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ABSTRACT. The purpose of this study was to develop teaching stratege focused on Conservational reasoning, Proportional
reasoning, Variable-controlling reasoning, Probabilitic reasoning, Correlational reasoning, Combinational reasoning and inves-
tigate its effects on enhancing students’ logical thinking skills through the science teaching on common education. And the
teaching materials was implemented to 110 students in middle school over about six months. The results indicated that the
experimental group presented statistically meaningful improvement in logical thinking skills (p<05). Especially, this teaching
stratege was effective on Conservational reasoning, Variable-controlling reasoning, Combinational reasoning but was not
effective on Proportional reasoning, Probabilitic reasoning, Correlational reasoning (p<.05). Logical thinking according to the
teaching strategy skill was not affected by gender, cognitive level, academic achievement (p<.05).
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Table 1. Distribution of cognitive levels of this study
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unit: person (%)

Group Concrete Translation Formal Total
Experiment 22(38.6) 21(36.8) 14(24.6) 57(51.8)
Control 21(39.6) 18(34.0) 14(26.4) 53(48.2)
Total 43(39.1) 39(35.5) 28(25.5) 110(100)
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Table 2. Elements of logical thinking skills in teaching stratege of this study

Logical thinking

Unit Subject Conservation Proportional Variabl.e- Probabilitic Correlational Combinational Total
controlling

4 The creature’s configuration & biodiversity 1 1 1 2 1

5 Matter and change of the Earth's crust 2 5

6 Nutrition of plant 1 7

7 Force and motion 3 5 12

9 Static electricity 1 1 2

Total 5 6 12 3 4 2 32
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Table 3. Mean, standard deviations for the score of logical thinking skills
Pre test Post test
Reasoning type Group M refes D M oSt es ) Adj. M
Conservational reasonin experiment 1.18 0.71 1.46 0.66 1.47
¢ control 1.21 0.69 1.26 0.71 1.25
Proportional reasonin experiment 0.68 0.76 091 0.76 0.92
P € control 0.70 0.82 0.79 0.74 0.79
Variable-controlline reasonin experiment 0.75 0.71 1.23 0.76 1.23
" g reasoning control 0.77 0.78 0.89 0.80 0.88
Probabiliti . experiment 1.16 0.90 1.32 0.85 1.33
robabilitic reasonin,
ObabIitie feasoning control 125 0.92 1.17 0.85 1.16
Correlational reasonin experiment 0.12 0.33 0.23 0.46 0.24
& control 0.17 0.38 0.25 043 0.24
Combinational reasonin experiment 1.44 0.57 1.84 0.37 1.84
& control 1.45 0.70 1.43 0.64 1.43
. . experiment 5.41 225 7.04 2.10 7.01
L | think
ogieal tinking control 5.57 2.83 572 2.80 5.65
Table 4. ANCOVA results for the logical thinking skills
Reasoning type Group person df MS F p
iment 57 .
Conservational reasoning experimen 1 1.25 5.03 .027
control 53
i t 57
Proportional reasoning experimen 1 0.44 1.05 309
control 53
i t 57 -
Variable-controlling reasoning experimen 1 3.30 5.83 .017
control 53
i t 57
Probabilitic reasoning experimen 1 0.80 123 271
control 53
i t 57
Correlational reasoning expertmen 1 0.00 0.00 974
control 53
iment 57 .
Combinational reasoning cxpettinett 1 469 21.81 000
control 53
iment 57 .
Logical thinking experimen 1 50.80 14.76 000
control 53
*p<.05
W SA Aol ny FHatEoh #3ted, 11 Zpolt 5 Z1 #pol 7} -2ju] BHA] U THp<.05).
AH LR o]l st Ark(p<.05). hA] Eohr 2 o] A Table 30 &5t AR =7} A 9wk} FARko] Z4zh
oL SHYEA =l A Abarels ket #1519 W HE =8 118, 1.210]4L, &8 == 1.16, 1.250]1,
83 28 g S 107497 A8t Foba 1shd &3 el 144, 145E THE tmelof v WA
SAEY koA An S Gous FANASS & ASE Btk AT dAA BE el Aguia §
= A AlRro] Z+7} 1.46, 1.26, &5 =2]= 1.32, 1.17, 2%} =]
= AR O] 5H9] 84l HE, v, Ml SA, 2HE, = 1.84, 1432 HE =)o} 29 =7} FAHkof| H]sf
A 23 melEE AN Lol 49 FUG B4 Av ARG Aol ARYY H47h @l wRaE it
A =2 E AR HE =, vlE =g, el SA4 = Table 5| oot HE =2]9] 9 ARl HALE T AR
2], BE =2, 2% =2, AA FA HaolA Auke AAbllA 29 ez Wt Aes Adnke 207
a7y Fato] FARE Bof #A e BE =29t ¥ (35.1%), SAIRE2 137 (24.5%)2 Agnke] vlgo] ¢ 2
QA t=el, 2 =2, AA FACIA L Aol7t BAH Ao vehgrh vk 4% Al 0312 3h9] 47
om gojujstgon ug e, 8 e, 4T s oR WEE A% AUNE 28G.5%), FANE 67

2014, Vol. 58, No. 6



672

ool

312

A -7

QA

ot

Table 5. Student’s logical thinking formation degree of experiment & control group through cross-analysis methods

Category Post Experiment Control
Pre Concrete Translation Formal Total(%)  Concrete Translation Formal  Total(%)
Concrete 4 6 0 10(17.6) 4 4 0 8(15.1)
Conservational reasoning Translation 1 13 14 28(49.1) 3 16 9 28(52.8)
Formal 0 1 18 19(33.3) 0 3 14 17(32.1)
Total(%) 5(8.8) 20(35.1)  32(56.1) 57 7(13.2)  23(43.4) 23(434) 53
Concrete 14 5 7 26(45.6) 12 5 9 26(49.1)
Proportional reasoning Translation 3 5 5 13(22.8) 2 4 3 9(17.0)
Formal 1 2 15 18(31.6) 1 3 14 18(34.9)
Total(%) 18(31.6) 12(21.1) 27(47.3) 57 15(28.3)  12(22.6) 26(49.1) 53
Concrete 4 10 4 18(31.6) 10 8 4 22(41.5)
Variable-controlling Translation 4 6 15 25(43.9) 4 3 8 15(28.3)
reasoning Formal 1 3 10 14(24.6) 3 5 8 16(30.2)
Total(%) 9(15.8)  19(33.3)  29(50.9) 57 17(32.1)  16(30.2) 20(37.7) 53
Concrete 7 2 6 15(26.3) 7 0 10 17(32.1)
Probabilitic reasoning Translation 3 0 7 10(17.6) 1 1 3 5(9.4)
Formal 2 1 29 32(56.1) 7 3 21 31(58.5)
Total(%) 12(21.1) 3(5.2) 42(73.7) 57 15(28.3) 4(7.5) 34(64.2) 53
Concrete 35 4 5 44(77.2) 22 10 2 34(64.2)
. . Translation 4 1 2 7(12.3) 5 3 3 11(20.7)
Correlational reasoning
Formal 2 2 2 6(10.5) 4 1 3 8(15.1)
Total(%) 41(71.9)  7(12.3) 9(15.8) 57 31(58.5) 14(264)  8(15.1) 53
Concrete 0 0 1 1(1.8) 1 2 4 7(13.2)
Combinational reasoning Translation 0 1 7 8(14.0) 2 1 4 7(13.2)
Formal 0 0 48 48(84.2) 0 2 37 39(73.6)
Total(%) 0(0) 1(1.8) 56(98.2) 57 3(5.7) 5(9.4) 47(88.7) 53
(11.3%) .2 FANEe] v]go] o & AS R YEyth & 07(0.0%), EA| 5 4tﬂ(7 5%); AluLe. 3lo] oo
NG| A9 B eelsh BHE SOl A BI%A  wBkE BAo] Gtk Y HA ¥ 2% el FYEL
AT 56295 21O, BAME AH 221%NA A A 29 8420014 982% 14% Zo1o A0 &
T 434%2 FTFeTh AR 9] FA BlES Ak F Adke} A5~ 73.6%01 4 84.9%= 11.3% F7FskAeh. 1
Aol BlEOL Aol Agute] BAN He} oF  Ol§2 AtoiEs] 915 Tuble 22 M B ol 4nil
10% 71 spel o Zrkekgon S5 Awure 39 19, 694l 13], 7he 3812 & 539] BEAY L, e
Hr7]of A 147go] ¢ A2 & HE =27 =3 wEls 49 18], 59 29| 2 F 39, 29 == 4
oh. 38 imelvh AP Abe] A9 GRo® Makt o 18], 99l 19]2 % 289 BES Sk £ =9
AoE AP 159(263%), BANS 13EEASNR 9 2E e BE BE =eld] u3) AL ghe) BES
AUl vlgo] ok o 2 AR vebyth wE AT StRoU 2% W Rl A 23 vt g
AAA 2318 Bh9] S OR ek 49 Adwe 6 ko) stauroRE Fha 13k A]7]e] nj$ ojn] gl
B(10.5%), AN 118Q08%)2 AN vl go] ¥ g4o] Atk @ 4 glrk 2E3 4, 53hdo] A 2s
2 02 etk AW 45 B8 ket g8 b W8 BES AFstel I AN ol Ao
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Table 6. Mean, standard deviations for the score of logical thinking skills by cognitive level

8 -

A
s

ot

Cognitive level Group Person M Pre test D ™M Post test D Adj. M
Formal Operational Period experiment 14 8.36 0.63 8.79 0.89 8.93
control 14 9.14 0.86 8.29 1.44 8.14
Translation Period experiment 21 5.81 0.75 7.24 1.26 7.30
control 18 6.11 0.83 6.11 227 6.04
Concrete operational Period experiment 22 3.05 1.00 5.50 248 5.56
control 21 2.71 1.42 3.67 235 3.78
Table 7. Two-way ANCOVA results by cognitive level & teaching for the logical thinking skills
Category SS df MS F P
Teaching Method 43.77 1 43.77 12.33 001"
Cognitive level 1.07 2 0.54 0.15 .860
Cognitive level*Teaching Method 2.03 2 1.02 0.29 752
Table 8. Mean, standard deviations for the score of logical thinking skills by science achievement
Achievement level Group Person M Pre test D M Post test D Adj.M
experiment 36 6.00 2.29 7.78 1.64 7.97
Above the Average coitrol 31 6.77 251 6.55 243 632
Average Less than experiment 21 429 1.76 5.52 2.29 5.36
control 22 3.86 2.37 4.55 2.92 4.70
| DS Yo AN} 0SS & £ Uk DA A ok oI B AR AN e Rl
We ks WL PAA 28 5 G GAA 2 2 AT glo] BE A7 ASStea BAN SIS S 37
7| AN A S3] 2A L}EM% Ao Hol 3P o] i o] 1Fo A 23] AL /\} q4=7} stetstict. &
A TR R o] oS MR V12 ATHE gk, §E Fold el A Alne A3 ;g ek o2 o
Aol st B9 SRS 4 18 |58 stol

A g HAESt B A 435 4§ 53 07] gla) ol B BAS & A Table 99} 2}

AL BHY] A HE] T o)A Afelg wamsty] gla R AelAo] ma Hekel] whE meld Amee Says
S ARUI EAN SISO A B HHES BA o) 519 AR 9 WA o A0 Urehidrh thAl

sheith AR Bhel AHE W4E 18] Al A4 web shel AFme] Al glo] dmeld Abnd A%
AgELAT Bl AHE W oA E sAlah sl 4] AR el Apme Ao malr 9lee & 4 vk
i B AT BYER £ DGR ol 2 X

LS H| sk om 1 AvHs Tuble 87} 2} e B4 W) 45 A 53}

z“ﬁ HAEe) W2 ed AnY AR W s 4 Aol et B A7e] S o] kel d Abueo] u
A® W ol 1HO) AU BAN) A A Al Al A% vlash] 919 =eld 4ae weg ua
247} 600, 677011 H3t o5} 1] A FAE A=A BHom T AT Tuble 1034 2on] A ojskaye
e EANES] 2427 429, 3.86 0.2 ot o]AF T1F0] Hat A= 493004 6312, Gt Hae 582004 7.61=
olst IFRTE W4Tt ok AW WEL BRI T A5Eo] HlZch e B4 olshAle] 4k 6040) A

Table 9. Two-way ANCOVA results by science achievement & teaching for the logical thinking skills

Category SS df MS F p

Teaching Method 38.28 38.28 11.48 .001
Science achievement 10.73 10.73 322 .076
Achievement*Teaching Method 6.18 6.18 1.86 176
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Table 10. Mean, standard deviations for the score of logical thinking skills by gender
Gender Group Person Pre test Post test Adj. M
M SD M SD
Female experiment 29 4.93 2.15 6.31 222 6.68
control 24 6.04 2.35 5.88 2.52 543
Male experiment 28 5.82 231 7.61 1.97 7.61
control 29 5.17 3.16 5.59 3.05 5.59
Table 11. Two-way ANCOVA results by gender & teaching for the logical thinking skills
Category SS df MS F p
Teaching Method 51.86 1 51.86 15.13 .000"
Gender 6.75 1 6.75 1.97 .163
Gender*Teaching Method 1.26 1 1.26 0.37 .545
5.88% slefstl o] Heh o] s 5.170 4 5.592 oF HE =gef el FA =27t a3 Jd Ao B
o) Aol AN AEH FoH =2 A Z|F of 7he ¥t B g9 =3 Akary Ast &Eol sHA
A kol whE =24 Afargo] sty Ee] I 4L =9 =2l Ay A=Y - A a9l
2§ o -5 dopi7] fj3f ol I EA4S T A= e AARITE EoE iAo s A2 3] e
Table 113} e}, & Aol A 9] als= kol whE =23 o2 =Y A2 Y seve R Fotal 191 A
ARl TS0 ol S WA = Aer 710l EA7E kil & 4= )le mhekA] Al7]of Sk =
Ebutth. thA] ehd Aol A glof =2l F Akl A% 2] Abare 3} g-go] e AlAbskaL et
g M =24 Ay e At les d A, g defof] mE =23 ARLES SS9 A
oAtk Mwamwenda,” Otaala™2 1] "gef A ] Jaji= T AR e A=, A G T A ¥
A=Al aglofeby| Hih= £3H4] T 2 4] 2l A2 Yebdth & =24 Aharge A =, AR ok
o5t Aojetar stGitt. Wi shAy Aol whet =24 Ab A=, EI BA glol =9 Al ekt age
ol Aol 7} itk o=t A AP ik Ao oS =4 Abare Aol vl kil & 4= Qi
w2 oA Aol ofet Fje] T AT AL o] ulehd figh g B AT ANES By 9 4
A3 QA o ol AEL thewt gk ME 4¢lo] ofd A F3hm
1shd ot wif of =2 ARl 8 A5S MCP P o=
A= 2 A WP 2 7o B4 Ao 1d Eot 4 A7)
Zoha 1909 SIS el d AR olFol oty
BT AT WL ¢ ARkl HlE, BE, M BAl, B9 QX £ SN & 5 grk. 53] BE =
Shg AT 2% o] BES P 49 Aol S 2, el A e, 191 2 Helvt fojulshA A%
el AbaE PAS SIS Wk AAQ) mg Ao Hrka B 4 girh B el d Auee] gk 21 4
AQsHe 21 BA o St thiie] obd PAA 24 &, A, o] AAme wa A 4B 2§ mvpt
SEoIAY HET] £EQ F PSS AT HOE gl A0 ety tebd B Aol A A kel
sto] SUFE 12U71A] 603HAEF HE 53], B|F 63], A A Aeket g g A2 s E] dA
HREA 123], 28 23], A 39], 29 499 5 313]¢] &=, A, o AR S A o anAl =
= A ALY A3 SeEs BT Fol IS = 22 AR S AT wso] o Rlol E & Q=
2] 2] Afae Aol thsho] ARt Ak v Ak Ag & A5 Tl & A
AR, =24 ARy gA A v, BE, Hel FA, ol Aol BES =R BEshi T A AL THa
S5, A 2% =8 g5 Aokt g AR S b & Aol A AR = A AbarEs ekt '
w=elA ARaLE Al mapAolglon] 53] HE =4, W MR = A Afage] 3 A A A
HASA =2, 2% =29 Aol 13 FHE sHA ol g A4 BHE, uld], MAFA, &HE, &,
W SO HiA A2 Al JIE A= 2% =& vhHRaiA A2skA7] wZol2tal FehE T
etttk oA e o2 =l ve) g2 &5S 3 kA 1A 7hE anrh 53] 27 yehs A AR A
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