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Chapter 3

Average Achievement
IN the Science Content Areas

Chapter 3 presents results by the major content areas in science to
provide information about the possible effects of curricular variation
on average achievement. Average performance is provided for five
content areas at the eighth grade: life science, chemistry, physics, earth
science, and environmental science, and for three at the fourth grade:
life science, physical science, and earth science. Relative achievement
is shown among the content areas for each country and results are
presented by gender. Trends from 1999 are shown for the eighth grade
(insufficient items are available from 1995 to report trends within
content areas).

The TIMSS 2003 science assessments at the eighth and fourth
grades were designed to allow as fair comparisons as possible among
participating countries. Considerable effort was devoted to updating
the science framework newly published in the TIMSS Assessment Frame-
works and Specifications 2003.% IEA gratefully acknowledges the generous
support of the US National Science Foundation in helping to fund this
work, which took about two years, including a special international
expert panel, iterative reviews by the NRCs, and a curriculum ques-
tionnaire completed by the countries. The effort focused on specifying
1 Mullis, I.V.S., Martin, M.O., Smith, T.A., Garden, R.A., Gregory, K.D., Gonzalez, E.J., Chrostowski, S..J, and O’Connor,

K.M. (2003), TIMSS Assessment Frameworks and Specifications 2003 (2nd Edition), Chestnut Hill, MA: Boston College.
Please see Appendix A for more information about the framework and test development process.
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4. Acids and bases

S

Chemical change.

At grade 4, chemistry is not reported separately, but combined with
physics as physical science. At this grade level, the particulate struc-
ture of matter and acids and bases are not included.

Physics

1.

N o o koD

Physical states and changes in matter
Energy types, sources, and conversions
Heat and temperature

Light

Sound and vibration

Electricity and magnetism

Forces and motion.

At grade 4, physics is not reported separately, but combined with
chemistry as physical science. At this grade level, sound and vibra-
tion is not included.

Earth science

1.
2.
3.

Earth’s structure and physical features
Earth’s processes, cycles, and history
Earth in the solar system and the universe.

Environmental science

1.
2.
3.

Changes in population
Use and conservation of natural resources

Changes in environments.

1
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TIMSS2003

Exhibit 3.1 Average Achievement in Science Content Areas

SCIENCE

Grade

Average Scale Scores for Science

Countries

Content Areas

Armenia 435 (44) @ 42 (43) @ 450 3.6) @
T Australia 523 3.8) © 518 (3.) © 518 (4.1) ©
Belgium (Flemish) 524 (1.7) © 507 23) © 522 (1.7) ©
Chinese Taipei 540 (1.6) © 554 .00 © 55 (26) ©
Cyprus 482 2.1) @ 47 23) @ 487 (2.5)
t England 532 3.1) © 546 3.2) © 535 (3.5 ©
t Hong Kong, SAR 535 2.6) © 548 27) © 536 (27) O
Hungary 536 (2.5 © 526 2.7) © 526 3.7 ©
Iran, Islamic Rep. of 424 (46) @ 41 (45 @ 428 3.0) @
Italy 521 3.5 © 512 3.5 © 51 37 ©
Japan 530 (1.3) © 557 (1.7) © 535 (1.) ©
Latvia 531 2.3) © 532 26) © 5342.) ©
! Lithuania 516 2.00 © 51225 © 503(32 O
Moldova, Rep. of 504 3.) © 48 (3.) 505 4.) ©
Morocco 300 (6.1) @ 308 (7.00 @ 311 6.1) @
T Netherlands 547 (1.8) © 505(1.) © 503 23) ©
New Zealand 520 23) © 516 2.3) © 522 23) ©
Norway 480 22) @ 456 23) @ 473 28) @
Philippines 330 (.0 @ 33 (6 @ 3(2 @
Russian Federation 526 4.7) © 527 5.2) © 527 6.00 ©
t Scotland 506 3.1) © 503 26) © 826 O
Singapore 558 (5.00 © 577 (5.) © 538 (5.2) ©
Slovenia 48 (2.) 723 © 0 (2.7)
Tunisia 2006.) @ 324 53) @ 336 (48) @
t United States 537 ( ) O 53123 © 53525 O
® (0.
Benchmarking Partmpants
Indiana State, US 554 2.) © 546 3.5) © 552 3.6) ©
Ontario Province, Can. 541 3.6) © 537 35 © 53 (3. (o)
Quebec Province, Can. 503 2.2) © 4724 O 507 2.7) ©
o N uq\ K] NQS 1¢ a,]l _’ LI
q. ; ’“ . N .:! \‘V ™ T
@ N uq\\,! .S 1€ ql\‘ [ 3 \_‘ n
AR o
Tt Met guidelines for sample participation rates only after replacement schools were included (see () Standard errors appear in parentheses. Because results are rounded to the nearest whole number,

Exhibit A.9).

some totals may appear inconsistent.

1 National Desired Population does not cover all of International Desired Population (see Exhibit A.6).

112

TIMSS & PIRLS INTERNATIONAL STUDY CENTER" N g‘ S%

L

F E_ucar N,
)

g STNcE E

SOURCE: IEA's Trends in International Mathematics and Science Study (TIMSS) 2003



% v saveea Ea® teve e Y Esd BN CEC NTRN T AvEAs

TIMSS & PIRLS INTERNATIONAL STUDY CENTER" V&% L E_'UCA'II N,y strNclle g




% APTE® 3: AVES A EA% Yevis li\ITINS' Esc'BN cEC N7BY T Av EAS

114

achievement across content areas showed considerable variation in
some countries. For example, at the eighth grade, variation of 60 or
more scale-score points (one area at least 30 above and one 30 below)
was found in Lebanon, the Philippines, and Indonesia. On the other
hand, there were only a small number of scale points of difference
between highest and lowest content area means in some countries at
the eighth grade, with good examples being Latvia, Romania, Bahrain,
and Cyprus. For the latter group of countries, the TIMSS 2003 data
indicate a greater balance in science content covered through the
grades. At the fourth grade, no countries had differences as large as
60 points, even though several had a particular strength or weakness.
Generally, countries had comparable levels of performance across the
three fourth-grade content areas.
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Exhibit 3.2: Profiles of Within-Country Relative Performance in Science Content Areas SCIENGE

Grade

Difference from Country’s Own Average
of Science Content Area Scale Scores
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Tt Met guidelines for sample participation rates only after replacement schools were included (see 1 National Desired Population does not cover all of International Desired Population (see Exhibit A.6).

Exhibit A.9).
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What Are the Gender Differences in Achievement for
the Content Areas?

Exhibit 3.3 displays average achievement in science content areas by
gender for the eighth and fourth grades. Perhaps not surprising in
view of the gender differences favoring boys in overall science eighth-
grade achievement described in chapter 1, boys outperformed girls on
average in four of the five content areas at this grade level. The most
striking results were the large number of significant differences favoring
boys in earth science and in physics.
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physical science, girls had significantly higher achievement than boys
(4 points in life science and 2 points in physical science). Girls per-
formed better in life science than boys in 7 countries, whereas boys
performed better in only one. In physical science, girls performed better
than boys in six countries, and boys performed better in four countries.

1
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SCIENCE
Grade
Armenia 464 (42) © 455 (3.8) 425 (5.1) © 408 (4.3)
Australia 516 (4.8) 547 4.) © 528 (4.4) 543 (400 ©
Bahrain 445 (1. ) 436 (4.6) 452 2.7) © 425 (5.6)
Belgium (Flemish) 44(.) 525 (3.8) © 512 (3.4) 536 3.5 ©
Botswana 354 (4.7) 367 (41) © 385335 © 376 (4.1)
Bulgaria 477 (5.7) 503 (53) ©@ 455 (6.4) 471 4.) ©
Chile 413 (3.4) 455 35) © 424 (3.0) 446 38) ©
Chinese Taipei 542 (3.2) 554 3.) © 561 (3.5) 558 (3.2)
Cyprus 442 (2.8) 452 33) © 442 (2.8) 43 (3.0)
Egypt 3747 40 (6. ) 435 (5.0) 426 (5.4)
Estonia 560 (4.4) 556 (3.2) 540 (2.7) 53 (2.7)
Ghana 230 (7.0) 274 6.) © 256 (6.7) 276 (7.1) ©

t Hong Kong, SAR 53 (3.4) 558 (3.5) © 554 (3.0) 557 (3.6)
Hungary 520 (3.7) 555 (43) @ 515 (3.4) 541 3.4 ©

" Indonesia 424 (4.2) 438 (4.2) © 451 (4.1) 457 (4.0)

Iran, Islamic Rep. of 464 (4.2) 470 (4.1) 488 (3.1) 486 (3.1)

2 Israel 475 (3.2) 46(3.) © 476 (2.7) 4746 O
Italy 504 (3.1) 523 (42) © 4 4 (3.3) 500 (3.)

Japan 524 (3.4) 536 2.) ©@ 533 (2.8) 540 (2. )
Jordan 47 (42) © 466 (5.5) 507 (41) © 47 (4.7)

** Korea, Rep. of 527 (2.0) 552 2.4 © 538 (2.0) 548 (1.7) ©
Latvia 504 (3.5) 524(2.) @ 503 (3.4) 513 (400 ©
Lebanon 38 (5.0) 402 (48) © 371 (6.2) 37 (7.0)

! Lithuania 504 (3.4) 520 3.1) ©@ 504 (2.6) 50 (2.6)

2 Macedonia, Rep. of 438 (6.1) 443 (4.8) 443 (4.7) 442 (4.2)
Malaysia 4 4 (4.6) 5103.) © 50 (3.6) 516 (3.8)
Moldova, Rep. of

|
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Exhibit 3.3: Average Achievement in Science Content Areas by Gender SCIENGE

Grade

age Scale Scores for Science Content Areas

Countries Physical Science Earth Science

Armenia 443 (45) © 428 (5.0) 430 (4.5) 428 (4. ) 455 (3.) © 445 (4.1)

t Australia 527 35 © 520 (4.) 518 (3.8) 518 (5.1) 51 (4.0 518 (5.7)
Belgium (Flemish) 523 (1.) 524 (2.3) 507 (2.6) 507 (2.5) 521 (2.2) 524 (2.4)
Chinese Taipei 53 (1.6) 542 (2.0) 551 (2.2) 557 2.6) © 553 (2.) 565 (2.8) ©
Cyprus 47 (2.7) 485 (2.7) 475 (2.5) 483 3.00 © 485 (2.6) 48 (3.0)

t England 532 (3.0) 531 (3.8) 54 (3.3) 544 (4.1) 535 (3.8) 536 (4.2)

t Hong Kong, SAR 536 (2.8) 533 (2.7) 551 32) © 544 (2.8) 537 (3.4) 536 (3.0)
Hungary 537 (3.2) 536 (2.8) 522 (3.5) 530 (3.2) 520 (5.0) 531 (41) ©
Iran, Islamic Rep. of 437 (6.6) © 415 (5.3) 432 (74) © 410 (5.2) 437 (52) © 423 (3.7)

Italy 521 (3.) 521 (3.7) 510 (4.1) 513 (3.6) 514 (4.5) 523 36) ©
Japan 52 (2.0 530 (2.0) 557 (2.2) 557 (2.4) 530 (2.5) 5 (23) ©
Latvia 535 (24) © 527 (2.) 536 3.1) © 528 (3.1) 534 (3.4) 534 (3.3)

! Lithuania 518 (2.4) 517 (2.5) 514 (2.8) 513 (3.2) 503 (4.2) 507 (3.8)
Moldova, Rep. of 511 (42) © 7 (4.5 5@1 © 483 (4.4) 511 (5.2) © 4 (5.6
Morocco 303 (7.6) 7 (6.0) 311 (7.) 305 (7.4) 313 (7.5) 308 (6.1)

t Netherlands 545 (2.2) 54 (2.2) 501 (2.2) 50 22) © 46(.) 50 2.) ©
New Zealand 524 (2.) © 516 (2.7) 51 2.) © 513 (2.6) 523 (3.1) 522 (2.3)
Norway 483 (2.6) 477 (2.8) 457 (3.0) 454 (2.6) 473 (3.4) 472 (3.5)
Philippines 33 (104) © 322 (8.1) 34 (106) © 337 ( .3) 331 (10.7) © 317 (8.6)
Russian Federation 528 (5.5) 525 (4.5) 527 (5.8) 526 (5.2) 528 (6. ) 527 (5.7)

t Scotland 500 (3.5) 5113.) © 4 (3.0 507 (3.7) 2(2.) 505 3.6) ©
Singapore 55 (4.) 557 (5.7) 580 (5.8) 574 (6.6) 534 (5.0) 541 (6.1)
Slovenia 40 (3.6) 488 (3.8) 4 (2.8) 6 (3.2) 48 (3.0) 2 (4.1)
Tunisia 4 (6.5) 285 (6.3) 326 (5.) 322 (5.5) 7 (5.5 336 (5.8)

t United States 536 (2.1) 538 (2 6) 52 (2.1) 533 2.7) © (2 6) 5 2.) ©

400.) 4003 0

Benchmarking Partmpants

Indiana State, US 551 (2.6) 558 (4.3) 544 (3.3) 548 (4.5) 547 (3.5) 557 (46) ©

Ontario Province, Can. 540 (3.7) 542 (4.7) 534 (3.6) 53 (4.6) 531 (4.0) 547 (5.1) ©
Quebec Province, Can. 506 (2.3) 500 (3.1) 46 (2.5 47 (3.0 505 (2.7) 510 (3.8)

o qc o

hl - \
!.1!
Tt Met guidelines for sample participation rates only after replacement schools were included (see () Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
Exhibit A.9). some totals may appear inconsistent.

1 National Desired Population does not cover all of International Desired Population (see Exhibit A.6).

124 TIMSS & PIRLS INTERNATIONAL STUDY CENTER " Ng s% L ¥ ETUCAT‘ V,p, stVNcellg g

SOURCE: IEA's Trends in International Mathematics and Science Study (TIMSS) 2003



& prs 3 avEa EA% YEvie BVrWN ¥ BN CEC N7EYT A EAS

What Changes Have Occurred in Content-Area Achievement?

To examine changes in achievement in the science content areas,
Exhibit 3.4 shows the average percent correct for eighth-grade stu-
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SCIENCE O
Grade (O

Australia 57 (0.7) 61 (0.8) 53 (0.9)

Belgium (Flemish) 56 (0.5) 60 (0.5 @ 61 (0.6) 64 (05) @ 49 (0.5) 51 (1.0) @
Bulgaria 50 (1.1) 57 (1.1) @ 50 (1.2) 58 (13) @ 53 (1.2) 62(1.1) @
Chile 40 (0.5) 3807 © 43 (0.6) 41 (0.8) © 41 (0.7) 3807 ©
Chinese Taipei 66 (0.7) 67 (0.6) 62 (0.6) 64 (0.6) 71 (0.9) 72 (0.8)
Cyprus 42 (0.4) 46 (03) @ 41 (0.5) 49 (0.6) @ 42 (0.5) 47 (0.7) @
Hong Kong, SAR 61 (0.7) 59 (0.7) 61 (0.6) 59 (0.8) © 57 (0.7) 56 (0.7)
Hungary

International Avg.
Benchmarking Participants

Indiana State, US 59 (1.0) 60 (1.4) 64 (1.0) 66 (1.4) 56 (1.3) 57 (1.5)
Ontario Province, Can. 59 (0.6) 56 (0.6) © 65 (0.7) 61 (0.8) © 51 (0.8) 51 (0.9)
Quebec Province, Can. 60 (0.7) 61 (1.9) 60 (0.8) 61 (1.9) 55 (0.8) 57 (1.1)
O 03, bt 1999
® 2003, by [¢ b 1999

L
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SCIENCE

Grade
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Belgium (Flemish)
Iran, Islamic Rep. of

Bulgaria

Chile
Hong Kong, SAR

Chinese Taipei
Hungary

Australia
Cyprus
Indonesia
Israel
Italy
Japan
Jordan
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