TIMSS 2011 international results in
science

Persistent link: http://hdl.handle.net/2345/bc-ir:104610

This work is posted on eScholarship@BC,
Boston College University Libraries.

Chestnut Hill, MA: IEA, TIMSS & PIRLS, International Study Center, Lynch School of
Education, Boston College, 2012

This work is licensed under the Creative Commons Attribution-NonCommercial 4.0
International License (http://creativecommons.org/licenses/by-nc/4.0/).


http://hdl.handle.net/2345/bc-ir:104610
http://escholarship.bc.edu

TRENDS IN INTERNATIONAL MATHEMATICS AND SCIENCE STUDY

TIMSS

TIMSS 2011 International
Results in Science

Michael O. Martin, Ina V.S. Mullis, Pierre Foy, and Galrielle M. Stanco







TRENDS IN INTERNATIONAL MATHEMATICS AND SCIENCE STUDY

TIMSS

TIMSS 2011 International
Resulfs in Science

Michael O. Martin, Ina V.S. Mullis, Pierre Foy,
and Gabirielle M. Stanco

- y. TIMSS & PIRLS
i International Study Center
AN Lynch School of Education, Boston College




nal Association for the Evaluation of Educational

ational Results in Science
artin, Ina V.S. Mullis, Pierre Foy, and Gabrielle M. Stanco

sher: TIMSS & PIRLS International Study Center,

ch School of Education, Boston College

Chestnut Hill, MA, USA

and

International Association for the Evaluation of Educational Achievement (IEA)
IEA Secretariat

Amsterdam, the Netherlands

Library of Congress Catalog Card Number: 2012947310
ISBN-10: 1-889938-64-5

ISBN-13: 978-1-889938-64-6

ISBN/EAN: 978-90-79549-18-4

For more information about TIMSS contact:
TIMSS & PIRLS Inte i

TIMSS & PIRLS
International Study Center

Lynch School of Education, Boston College




Contents

Foreword .

Executive Summary.
East Asian Countries Among the Top-performers in TIMSS 2011
More Increases Than Decreases, Particularly at the Fourth Grade
Trends at TIMSS International Benchmarks

High Percentages of East Asian Students Reach TIMSS International
Benchmarks .

More Countries Demonstrate Relative Strength in Knowing Science Than in
Applying Scientific Knowledge or Reasoning

Home Resources Strongly Related to Science Achievement
Successful Schools Tend to Be Well-resourced .

Successful Schools Emphasize Academic Success and Have Safe
and Orderly Environments

Teacher Preparation and Career Satisfaction Related to Higher Science
Achievement.

Students with Positive Aftitudes Toward Science Have Higher Achievement,
but Aftitudes Less Positive at the Eighth Grade .

More Time for Science Instruction in Countries Teaching Science as
Separate Subjects

Engaging Instruction Related to Higher Science Achievement
Science Teachers Emphasizing Science Investigations .

Instruction Affected By Students Lacking in Basic Nutrition and Sleep

Intfroduction .
Countries Participating in TIMSS 2011 .

Exhibit 1 Countries Participating in TIMSS 2011 . . . . . . . . . . . .. ... .. ...

The TIMSS Trend Assessments in Mathematics and Science
New Policy Relevant Context Questionnaire Scales

The TIMSS 2011 Science Assessment .

Quality Assurance .

TIMSS 2011 Reports.

TIMSS & PIRLS

), |nternational Study Center

10

10

11

13

16

17

19

19

. 20

.21

.23

. 24
. .25

. 26
. 26
.27
.29

.29

Lynch School of Education, Boston College TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE



v

Chaptert1. . . . . . . . . . . . .. . ... .. .33
International Student Achievement in Science

Science Achievement Across Countries . . . . . . . . . . . . . . 34
Exhibit 1.1 Distribution of Science Achievement, FourthGrade . . . . . . . .. . .. .. .. 38
Exhibit 1.2 Distribution of Science Achievement, EighthGrade . . . . . . . .. . . ... .. 40
Exhibit 1.3 Multiple Comparisons of Average Science Achievement, Fourth Grade . . . . . . . 42
Exhibit 1.4 Multiple Comparisons of Average Science Achievement, Eighth Grade . . . . . . . 44

Trends in Science Achievement. . . . . . . . . . . . . . . . . 48
Exhibit 1.5 Trendsin Science Achievement, FourthGrade . . . . . . . . . . .. . ... ... 50
Exhibit 1.6 Trendsin Science Achievement, EighthGrade . . . . . . . . . . ... ... ... 54
Exhibit 1.7 Trends in Science Achievement — 1995 Through 2011, FourthGrade . . . . . . . . 58
Exhibit 1.8 Trends in Science Achievement — 1995 Through 2011, Eighth Grade . . . . . . . . 60

Gender Differences in Science Achievement . . . . . . . . . . . . 63
Exhibit 1.9 Relative Achievement of 2007 Fourth Grade Cohort as Eighth Grade Students

iIN201T. . . L L e e e 64
Exhibit 1.10 Average Science Achievement by Gender, FourthGrade . . . . . . . . . . .. .. 66
Exhibit 1.11 Average Science Achievement by Gender, EighthGrade . . . . . . . . . . .. .. 68
Exhibit 1.12 Trends in Science Achievement by Gender, Fourth Grade. . . . . . . . . . . . .. 71
Exhibit 1.13 Trends in Science Achievement by Gender, EighthGrade. . . . . . . . . . . . .. 75

Chapter2. . . . . . . . . . . . . . . . ... ..8

Performance at the TIMSS 2011 International Benchmarks
Exhibit 2.1 TIMSS 2011 International Benchmarks of Science Achievement, Fourth Grade. . . .83

Fourth Grade Results for the TIMSS 2011 International Benchmarks in Science . 84

Exhibit 2.2 Performance at the International Benchmarks of Science Achievement,

FourthGrade . . . . . . . . . . . . . e 86
Exhibit 2.3 Trends in Percentages of Students Reaching the International Benchmarks of

Science Achievement, FourthGrade . . . . . . . . .. .. .. ... ... ... 88
Exhibit 2.4 Description of the TIMSS 2011 Low International Benchmark (400) of Science

Achievement, FourthGrade . . . . . . . . . . . .. . ... o 91
Exhibit 2.5 Low International Benchmark - Example Item 1, FourthGrade . . . . . . . . . .. 92
Exhibit 2.6 Low International Benchmark - Example Item 2, FourthGrade . . . . . . . . . .. 93
Exhibit 2.7 Description of the TIMSS 2011 Intermediate International Benchmark (475)

of Science Achievement, FourthGrade. . . . . . . . . .. .. ... ... ... 95
Exhibit 2.8 Intermediate International Benchmark - Example Item 3, Fourth Grade. . . . . . . 96
Exhibit 2.9 Intermediate International Benchmark - Example Item 4, Fourth Grade. . . . . . . 97
Exhibit 2.10 Description of the TIMSS 2011 High International Benchmark (550) of Science

Achievement, FourthGrade . . . . . . . . . . . . . . .. 99
Exhibit 2.11 High International Benchmark - Example Item 5, Fourth Grade . . . . . . . . .. 101
Exhibit 2.12 High International Benchmark - Example Item 6, Fourth Grade . . . . . . . . . . 102
Exhibit 2.13 Description of the TIMSS 2011 Advanced International Benchmark (625)

of Science Achievement, FourthGrade. . . . . . . . . .. .. .. .. ... .. 104
Exhibit 2.14 Advanced International Benchmark — Example Item 7, Fourth Grade . . . . . . . 106
Exhibit 2.15 Advanced International Benchmark — Example Item 8, Fourth Grade . . . . . . . 107
Exhibit 2.16 Advanced International Benchmark — Example Item 9, Fourth Grade . . . . . . . 108

TIMSS & PIRLS

International Study Center

Lynch School of Education, Boston College

TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE



Eighth Grade Results for the TIMSS 2011 International Benchmarks in Science . 110

Exhibit 2.17 TIMSS 2011 International Benchmarks of Science Achievement, Eighth Grade. . . 111
Exhibit 2.18 Performance at the International Benchmarks of Science Achievement,

EighthGrade . . . . . . . . . . . . e 114
Exhibit 2.19 Trends in Percentages of Students Reaching the International Benchmarks of

Science Achievement, EighthGrade . . . . . . . . . . . . ... ... ... .. 116
Exhibit 2.20 Description of the TIMSS 2011 Low International Benchmark (400) of Science

Achievement, EighthGrade . . . . . . . . . . . . .. ... ... 119
Exhibit 2.21 Low International Benchmark - Example Item 1, EighthGrade . . . . . . . . .. 120
Exhibit 2.22 Low International Benchmark - Example Item 2, EighthGrade . . . . . . . . .. 121
Exhibit 2.23 Description of the TIMSS 2011 Intermediate International Benchmark (475)

of Science Achievement, EighthGrade. . . . . . . . . ... ... ... .... 123
Exhibit 2.24 Intermediate International Benchmark — Example Item 3, Eighth Grade . . . . . . 124
Exhibit 2.25 Intermediate International Benchmark — Example Item 4, Eighth Grade . . . . . . 125
Exhibit 2.26 Description of the TIMSS 2011 High International Benchmark (550) of Science

Achievement, EighthGrade . . . . . . . . . . . . .. ... ... ... 127
Exhibit 2.27 High International Benchmark — Example Item 5, Eighth Grade . . . . . . . . . . 129
Exhibit 2.28 High International Benchmark — Example Item 6, Eighth Grade . . . . . . . . . . 130
Exhibit 2.29 High International Benchmark — Example Item 7, Eighth Grade . . . . . . . . . . 131
Exhibit 2.30 Description of the TIMSS 2011 Advanced International Benchmark (625)

of Science Achievement, EighthGrade. . . . . . . . . ... ... ... .... 133
Exhibit 2.31 Advanced International Benchmark — Example Item 8, Eighth Grade . . . . . . . 136
Exhibit 2.32 Advanced International Benchmark - Example Item 9, Eighth Grade . . . . . . . 137
Exhibit 2.33 Advanced International Benchmark - Example Item 10, Eighth Grade. . . . . . . 138

Chapter3. . . . . . . . . . . . . . .. ... .14

International Student Achievement in the TIMSS Science Content
and Cognitive Domains

Relative Achievement by Science Content Domains. . . . . . . . . .142
Exhibit 3.1 Achievement in Science Content Domains, FourthGrade. . . . . . . . . . . .. 144
Exhibit 3.2 Achievement in Science Content Domains, EighthGrade. . . . . . . . . . . .. 146

Relative Achievement by Science Cognitive Domains . . . . . . . . .149
Exhibit 3.3 Achievement in Science Cognitive Domains, FourthGrade . . . . . . . . . . .. 150
Exhibit 3.4 Achievement in Science Cognitive Domains, EighthGrade . . . . . . . . . . .. 152

Trends in Achievement in Science Content Domains. . . . . . . . . .154
Exhibit 3.5 Trends in Achievement for Science Content Domains, Fourth Grade. . . . . . . . 156
Exhibit 3.6 Trends in Achievement for Science Content Domains, Eighth Grade. . . . . . . . 158

Trends in Achievement in Science Cognitive Domains . . . . . . . . .160
Exhibit 3.7 Trends in Achievement for Science Cognitive Domains, Fourth Grade. . . . . . . 162
Exhibit 3.8 Trends in Achievement for Science Cognitive Domains, Eighth Grade . . . . . . . 164

Achievement in the Science Content and Cognitive Domains by Gender. . . 166
Exhibit 3.9 Achievement in Science Content Domains by Gender, Fourth Grade . . . . . . . 168
Exhibit 3.10 Achievement in Science Content Domains by Gender, Eighth Grade . . . . . . . 170
Exhibit 3.11 Achievement in Science Cognitive Domains by Gender, Fourth Grade. . . . . . . 172
Exhibit 3.12 Achievement in Science Cognitive Domains by Gender, Eighth Grade. . . . . . . 174

TIMSS & PIRLS

International Study Center

A Lynch Schoolof dacaron Boon college TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE




Chapter4. . . . . . . . . . . . .. . ... .. 177
Home Environment Support for Science Achievement

Exhibit 4.1 Home Resources for Learning, FourthGrade . . . . . . . . . ... .. ... .. 180
Exhibit 4.2 Components of the Home Resources for Learning Scale, Fourth Grade . . . . . . 184
Exhibit 4.3 Home Educational Resources, EighthGrade . . . . . . . . . ... . ... ... 186
Exhibit 4.4 Components of the Home Educational Resources Scale, Eighth Grade. . . . . . . 188
Exhibit 4.5 Students Spoke the Language of the Test Before Starting School, Fourth Grade . . 191
Exhibit 4.6 Students Speak the Language of the Test at Home, Eighth Grade . . . . . . . . . 192
Exhibit 4.7 Parents’' Educational Expectations for Their Children, Fourth Grade . . . . . . . . 195
Exhibit 4.8 Students Educational Expectations, EighthGrade . . . . . . . .. . . ... .. 198
Exhibit 4.9 Students Attended Preprimary Education, FourthGrade . . . . . . . . . . . .. 200

Chapters. . . . . . . . . . . . . . . . .. . . 203
School Resources for Teaching Science

Schools with Students from Advantaged Home Backgrounds . . . . . . .204
Exhibit 5.1 School Location, FourthGrade. . . . . . . . .. . ... ... ... .. .. .. 206
Exhibit 5.2 School Location, EighthGrade. . . . . . . . . .. .. ... ... ... .... 208
Exhibit 5.3 School Composition by Student Economic Background, Fourth Grade . . . . . . 212
Exhibit 5.4 School Composition by Student Economic Background, Eighth Grade. . . . . . . 214
Exhibit 5.5 Schools with Students Having the Language of the Test as Their Native Language,

FourthGrade . . . . . . . . . . . . 216
Exhibit 5.6 Schools with Students Having the Language of the Test as Their Native Language,
EighthGrade . . . . . . . . . . . . o 218

Schools with Sufficient Facilities, Books, and Technology. . . . . . . . .220
Exhibit 5.7 Instruction Affected by Science Resource Shortages, FourthGrade . . . . . . . . 222
Exhibit 5.8 Instruction Affected by Science Resource Shortages, Eighth Grade . . . . . . . . 224
Exhibit 5.9 Teacher Working Conditions, FourthGrade. . . . . . . . . . ... .. ... .. 228
Exhibit 5.10 Teacher Working Conditions, EighthGrade. . . . . . . . ... .. .. .. ... 230
Exhibit 5.11 Schools with Difficulties Filling Vacancies for Science Teachers, Eighth Grade . . . 232
Exhibit 5.12 Size of School Library, FourthGrade . . . . . . . . . . ... ... ... .... 236
Exhibit 5.13 Schools with Computers Available for Instruction, FourthGrade . . . . . . . .. 238
Exhibit 5.14 Schools with Computers Available for Instruction, Eighth Grade . . . . . . . .. 240
Exhibit 5.15 Schools Have a Science Laboratory, FourthGrade . . . . . . . .. . ... ... 244
Exhibit 5.16 School Resources For Conducting Science Experiments, Eighth Grade. . . . . . . 246

Chapter6. . . . . . . . . . . . . . . . ... . 249
School Climate

Schools Emphasize Academic Success . . . . . . . . . . . . . .250
Exhibit 6.1 School Emphasis on Academic Success — Principal Reports, Fourth Grade . . . . . 252
Exhibit 6.2 School Emphasis on Academic Success — Principal Reports, Eighth Grade . . . . . 254
Exhibit 6.3 School Emphasis on Academic Success — Teacher Reports, Fourth Grade . . . . . 256
Exhibit 6.4 School Emphasis on Academic Success — Teacher Reports, Eighth Grade . . . . . 258
Exhibit 6.5 Principals Spend Time on Leadership Activities, Fourth Grade. . . . . . . . . .. 262
Exhibit 6.6 Principals Spend Time on Leadership Activities, Eighth Grade. . . . . . . . . .. 264

Schools with Discipline and Safety Problems . . . . . . . . . . . .266
Exhibit 6.7 Safe and Orderly School, FourthGrade. . . . . . . . . ... ... . ... ... 268

TIMSS & PIRLS

International Study Center

Lynch School of Education, Boston College

Vi TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE



Exhibit 6.8 Safe and Orderly School, EighthGrade. . . . . . . . . . ... .. ... .... 270

Exhibit 6.9 School Discipline and Safety, FourthGrade. . . . . . . . . .. ... ... ... 272
Exhibit 6.10 School Discipline and Safety, EighthGrade. . . . . . . . . .. ... ... ... 274
Exhibit 6.11 Students Bullied at School, FourthGrade. . . . . . . . . .. ... . ... ... 278
Exhibit 6.12 Students Bullied at School, Eighth Grade. . . . . . . . . . . ... ... .... 280

Chapter7. . . . . . . . . . . . . . . . . . . . 285
Teacher Preparation

Exhibit 7.1  Science Teachers'Formal Education, FourthGrade . . . . . . . . . . . ... .. 288
Exhibit 7.2 Science Teachers' Formal Education, EighthGrade . . . . . . . . . . . ... .. 290
Exhibit 7.3 Teachers Majored in Education and Science, FourthGrade . . . . . . . . . . .. 292
Exhibit 7.4 Teachers Majored in Education and Science, EighthGrade . . . . . . . . . . .. 294
Exhibit 7.5 Teachers'Years of Experience, FourthGrade . . . . . . . .. ... .. ... .. 298
Exhibit 7.6 Teachers'Years of Experience, EighthGrade . . . . . . . .. ... .. ... .. 300
Exhibit 7.7 Teacher Participation in Professional Development in Science in the Past Two Years,
FourthGrade . . . . . . . . . . . . 302
Exhibit 7.8 Teacher Participation in Professional Development in Science in the Past Two Years,
EighthGrade . . . . . . . . . . . . 304

Exhibit 7.9 Teachers Feel “Very Well” Prepared to Teach TIMSS Science Topics, Fourth Grade . . 308
Exhibit 7.10 Teachers Feel “Very Well” Prepared to Teach TIMSS Science Topics, Eighth Grade . . 310

Exhibit 7.11 Confidence in Teaching Science, FourthGrade . . . . . . . . . . ... ... .. 314
Exhibit 7.12 Components of Confidence in Teaching Science Scale, Fourth Grade . . . . . . . 316
Exhibit 7.13 Confidence in Teaching Science, EighthGrade . . . . . . . . . . ... ... .. 318
Exhibit 7.14 Components of Confidence in Teaching Science Scale, Eighth Grade . . . . . . . 320
Exhibit 7.15 Teacher Career Satisfaction, FourthGrade . . . . . . . . . .. ... ... ... 324
Exhibit 7.16 Teacher Career Satisfaction, EighthGrade . . . . . . . . . . .. ... ... .. 326

Chapter8. . . . . . . . . . . . . . . . ... . 32
Classroom Instruction

Students’ Aftitudes Toward Science . . . . . . . . . . . . . . .330
Exhibit 8.1 Students Like Learning Science, FourthGrade . . . . . . . . . . . .. ... .. 332
Exhibit 8.2 Students Like Learning Science, EighthGrade . . . . . . . . . . . .. ... .. 335
Exhibit 8.3 Students Value Science, EighthGrade . . . . . . . . . . ... ... ... ... 339
Exhibit 8.4 Students Confidentin Science, FourthGrade. . . . . . . . . . .. .. .. ... 344
Exhibit 8.5 Students Confident in Science, EighthGrade. . . . . . . . . ... .. ... .. 346

Instructional Time . . . . . . . . . . . . . . . . . . . . .349
Exhibit 8.6 Instructional Time Spent on Science, FourthGrade . . . . . . . . . . . ... .. 350
Exhibit 8.7 Instructional Time Spent on Science, EighthGrade . . . . . . . . . . . ... .. 352
Exhibit 8.8 Percentage of Students Taught the TIMSS Science Topics, Fourth Grade . . . . . . 356
Exhibit 8.9 Percentage of Students Taught the TIMSS Science Topics, Eighth Grade . . . . . . 358
Exhibit 8.10 Number of TIMSS Science Topics Intended to Be Taught by the End of

FourthGrade . . . . . . . . . . . . 360
Exhibit 8.11 Number of TIMSS Science Topics Intended to Be Taught by the End of

EighthGrade . . . . . . . . . . . . e 362
Exhibit 8.12 Collaborate to Improve Teaching, FourthGrade . . . . . . . . . . .. ... .. 366
Exhibit 8.13 Collaborate to Improve Teaching, EighthGrade . . . . . . . . . . ... .. .. 368
Exhibit 8.14 Instruction to Engage Students in Learning, FourthGrade . . . . . . . . . . .. 372

TIMSS & PIRLS

International Study Center

A Lynch Schoolof dacaron Boon college TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE




Exhibit 8.15 Instruction to Engage Students in Learning, EighthGrade . . . . . . . . . . .. 374
Exhibit 8.16 Teachers Relate Lessons to Students’ Daily Lives and Bring Interesting Materials

toClass, EighthGrade. . . . . . . . . . . . . ... 376
Exhibit 8.17 Students Engaged in Science Lessons, FourthGrade . . . . . . . . . . ... .. 380
Exhibit 8.18 Students Engaged in Science Lessons, EighthGrade . . . . . . . . . . ... .. 382
Students Ready tolearn . . . . . . . . . . . . . . . . . . .38

Exhibit 8.19 Instruction Limited by Students Lacking Prerequisite Knowledge or Skills,
FourthGrade . . . . . . . . . . . . e 386

Exhibit 8.20 Instruction Limited by Students Lacking Prerequisite Knowledge or Skills,
EighthGrade . . . . . . . . . . . . e 388

Exhibit 8.21 Instruction Limited by Students Suffering from Lack of Nutrition or Sleep,
FourthGrade . . . . . . . . . . . . e 392

Exhibit 8.22 Instruction Limited by Students Suffering from Lack of Nutrition or Sleep,
EighthGrade . . . . . . . . . . . . e 394
Exhibit 8.23 Instruction Limited by Disruptive or Uninterested Students, Fourth Grade. . . . . 396
Exhibit 8.24 Instruction Limited by Disruptive or Uninterested Students, Eighth Grade. . . . . 398
Classroom Resources and Activities for Teaching Science . . . . . . . .400
Exhibit 8.25 Resources Teachers Use for Teaching Science, Fourth Grade. . . . . . . . . . .. 402
Exhibit 8.26 Resources Teachers Use for Teaching Science, Eighth Grade. . . . . . . . . . .. 404
Exhibit 8.27 Teachers Emphasize Science Investigation, FourthGrade. . . . . . . . . . . .. 408
Exhibit 8.28 Teachers Emphasize Science Investigation, EighthGrade . . . . . . . . . . . .. 410
Exhibit 8.29 Computer Activities During Science Lessons, FourthGrade . . . . . . . . . . .. 414
Exhibit 8.30 Computer Activities During Science Lessons, EighthGrade . . . . . . . . . . .. 416
Exhibit 8.31 Weekly Time Students Spend on Science Homework, Eighth Grade . . . . . . . . 419
Exhibit 8.32 Classroom Assessment, EighthGrade . . . . . . . .. . .. ... ... .... 424

References . . . . . . . . . . « v v v o« « « . . 427

Appendices. . . . . . . . . . . . . . . . . . . 433

AppendixA. . . . . . . . . . . . .. . ... . 435

Countries Participating in TIMSS 2011 and in Earlier
TIMSS Assessments
Appendix A.1 Countries Participating in TIMSS 2011 and in Earlier TIMSS Assessments. . . . . 436

AppendixB . . . . . . . . . . . . . . . . . . . 439
Characteristics of the ltems in the TIMSS 2011 Science Assessment

Appendix B.1 Distribution of Assessment Items by Content Domain, Cognitive Domain,
and Item Format, FourthGrade . . . . . . . . . .. ... ... ....... 440

Appendix B.2 Distribution of Assessment Items by Content Domain, Cognitive Domain,
and ltem Format, EighthGrade . . . . . . . . . . ... .. ... ...... 441

AppendixC. . . . . . . . . . . . . . . . . . . 443
Population Coverage and Sample Participation Rates

Appendix C.1 Information about the Students Assessed inTIMSS2011 . . . . . . . . .. .. 444
Appendix C.2 Coverage of TIMSS 2011 Target Population, Fourth Grade. . . . . . . . . . .. 449
Appendix C.3 Coverage of TIMSS 2011 Target Population, Eighth Grade. . . . . . . . . . .. 451

TIMSS & PIRLS

International Study Center

Lynch School of Education, Boston College

Vil TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE



Appendix C.4 School Sample Sizes, FourthGrade . . . . . . . . . ... ... ... .... 453

Appendix C.5 School Sample Sizes, EighthGrade. . . . . . . . . . ... ... ... .... 454
Appendix C.6 Student Sample Sizes, FourthGrade . . . . . . . . . . . .. ... ... ... 455
Appendix C.7 Student Sample Sizes, EighthGrade . . . . . . . . . .. .. ... ... ... 457
Appendix C.8 Participation Rates (Weighted), FourthGrade . . . . . . . . . .. ... ... 459
Appendix C.9 Participation Rates (Weighted), EighthGrade. . . . . . . . . . . . ... ... 461
Appendix C.10 Trends in Student Populations, FourthGrade. . . . . . . . . . . . ... ... 463
Appendix C.11 Trends in Student Populations, Eighth Grade. . . . . . . . . . ... ... .. 464

AppendixD. . . . . . . . . . . . . . . . . .. 467
Percentage of Students with Achievement Too Low for Estimation

Appendix D.1 Percentage of Students with Achievement Too Low for Estimation,

FourthGrade . . . . . . . . . . . . e 468
Appendix D.2 Percentage of Students with Achievement Too Low for Estimation,
EighthGrade . . . . . . . . . . . . . 470

AppendixE . . . . . . . . . . . . . . . . . . . 473

Average Percent Correct in the Science Content and
Cognitive Domains

Appendix E.1 Average Percent Correct in the Science Content and Cognitive Domains,

FourthGrade . . . . . . . . . . . . . 474
Appendix E.2 Average Percent Correct in the Science Content and Cognitive Domains,
EighthGrade . . . . . . . . . . . . 476

AppendixF . . . . . . . . . . . . . . . . . . . 479
The Test-Curriculum Matching Analysis—Science

Appendix F.1 Average Percent Correct for the Test-Curriculum Matching Analysis,

FourthGrade . . . . . . . . . . . . . L 482
Appendix F.2 Average Percent Correct for the Test-Curriculum Matching Analysis,

EighthGrade . . . . . . . . .. o 484
Appendix F.3 Standard Errors for the Test-Curriculum Matching Analysis, Fourth Grade . . . . 488
Appendix F.4 Standard Errors for the Test-Curriculum Matching Analysis, Eighth Grade . . . . 490

AppendixG. . . . . . . . . . . . . . . . . . . 495
Percentiles and Standard Deviations of Science Achievement

Appendix G.1 Percentiles of Science Achievement, FourthGrade . . . . . . . . ... . ... 496
Appendix G.2 Percentiles of Science Achievement, EighthGrade . . . . . . . . . .. . ... 498
Appendix G.3 Standard Deviations of Science Achievement, FourthGrade . . . . . . . . .. 499
Appendix G.4 Standard Deviations of Science Achievement, Eighth Grade . . . . . . . . .. 501

AppendixH. . . . . . . . . . . . .. .. . . . 505
Organizations and Individuals Responsible for TIMSS 2011

TIMSS & PIRLS

), |nternational Study Center

Lynch School of Education, Boston College TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE

IX






Foreword

In both technologically advanced and developing economies,
understanding educational outcomes is central to effective
educational planning and reform. Further, in today’s global
innovation economy, competence in mathematics and science

remains an educational imperative.

For more than 50 years, the International Association for
the Evaluation of Educational Achievement (IEA) has been
conducting comparative studies of educational achievement
in a number of curriculum areas, including mathematics and
science. TIMSS 2011 represents the fifth cycle of the Trends
in International Mathematics and Science Study (TIMSS),
developed by IEA. During the past two decades, TIMSS has
reported on mathematics and science achievement trends
at the fourth and eighth grades, providing educational
policymakers, administrators, teachers, and researchers
with powerful insights into how educational systems
are functioning as well as critical intelligence about the
possibilities for educational reform and improvement.

The TIMSS 2011 International Results in Science presents
extensive information on student performance in science,
including trends over the five assessments since 1995. Also
included are data on performance in the science content
domains (earth science, biology, chemistry, etc.) and on

competence in managing the problem solving challenges
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in these science contexts. In addition, the TIMSS 2011 report contains vital
information on key curricular, instructional, and resource-related factors
that can impact the teaching and learning process. These data on student
achievement trends and the contexts for teaching and learning science will
ensure that TIMSS continues to set the standard for studies of this type and be
regarded as a fundamental source of information for educational policymakers,
planners, and researchers alike.

TIMSS requires and represents a significant commitment of resources and
dedication to achieve a common vision. Clearly, projects of this magnitude rely
on the cooperation and support of a large number of individuals, institutions,
and organizations around the world. IEA is particularly indebted to the staft
members of the TIMSS & PIRLS International Study Center at Boston College,
who have been charged with the overall leadership of this project. Their
contributions have been augmented by the staff of the IEA Data Processing
and Research Center, the IEA Secretariat, Statistics Canada, and Educational
Testing Service, for whose support I am also extremely grateful. While the
work of the staff of this consortium makes projects like TIMSS possible, the
continued leadership and direction of the TIMSS Executive Directors Ina Mullis
and Michael Martin remain central to the success of this project.

In addition, projects of this size are possible only with considerable
financial support. I am particularly grateful for support from IEA’s major
funding partners, including the US National Center for Education Statistics,
the World Bank, and the many self-funding countries without which this
project would not have been possible. I also wish to thank Boston College for
its continued support of the TIMSS & PIRLS International Study Center.

Finally, as always, TIMSS would not have been possible without the
National Research Coordinators and their colleagues, whose responsibility it
was to manage the study at the local level, and the participation of the many
teachers, students, and policymakers around the world who gave freely of
their time in the interest of advancing our common understanding of reading
achievement. On behalf of all who benefit from the use of the information
provided by TIMSS, we are thankful for this commitment.

Hans Wagemaker
Executive Director, IEA

TIMSS & PIRLS

b, |nternational Study Center

Lynch School of Education, Boston College
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Executive
Summary

TIMSS is an international assessment of mathematics and
science at the fourth and eighth grades that has been
conducted every four years since 1995. In 2011, nationally
representative samples of students in 63 countries and

14 benchmarking entities (regional jurisdictions of countries,
such as states) participated in TIMSS. Countries and
benchmarking participants could elect to participate in the
fourth grade assessment, the eighth grade assessment, or
both: fifty-two countries and seven benchmarking entities
participated in the fourth grade assessment, and 45 countries
and 14 benchmarking entities participated in the eighth grade
assessment. Several of the countries, where fourth and eighth
grade students were expected to find the TIMSS assessments
too difficult, administered the fourth and eighth grade
assessments to their sixth and ninth grade students.

In total, more than 600,000 students participated in
TIMSS 2011. TIMSS 2011 continues the series of international
assessments in mathematics and science conducted by the
International Association for the Evaluation of Educational
Achievement (IEA).
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IEA pioneered international comparative assessments of educational
achievement in the 1960s to gain a deeper understanding of the effects of
policies and practices across countries’ different systems of education. TIMSS is
directed by IEAs TIMSS & PIRLS International Study Center at Boston College.

The TIMSS science assessment is based on a comprehensive framework
developed collaboratively with the participating countries that is organized
around two dimensions:

¢ A content dimension specifying the domains or subject matter to be
assessed within science; and

¢ A cognitive dimension specifying the domains or thinking processes
expected of students as they engage with the science content.

The content domains and topic areas within them are different for the
fourth and eighth grades, but the cognitive domains are the same for both
grades, encompassing a range of cognitive processes involved in solving
problems throughout the primary and middle school years.

- - - Given the frameworks™ broad
Fourth Grade Content Domains Eighth Grade Content Domains

coverage goals, the science assessment
35% Physical Science 20% Chemistry item pOOlS were necessarﬂy large_
172 and 217 assessment items
20% Earth Science at the fourth and eighth grades,

Fourth Grade Cognitive Domains Eighth Grade Cognitive Domains respectively—with about half being
multiple choice and half being
40% Applying 35% Applying constructed response items where

students write their answers. The

achievement results are reported on
the TIMSS achievement scales for the fourth and eighth grades, each with a
range of 0-1,000 (although student performance typically ranges between 300
and 700). TIMSS uses the centerpoint of the scale (500) as a point of reference
that remains constant from assessment to assessment.

East Asian Countries Among the
Top-performers in TIMSS 2011

Korea and Singapore were the top-performing countries in science in
TIMSS 2011 at the fourth grade, followed by Finland, Japan, the Russian
Federation, and Chinese Taipei. At the eighth grade, Singapore had the highest
average achievement. The next highest-performing countries—Korea, Chinese
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Taipei, and Japan—had higher achievement than all other countries except
Singapore. Finland was the next highest-performing country.

: . In addition to the six top-performers
Top-performing Countries in TIMSS 2011

at the fourth grade, the United States was
e e o
the next highest performing country,

orea Seeroc followed by the Czech Republic, Hong
Singapore Chinese Taipei
= Kong SAR, Hungary, Sweden, the Slovak
inland Korea
Japan Japan Republic, Austria, and the Netherlands,
Russian Federation Finland which had similar levels of achievement.
Chinese Taipei The US states of Florida and North

Carolina and the Canadian province
of Alberta had performance similar to these countries. At the eighth grade,
Slovenia, the Russian Federation, Hong Kong SAR, and England also were
included in the top nine high-achieving countries. The US state of Massachusetts
was outperformed only by Singapore, and the states of Minnesota, Colorado,
Indiana, Connecticut, North Carolina, and Florida as well as the Canadian
province of Alberta also had high achievement, comparable to the top nine
countries.

While there were small differences from country to country, there
was a substantial range in performance from the top-performing to the
lower-performing countries. Twenty-seven countries at the fourth grade
had average achievement above the TIMSS scale centerpoint of 500, as
did five benchmarking participants. At the eighth grade, 16 countries and
ten benchmarking participants had average achievement above 500.

More Increases Than Decreases, Trends Between 1995 and 2011, Fourth Grade
Particularly at the Fourth Grade
At the fourth grade, 17 countries and three Hong Kong SAR Norway
benchmarking participants have comparable data Hungary

Iran

from 1995 and 2011, providing trends over the

past 16 years. Since 1995, eight of these countries :;pr:r;

raised their levels of science achievement and only Portugal

one had a decrease. Among the benchmarking Singapore
participants, the Canadian province of Ontario Slovenia

increased achievement and the province of Québec

decreased achievement between 1995 and 2011.
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At the eighth grade, Trends Between 1995 or 1999* and 2011, Eighth Grade

there was more balance i ) . w
Countries Improving Countries Declining
between science achievement

. Chile Hungary
growth and decline among Hong Kong SAR Macedonia
countries, although more Iran Malaysia
countries had increases Japan Norway
than at the fourth grade. Korca SER G

Lithuania Thailand

Of the 25 countries and eight

. . . Russian Federation
benchmarking participants

Singapore
with comparable data Slovenia
spanning from 1995 or 1999 Tunisia
to 2011, eleven countries United States

*The 1999 assessment only was given at the eighth grade, and a number of
countries joined at that time.

had increased achievement
and six countries had
decreased achievement. In addition, three benchmarking participants had
increased achievement—the Canadian province of Ontario and the US

Overview of TIMSS 2011 Overview of TIMSS 2011 states of Massachusetts and North Carolina—

International Benchmarks, International Benchmarks, while the Canadian province of Québec had

Fourth Grade Eighth Grade decreased achievement

® Apply understanding of ® Communicate an ;
scientific processes and show understanding of complex Tre n d S GT TI M SS l I'Tl'e na h ona I
knowledge of scientificinquiry. ~ and abstract concepts in Benchmarks
BT i i
and earth science. TIMSS reports achievement at four points along

® Apply knowledge and
understanding to explain
phenomena in everyday and o Demonstrate understanding  International Benchmark (625), High International
abstract contexts. of concepts related to science
cycles, systems, and principles.

the scale as international benchmarks: Advanced

Benchmark (550), Intermediate International
Intermediate

Benchmark (475), and Low International
Benchmark (400). At the fourth grade, reflecting

® Have basic knowledge and Intermediate

understanding of practical ® Apply understanding
situations in the sciences. of basic scientific knowledge ~ the upward trends in average achievement, there
Low in various contexts. were more improvements across the International
L . .
® Show some elementary oW Benchmarks in 2011 than there were declines.
knowledge of life, physical, ® Recognize some basic . . .
and earth sciences P - Six countries showed improvement at all four
physical sciences. benchmarks between 1995 and 2011, raising the

level of performance across the entire distribution

performance at the TIMSS Intc.arnational Benchmarks of student achievement.
at the fourth and eighth grades.

This report contains a number of items illustrating
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ReﬂeCting less improvement across  countries with Increases at All Four

countries at the eighth grade three TIMSS International Benchmarks between
’ 1995 and 2011, Fourth Grade

countries declined since 1995 at all

Singapore Portugal
four benchmarks (Hungary, Sweden, Korea Slovenia
and Norway), and only three countries Hong Kong SAR Iran

improved at all four benchmarks.
Countries with Increases at All Four

TIMSS International Benchmarks between

High Percentages of East 1995 and 2011, Eighth Grade

Asian Students Reach TIMSS Korea

International Benchmarks Lithuania
Slovenia

At the fourth grade, Singapore and

Korea, the two countries with the highest average science achievement, also were
the countries with the largest percentages of students reaching the Advanced
International Benchmark. One-third of the Singaporean students reached
this advanced level of performance, as did 29 percent of students in Korea.
Twenty percent of the students in Finland reached this level, followed by the
Russian Federation (16%), Chinese Taipei (15%), the United States (15%),
and Japan (14%). Although relatively few students reached the Advanced
International Benchmark in most countries (median percentage across
countries: 5%), the high median percentage reaching the Low International
Benchmark (92%) indicates that many countries have been successful in
educating almost all of their fourth grade students to a basic level of science
achievement.

At the eighth grade, four East Asian countries had the largest percentages
of students reaching the Advanced International Benchmark: Singapore had
the highest percentage (40%), followed by Chinese Taipei (24%), Korea (20%),
and Japan (18%). Next, the Russian Federation and England had 14 percent
of their students reaching the Advanced Benchmark; Slovenia and Finland
had 13 percent reaching this level. Several of the US states had similarly
high percentages of students reaching the Advanced Benchmark, including
Massachusetts (24%), Minnesota (16%), Colorado (14%), Connecticut (14%),
and Florida (13%). In comparison to the fourth grade, the percentage of eighth
grade students reaching each of the International Benchmarks was lower. For
example, the median percentage of students reaching the Low International
Benchmark was 79 percent (compared to 92% at the fourth grade), indicating
that more eighth grade students were being “left behind” their classmates.

TIMSS & PIRLS TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE
Lineh St o Concaen, S ol EXECUTIVE SUMMARY



More Countries Demonstrate Relative Strength in Knowing
Science Than in Applying Scientific Knowledge or
Reasoning

Generally, TIMSS 2011 participants with the highest achievement overall also
had the highest achievement in the science content domains (e.g., biology and
physics). Internationally, more countries demonstrated relative strengths in
knowing science (i.e., recalling/recognizing, defining, and describing) than in
applying scientific knowledge and reasoning.

Home Resources Strongly Related to Science Achievement

Research consistently shows a strong positive relationship between achievement
and indicators of socioeconomic status, such as parents’ or caregivers’ level of
education. At the fourth and sixth grades, TIMSS used the parents’ reports on
the availability of key home resources to create the Home Resources for Learning
scale, including parents’ education, parents’ occupation, books in the home, and

Home Resources for Learning— TIMSS 2011 ) study supports. Internationally, on

International Averages Science kS average, almost three-quarters of

the fourth grade students (74%)

Average
P 17% 74% 9% had Some Resources, and the
_— 559 17 percent of students with Many
§ o Resources had substantially higher
[ ~ ~
3 NS 495 science achievement than the nine
i 500 \*
é So percent with Few Resources—
g h ‘~%8 a 131-point difference.
400 At the eighth and ninth
grades, TIMSS asked the students
Home Educational Resources— TIMSS 2011 3

. b
International Averages science bed  themselves about their parents

education, books in the home, and

Average study supports, with similar results.

Percentage 12% 67% 21%
of Students

Internationally, the twelve percent
600

of eighth grade students with Many

% w\ ~ Resources had the highest average
= 500 NNN“‘? achievement, the two-thirds with
% ~‘~~~ 424 Some Resources had the next
E o highest achievement, and the

#00 one-fifth with Few Resources had

the lowest average achievement.
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Successful Schools Tend to Be Well-resourced

Ever since the Coleman report in 1966, researchers have recognized that the
compositional characteristics of a school’s student body can affect student
achievement. To provide information on this topic, TIMSS routinely asks school
principals to report on their students’ economic home backgrounds and home
language. While there was variation across countries, higher average science
achievement was associated with students attending schools where a greater
percentage of students had the following characteristics:

¢ Were from relatively affluent socioeconomic backgrounds; and

¢ Spoke the language of the TIMSS assessment as their first language.

For example, students were distributed relatively equally across three
types of schools categorized by the affluence of their home backgrounds. At
the fourth grade, 36 percent attended schools with relatively more students

from affluent than from economlcally School Composition by Student Home Economic TIMSS 2011
disadvantaged homes, and these Background—International Averages Science [GRIC

students had the highest average More Affluent Neither More . More
than Affluent nor Disadvantaged
achievement At the other end Of the Disadvantaged More Disadvantaged than Affluent
: Average
Percent%ge 36% 35% 30%

range, 30 percent of students attended  ofStudents
schools with relatively more students o0
from economically disadvantaged
homes, and these students had the

lowest average achievement.

S 489
500 .-——___..
‘—_- 463

~-‘

Average Achievement

Similarly, at the eighth grade,

32 percent attended schools with 400

relativ ely more students from School Composition by Student Home Economic TIMSS 2011 8

affluent than disadvantaged homes,  Background—International Averages Science [€REE
and these students had the highest More Affluent Neither More More
than Affluent nor Disadvantaged
average achievement. Conversely, Disadvantaged More Disadvantaged than Affluent
Average
e 32% 33% 36%

36 percent of students attended  fsudens

schools with relatively more students 600

. . £
from economically disadvantaged 2
[
>
homes, and these students had the |- 581 481
lowest average achievement. = ————_ %8
g ®
e
400
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TIMSS 2011 i) Successful schools also are

Instruction Affected by Science Resource .
Science €2

Shortages—International Averages likely to have better working

conditions and facilites as well

Average

based on principals’ responses

Percentage 22% 72% 7% as more instructional materials,
of Students
600 such as books, computers,
c .
: technological support, and
3 495 supplies. TIMSS 2011 created the
& s00 @———___%5 pp SS
P @ ——___ 460 Science Resource Shortages scale
J -~

400 concerning inadequacies

in general school resources

Instruction Affected by Science Resource TIMSSS_ZOH Gszl (materials, supplies, heating/

Shortages—International Averages clence e ) i } o
cooling/lighting, buildings,

Average space, and staff) as well as

Percentage 22% 71% 7%

of Students resources specifically targeted
600

to support science instruction
(specialized teachers, computers,
494
O——___ 4 264 computer software, calculators,
— . . .
*------9 library materials, and audio-

visual resources). Many countries

500

-
c
9]
£
]
>

g

=
v

<<
o
o
®
o
$

<

400
were fortunate to have very few,

if any, students in schools where instruction was Affected A Lot by resource
shortages. However, this was a crucial problem in some countries. At both the
fourth and eighth grades, the one-quarter of students in schools Not Affected
by resource shortages had higher average science achievement than their
counterparts in less well-resourced schools. For students at the sixth and ninth
grades, there was more impact from lack of resources, with greater percentages
of students in schools Affected A Lot by resource shortages.
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Successful Schools Principals’ School Emphasis on Academic TIMSS 2011 /T3

Science €28

indicated by rigorous curricular goals,

Emphasize Academic Success—International Averages

Success and Have Safe and —_—
Orderly Environments eeniage 8% 28% 4%
Students with the highest science = "

achievement typically attend schools % 508

that emphasize academic success, as é 500 .‘----_‘.132____ 471

effective teachers, students that desire

to do well, and parental support. Both 00

principals and teachers answered Principals’ School Emphasis on Academic TIMSS 2011 ;T3
the questions comprising the School ~ Success—International Averages Science (G

Emphasis on Academic Success scale,

Average

and both were extremely positive and ~ [feernage 2 L 41%
remarkably similar in their responses. 600

At both the fourth and eighth grades, §

there was a direct correspondence é 500 534___ 486

between average science achievement g, Tt - f"(’o
and principals’ reports, with higher g

emphasis on academic success related 400

to higher average science achievement.
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Principals’ Problems with School Discipline TIMSS.ZO 11 In contrast, schools with diSCip line
and Safety—International Averages Science S and safety problems are not conducive

to high achievement. The sense of

Average . .
Percentage 61% 29% 1% security that comes from attending
of Students

600 a school with few behavior problems
g and having little or no concern about
v
£ . 432 477 student or teacher safety promotes a
v —
H TTE——0._ as8 stable learning environment. To create
® o
g -9 the School Discipline and Safety scale,
400 principals provided their perceptions

about the degree to which a series

Principals’ Problems with School Discipline TIMSS 2011 i3 C e .
andS:fety—lnternationalAverages P Science G§“e of ten dlSClpllne, dlsorderly, and

bullying behaviors were problems in

Percontage 16% 66% 18% their schools.

°f5t"d;g:; At both the fourth and eighth
£ grades, students who attended schools
% 492 with disorderly environments and
g 500 O———___4% who reported more frequent bullying
g’ - -~ :gz had much lower achievement than
z

100 their counterparts in safe and orderly
schools. Interestingly, across the
fourth grade countries, 61 percent

of students, on average, attended schools with Hardly Any Problems with
discipline or safety, 29 percent were in schools with Minor Problems, and
11 percent attended schools with Moderate Problems.

Across the eighth grade countries, however, discipline appeared to be more
of an issue; principals reported that only 16 percent of students were in schools
with Hardly Any Problems, 66 percent were in schools with Minor Problems,

and 18 percent attended schools with Moderate Problems.

TIMSS & PIRLS
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There is growing evidence that Students Bullied at School— TIMSS 2011
bullying in schools is on the rise, International Averages Sclence S
especially with the emergence of

. . Average a 3 o
cyber-bullying, and that bullying Perentage 48% 32% 20%
does have a negative impact on 600
students’ educational achievement. E
The Students Bullied at School scale g 497 489

= 500 o——___
was based on how often students i ‘~~-___4.64
experienced six bullying behaviors, g
<
such as “Someone spread lies about 400
me” and “I was made to do things I
idn’ » Students Bullied at School— TIMSS 2011 |7
didn’t want to do by other students: udents Bullied at Schoo Science 8

International Averages
At both the fourth and eighth

n e
grades, an increase in the frequency Average

Percentage 59% 29% 12%

of bullying was related to a decrease  'ofStudents
600

in average science achievement.

Unsettlingly, across countries, g

although nearly half of the fourth ] 500 483 478

grade students reported Almost & _‘"‘~~-_432
2
x

Never being bullied (48%), the
majority were bullied either About
Monthly (32%) or About Weekly
(20%).

In contrast to principals’ reports of more school discipline and safety

400

problems at the eighth grade than fourth grade, the eighth grade students
reported experiencing somewhat less bullying behavior than the fourth grade
students.
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Teacher Preparation and Career Satisfaction Related to
Higher Science Achievement

In view of the importance of a well-prepared teaching force to an effective
education, TIMSS 2011 collected a variety of information about teacher
education. Internationally, most students were taught by the following:

¢ Teachers with bachelor’s or postgraduate university degrees (80% at the
fourth grade, and 90% at the eighth grade);

¢ Teachers with at least 10 years of experience (70% at the fourth grade,
and 62% at the eighth grade);

¢ Teachers who reported being Very Well prepared to teach the TIMSS
science topics (62% at the fourth grade, and 72% at the eighth grade);
and

¢  Teachers Very Confident in teaching science (59% at the fourth grade,
73% at the eighth grade).

At both the fourth and eighth grades, students with more experienced and
more confident teachers had higher science achievement.

The TIMSS 2011 Teacher Career Satisfaction scale categorized students
based on their teachers’ degree of agreement with six statements, such as
“I do important work as a teacher” and “I plan to continue as a teacher for
as long as I can” At both the fourth and eighth grades, teacher satisfaction
was positively related to average science achievement, and very few students
had teachers that expressed any dissatisfaction except in a small number of
countries.

Internationally, the fourth grade students with Satisfied science teachers
(54%) had higher achievement than those with teachers that were only
Somewhat Satisfied (41%) or Less Than Satisfied (5%). The eighth grade
science teachers reported somewhat lower levels of career satisfaction, with
the 47 percent of students taught by Satisfied science teachers having higher
science achievement than those taught by only Somewhat Satisfied (45%) or
Less Than Satisfied (8%) teachers.

TIMSS & PIRLS
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Lynch School of Education, Boston College
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Students with Positive Attitudes Toward Science Have
Higher Achievement, but Attitudes Less Positive at the
Eighth Grade

Each successive TIMSS assessment has shown a strong positive relationship
within countries between student attitudes toward science and their science
achievement. The relationship is bidirectional, with attitudes and achievement
mutually influencing each other.

The Students Like Learning Science scale was based on students’ degree
of agreement with six statements, such as “I enjoy learning science” and
“I learn many interesting things in science.” Internationally, more than half of
the fourth grade students Like Learning Science, and they had higher average
achievement than those that Somewhat Like Learning Science (35%) or those
that Do Not Like Learning Science (12%).

At the eighth grade, 16 of the  students Like Learning Science— TIMSS 2011 @
TIMSS countries teach science  International Averages Science Kt
. : . Like Learning Somewhat Like Do Not Like
subjects separately (1., biology,

. . Average
chemistry, physics, and earth Percentage 53% 35% 12%
of Students
science) rather than as a general 600

or integrated subject. TIMSS

asked students in these countries 504
°00 @ 4 461

about their liking of the individual S~ - _ ®

"
c
@
£
o
>

2

=
v

<
o
o
©
[
[
>
<

subjects and the results were

scaled separately for each subject. 400

Compared to the fourth grade,

substantially fewer eighth grade students reported positive attitudes
toward learning science. Among countries teaching general or integrated
science, only about one-third (35%) of students Like Learning Science,
compared to 53 percent at the fourth grade. Accompanying this decrease is
a widening achievement gap between students who like learning the subject
(515, on average) and those who do not (450).

Among separate science subject countries, the average percentage of
students liking learning biology (36%) and earth science (33%) was similar to
the percentage liking learning science in general or integrated science countries,
but fewer students like learning chemistry (25%) or physics (26%). In all four
science subjects, the students who liked learning the subject had higher average
achievement than those who only somewhat liked or did not like learning it.
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The Students Confident in Science scale includes six statements (nine
at the eighth grade), such as "Science is harder for me than for many of my
classmates"(reverse coded) and "My teachers tells me I am good at science.”
Internationally, just 43 percent of the fourth grade students expressed confidence
in their science ability, but their science achievement was higher than for the
students who felt Somewhat Confident. The students lacking confidence (21%)
had the lowest achievement.

Students Confident in Science— TIMSS 2011 13 At the eighth grade, only
International Averages Sciencellmd 5 percent of the students in general

or integrated science countries,

’;‘%:;’f}e%,?g s 1 ik on average internationally, felt

600 Confident in their science ability,

g 514 with most students either Somewhat

% 500 o-__ - 480 Confident (49%) or Not Confident

g “‘~__~~ 446 (31%). The achievement gap was

g ~® 86 points between the Confident
400 and Not Confident students.

The eighth grade students in
separate science countries were similar to students in general or integrated
countries in their confidence in biology and earth science (21% and 19%
Confident, respectively) but less confident in chemistry and physics
(14% Confident for each). In all four science subjects, there was a strong positive
relationship between student confidence and average science achievement.

The Students Value Science scale asked the eighth grade students about
six different aspects of valuing science, including “I think learning science will
help me in my daily life” and “I need to do well in science to get the job I want”
Internationally, the eighth grade students in general or integrated science
countries placed a high value on science, with 41 percent who Value science
and another 33 percent who Somewhat Value the subject. However, about
one-fourth (26%) Do Not Value science. Students who said they value science
had higher average achievement than students who only valued it somewhat,
and those students, in turn, had higher achievement than students who did not
value science.

Students in separate science subject countries do not seem to value the
individual science subjects in the same way as students in general science
countries. Across the four science subjects, only about one-fourth (25-29%) of
the students reported that they value the subjects and about two-fifths (36-42%)
reported that they did not value them.

TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE
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More Time for Science Instruction in Countries Teaching
Science as Separate Subjects

On average at the fourth grade, countries reported devoting 85 hours per year
to science instruction, although the amount of instructional time varied widely.
Instructional time for science was much greater at the eighth grade, 158 hours
per year on average, mainly because of the greater attention given to science
instruction in the separate science countries. These countries devote 54 to 59
hours per year, on average, to each science subject, for an overall average of 225
hours of science instruction per year.

Engaging Instruction Relafted o
Higher Science Achievement

Historically, educational studies, including TIMSS, have struggled to link
student achievement to instructional activities. Typically, teachers are asked to
report how frequently they use various instructional activities and strategies,
and such information can be very useful. However, in light of the growing body
of evidence about the complexities of teaching and learning, researchers are
beginning to understand that these lists of activities cannot be used as proxies
for the characteristics of good teaching.

To help build a better bridge between curriculum and instruction, TIMSS
2011 collected information about the concept of student engagement in
learning, which focuses on the cognitive interaction between the student and
the instructional content. To measure aspects of student engagement, TIMSS
2011 developed both a teacher scale, called the Engaging Students in Learning
scale, and a student scale, called the Engaged in Science Lessons scale.

For the Engaging Students in Learning scale, students were categorized
according to how often their teachers reported using six instructional practices
(four at the eighth grade) intended to interest students and reinforce learning
(e.g., summarizing the lesson’s learning goals, questioning to elicit reasons
and explanations, and bringing interesting things to class). Many fourth grade
students internationally (71%) had science teachers that made efforts to use
these practices to engage them during Most Lessons, and the rest had teachers
that used such practices in About Half the Lessons (with a few exceptions).
Internationally, at the eighth grade, 80 percent of students had teachers that
reported using the instructional practices to engage students during Most

Lessons.

TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE
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From the students’ perspective, the Engaged in Science Lessons scale
asked how much students agreed with five statements, such as “I know what
my teacher expects me to do” and “I am interested in what my teacher says.”
Internationally, the fourth grade students Engaged in their science lessons (45%)
had the highest achievement, followed by those Somewhat Engaged (47%)
and the few students Not Engaged (8%). At the eighth grade, internationally,
smaller percentages of students reported being Engaged. In countries teaching

general or integrated science, only

Students Engaged in Science Lessons—  TIMSS 2011 /T8
International Averages Science & 29 percent of students, on average,
reported being Engaged during
Average
i 1D 2/ e their science lessons, although these
600 students had the highest average
g achievement. Among the separate
v
2 - 584 476 science subject countries, students
] ——
s Tt~ Q- _ 4.137 reported somewhat more engagement
g in biology and earth science lessons
400 (33% and 31% Engaged, respectively)

than in chemistry and physics lessons
(26% and 27% Engaged, respectively). In each of the science subjects, students
reporting being engaged in their lessons had higher science achievement than
those who were only somewhat or not engaged.

Science Teachers Emphasizing Science Investigations

As noted in the TIMSS 2011 Science Assessment Framework, one of the ways
in which students have been encouraged to build upon their knowledge and
understanding of science is through the process of scientific inquiry, and the
contemporary science curricula of many countries place considerable emphasis
on engaging students in this process. The Emphasize Science Investigation scale
was based on teacher reports of how often, in teaching science, they ask students
to engage in six activities (seven at the eighth grade), such as “Observe natural
phenomena such as the weather or a plant growing and describe what they see”
and “Design or plan experiments or investigations.”

On average across the fourth grade countries, 40 percent of students were
taught by teachers emphasizing science investigation in About Half the Lessons
or More, although teachers of science at the fourth grade vary widely across
countries in their use of inquiry activities, with the percentage of students taught
by teachers emphasizing science investigation ranging from 4 to 86 percent.

TIMSS 2011 INTERNATIONAL RESULTS IN SCIENCE
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There was greater use of investigation in science instruction at the eighth
grade, with almost half of the students (48%) taught by teachers emphasizing
investigation in About Half the Lessons or More. Also, science achievement
was slightly higher among students whose teachers more frequently emphasize
inquiry activities (479 vs. 474).

Instruction Affected By Students Lacking in
Basic Nutrition and Sleep

Finally, the characteristics of the students themselves can be very important
to the classroom atmosphere. Unfortunately, some children in many countries
around the world suffer from hunger, and a growing body of research, mostly
in developing countries, is providing evidence that malnutrition has a negative
impact on educational achievement. Similarly, a number of studies in a variety
of countries have shown sleep duration and quality to be related to academic
functioning at school.

On average, internationally, most fourth grade (71%) and eighth grade
students (64%) were in classrooms where instruction was “not at all” limited
because students were lacking in basic nutrition. These students had higher
average science achievement than their peers in classrooms where instruction
was limited “some or a lot” because students suffered from lack of basic
nutrition. The percentage lacking in basic nutrition was much higher in some
countries, including some of those that participated at the sixth and ninth
grades.

Internationally, students suffering from some amount of sleep deprivation
did have lower average science achievement. Teachers reported that only a
scant majority of fourth grade students (54%) and not even half of the eighth
grade students (42%), across countries, were in classrooms where instruction
was “not at all” limited by students suffering from not enough sleep. Further,
while there was considerable variation across countries, in a number of TIMSS
2011 countries and benchmarking participants at least two-thirds of students
reportedly were at least somewhat sleep deprived.
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Science has direct application to nearly all aspects of life and society,
from maintaining and improving human health to understanding
and solving local, regional, and global environmental issues.
Students need early development in science knowledge and
thinking skills not only to be thoughtful citizens engaged in public
discussions on important social issues involving science, but also to
be prepared to make contributions through a wide range of careers
in science, medicine, and technology. Thus, the study of science

in the primary and early secondary grades provides a critical
foundation for students’ future careers and life success.

TIMSS (Trends in International Mathematics and Science
Study) has the goal of helping countries make informed decisions
about how to improve teaching and learning in mathematics
and science. This TIMSS 2011 report summarizes the results of
the TIMSS 2011 international science assessment of fourth and
eighth grade students in countries around the world. As the fifth
assessment in a regular program of student assessment conducted
every four years since 1995, TIMSS 2011 provides participating
countries with a wealth of information about trends in the science
knowledge and skills of their students. At the heart of TIMSS is
a wide-ranging state-of-the-art assessment of how well students
master the essential science content, concepts, and procedures that
countries expect them to learn as they progress through primary
and lower secondary school.
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Student achievement on the TIMSS 2011 science assessment is summarized
in a variety of ways, beginning with trends over time in science achievement
overall as well as its major component parts (e.g., biology, chemistry). The
results also monitor progress toward the TIMSS International Benchmarks of
science achievement—advanced, high, intermediate, and low. Recognizing that
student science achievement is the result of a complex interplay of societal,
school, and home environmental factors, this TIMSS science report embeds the
achievement results in the context of the major influences on student learning,
including the scope and coverage of the science curriculum, home support for
student learning, school resources and learning climate, teacher preparation for
science instruction, and student engagement in classroom learning.

Countries Participating in TIMSS 2011

IEA is an independent international cooperative of national research institutions
and government agencies with nearly 70 member countries worldwide. IEA has
a permanent secretariat based in Amsterdam, and a thriving data processing and
research center in Hamburg (the IEA DPC). The decision to participate in an
IEA study is coordinated through the IEA Secretariat in Amsterdam and made
solely by each member country according to its own data needs and resources.

Exhibit 1 shows the 63 countries participating in TIMSS 2011, including
some distinct education systems within countries that have always participated
separately throughout IEA’s long history (e.g., the Flemish-speaking part
of Belgium and Hong Kong SAR). In addition, TIMSS 2011 included
14 benchmarking participants, including three Canadian provinces, nine
US states, and two emirates from the United Arab Emirates. Countries and
benchmarking participants could elect to participate in the fourth grade
assessment, the eighth grade assessment, or both. Fifty-two countries and
seven benchmarking participants administered the fourth grade assessment,
and 45 countries and 14 benchmarking participants administered the eighth
grade assessment.

Also, countries where students were expected to find the TIMSS
assessments too difficult for their fourth or eighth grade students were given
the option to assess students at a higher grade. Accordingly, three countries
administered the fourth grade assessment to their sixth grade students and the
eighth grade assessment to their ninth grade students.

Nationally representative samples of approximately 4,000 students from
150-200 schools participated in TIMSS 2011 at each grade level. More than
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