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ABSTRACT. The purpose of this study was to analyze Korean middle school students’ achievement in chemistry
based on the TIMSS 2003. Korean student showed significantly lower achievement than Singapore, Hong Kong, Chi-
nese-Taipei and Japan in chemistry. A boy student of Korean and Japan showed significantly higher achievement than
a girl student. Singapore performed well in ‘Particulate structure of matter’ and Chinese-Taipei in ‘Chemical Change’,
‘Acid and base’. Three chemistry topics of ‘Particulate structure of matter’, ‘Acid and base’ and ‘Chemical change’ are
not included in the Korean science curriculum through 8th grade, even though they are included in most other nations’
curriculum. Korea student showed relatively higher achievement than comparative country in items that related to sol-
ubility. The other side, Korea student showed relatively lower achievement than comparative country in items that related
to a definition of particles, a property of metal, a definition of inquiry process skills, combustion, distinction between
physical and chemical change. Korean student showed relatively higher gender difference than comparative country in
item that related to particulate structure of matter, Korean male students outperformed female student in item that related
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to particulate structure of matter and combustion. Korean female students outperformed Korean male student in item that

related to classification of metal and nonmetal, distinction between physical and chemical change.
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Table 1. Distribution of chemistry items by main topic
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Number of items

Number of items

Main topic Nu‘mber of by item type by cognitive domain
items Multiple- Constructed- Factual Conceptual ~ Reasoning and
choice response knowledge  understanding analysis

Classification and composition 14 8 6 3 6 5

of matter

Particulate structure of matter 4 4 0 2 2 0
Properties and uses of water 2 1 1 0 1 1

Acids and bases 2 1 1 1 1 0
Chemical change 9 6 3 1 6 2

Total 31 20 11 7 16 8
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Table 2. National comparison of student achievement at chemistry

Korea, Rep. of

Korea, Rep. of

Korea, Rep. of Korea, Rep. of

Country - Singapore - Hong Kong - Chinese Taipei -Japan
Korea, Rep. of  Singapore t Hong Kong t Chinese Taipei t Japan t
Mean 529.09 578.63 - 542.63 . 585.29 we 55154 e
-34.26 -12.29 -38.44 -18.81

(S.D) (61.94) (87.83) (48.51) (86.95) (58.08)

*p<.05, " p<.01, ™ p<.001

Table 3. National comparison of student achievement in gender at chemistry

Country Korea, Rep. of Singapore Hong Kong Chinese Taipei Japan

Sex Male Female t Male Female t

Male Female t

Male Female t Male Female t

Mean 531.26 526.71
(S.D) (63.53) (60.06)

w 576,65 580.69
(90.71) (84.67)

54378 541.50
(50.45) (46.51)

58113 589.68
(91.42) (81.76)

ve 55438 54864 . ...
(60.15) (55.73) >%
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Table 4. Grade that ‘Classification and composition of matter’ is intended to teach

Country Korea, Rep. of Singapore Hong Kong Chinese Taipei Japan
Grade 8 7 9 8 3-12
Table 5. An analysis of items at ‘Classification and composition of matter’ %(student number)
i) o o ot e T o 7 e * e 7
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p<.05, “p<.01, “"p<.001
MC: Multiple-Choice, CR: Constructed-response(®]3} 5-2)

F.K: Factual Knowledge, C.U: Conceptual Understanding, R.A: Reasoning and Analysis (¢]3} 5
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Table 6. Grade that ‘Particulate structure of matter’ is intended to teach

Country Korea, Rep. of Singapore

Hong Kong

Chinese Taipei Japan

Grade 12 8

9 8 8,10-12

Table 7. An Analysis of items at ‘Particulate structure of matter’

%(student number)

ey o e T
T ST T T AT
ST e i s oo 1w
zifizgef‘f;z:;g%mm) MC CU (12‘92) (i‘;'g) 7341™ (Zf) 36.11™ (21'79) 28,01 (if)‘j) 11.29"
R T S Rt (T e

Hkx

“p<.05, "p<.01, *"p<.001
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Table 8. Grade that ‘Properties and uses of water’ is intended to teach

Country Korea, Rep. of Singapore Hong Kong Chinese Taipei Japan
Grade 7 4 7 8 4,7,10-12
Table 9. An analysis of items at 'Properties and uses of water’ %(student number)
Item Cognitive Korea, Singa ,  Hong R Chinese N N
ftem(Code) Type Domain Rep.of pore X Kong X Taipei X Japan
Density of salt solution 578 533 36.5 w377 e O11
(S032565) CR R.A (446)  (499) 1.97 (414) 39.33 (443) 36.17 (399) 3.84
Diagram representing 442  60.7 w243 w122 w110 .
water molecules(S032502) ¢ cu (446) (501) 2581 (408) 37.28 (439) 7145 (396) 94.02
“p<.05, "p<.01, ""p<.001
Table 10. Grade that ‘Acids and bases’ is intended to teach
Country Korea, Rep. of Singapore Hong Kong Chinese Taipei Japan
Grade 10 7 8 9 6,7, 10-12
Table 11. An Analysis of items at ‘Acids and bases’ %(student number)
Item Cognitive Korea, Singa , Hong N Chinese N N
ltem(Code) Type Domain Rep.of pore x Kong X Taipei x Japan
. 39.7 542 e 662 we 13.8 e 039 -
Litmus test(S032057) CR CU (885) (1004) 39.79 (826) 120.87 (888) 209.98 (806) 99.16
Example of acidic 523 554 84.7 o 8608 o 462
solution(S032672) Mc kK (440) (493) 20 (419) 104.05 (440) 123.96 (398) 305

“p<.05, "p<.01, ""p<.001
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Table 12. Grade that ‘Chemical change’ is intended to teach
Topics Korea, Rep. of Singapore Hong Kong Chinese Taipei Japan

Chemical change 9 8 10 8 5-12
Table 13. An analysis of items at ‘Chemical change’ %(student number)
o e e e e 1 e 0w
IO v cu &2 S e 91 o 02 e B o
I a2 e B2 S e
fi?:(nsigfzao‘g;)()d MC C.U (ng;'g) (58667) 501° 901 5547 (89%; 45857 ((;‘;'76) 109.09°
jc,;:(‘;lg;;g?i)ng in3 CR R.A (f;f;.ss) (17;(‘)31) 127.98"™ (233'8) 19237 (2(;'86) 172" 6(20750? 4592
e e G Ul ) w2 os 8 e 5
N e o 5 e S B e b e
e I oy B e O e 90 e S
oS e T w05 e 88 e 0 e
e MC U S e 52 a8 e 5

*p<.05, “p<.01, ""p<.001
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Table 14. An analysis of item that showed significant achievement difference between male and female. %(student number)

. Chinese
Ttem(Code) Korea . Singapore . Hong Kong . Taipei . Japan .
Female Male Female Male Female Male Female Male Female Male
Litmus test 362 429 . 584 504 649" 67.8 64.6 9 76.8 71.0 3.80 623 65.6 9%
(S032057) (426) (459) 77 @76) (528) 7 (416) (410) O (426) (462) U (408) (398) °
Metal crown_ what
- 204 15.1 . 354 331 23.8 226 32,7 271 350 35.0
crownmetal block was 426 62 17 225 .00
made of(S032713A) (417) (458) (496) (508) (408) (430) (434) (454) (406) (414)
Particles in nucleus 377 472 w 0645 641 0 254 352 996" 644 63.8 03 363 375 13
of atom(S012025) (466) (422) 777 (498) (S01) T (409) (409) T (427) (470) T (394) (405) -
Gas needed for rust to 255 347 L 004 588 613 740 .. 89.6 883 415 540 .
form(S022183) (642) (695) 13.18 (75.3) (746) 39 (636) (601) 2280 (636) (702) 8 (590) (609) 1876
Neutral atom gains 172 251 « 816 769 3.40 483 539 250 544 549 0 571 622 204
electron(S022202) @19) @55) °°0 @84y (519) TV (@22) (38%2) 770 (436) (260) - (385) (381)
Solution half as 360 453 « 353 410 333 40.5 51.8 10,67 42,1 51.1 714 474 446 &3
concentrated(S032564)  (425) (457) "°° (470) (5200 77 (415) (07) ' (425) (460) T (401) (397)
Atoms removed from 60.0 71.8 1358 67.6 69.6 46 456 482 5 477 573 337" 604 69.5 730
chair(S012040) (420) (454) ~7°0 (@82) (520) U (423) (380) T (436) (473) 7 (394) (413)
Reactions releasing 344 421 5.48° 633 723 938" 71.6 767 10 790 76.0 17 39.7 418 13
energyl
S022188 424) (466) ~° 501) (502) 412) (412) 429) (471) 401) (402)
;ii’;l‘;al Zgﬁ;s 496 392 . 577 93 . 544 514 736 29 o 24 90
& @17) 454) 77 (485) (518) T (421) (383) 1 (435) (473) T (394) (412) -
(S022198)
Diagram representing
38.8 48.8 . 638 579 19.5 29.1 . 71.6 729 74.5 79.7
lecul 442 1.82 06" .09 1.
water molecules (206) (240) 10) @61 " 205 o3 % @18 221y P o) a9y P
(S032502)
Observation of bubbling 51.9 44.6 « 858 795 1037~ 639 588 344 73.6 66.5 700™ 716 604 16.50™
electrode 7 75 7 5) (597 7 5
1 de(S022276 644) (698) 3 46 ’ 63 9 : 636 02) 91) (609)
Different materials sorted 55.8 44.9 w138 66.8 . 570 46.7 e 031 544 . 01.0 552
into two groups(8032683) (631) (688)>°  (132) (771 ¥7% (610) (6100 PP (623) 119)'%% (s97) (611) +1°
Candles burning in 3 468 579 o 7135 81.0 . 648 61.0 63.1 582 66.8 705
jars|
jars(S022191 427) (458 1077 495) (410 801 435) (395 1.29 439) (459 228 392) (413 1.23
ng‘s’;ﬁ:‘i’;f;::ﬁy T 35 232 o Ol4 474 o 431369 566 493 418 425
Q17) 228) " (233) (266) " (202) 217) o (228) (219) “7' (201) (207) °
(S032570)
Metal crown_ density of 30.8 27.6 Lo2 684 59.1 935" 57.1 513 09 484 40.1 6.20° 446 483 113
metal block(S032709)  (396) (43.8) "~ (494) (509) O (408) (431) T (434) (454) *°  (408) (414)
Fanning a wood fire 73.8 78.8 782 83.1 3.89° 89.7 90.5 14 864 904 351 954 938 o4
5 7
S012003 420) (466) 499 08) 41 388) 428) (480) ~° 391) (406)
Energy released during
. . 13.0 183 277 354 183 195 339 415 11.7  20.2 "
a chemical reaction 207) (240) 233 42) (263) 343 08) (205) .10 218) (224) 2.70 (205) (193) 5.39
(S032679)
isrf)‘;agl‘itf?i;ﬁand/ 07 682 . 815 765 o 78T TSl . 827 T34 . 812 TAS
5 (Q15) 223) 7 (243) (260) 0 (221) (189) " (226) (229) T (202) (204)
(S032562)
"p<.05, "p<.01, ""p<.001
A g7k A= ES ofEA o R Q=R 0 Yk RS 9AF Adel T o] EE =ol7] H
ARez AA% Aes) gor, o Edlm $¥ ol w4 Al AL Age] Lasiid.
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