LREFX| 297 45, pp. 437-449(2009. 6)

J Korea Assoc. Sci. Edu, Vol. 29, No. 4, pp. 437-449(2009. 6)

FolLigt SS9l =2|X Al s=Hoj| st et 24
— 1980 ~ 2000E7IX[Q| st&X| A =S SHLE -

Zlgo|* .
EO

ey

z

(=1

ot
t=4

1431

>

A Meta—analysis on the Logical Thinking Ability of Korean Middle—
School Students
— Meta—analysis of the researches between 1980 and 2000 -

Youngmin Kim* - Soo Hyun Kim
Pusan National University

Abstract: The purpose of the study is to meta-analyze research resulis on Korean students’ logical thinking
ability. The results of meta-analysis on the research studies between the year 1980 and the year 2000 show that about
40-50% of Korean middle school students have conservation reasoning, proportional reasoning and combinatorial
reasoning abilities, and that about 25-30% of them have control of variables and probability reasoning abilities. In
addition, only 8% of the Korean middle-school students have correlational ability. When comparing their logical
thinking ability results with those of Japanese and American middle-school students, The ratio (32.6%) of Korean
middle-school students who have formal thought ability is a little higher than that of American students (30.6%), but

much lower than that of Japanese students (50.1%).

Key words: meta-analysis, logical thinking, proportional reasoning, control of variables reasoning, conservation
reasoning, probability reasoning, correlational reasoning, combinatorial reasoning, international comparison.

£ o QlojAx wj$ %ﬁo}ﬁ}.
Inhelder and Piaget(1958)7} Zo]7} A== at

of, ARo] &% S8 w1 E AFREke] olem AW
9 Hlgl=el, UATA =8, 23 =g 59 =2
A AL 58E 4ol Hast ojdR = E ¢

Bl =eof HRlEA =98 FHs= B
(Karplus, et al, 1974; Matteis, et al, 1985) 43
9 =& AR FEo tigt Aot wWol ofFejA
e}, Karplus (1975)2 =3t 67 49 =71 &

o
S

2 Hjd=2i
o] 59 25%7} HlHl=al7F YA E o
20%7} HOlEA] =27} AR o] ot Byt

2 A7PEE vig=gr)t P44 =Y
%Zﬂ =7t A YY) BEE B
I Matheis 5(1992)-& u]zt A7)
fmn%ﬂ QB FAEO] 2| AFl

2
Ak vl Qi o] A Axte] ofsh
HEE9 75‘%% H& =27} 70.6%, 44
A4 =217} 50.7%, SE=e7}
41.6% 45’47} 5%, 2F=27} 76.3% B/E
o] 1, ulo AEY A= BE =87t 60.8%,
Blg =27t 16.9%, HRJNFA =7} 27.0%, SHE+=
27} 16.7%, AT=gl 7t 8.6%, 28=2|7} 53.3% &
g5jo] Qlrkn sty vla sHEES il B4
58 B PAH AL FE glojAle] A Aol(sex
of thgt Mgt B4 A (Ross, J. Al

Hol2A =g §A

QIS Sare)

o ¥0 ox
o 2 kI Hi

=

difference)

*EMXAE 2Fminkiyo@pusan.ac,kr)
**2009.02.28(F%) 2009.04.27(1AE1h 2009.08.0124%

1f) 2009.06.0425= 1)



Meehan, 1984 19101+ =24 b3 WIS of
3 U SIS AR SES YO 3 vle i
4 @7 3 23

el F50 FYES Yo o e
AL 24} A7 1982d0) BRI A

9}, 1982)o A A502 o]0
o(0]49, 1982)7F o Uglo &3
Aoz o}ML SqFmoA] Yt 4°L
i %t ArE BI)=

iﬁ
2
My
lo
ol

s
RS

N

£

=2
1 g &
e o S oh

. o
L oo

(o
B

_{

aol ok, SR 33 ot 1
4.0%, 2819 4% 7.1%, 3ghd 2] - 13.0%7} &
o] Q= Ao vehton] vlaelt Fohi |
| 5.8%, 25Hd 11.0%, 334 30.8%7F A= o]
olen], QIEA el F5hm 157d 3.8%, 28hd
7.2%, 3P 7.5%7F A=A = AR ZAES)
o}, ojo] AREE HAF =FE Gray & BSCS7F A
3t How's Your Logic Test 9} Karplus and
Petersonol 7§48t “The Ratio Puzzle ©lith, o]
2y ol2o] 258w PSS tfite R 3 =g
4 A3 59 24} 172 Al g0l ool e
SN
f
7

?5}-3— 61—1\115_4 L—_;-qﬁ /\]-j_ l‘];— 2
SolA v 2 #4 e ol 2ARE dts A
A< (19874, 37029 4D, +HL (19884, 2497
3 A4, 'd#%‘—% (19974, 12361 4 S9 A+
7F glom gk 7f shdol dhaiA B tiale A7 5t
o ZARE ATECIAE, 1996; 74w, 1996; UH
gk 1996)% St} 1"d] ojEo] dF AdE 2,
=& ARL 589 519 =2 ¥4 A= AR
uith o2y 71 zjolr) whead] @ A=t ol A
$-off ekl 20~30%8 & F9E th A= B
W, e 21987)7F AR Aol ojshd Sk
1, 2, 38 SPYES BE =8 A Axr)t 44
38.8%, 41.7%, 49.8%1d] w3, vk do] HAH
FAE(1988)8] Ao SJatH F8tul 1, 2, 33hd 8
AEL BE =7 A HALE 60.8%, 56.1%, 64.6%
2 AR 92 0%, 14.4%, 14.8%\} =4 Vbt
A7} 544, 1990 ol AR, WS- 5(1997)9)
Aol oot B =7 4 st S 1, 2, 3
B SIS ] A$ 2zt 36.9%, 39.8%, 47.7%21d)]
Hafl, ZH74=(1997)¢] F3tal 18hd 655 diAte
23 A Adls HE =T g4 AZI} 39.4%%

3, 48019977 S8k 28hd T07HE AR
3 ZAF AT B2 =) A4 Jot 40, 7%MJ_
A43H1997)7} 2ew 38 T47THE AL O Z A}
3t o At BE = X AT} 41.9%2 sHd
of wet Z¥zF 2.5%, 0.9%, 5.5%% vju|slAL A&
Zpolg Kol 5 opokst At A3E Holar qlot

A G729 A-Fgo] AAE Lejvet SIS
w2 A 5EE By B Ao AL St
o 13PEE 36,9% ~ 64.8%, 3k 23hd 2] Ao
39.8% ~ 64.4%, %8 3814 A= 47.7% ~
75.9%% 5/\}1}01] o} Abgket HaE Rolx Qi)
zgtego] Aol 7 Hir) WX o A4 1980
ZAHE Ao AOM Zaha 18199 9 2.5%(Qt
a1 1989) ~ 56.8%(H-4 4, 1988), F8Hi 281 2
AQol= 4 8%(SHAIN, 1989) ~ 67.3%(F7 g,
1988), 181 Fstu 33hd 9l A9-oll= 9. 7%
91, 1989) ~ T7.3% (w4t E, 1988)% o & HALE
Hojar oy, 71 Hrel thE oFY] =0 A E
ApApof| whe} AFgt HARE Holal it
oj#fgt AWM LHuet SYEY =oF AL
SO il BHHOoR ok Aw FAE QoL
Fobz] o)A st Qlek, meba] 2 dfteMe 2
Qb o]FXl AFANEE HE A8 FoRH,
22 At 5o ohg =elEof Ha S-2futet 5
=
9

5

Ol

4
o B4 B4 YR LA 2 15T A

oI $elpR S s A

O




=2 ﬂwi EHoto] 2 A oL, B
o2 18 WYEE KU L9 47 3
o ol Be ATE FH £ ARl e
B4 S 4] B e e Y 2AR

3, fé } 2w 2ol st A2l R ol
wet £ o} At ShaRlof AlRE =Eo® gtk

A, &2 AAMNAE AR 75 gL o
ot giiel dEEoe] GALT AAKE A3
o8 GALT AAAE A3 718 giate = sir}
a9y GALT ZAARE 2421 ¢gAJEo] glon,
i_{.\_EQ— /\}_Q.@i_o_ UHQ} Q,LAC—)]E_; /\},_Q_@q\_o_ qg ﬂ
W7k chEvhs AT A 9, 1998) WolE
O]J_, v RE A 81 u)2ah YR Aulyl 2AR
& MRS W AnelE Aest] GALT H4&
L AL ATES Hn2 AAste] A3

Table 1

HIEt 84 — 1980 ~ 2000F7X|2] SHEX| A

=22 zrMoz - 439

GALT #A} E3%& Lawson©] 7Hiat AAbe
(Lawson, 1978)2} TOLT(Tobin and Capie, 1980)
AXE Lol dRE #2319 Roadrangka, et
al(1983)0] 73t Aolck, GALT Al =79 A
%_‘X]E A%(Cronabeh @)= 0.850|91eH, ZF =&
AlZEE 037014 0.83S Lo, oA 4
JJf =29} 2g=e] o] Aot Ag =7t 0,580]8}0]
Aaot. A 6749l ZF =8 f¥E HYE ALe
0.45(8]dl=2])~0.88(2=]olth, A4 67) =2
o Bt WolE= 0.4001H A== 0112 7 o
2glk (63082 71} 4t Roadrangka,

et al, 1983).

2. HEt 2M iy MYE =55

ju]
=

19800l = Bl
Ha0] =] Am }_A} ALEo] S o
% GALT $HE3} H4RE olgate] =a]4 A}
Z bk ¢5t= Table 1 ~ Table 33 Zch!

Table 1 ~ Table 394 Hi= Hie} o] -gjitet

5
w e rlo

El

Researches related to secondary students' logical thinking studied in 1980s

No. of students

Published Journal or

Year  Researcher(s) Gradeno.  q. Test tool* District fhosis
of students)
. G727 Chonbuk
1987 Chol, BB, and Bur ™ ag050) ™ 6ss GALT(®) (city and JKASE***
' G9(229) rural)
X G7(1179)
won, J. S., Choi, g
1987 B. S, and Hur, M. G8(1237) 3702 GALT®R) City JKASE
(9(1286)
G7(227)
(G8(232)
1987 Choi, B. S, (G9(229) 900 GALT() Cities Chemistry Education
G10(105)
G11107)
Moon, H. M. and Chonbuk . .
1987 Choi, B, S, (G10(435) 435 GALT®E) (city) Chemistry Education
G7(817) Seoul,
1988 44 G8(824) 2497 GALT(R) Inchon, Physics Education
G9(856) Kyounggi

* In test tool, GALT(F) means that GALT full version was used, and GALT(R) means that GALT reduced version was used.

** There is no exact name of the city in the article.
#% Journal of the Korean Association for Science Education
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Table 2
Researches related to secondary students’ logical thinking studied in 1990s
No. of students
: " s Published Journal
Year Researcher(s)  Grade(no. of Total Test tool District or thesis
students)
G7(640) Ehwa G .
P rvrem—— wa Gyoyu
1990 An, S. M G8(672) 2040 GALT (R) Seoul Nonchong
G9(728)
Seoul, .
1992 Lee, J. H. G11(832) 832 GALT (®) Kyounggi Master thesis
1993 Lee, E. A, G11(103) 103 GALT (F) Seoul Master thesis
Chung, J. K, and Ehwa Gyoyuk
1994 Leo, J. B, G9(479) 479 GALT (F) Seoul Nonchong
Woo, J. O, and Kim, Seoul, Chungju, K%
1993 J1 G11(658) 558 GALT (R) Kwangju JKASE
Park, J, Y. and Seoul, Chemistry
1996 Kang, S, H. G11(470) 470 GALT (F) Kyounggi Education
1997 Kang, K. R. G7(655) 655 GALT (R) Seoul Master thesis
1997 Kim, Y, M. G8(707) 707 GALT (R) Seoul Master thesis
1997 Chung, J. Y. G11(821) 821 GALT ®) Seoul Master thesis
Park, S. Y. and Ehwa Gyoyuk
1997 Kang. S. 1. G11(681) 681 GALT R) Seoul Nonchong
1997 Kim, J. H. G9(747) 747 GALT (R) Seoul Master thesis
Park, J. Y., Kang, -—~#G7(4O7) Chemist
1997 S H., Woo, A.J., G8437) 1236 GALT (F) Seoul Bdaoation
and Hur, E. K.  — 7 ucation
R G9(392)

* In test tool, GALT(F) means that GALT full version was used, and GALT(R) means that GALT reduced version was used.

*#* Journal of the Korean Association for Science Education
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Table 3
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Researches related to secondary students’ logical thinking studied in 2000s

No. of students

Published Journal or

Year Researcher Grade(no, of Total Test tool® District thesis
students)
G7(176)

2004 Ko, K. H G8(190) 559 GALT (F) Seoul Master thesis
G9(193)

2005 Lee, S. J. G11(5674) 574 GALT (R) Kyounggi Master thesis
GT7(571)
G8(542) Big cities,

2005  Kim, 8. H. GI(583) 2790 caLT® el Master thesis
G10627) rural area
G11(467)

* In test tool, GALT(F) means that GALT full version was used, and GALT(R) means that GALT reduced version was used.
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Table 4
Selected researches for meta—analysis

Grade

Correct answer rate(%)

Total no.

Test -

Year Auth £ £ District  Journal
ear Author s‘s(l?gér?ts) Conser Prop C%r;rof Prob Corr Comb stugents tool*  ISHIC ourna
year 1980-1989

Choi G7(227) 39.6 32.8 176 172 84 17.7 Chonbuk
1987 ;ﬁﬁ G8(232) 9297 371 241 146 86 229 688 GE%T (city and  JKASE***
(&) G9©229) 37.6 415 9T5 345 7.9 362 rural)
Kwon, G70179) 388 346 194 165 65 -
ChOi, _ GALT srokck
1987 M0 G8(23D  ALT 356 207 247 79 g0z Uiyl ity JKASE
B G91286) 498 477 9295 384 98 -
G7817)  60.8 312 9245 277 85 56.8 Seoul  Korean
1988 ‘gg;l G8(824) 561 332 334 311 98 67.3 9497 G%L)T Inchon, ~Physics
GoB56) 646 569 480 53.0 95 77.3 Kyounggi Fducation
year 19901999
G7(640) 436 36.6 1.2 135 5.7 2.5 h
An GALT wa
1990 (py  G8672 50.6 378 243 216 6.9 48 2040 @ Seoul  Gyoyuk
Nonchong
GO(728) 532 518 271 89.8 87 9.7
Jung GALT Ehwa
1993 and Lee G9(479) 407 482 351 610 537 165 479 " Seoul Gyoyuk
) Nonchong
Park, G7407) 3869 337 936 349 86 9221
Kang, GALT Korgan
1997 Woo, G837) 39.8 478 346 533 71 320 1236 Gy Seoul Chemistry
dH Education
T G9E99) 474 566 503 TL4 61 401

after year 2000

none

*In test tool, GALT(F) means that GALT full version was used, and GALT(R) means that GALT reduced version was used.

*# There is no exact name of the city in the article.
#4% Journal of the Korean Association for Science Education.
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Correct answer rate(%) of Japanese and American(NC state) middle—school students on sub—scales of GALT,

All Conser Prop Con Var Prob Corr Comb
Japan 50.1 70.6 53.1 50.7 41,6 8.5 76.3
USA(NC) 30.6 60.8 16.9 27.0 16,7 8.6 53.3
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Table 6

Korean middle—school students' correct answer rate(%) on the Conservation Reasoning Test in six articles,
A B* c* D* E F Average  Average(R)**

G7

(N=3270; 39.6 38.8 60.8 43.6 36.9 45.1 47.4

N*=2636)

G8

(N=3402: 29.7 41.7 56.1 50.6 39.8 45.9 48.2

N8=2733)

G9

(N=3970; 37.6 49.8 64.6 53.2 407 47.4 ol.6 55.1

N*=2870)

Total

(N=10642; 35.6 43.6 60.6 49.3 41.3 477 50.0

N*=8239)

* Correct answer rate when using the reduced version of GALT.

** Average of the correct answer rate when using the reduced version of GALT,
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Table 7
Korean middle—school students’ correct answer rate(%) on the Proportional Reasoning Test in six articles
A B* C* D* E F Average Average(R)**
G7
(N=3270; 32.8 34.6 31.2 36.6 33.7 34.0 34.0
N*=2636)
G8
(N=3402: 37.1 35.6 33.2 37.8 478 39.3 38.2
N8=2733)
G9
(N=3970; 41.5 477 56.9 ol.8 48.2 596.6 510 015
N*=2870)
Total
(N=10642: 37.6 41.5 40.7 42.4 45.9 42.1 41,5
N*=8239)
* Correct answer rate when using the reduced version of GALT,
** Average of the correct answer rate when using the reduced version of GALT.
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Table 8
Korean middle-school students' correct answer rate(%) on the Control of Variables Reasoning Test in six
articles.

A B* C* D* E F Average  Average(R)**

G7
(N=3270; 17.6 19.4 24.5 11.2 23.6 19.5 18.6
N*=2636)
G8
(N=3402; 241 217 33.4 24.3 34.6 26.9 25.9
N8=2733)
G9
(N=3970; 21.5 29.5 48.0 27.1 35.1 50.3 36.1 34.4
N*=2870)
Total
(N=10642; 23.1 23.7 35.5 21.2 36.0 29.0 26.6
N*=8239)

* Correct answer rate when using the reduced versijon of GALT,
** Average of the correct answer rate when using the reduced version of GALT.
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Al 2.9%9] Aol Holi glon 389l ZHLow
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AgE]of ol Ao & Yehdom Fetu 18hd st E
o] 9= o 7% sHEE0], 3 23132 oF 8%,
238+ 38hdo] =W ok 149% w7t BAEE Aom
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A ddehs S Btk E| o] =g 1, 2, 38

Korean middle—school students' correct answer rate(%) on the Probability Reasoning Test in six articles.

A B C D

E F Average  Average(R)**

G7

(N=3270; 17.2 16.5 217 13.5

N*=2636)

34.9 21.0 19.2

G8

(N=3402; 14.6 24,7 31.1 216

N8=2733)

93.3 28.6 25.9

G9

(N=3970; 34.5 38.4 53.0 39.8

N*=2870)

61.0 714 47.4 43.1

Total

(N=10642; 20.9 26.8 37.5 25.6

N*=8239)

53.0 33.3 29.8

* Correct answer rate when using the reduced version of GALT.

** Average of the correct answer rate when using the reduced version of GALT,



Table 10

Korean middle-school students' correct answer rate(%) on the Correlational Reasoning Test in six articles,

A

B*

C*

D*

E F Average  Average(R)**

G7
(N=3270; 8.4
N*=2636)

6.5

8.5

9.7

8.6 7.2 6.9

G8
(N=3402; 8.6
N8=2733)

7.9

9.8

6.9

7.1 8.1 8.2

G9
(N=3970; 7.9
N*=2870)

9.8

9.5

8.7

53.7 6.1 14.4 9.4

Total
(N=10642; 8.3
N*=8239)

8.1

9.3

7.2

7.3 10.2 8.2

* Correct answer rate when using the reduced version of GALT.

** Average of the correct answer rate when using the reduced version of GALT,

QA Afojof FAE Aol 7t TR =Hrel HX] got ghd
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Table 11

2 gd ¥

AP Al T FIAE

o] 23} 2] YA AL Table 113} 2t} 28 =7
o] o= kel ol =gjof ulsiME, 1 4 Je
off QlojAl AtAte] whet 78 & zpolE Kol i},
785 BAFARE o =glof thal £48) T A &

H;]_ ﬁ_‘er}oﬂ =2 71— 6¥L=1 61—/\‘4‘:,,] *6:1/(4;(} H]%Q.
B 18hde] A 2.5%00 X% E 56.8%7HA] 54.3%
9] 1}01 Ho|, zmﬂ ALo|% 4.8 ~ 67.3%%

HA| 62.5%2] 2tolE Holil 9lom, 38h49] 790
% 9.7% ~ T7.3%% 67.6%2 20| Ho|x Qlrh &
gkl vlal] CAToAl A e AYUAA #11, DAFAA=
AR A] & A2} H]&-g BoliL 9lTt,

Korean middle—school students' correct answer rate(%) on the Combinatorial Reasoning Test in five articles,

A

B*

C*

D*

E F Average Average(R)**

G7
(N=2091; 17.7
N*=1457)

6.8

2.5

22.1 29.2 32.9

G8
(N=2165; 229
N8=1496)

67.3

4.8

32.0 36.0 39.2

G9
(N=2684; 36.2
N*=1584)

7.3

9.7

16.5 401 39.2 46.2

Total
(N=6940; 25.6
N*=4537)

67.3

0.8

313 35.2 39.7

* Correct answer rate when using the reduced version of GALT.
#* Average of the correct answer rate when using the reduced version of GALT,
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Comparison of logical thinking ability(correct answer rate, %) among Korean, Japanese, American middle~

school students

All Conser Prop Con Var Prob Corr Comb

Korea 32.6 50.0 41,5 26.6 29.8 8.2 39.7
Japan 50.1 70.6 53.1 50.7 41.6 8.5 76.3
USANC) 30.6 60.8 16.9 27.0 16,7 8.6 53.3
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