21.58 7.83 20.13
"p<.05
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Table 5. ANCOVA results for the creative thinking skills
Category Group Adj. M df MS F p
Experiment 14.81 .
Fluency C’;Ef:;?len 1085 | 436.983 26.967 000
o Experiment 10.19 .
Flexibil 1 88.234 18.452 .000
exibility Control 7.99
Experiment 1.60
Originality xperimen 1 2.461 3.891 051
Control 1.31
Experiment 2621 .
Total 1 1124.688 28.356 .000
o Control 20.13
*p<.05
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ARk} Bl aRke} 2o A Apargof tigt H H = A} T A=F sHeloh A 54 =9 3
o7} SAH O E Folu|ghA| dotr 7] fls AR Aol H O A A2 F7kgE A0 & Kol i g Hgho] Ao)
A Ao et A 45 FHUJ SR sto] FRE At o] a7t QS5& G 4 Atk A HE HA A ol A=
A4S AT 1 A= Table 59+ AT ARk vyt s E 2] Ha 2ol 7k 4o {9
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Table 6. Mean, standard deviations and adjusted means of creative thinking skills by gender

Pre test Post test
Gend: Cat G Numb Adi. M
ender ategory roup umber Vi D Vi ) lj
Experiment 31 8.96 3.64 13.63 5.40 15.55
Fluency
Control 33 14.15 4.89 11.68 5.19 10.15
s Experiment 31 6.74 2.39 8.94 2.82 9.97
Flexibility
Female Control 33 10.03 2.93 8.69 2.93 7.71
L Experiment 31 1.49 0.62 1.54 0.74 1.54
Originality
Control 33 1.31 0.67 1.34 0.76 1.34
Total Experiment 31 17.19 592 24.65 8.27 24.65
© Control 33 2543 7.61 21.61 8.30 21.61
Experiment 39 10.26 4.82 14.06 423 1441
Fluency
Control 32 11.72 5.75 11.90 478 11.48
Flexibili Experiment 39 731 3.10 9.38 2.26 9.63
Vale Kbty Control 32 8.54 3.00 8.46 2.34 8.18
L Experiment 39 1.22 0.72 1.65 0.89 1.66
Originality
Control 32 1.29 0.81 1.28 0.82 1.27
Total Experiment 39 18.73 7.93 25.51 6.42 26.08
Control 32 21.25 9.02 21.59 7.46 20.90
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Table 7. Two-way ANCOVA results by gender for the creative thinking skills
SS df MS F P
Fluency
Teaching Method 424918 1 424918 26.216 .000"
Gender * Teaching Method 15.854 1 15.854 978 324
Flexibility
Teaching Method 126.139 1 126.139 25.195 .000°
Gender * Teaching Method 294 1 294 .059 .809
Originality
Teaching Method 1.875 1 1.875 2.970 .087
Gender * Teaching Method 488 1 488 772 381
Total
Teaching Method 1121.177 1 1121.177 28.057 .000"
Gender * Teaching Method 15.031 1 15.031 376 541
*p<.05
o)A Atarg o] m 2= FFS Lot 7] 8l el A A 2 5 2718 B8 ¢ Aol A &l whet
sfa = HAPA oA o)A Apareof gk AR-ARS A HI7F o2 YehusA] dotEy] Sl WA A=
A3z Table 63} . off whE Ao Atare] o] AP AL HatS Table 8
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HEo] SR S-S t o] ol A ot skl o BTl QIA| ol w2 ANk sH S 9] oA Abard
R o whet oA AT QleA ot y] 9] o Aol AACR fFofn|ghA] dotril, AAwE
3l Table 72} Zro] o] ¥ HF BAS HAISHAUT o) FE ARG BA7E Qe Al dobi ] fsko] A
AN ol AeAag anE 2 A, 584, A A A4S SO R 5l o] Tk BA4S Table 9
S BRol A AAE a7 UERA] gt o gro] A5kt
ol FA1YFY =i Autete dA|F & ek Z247] A A B QA E ALo] 9] 43 AE ATt
£ 283 & o A Aol Agle] oA Abarg UERFA] btk & QA ool Adgle] de 2247
ol apoletal & 4 itk U AA ALY el At deS o 5 ATk
2 Ao A = AR QA FE Aol o] AT 2Hg A
OIX|AED 4 Hat0| W2 oM Aln 2 = | oAk Th 7] of 3 214 24h7] sHAjo|th. wet
ST A ST S Ao upe W} FAANE A P79 B 2237 FPEE AXsFo] T
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Sto] GALT 4 Atz sHIE9] 4 522 243 1@ 4 9tk
£ A3 97%9] sPAl o] PA1H 22|19} BhEs] S3ol
otk TAA 247] SHASS A 3w, wwuk 1o AP SIlMF =0t 0] Mol M2 FOIH AT 24
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Table 8. Mean, standard deviations and adjusted means of creative thinking skills by cognitive level

Pre test Post test

Category Group Number M D Vi D Adj.M
Formal Operational Period Experiment 41 19.85 8.19 26.76 8.08 28.17
Control 49 23.53 8.17 21.92 7.61 20.72
Transition Period Experiment 26 15.97 6.05 22.18 5.48 22.84
Control 15 20.72 7.56 21.33 831 20.19
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Table 9. Two-way ANCOVA results by cognitive level for the creative thinking skills

Category SS df MS F p
Teaching Method 682.290 1 682.290 17.428 .000
Cognitive level 13.869 2 6.935 177 .838
Cognitive level * Teaching Method 72.511 1 72.511 1.855 176
*p<.05
Table 10. Mean, standard deviations and adjusted means of creative thinking skills by science achievement
Category Group Number Vi Pre test ) ™M Post test D Adj.M
Above The Average Experiment 31 17.88 7.25 25.13 8.08 27.40
Control 35 24.37 7.45 23.06 7.88 21.04
Average Less Than Experiment 39 18.62 7.72 24.65 6.84 25.38
Control 30 22.37 9.19 19.85 7.54 18.91
£ A8 Hotth & At 1317] FEaAL A5 Al 2bst Z42 2 Mo
7] "ol AP B A= A= 187] SXPAAL A
TE HAL AR S A F ol whE o)A Abare W st 2 Aol M= FaF BeE = AlRtoll st Eol T &
£ 17 §I8te] 1817] S ez 3 AFE Bt 4 Wt F227]ef S EAlsEd 2227]5 s A A
o]4o] ¥ shlat o] A F e Bt wvkel sHYE= F &2 07 diks| e sk & st 3 &, s et
IFo® Yol AR 8ty A F et g of whef Ao S oA Afad o] FFE A GotRa
A Apare] @) A7t g2 A YEh=A] dotiy] § A sFAt.
off WA AR o] A= HAF Bt o] et wvte A Adat= AR, At S2715 B8 o AT
IR o)A A Yo AR AR H a2 Table oA Abare Rt kA o] Rth(p<.05). Aol A Akar
103} o] Hlarsf H et} 2] dolo Ao 7, 854, S sl =
AR B A ol e AuE B ok A H = et He Ao s duEyd 340 e84 dalld=
o] ¥ et vt 15 HF ARt S E 0 A Htol ANk v wdke] s Zpo)7h FAA o= Fon|Eked
A vrebEth AR 3He] A 3 ol whE AN sHE Y AT p<.05), = oNM= FAH LR Fou|gh 2po]7t
Aolm AnY A4 Aol FAHOR feluata ol UhebUbA] grgkeh. SHAI R ARk wl kel AR Aol
B3 A Bl AHEe Mol ABAE Bl Qe A W4 AAS vlme) mu ARk ulmke) A4
A oot ] lste] AL Aol A AT AL 42 BE Aol BAROR folulstelrhp<05). & Aol T}
Q102 Bhof o YWY BAL T AT Tuble 1134 Pk FA/E DA ol AL T Ak ¥ e FAs|9
Lok A 51 AFwo] et old Al gt EBard WetEA7)E s Feld Alae FAe 9l
o ol7k QA Ghobr A STAMH RS WA b oA OB WAE A /WS ol g3to] 714, ol F&
olo| HEAG EI: L bA GOl 2 B BSOS ASREE B9k Z SYES T 24
TEIA AL A S AF ol ATglo]l FOA AL W FAS SHA WA AE Sha A wet 2
o gpadel] EM} e o 4 ek B AP SUAAE 2712 SHA S bR 08 AL 4 gl B
B3t ol B vlwe) IF W B A 2AS  JPES Sirh Bt 22/ ol gste] watH Ang
s ulake] uls) Ao 2 Amel Gav golulsA A B 4 QRS o B 49 AL SIS Fojy Abue
AR 918 ok 4 YEHp<05) Al FAAL BT Qe & S ek o] wharst
Table 11. Two-way ANCOVA results by science achievement for the creative thinking skills
Category SS df MS F p
Teaching Method 1150.949 1 1150.949 29.057 .000
Science achievement 75.091 1 75.091 1.896 171
Achievement * Teaching Method 13.338 1 13.338 337 .563
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