E

Q

RIC

Aruitoxt provided by Eic:

DOCUMENT RESUME

ED 414 207 SE 061 227

AUTHOR Mullis, Ina V. S.; Martin, Michael O.; Beaton, Albert E.;
Gonzalez, Eugenio J.; Kelly, Dana L.; Smith, Teresa A.

TITLE Mathematics and Science Achievement in the Final Year of

Secondary School: IEA's Third International Mathematics and
Science Study (TIMSS).

INSTITUTION Boston Coll., Chestnut Hill, MA. Center for the Study of
Testing, Evaluation, and Educational Policy.; International
Association for the Evaluation of Educational Achievement.

SPONS AGENCY National Center for Education Statistics (ED), Washington,
DC.; National Science Foundation, Arlington, VA.

ISBN ISBN-1-889938-08-4

PUB DATE 1998-02-00

NOTE 356p.

AVAILABLE FROM TIMSS International Study Center, Boston College, School of
Education, Campion Hall, Chestnut Hill, MA 02167; World Wide
Web: http//wwwcsteep.bc.edu/timss

PUB TYPE Reports - Research (143)
EDRS PRICE MF01/PCl15 Plus Postage.
DESCRIPTORS Academic Standards; Educational Change; Foreign Countries;

Hands on Science; High Schools; *Mathematics Achievement;
Mathematics Education; *Numeracy; Problem Solving; Science
Education; Science Process Skills; *Scientific Literacy; Sex
Differences; *Standardized Tests; *Student Evaluation;
Tables (Data) .

IDENTIFIERS *Science Achievement; *Third International Mathematics and
Science Study

ABSTRACT

The Third International Mathematics and Science Study
(TIMSS) covered five different grade levels, with more than 40 countries
collecting data in more than 30 different luigu.gyzas T .o» illion
students were tested. The present report contains the TIMSS results for
students in the final year of secondary school. Mathematics and science
literacy achievement results are reported for 21 countries; advanced
mathematics results and physics results, respectively, are reported for 16
countries. These results complete the first round of descriptive reports from
the TIMSS study. Together with the results for primary school students (third
and fourth grade in most countries) and middle school students (seventh and
eighth grades in most countries), the results contained in this report
provide valuable information about the relative effectiveness of a country's
education system as students progress through school. A ten-page Executive
Summary details the extensive conclusions to be drawn from the study. Dozens
of tables and figures provide detailed statistics for all participating
countries. The Netherlands and Sweden were the top performing countries in
mathematics; France was the top performer in advanced mathematics; Norway and
Sweden had physics achievement levels significantly higher than other
participating countries. The appendixes contain extensive information
pertaining to the development of the TIMSS tests, sample sizes and
participation rates, compliance with sampling guidelines, and the
test-curriculum matching analysis. (DDR)



ED 414 207

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL
HAS BEEN GRANTED BY

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

£

U.S. DEPARTMENT OF EDUCATION
Oftice of Educational Research and Improvemant

EDUCATIONAL RESOURCES INFORMATION
CENTER (ERIC)
This document has been reproduced as
pcaived Irom the person or organization
onginating it.

0 Minor changes have been made lo
improve reproduction quality.

® pPoints ol view or opinions staled in this
document do not necessarily represent
olficial OER! position or palicy.

X tedexngifonal

~Mathematics -

a

h -

e

Ina VS Maldlis
“vachac! € Mar hin
Albert - Poaton

HEogenio i oonsales
Dara Pt (:“y

Tesronar A Sinith

AVAILABLE

I




International Association for the Evaluation of
Educational Achievement

MATHEMATICS AND SCIENCE
ACHIEVEMENT IN THE
FINAL YEAR OF SECONDARY SCHOOL:
IEA's THIRD INTERNATIONAL MATHEMATICS
AND Science Stupy (TIMSS)

+

Ina V.S. Mullis
Michael O. Martin
Albert E. Beaton
Eugenio J. Gonzalez
Dana L. Kelly
Teresa A. Smith

+

February 1998

TIMSS International Study Center

Boston College
Chestnut Hill, MA, USA

3




© 1998 International Association for the Evaluation of Educational Achievement (IEA).

Mathematics and Science Achievement in the Final Year of Secondary School:
IEA’s Third International Mathematics and Science Study / by Ina V.S. Mullis,
Michael O. Martin, Albert E. Beaton, Eugenio J. Gonzalez, Dana L. Kelly, and
Teresa A. Smith

Publisher:  Center for the Study of Testing, Evaluation, and Educational Policy,
Boston College.

Library of Congress Catalog Card Number: 97-81365

ISBN 1-889938-08-4

For more information about TIMSS contact:

TIMSS International Study Center

Center for the Study of Testing, Evaluation, and Educational Policy
Campion Hall

School of Education

Boston College

Chestnut Hill, MA 02167

United States

For information on ordering this report, write the above address
or call +1-617-552-4521.

This report also is available on the World Wide Web:
http://wwwecsteep.bc.edu/timss

Funding for the international coordination of TIMSS is provided by the U.S.
National Center for Education Statistics, the U.S. National Science Foundation, the
IEA, and the Canadian government. Each participating country provides funding
for the national implementation of TIMSS.

Boston College is an equal opportunity, affirmative action employer.

Printed and bound in the United States.




T A B L E o F C O NTENTS

Contents

EXECUTIVE SUMMARY ...ttt et ses s ses s s bbb bbbt 1
Mathematics and SCIENCE LIIEIACY ......cuuiviuiiiiieinieieeniie st 3
ADVANCE MAHREMAHCS ...ovovviiietieieii sttt s 6
PRYSICS 1. vvueeeeeesnceeseesseseeetseessse e e e s s R 9

INTRODUCTION ..ottt ettt eee et s et s s e 11
What Assessments Were Conducted and Which Students Were Tested? ..o, 13
Which Countries PArfiGipated? ...ttt e 14

Table 1 Countries Participating in Testing of Students in Their Final Year of Secondary School............ 15
What Are the Differences in Upper Secondary Education Systems? .........cocoovriiiiiiinecnininnincinns 16
The TIMSS Coverage Index: What Percent of the School-leaving Age Cohort Was Tested® ............. 17

Table 2 TIMSS Coverage INdices [TCIS) .........o.wwrvirirerirmmmmrmerrrerersesececsssssssssssssonssonesssssss s 18

Table 3 TIMSS Coverage Indices {TCls) for Advanced Mathematics and Physics ........ccccooovvcincne 19
How Does TIMSS Document Compliance with Sampling Guidelines? ..., 20
How Do Country Characteristics DIffer? ............ccooiiiiiiiii s 21

Table 4 Selected Demographic Characteristics of TIMSS Countries ... 22

Table 5 Public Expenditure on Education at Primary and Secondary Levels in TIMSS Countries ........ 23

Figure 1 Centralization of Decision-Making Regarding Curriculum Syllabi ... 25
Figure 2 Centralization of Decision-Making Regarding Textbooks .............cccccuwcwcrimcrrviiinnecmeiiiiiccccens 26
Figure 3 Centralization of Decision-Making Regarding EXxaminahions ... 27

Mathematics and Science Literacy in the Final Year of Secondary School

CHAPTER 1: INTERNATIONAL STUDENT ACHIEVEMENT IN MATHEMATICS

AND SCIENCE LITERACY oottt ettt ettt ettt et s 31

How Does Performance Compare for the Students Participating in the Testing? ..........cccooovririninnn. 31
Table 1.1 Distributions of Mathematics and Science literacy Achievement for Students in

Their Final Year of Secondary SChool ... 32

Figure 1.1 Multiple Comparisons of Mathematics and Science literacy Achievement for

Students in Their Final Year of Secondary SChool ... 33

How Does Performance Compare, Taking Differences in Population Coverage into Account? .......... 36
Figure 1.2 Mean Mathematics and Science literacy Achievement by TIMSS Coverage

Index for Students in their Final Year of Secondary SChool ... 37



T A B L E O F C O NTENTS

Table 1.2 Mathematics and Science Literacy Achievement for the Top 25 Percent of

All Students in the School-leaving Age Cohort ... 39
Figure 1.3 Multiple Comparisons of Average Mathematics and Science Literacy Achievement
for the Top 25 Percent of All Students in the School-leaving Age Cohort ... 40
How Does Performance Compare by Gender? ..............coc.cooovuiieeorooneeeeseeoeeeeoeeeeeeeeeee oo 41
Table 1.3 Gender Differences in Mathematics and Science Literacy Achievement for
Students in Their Final Year of Secondary SChool ..o 42
CHAPTER 2: ACHIEVEMENT IN MATHEMATICS LITERACY AND SCIENCE LITERACY ..o 43
How Does Performance Compare Between the Mathematics and Science Areas?..............coooo........ 44
Table 2.1 Distributions of Achievement in Mathematics Literacy for Students in Their
Final Year of Secondary SChool ... 46

Figure 2.1 Multiple Comparisons of Mathematics Literacy Achievement for Students in
Their Final Year of Secondary School ... 47

Table 2.2 Distributions of Achievement in Science Literacy for Students in Their
Final Year of Secondary SChool .......oocooooooo oo 48

Figure 2.2 Multiple Comparisons of Science Literacy Achievement for Students in Their
Final Year of Secondary SChool .........o.o oo 49

Table 2.3 Differences in Performance Between Mathematics Literacy and Science Literacy for
Students in Their Final Year of Secondary SChool ..........ccooocoooooooeoeeeees e 50

Table 2.4 Achievement in Mathematics Literacy by Gender for Students in Their
Final Year of Secondary SChool ... 51

Table 2.5 Achievement in Science Literacy by Gender for Students in Their
Final Year of Secondary SChool ...............eooeoeeeeeeoeeeeeeeeeeeeeeeoe 52

How Does Final-Year Performance in Secondary School Compare with
Eighth-Grade Performance? .......... oo 53

Figure 2.3 Mathematics Performance at Eighth Grade and Final Year of Secondary 4
School Compared with the International AVErages ...............oooovcccecoooceocceoeoeoeeeoeooeee 55

Figure 2.4 Science Performance at Eighth Grade and Final Year of Secondary School
Compared with the Internaional AVerages ................c.ccooiiiioeoreeee oo 56

CHAPTER 3: PERFORMANCE ON MATHEMATICS AND SCIENCE LITERACY EXAMPLE ITEMS ....... 57

What Are Some Examples of Performance in Mathematics Literacy?...............oo.ccooovvimrveenrrrcocen, 58
Table 3.1 Mathematics Literacy - Percent Correct for Example Item 1
Final Year of Secondary SChOOl . ... ol

Table 3.2 Mathematics literacy - Percent Correct for Example ltem 2
Final Year of Secondary SChOol ...........oooiooioiooeoeeeeeeeee oo 62

Table 3.3 Mathemaiics Literacy - Percent Correct for Example ltem 3, Part A and Part B
Final Year of Secondary SChool ............ooooo oo 63




T A Bt E O FfF C O NTENTS

Table 3.4  Mathematics Literacy - Percent Correct for Example ltem 4
Final Year of Secondary SChOOl ................ireeieerirrivimimmieiiesenas s 65
Table 3.5  Mathematics literacy - Percent Correct for Example ltem 5
Final Year of Secondary SChOO! ... ... 66
Table 3.6 Mathematics Literacy - Percent Correct for Example Item 6
Final Year of Secondary SChool ... e 67
Table 3.7 Mathematics Literacy - Percent Correct for Example Item 7
Final Year of Secondary SChOO ...t 68
Figure 3.1 International Difficulty Map for Mathematics Literacy Example Items
Final Year of Secondary SChool ... 69
What Are Some Examples of Performance in Science Literacy? ... e 70
Table 3.8 Science literacy - Percent Correct for Example ltem 1
Final Year of Secondary SChOO! .......c..cooiiiiereririrrirreereseeesccceieses e 72
Table 3.9 Science literacy - Percent Correct for Example Item 2
Final Year of Secondary SChool ... ..ot 73
Table 3.10  Science literacy - Percent Correct for Example ltem 3
Final Year of Secondary SChool ...t s 74
Table 3.11  Science literacy - Percent Correct for Example Item 4
Final Year of Secondary SChool ... i 75
Table 3.12  Science literacy - Percent Correct for Example ltem 5
Final Year of Secondary SChOOl ................iiiceeeeiereieiieieeieeieemiasesmeasss s 76
Table 3.13  Science literacy - Percent Correct for Example ltem 6
Final Year of Secondary SChOo! ... 77
Table 3.14  Science literacy - Percent Correct for Example ltem 7
Final Year of Secondary SChoOl ...........ooiuuiiririrrieescie st 78
Figure 3.2 International Difficulty Map for Science Literacy Example Items
Final Year of Secondary SChool ...t 79
CHAPTER 4: CONTEXTS FOR MATHEMATICS AND SCIENCE LITERACY ACHIEVEMENT ................. 81
What Are Secondary School Students’ Educational Experiences and Plans? ................... i 81
Table 4.1 Mathematics and Science literacy Achievement by Educational Program
Final Year of Secondary SChOO ... eeeiemseesccecceicc 83
Figure 4.1 Definitions of National Options Included in the International Categories for
Students’ Educational Programs - Mathematics and Science Literacy
Final Year of Secondary SChool .. ...t 84
Table 4.2 Students’ Reports on Currently Taking Mathematics - Mathematics Literacy
Final Year of Secondary SChool ... 86
Table 4.3 Students’ Reports on Currently Taking Mathematics by Gender
Mathematics Literacy - Final Year of Secondary School ... 88
Table 4.4 Students’ Reports on Currently Taking Science - Science Literacy
Final Year of Secondary School .......... e et e 89

;  BEST COPY AVAILABLE



T A B L E o f C ONTENTS

Table 4.5 Students’ Reports on Currently Taking Science by Gender - Science Literacy
Final Year of Secondary SChool ... Q0

Table 4.6 Students’ Reports on Their Plans for Future Education
Mathematics and Science Literacy - Final Year of Secondary School............cccccveevvcecren.. Q2

Figure 4.2 National Adaptations of the Definitions of Educational Levels for Students’ Reports
on Their Plans for Future Education - Final Year of Secondary School ..........ooovoceccccovcccccinnn, 93

What Are Students’ Attitudes and Perceptions About Mathematics and Science? ..o 94

Table 4.7 Students’ Reports on Their Self-Perceptions About Usually Doing Well in
Mathematics and Science - Mathematics Literacy and Science Literacy
Final Year of Secondary SChool ..........o.oovvvivvveecccceosooeeeeeeeeoe oo et Q5

Figure 43  Gender Differences in Students’ Self-Perceptions About Usually Doing Well in
Mathematics and Science - Final Year of Secondary School .........ccoooooooeeeeeeeeeeorooeooe Q7

Table 4.8 Student's Reports on How Much They Like Mathematics - Mathematics Literacy

Final Year of Secondary SChool ... 1%
Figure 4.4 Gender Differences in Liking Mathematics - Final Year of Secondary School .................. 100
Table 49 Students’ Reports on How Much They Like the Sciences
Final Year of Secondary SChool ..o 101
Figure 4.5 Gender Differences in liking the Sciences - Final Year of Secondary School..................... 102
What Educational Resources Do Students Have in Their HOMES? ............oveeeeeereveeeesseeesseeesesee e 104

Table 410 Students’ Reports on the Highest Level of Education of Either Parent
Mathematics and Science literacy - Final Year of Secondary School ... 105

Figure 4.6 National Adaptations of the Definitions of Educational Levels for Parents’ Highest

level of Education - Final Year of Secondary SChOOL .........occccccccccveecocceevereeeeeeeee e 107

Table 4.11  Students’ Reports on the Number of Books in the Home
Mathematics and Science Literacy - Final Year of Secondary School ... 109
How Often Do Students Use Calculators and Computers? ............c...coooveivireeeeeeereeeeeeecee oo, 110

Table 412 Students’ Reports on How Often They Use a Calculator at School, Home, or
Anywhere Else - Mathematics and Science literacy
Final Year of Secondary SChool ... 1M1

Table 413 Students’ Reports on the Frequency of Calculator Use During the TIMSS Test
Mathematics and Science Literacy - Final Year of Secondary School ..o 12

Table 4.14  Students' Reports on How Often They Use a Computer at School, Home, or
Anywhere Else - Mathematics and Science Lliteracy

Final Year of Secondary SChool ...................cooiiiiiiiooeeeec oo 113

How Do Students Spend Their Out-of-School Time During the School Week? ............ccooovvvcovvna.... 114
Table 4.15  Students’ Reports on the Hours Per Day Spent Studying or Doing Homework

Mathematics and Science Literacy - Final Year of Secondary School.........cccccccooovccicivcco.. 115

Table 416 Students’ Reports on the Hours Per Day Studying or Doing Mathematics Homework
Mathematics Literacy - Final Year of Secondary SChool ......ccccooicccvivvevvveeeeeeeieicc e 116

8




T A B L E o F €C O NTENTS

Table 417 Students’ Reports on the Hours Per Day Studying or Doing Science Homework

Science literacy - Final Year of Secondary School ... 118
Table 4.18  Students’ Reports on How They Spend Their Leisure Time on a Normal

School Day - Mathematics and Science literacy - Final Year of Secondary School........... 119
Table 419 Students' Reports on the Hours Per Day Spent Working at Paid Job

Mathematics and Science literacy - Final Year of Secondary School. ..., 120
Table 4.20  Students’ Reports on the Hours Per Day Spent Waiching Television or Videos

Mathematics and Science Literacy - Final Year of Secondary School ... 122

What Are Students’ Negative School EXperiences? ..o 123

Table 4.21  Students' Reports on How Often They Had Negative Experiences During the
Past Month in School - Mathematics and Science Lliteracy
Final Year of Secondary SChool ... 124

Advanced Mathematics and Physics Achievement in the Final Year of Secondary School

CHAPTER 5: INTERNATIONAL STUDENT ACHIEVEMENT IN ADVANCED MATHEMATICS ........... 127
How Does Performance Compare for the Students Tested in Advanced Mathematics? ................... 127
Table 5.1 Distributions of Advanced Mathematics Achievement for Students Having
Taken Advanced Mathematics - Final Year of School ... 128
Figure 5.1 Multiple Comparisons of Advanced Mathematics Achievement for Students
Having Taken Advanced Mathematics - Final Year of Secondary School ... 129
How Does Performance in Advanced Mathematics Compare, Taking Differences in
Population Coverage into ACCOUNIR ..ottt 132
Figure 5.2 Mean Advanced Mathematics Achievement by TIMSS Coverage Index for
Students Having Taken Advanced Mathematics - Final Year of Secondary School ........... 133
Table 5.2 Advanced Mathematics Achievement for the Top 10 Percent of All Students
in the School-leaving AGe COROTt ... 134
Figure 5.3 Multiple Comparisons of Advanced Mathematics Achievement of the
Top 10 Percent of All Students in the Schoolleaving Age CohOrt oot 135
Table 5.3 Advanced Mathematics Achievement for the Top 5 Percent of All Students
in the Schoolleaving Age COROT ... 138
Figure 5.4 Multiple Comparisons of Advanced Mathematics Achievement of the
Top 5 Percent of All Students in the School-Leaving Age Cohort ... 139
How Does Performance in Advanced Mathematics Compare by Gender?...........c..cccoooviiiiiinnnnenn. 140

Table 54  Gender Differences in Advanced Mathematics Achievement for Students
Having Taken Advanced Mathematics - Final Year of Secondary School ... 141

BEST COPY AVAILABLE
S vii



T A Bt E o F C O NTENTS

How Well Did Students Having Taken Advanced Mathematics Perform in
Mathematics and SCIENCE LIErACy?.............ovivueieeriieeeeeeeeee e 142

Table 5.5 Comparison Between All Students in Their Final Year of Secondary School
and Final-Year Students Having Taken Advanced Mathematics in

Mathematics and Science LIEIACY .........c.ccooccveoroooeoeoeeoeeoeeeeeeee oo 143
CHAPTER 6: ACHIEVEMENT IN ADVANCED MATHEMATICS CONTENT AREAS .....ooooooe. 145
How Does Performance Compare Across Content Areas? ............oo..ooeveeoreeecrmereeseeeeeeeeeeeseeeeeseeees, 145
Table 6.1 Achievement in Advanced Mathematics Content Areas for Students Having
Taken Advanced Mathematics - Final Year of Secondary School oo 146
Figure 6.1 Profiles of Performance in Advanced Mathematics Content Areas for Students
Having Taken Advanced Mathematics - Final Year of Secondary School ..., 148
Table 6.2 Achievement in Advanced Mathematics Content Areas by Gender for Students
Having Taken Advanced Mathematics - Final Year of Secondary School .........oooooccoco... 150
What Are Some Examples of Performance in Advanced Mathematics? ............coovoveooeeoeeer. 151
Table 6.3 Advanced Mathematics - Percent Correct for Example ltem 1 for Students
Having Taken Advanced Mathematics - Final Year of Secondary School ... 153
Table 6.4 Advanced Mathematics - Percent Correct for Example ltem 2 for Students
Having Taken Advanced Mathematics - Final Year of Secondary School ... 154
Table 6.5 Advanced Mathematics - Percent Correct for Example ltem 3 for Students
Having Taken Advanced Mathematics - Final Year of Secondary School ........oovvvvrvvvve..... 155
Table 6.6 Advanced Mathematics - Percent Correct for Example Item 4 for Students
Having Taken Advanced Mathematics - Final Year of Secondary School ..o 156
Table 6.7 Advanced Mathematics - Percent Correct for Example Item 5 for Students
Having Taken Advanced Mathematics - Final Year of Secondary School ..., 157
Table 6.8 Advanced Mathematics - Percent Correct for Example Item 6 for Students
Having Taken Advanced Mathematics - Final Year of Secondary School ..., 158
Figure 6.2 International Difficulty Map for Advanced Mathematics Example Items for
Students Having Taken Advanced Mathematics - Final Year of Secondary School ......... 159
CHAPTER 7: CONTEXTS FOR ADVANCED MATHEMATICS ACHIEVEMENT ..ol 161
What Are the Instructional Practices in Advanced Mathematics Classes? .............ovooeveoreoerroonnnnn.. 161

Table 71 Advanced Mathematics Students’ Reports on the Amount of Mathematics
Instruction They Are Currently Receiving Each Week - Advanced Mathematics
Final Year of Secondary SChool ............ooooiiii oo 162

Table 72 Advanced Mathematics Students’ Reports on How Often They Are Assigned
Mathematics Homework - Advanced Mathematics
Final Year of Secondary SChool .............ocooiiiivoeeeoceeeeeeeeeeeeeeeeeeeeeee e 163

Table 73 Advanced Mathematics Students’ Reports on How Often They Are Asked
to Do Reasoning Tasks in Their Mathematics Lessons - Advanced Mathematics
Final Year of Secondary SChool ........ooooivoioe oo 165




T A B L E oOFf CONTENTS

Table 74  Advanced Mathematics Students’ Reports on How Often They Are Asked to
Apply Mathematics to Everyday Problems in Their Mathematics Lessons
Advanced Mathematics - Final Year of Secondary School............ccocooiiiiie 166
Table 75  Advanced Mathematics Students’ Reports on How Often They Are Asked to
Solve Equations in Their Mathematics Lessons - Advanced Mathematics
Final Year of Secondary SChOO ... 167
Table 76 Advanced Mathematics Students’ Reports on How Often They Are Asked to
Apply Models to Data in Their Mathematics Lessons - Advanced Mathematics
Final Year of Secondary SChOO! ... 168
‘Table 77 Advanced Mathematics Students’ Reports on How Often in Mathematics Lessons
They Are Asked to Use Computers to Solve Exercises or Problems
Advanced Mathematics - Final Year of Secondary SChool ... ... 169
Table 78  Advanced Mathematics Students' Reports on How Often They Use a Calculator
at School, Home, or Anywhere Else - Advanced Mathematics
Final Year of Secondary SChOO ..... ..o 171
Table 79 Advanced Mathematics Students’ Reports on the Frequency of Calculator Use
During the TIMSS Test - Advanced Mathematics
Final Year of Secondary SChool ... 172
What Are Secondary School Students’ Educational Resources and Plans? ...........ccocerineinnncann. 173
Table 710 Advanced Mathematics Students’ Reports on the Highest Level of Education of
Either Parent - Advanced Mathematics - Final Year of Secondary School ... 174
Table 711 Advanced Mathematics Students’ Reports on Their Plans for Future Education
Advanced Mathematics - Final Year of Secondary School ... 175
Table 712 Advanced Mathematics Students' Reports on the Area They Intend to Study
After Secondary School - Advanced Mathematics
Final Year of Secondary SChOOl ... 176
Table 713 Advanced Mathematics Students’ Reports on the Area They Infend to Study
After Secondary School by Gender - Advanced Mathematics
Final Year of Secondary SChool ... 178
Table 714  Advanced Mathematics Students’ Reports That They Would Like a Job That
Involved Using Mathematics - Advanced Mathematics
Final Year of Secondany SChool ... 181
Table 715 Advanced Mathematics Students’ Reports That They Would like a Job That
Involved Using Mathematics by Gender - Advanced Mathematics
Final Year of Secondary SChool ........ ... 182
: l jl, iX



T A B L E o F C O NTENTS

CHAPTER 8: INTERNATIONAL STUDENT ACHIEVEMENT IN PHYSICS .....oooeoeeeeeeeee e, 185
How Does Performance Compare for Students Tested in Physics? ............ooov.eovevevveomeeeneeeeeeeeeeeeee. 185

Table 8.1 Distributions of Physics Achievement for Students Having Taken Physics
Final Year of Secondary SChOOl .........oo.ooiiiiiioiiiee e 188

Figure 8.1  Multiple Comparisons of Physics Achievement for Students Having Taken Physics

Final Year of Secondary School ... 189
How Does Performance in Physics Compare, Taking Differences in Population
Coverage iNfO ACCOUNIZ ............c.ouiiiireieieeieiit ettt eeeeeee e eeeee e e eeeees s 190
Figure 8.2 Mean Physics Achievement by TIMSS Coverage Index for Students Having
Taken Physics - Final Year of Secondary School ... 191
Table 8.2 Physics Achievement for the Top 10 Percent of All Students in the School-leaving
AGE CONOTE ..t 192
Figure 8.3 Multiple Comparisons of Physics Achievement for the Top 10 Percent of All
Students in the School-leaving Age CohOrt .......ooccoociiioieee oo 193
Table 8.3 Physics Achievement for the Top 5 Percent of All Students in the Schookleaving
AGE CONOT ..ot oo s s oo s s eees e s ee s 194
Figure 8.4 Multiple Comparisons of Physics Achievement for the Top 5 Percent of Al
Students in the Schoolleaving Age Cohort ... 195
How Does Performance in Physics Compare by Gender? ..............c.coovoeeooeeomeeooeeseeeoeeeeeesen, 196
Table 8.4  Gender Differences in Physics Achievement for Students Having Taken Physics
Final Year of Secondary SChool ..o 197
How Well Did Students Having Taken Physics Perform in Mathematics and Science Literacy? ....... 198
Table 8.5  Comparison Between All Students in Their Final Year of Secondary School
and Final-Year Students Having Taken Physics in Mathematics and Science Literacy.......... 199
CHAPTER 9: ACHIEVEMENT IN PHYSICS CONTENT AREAS ..., 201
How Does Performance Compare Across Content Areas? ...............coveeeeeeeeereeoomeeoeeesseossreeseeseeeoeee. 201
Table 9.1 Achievement in Physics Content Areas for Students Having Taken Physics
Final Year of Secondary SChool ...............oooovoioooioieeeeeeeeeeeeeee oo 202
Figure 9.1 Profiles of Performance in Physics Content Areas for Students Having Taken Physics
Final Year of Secondary School ... 204
Table 92 Achievement in Physics Content Areas by Gender for Students Having Taken Physics
Final Year of Secondary SChool ... 206
What Are Some Examples of Performance in Physics? ...............cooocommmveormemomeeeoneeeeeeeeoeeeeeoeoee oo 208
Table 9.3 Physics - Percent Correct for Example Item 1 for Students Having Taken Physics
Final Year of Secondary SChOOl ..o 210
Table 9.4 Physics - Percent Correct for Example Item 2 for Students Having Taken Physics
Final Year of Secondary SChOOl ... 211




T A B L E O F CONTENTS

Table 9.5 Physics - Percent Correct for Example Item 3 for Students Having Taken Physics

Final Year of Secondary SChOO! ........o oot 212

Table 9.6 Physics - Percent Correct for Example Item 4 for Students Having Taken Physics
Final Year of Secondary SChOO ...t 213

Table 9.7 Physics - Percent Correct for Example ltem 5 for Students Having Taken Physics
Final Year of Secondary SChOO! ........ccoiiiiiisiosissticccsececiccsissas st 214

Table 9.8 Physics - Percent Correct for Example ltem 6 for Students Having Taken Physics
Final Year of SEcondary SChOO ...t 215

Figure 9.2 International Difficulty Map for Physics Example Items for Students Having

Taken Physics - Final Year of Secondary SChool ... 216
CHAPTER 10: CONTEXTS FOR PHYSICS ACHIEVEMENT ..o 217
What Are the Instructional Practices in Physics Classes? ............ccooiiiii e 217

Table 10.1  Physics Students’ Reports on the Amount of Physics Instruction They Are Currently
Receiving Each Week - Physics - Final Year of Secondary School ... 218

Table 10.2  Physics Students’ Reports on How Often They Are Assigned Physics Homework
Physics - Final Year of Secondary SChool ... 220

Table 10.3  Physics Students’ Reports on How Often They Are Asked to Do Reasoning Tasks in
Their Physics Lessons - Physics - Final Year of Secondary School ... 221

Table 10.4  Physics Students’ Reports on How Often They Are Asked to Apply Science to Everyday
Problems in Their Physics Lessons - Physics - Final Year of Secondary School .................. 222

Table 10.5  Physics Students’ Reports on How Often They Are Asked to Conduct Laboratory
Experiments in Their Physics Lessons - Physics - Final Year of Secondary School .......... ... 223

Table 10.6  Physics Students’ Reports on How Often in Physics Lessons They Are Asked to Use
Computers fo Solve Exercises or Problems - Physics - Final Year of Secondary School ..... 225

Table 10.7  Physics Students’ Reports on How Often They Use a Calculator at School, Home,

or Anywhere Else - Physics - Final Year of Secondary School ..., 226

Table 10.8  Physics Students’ Reports on the Frequenéy of Calculator Use During the TIMSS Test
Physics - Final Year of Secondary SChool ... 227
What Are Secondary School Students’ Educational Resources and Plans? ............cccoooviiiniinnenn. 228

Table 10.9  Physics Students’ Reports on the Highest Level of Education of Either Parent
Physics - Final Year of Secondary SChool ... 229

Table 10.10  Physics Students’ Reports on Their Plans for Future Education - Physics
Final Year of Secondary SChool ...............irirceierimiesseesesssssasseeeseanssssmess s 230

Table 10.11  Physics Students’ Reports on the Area They Intend to Study After Secondary School
Physics - Final Year of Secondary SChOOl ..........ccooocccvceccriiiiiieeiiesisices i 232

Table 10.12  Physics Students Reports on the Area They Intend to Study After Secondary School
by Gender - Physics - Final Year of Secondary School ... 234




T A B L E O F C O NTENTS

Appendices

APPENDIX A: STRUCTURE OF UPPER SECONDARY EDUCATION SYSTEMS AND

CHARACTERISTICS OF STUDENTS TESTED ... A-1

APPENDIX B: OVERVIEW OF TIMSS PROCEDURES ..........ocovoeeeeeeeeeeeeeeee oo B-1

HISTOTY oottt B-1

The CompPOonents Of TIMSS ...........coomiiiiiiieeee e eeee oo B-1

Figure B.1  Countries Participating in Components of TIMSS TeShNg ......ovvvvovoooeveceeoeooooooooe B-3

DeVeloping the TIMSS TESIS .......vvuuumveeeieeeeeees oo e oo oo seeee B-4

Figure B.2  The Three Aspects and Major Categories of the Mathematics Framework ... B-5

Figure B.3  The Three Aspects and Maijor Categories of the Science Framework ... B-6

Table B.1 Distribution of Mathematics and Science Literacy Items by Reporting Category ............... B9

Table B2 Distribution of Advanced Mathematics Items by Content Category ..o B9

Table B.3  Distribution of Physics Items by Content Calegory ... B-10

TIMSS TESE D@SIGN ...ttt es e e e B-11

Population Definition and Sampling for Students in the Final Year of Secondary School.................. B-12

Coverage of TIMSS POPUIGHON .............cuivuuereeeeeeee oo oo oo B-13

Table B4 Coverage of TIMSS Target POpUIGHON ..o B-14

TIMSS Coverage Index ...........c.ovveevveeeeeeveceeeeesereenn, ettt bttt et B-15
Table B.5  Computation of TCI: Estimated Percentage of Schoolleaving Age Cohort

Covered by TIMSS Sample - Final Year of Secondary School ..o B-16

Samples Sizes and Parficipaton RAIES ..............c...e..vveoeeeeeeeeeeeeoe oo B-18

Table B.6  School Sample Sizes - Mathematics and Science Literacy
Final Year of Secondary SChoo! ............o.cccoceoooo e B-19

Table B.7  School Sample Sizes - Advanced Mathematics - Final Year of Secondary School ......... B8-20

Table B.8  School Sample Sizes - Physics - Final Year of Secondary School ..o B-21
Table B9 Student Sample Sizes - Final Year of Secondary SChoo! ..o B-22
Table .10 Participation Rates - Mathematics and Science Literacy

Final Year of Secondary SChool ... B-24
Table BT Participation Rates - Advanced Mathematics - Final Year of Secondary School ............ B-25
Table B.12  Participation Rates - Physics - Final Year of Secondary School ..o B-26

Compliance With Sampling GUIdelies .................coovuuvvoioeieeeeeeeeeeeeeeeeeee oo B-27

Figure B.4  Countries Grouped for Reporting of Achievement According to Their

Compliance with Guidelines for Sample Implementation and Participation Rates

Mathematics and Science LHeraCy ... B-28




T A B L E o F C O NTENTS

Figure B.S

Countries Grouped for Reporting of Achievement According to Their
Compliance with Guidelines for Sample Implementation and Participation Rates

AAVANCED MAINEMIGICS et ettt et et ena st abnsaeeeneen B-2Q

Figure B6  Countries Grouped for Reporting of Achievement According to Their

Compliance with Guidelines for Sample Implementation and Participation Rates

PRYSICS ...t B-30
DG COMEEHON - B-31
Scoring the Free-Response Iems ...........c.cccciinciniiiic s B-32
Table B.13  TIMSS Within-Country Free-Response Coding Reliability Data
Mathematics and Science literacy - Final Year of Secondary School ... B-33
Table B.14  TIMSS Within-Country Free-Response Coding Reliability Data
Advanced Mathematics - Final Year of Secondary School ... B-34
Table B.15  TIMSS Within-Country Free-Response Coding Reliability Data
Physics - Final Year of Secondary SChool ... B-35
TSt REIADINHY ...ttt s B-36
DAt PrOCESSING .....eceeeceeitetcii ettt s B-36
Table B.16  Cronbach’s Alpha Reliability Coefficients - Final Year of Secondary School ... B-37
IRT SCANNG crvoveeie ettt e sas e s s
Esmating SAMPING EFFOr ... s B-40
APPENDIX C: THE TEST-CURRICULUM MATCHING ANALYSIS ..o

Test-Curriculum Matching Analysis Results
Advanced Mathematics - Final Year of Secondary School ...

TestCurriculum Matching Analysis Results
Physics - Final Year of Secondary School ...

Standard Errors for the TestCurriculum Matching Analysis Results

Advanced Mathematics - Final Year of Secondary School.........ccc.cvciiiiinii
Table C.4  Standard Errors for the Test-Curriculum Matching Analysis Results
Physics - Final Year of Secondary SChool ...
APPENDIX D: SELECTED ACHIEVEMENT RESULTS FOR ISRAEL AND ITALY ..o

Israel - Selected Achievement Results in Mathematics and Science Literacy
UNWEIGHIEA DAIA ..ot

Israel - Selected Achievement Results in Advanced Mathematics
UNWEIGhE DO ..o en s e

Israel - Selected Achievement Results in Physics - Unweighted Data.......cccccccecovirrrevccin.

ltaly - Selected Achievement Results in Physics (Small Sample Size) ...

BEST COPY A}_IAILABLE

15



T A B LU E o F C ONTENTS

APPENDIX E: PERCENTILES AND STANDARD DEVIATIONS OF ACHIEVEMENT .......oooovieeieeneee. E-1

Table E.1 Percentiles of Achievement in Mathematics and Science Literacy

Final Year of Secondary SChOOl ..o, E-2
Table E2  Percentiles of Achievement in Mathematics Literacy

Final Year of Secondary SChool ... E-3
Table E3  Percentiles of Achievement in Science Literacy

Final Year of Secondary SChool ........c.o..oooooo oo E-4
Table E.4  Percentiles of Achievement in Advanced Mathematics

Final Year of Secondary SChool ... e E-5
Table E5  Percentiles of Achievement in Physics

Final Year of Secondary SChOO! ... oo E-6
Table E6  Standard Deviations of Achievement in Mathematics and Science Literacy

Final Year of Secondary SChool ...........oooooooioooooiooooeeoeoeoeeeeee e E7
Table E7  Standard Deviations of Achievement in Mathematics Literacy

Final Year of Secondary SChool ... E-8
Table E.8  Standard Deviations of Achievement in Science Literacy

Final Year of Secondary SChOO! ...........oooviooooeeiiioioooeeeeeeeeeeeeeeeeoeeeee e EQ
Table E9  Standard Deviations of Achievement in Advanced Mathematics

Final Year of Secondary SChool ..o E-10
Table E.10  Standard Deviations of Achievement in Physics

Final Year of Secondary SChool ..........oooooioiiiooiioioooeeee e E-11

APPENDIX F: ACKNOWLEDGMENTS ...ttt eene st ee et srenes F-1

16




EXECUTIVE SUMMARY

Executive Summary

MATHEMATICS AND SCIENCE ACHIEVEMENT IN THE

FINAL YEAR OF SECONDARY SCHOOL

Since its inception in 1959, the International Association for the Evaluation of
Educational Achievement (IEA) has conducted a series of international comparative
studies designed to provide policy makers, educators, researchers, and practitioners
with information about educational achievement and learning contexts. The Third
International Mathematics and Science Study (TIMSS) is the largest and most
ambitious of these studies.

The scope and complexity of TIMSS is enormous. The mathematics and science
testing covered five different grade levels, with more than 40 countries collecting
data in more than 30 different languages. More than half a million students were
tested around the world. The present report contains the results for students in the
final year of secondary school.

As can be imagined, testing this “grade” was a special challenge for TIMSS. The
24 countries participating in this component of the testing vary greatly with respect
to the nature of their upper secondary education systems. First, there was the
question of how many students of the age-eligible cohort are even in school by the
final year, and how this might differ across countries. Second, it was no small task
for many countries to describe the final year of school. In most TIMSS countries,
students’ final year of school depends on their course of study (e.g., academic,
technical, or apprenticeship). Thus, the final year of schooling varies across and
within countries, with some students completing secondary school after a two-,
three-, four-, or even five-year program. Understandably, it was difficult for some
countries to test all of the final-year students, particularly the ones in on-site
occupational training. To give some indication of the proportion of the entire
school-leaving age cohort that was covered by the testing in each country, TIMSS
developed its own index — the TIMSS Coverage Index or TCI. In general, the
smaller the TCI, the more elite the group of students tested.

Given the extensive diversity of students’ curricula there also were many questions
about what mathematics and science understandings students should have to meet
the challenges beyond secondary school. Thus, TIMSS developed three different
tests. The mathematics and science literacy test was designed for all final-year
students, regardless of their school curriculum. By and large, the purpose of this test
was to measure how well students can use their knowledge in addressing real-world
problems having a mathematics or science component. This test was designed to
be reported separately for mathematics and for science. There also was great interest
on the part of some TIMSS countries to determine what school-leaving students
with special preparation in mathematics and science know and can do, since the
capabilities of these students may help determine a country’s future potential to
compete in a global economy. Thus, a second test was developed for students
having taken advanced mathematics. For the sciences, it was not possible to study
all branches of science in detail. The participating countries chose physics for
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detailed study because it is the branch of science most closely associated with
mathematics, and came closest to embodying the essential elements of natural
science. The third test, then, was a physics test designed to measure learning of
physics concepts and knowledge among final-year students having studied physics.
Each of the three tests contains multiple-choice questions as well as questions in an
open-ended format requiring students to generate and write their answers. These
types of questions, some of which required extended responses, were allotted
approximately one-third of the testing time. Not all of the 24 countries participated
in the three different parts of the testing (see Table 1).

The success of TIMSS depended on a collaborative effort between the research
centers in each country responsible for implementing the steps of the project and
the network of centers responsible for managing the across-country tasks such as
training country representatives in standardized procedures, selecting comparable
samples of schools and students, and conducting the various steps required for
data processing and analysis. Most countries tested the mathematics and science
achievement of their students in May and June of 1995.

TIMSS was conducted with attention to quality at every step of the way. Rigorous
procedures were designed specifically to translate the tests, and numerous regional
training sessions were held in data collection and scoring procedures. Quality
control monitors observed testing sessions, and sent reports back to the TIMSS
International Study Center at Boston College. The samples of students selected for
testing were scrutinized according to rigorous standards designed to prevent bias
and ensure comparability. In this publication, the countries are grouped for reporting
of achievement according to their compliance with the sampling guidelines and the
level of their participation rates. Prior to analysis, the data from each country were
subjected to exhaustive checks for adherence to the international formats as well as
for within-country consistency and comparability across countries.

The results for the students in their final year of secondary school complete the first
round of descriptive reports from the TIMSS study. Together with the results for
primary school students (third and fourth grades in most countries) and middle school
students (seventh and eighth grades in most countries), the results contained herein
will provide valuable information about the relative effectiveness of a country’s
education system as students progress through school.

The following sections summarize the major findings described in this report.
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MATHEMATICS AND SCIENCE LITERACY

The report presents mathematics and science literacy achievement results for 21
countries. Even though there was quite a range in the TClIs, about half the countries
were able to cover 70% or more of the entire school-leaving age cohort (see Table 1.1).
Also, contrary to some previous international studies, for the mathematics and
science literacy testing, the higher-performing countries tended to have better
coverage than the lower-performing countries. Although differing levels of selectivity
among education systems was not a large issue, low student participation rates were
a problem in many of the countries. Because final-year students have many demands
on their time and their educational situations can make testing difficult (e.g.,
apprenticeship training), countries had some difficulty in encouraging students to
attend the testing sessions. Only eight countries met the TIMSS guidelines for
sample participation (see Table 1.1).

> The Netherlands and Sweden were the top-performing countries. Iceland,
Norway, and Switzerland also performed well, similar to each other but
significantly below the Netherlands and Sweden. Other countries
performing above the international average of the 21 countries were
Denmark, Canada, New Zealand, and Austria. {The only two high-
performing countries with a low degree of coverage of the school-
leaving age cohort (less than 60%) were Denmark and Iceland. However,
of the high-performing countries, only Sweden, Switzerland, and New
Zealand met the sampling guidelines. The Netherlands and Denmark
deviated from the approved sampling procedures and had low
participation rates.]

> Countries performing below the international average were (in descending
order of average achievement): Hungary, the Russian Federation, Italy,
the United States, Lithuania, Cyprus, and South Africa. In general,
Hungary, the Russian Federation, Italy, the United States, and Lithuania
performed similarly, followed by Cyprus and South Africa.

> As noted above, selectivity in education systems and sampling
approaches did not seem to be much of a factor in the mathematics and
science literacy testing. Still, to place countries on a more equal footing,
it is interesting to look at performance for the top 25% of the students in
the entire school-leaving age cohort. From this perspective, Sweden, the
Netherlands, Norway, and Switzerland were the highest performing
countries.

> When the results were looked at separately for mathematics and science,
the top-performers in mathematics literacy were the Netherlands, Sweden,
Denmark, and Switzerland. The top-performers in science literacy were
Sweden, the Netherlands, Iceland, and Norway.
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Countries that had higher achievement in mathematics literacy than
in science literacy were Denmark, France, Hungary, Lithuania, and
Switzerland. Those with higher achievement in science literacy were
Canada, the Czech Republic, Iceland, Norway, the Russian Federation,
Sweden, and the United States.

In all countries except South Africa, males had significantly higher
average achievement than females in mathematics and science literacy.
This also was true for science literacy. In mathematics literacy, there
were no significant gender differences in performance in Hungary,
the United States, and South Africa.

Countries ranking high in mathematics achievement at the eighth grade
did not always rank high in mathematics literacy at the upper secondary
level. Only five countries were above the international average both at
the eighth grade and for their upper secondary school students: Switzerland,
the Netherlands, Austria, France, and Canada.

In general, the students no longer taking mathematics performed less
well in mathematics literacy than those still studying the subject.
Similarly, there was a positive association between taking science
subjects and performance in science literacy in almost every country.

In nine countries (Australia, Cyprus, the Czech Republic, France, Hungary,
Italy, Lithuania, the Russian Federation, and Slovenia), 85% or more of
the students reported that they were currently taking mathematics. In
contrast, countries where as many as one-third of the final-year students
reported that they were not currently taking mathematics included
Canada, Iceland, the Netherlands, Switzerland, and the United States.

Compared with mathematics, higher percentages of students in most
countries reported that they were taking no science subject at the time of
testing. Half or more of the students in the Czech Republic, Denmark,
Norway, Sweden, and Switzerland, reported that they were not taking
science, and nearly half of the final-year students so reported in Canada
and the United States.

Even though a strictly comparable classification of educational programs
was not always possible across countries, students enrolled in academic
programs had higher average achievement than students in vocational
programs. The average achievement of students in technical programs
generally was somewhere between that of the academic and vocational
students.

RG
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> Students generally reported positive perceptions about their performance
in mathematics and science. The highest perceptions of success in
mathematics were reported in Australia, Denmark, Italy, and the United
States, where 70% or more of the students agreed that they usually did
well. Perceptions of doing well in science were generally higher; in 12
countries more than 70% of the students agreed that they usually did
well. Eighty percent or more so agreed in Italy, Lithuania, and the
United States.

[> Despite the different educational approaches, structures, and organizations
across the TIMSS countries, it is clear that parents’ education is positively
related to students’ mathematics and science literacy. As was the case for
eighth graders, in every country final-year students whose parents had
more education had higher mathematics and science literacy.

> More than 30% of students in Canada, Iceland, Lithuania, the Russian
Federation, and the United States indicated that at least one parent had
finished university, while in contrast, more than 30% of the students in
Australia, Cyprus, the Czech Republic, France, Italy, and South Africa
reported that the highest level attained by either parent was finished
primary but not upper secondary school.

I> In most countries, more than 80% of the students reported at least weekly
use of calculators (at school, at home, or anywhere else). Only in the
Czech Republic, Norway, and the Russian Federation did 20% or more
of the students report rarely or never using calculators. The frequent use
of calculators was positively related to mathematics and science literacy
in all countries.

> Final-year students were given the option of using a calculator when
completing the TIMSS tests. Most students made moderate use of a
calculator on the mathematics and science literacy test. The students
who reported the most calculator use on the test performed best.

> The final-year students in a number of countries reported relatively
infrequent computer use (at school, at home or anywhere else). Only in
Australia, Austria, Canada, Denmark, Iceland, the Netherlands, New
Zealand, Switzerland, and the United States did more than 50% of the
students report at least weekly use of computers.

> Students in most countries reported spending between two and three
hours per day on homework, on average. One-fourth or more of the
final-year students in Austria, the Czech Republic, the Netherlands,
Norway, Sweden, Switzerland, and the United States reported studying
for less than one hour per day.
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[> Students were also asked about other ways they could spend their time out
of school. Socializing is clearly an important activity for final-year students,
with students in many countries devoting up to about two and one-half
hours each day to spending time with friends. Watching television or
videos also is a frequent activity (about an hour or so a day).

> Students’ reports about the time spent working at a paid job varied across
countries. In about half the countries; most final-year students (more
than 80%) reported working at a paid job for less than one hour each day.
However, in Australia, Canada, Iceland, the Netherlands, New Zealand,
Norway, and the United States, at least one-fourth of the students reported
working for three hours or more each day.

ADVANCED MATHEMATICS

The report presents results for 16 countries participating in the testing of students
having taken advanced mathematics courses. The test questions covered primarily
the content areas of equations and functions, calculus, and geometry, and results are
provided overall as well as separately for these three areas. The percentages of
students tested in each country reflect the fact that a relatively small subset of the
final-year students in each country have taken the advanced mathematics courses
necessary to participate in this portion of the testing. The percentages of the school-
leaving age cohort covered by the sample of students tested in advanced mathematics
in each country ranged dramatically, although most countries tested 20% or less of
this cohort. Countries with coverage below 10% were the Russian Federation (2%),
Lithuania (3%), and Cyprus (9%). Austria (33%) and particularly Slovenia (75%)
were at the high end. Compared to the mathematics and science literacy testing,
countries had more success in locating these advanced students and encouraging
them to participate in the testing. Thus, 10 of the 16 countries met the TIMSS
sampling guidelines (see Table 5.1). :

> Led by France, the countries performing above the international average
of the 16 countries also included the Russian Federation, Switzerland,
Denmark, Cyprus, and Lithuania. Australia, Greece, Sweden, and
Canada also performed similarly to several countries in this top group.
[Among these countries, the Russian Federation and Lithuania tested a
very small percentage (2-3%) of their school-leaving age cohort. Denmark
did not meet the TIMSS guidelines for either sampling procedures or
participation rates, and Australia had school participation rates below
the required 85%.]

[> The cluster of lower-performing countries included Slovenia, Italy, the
Czech Republic, Germany, the United States, and Austria. All except
Slovenia and Italy performed below the international average.
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Interestingly, looking at the top 10% of the school-leaving age cohort,
Slovenia and France had significantly higher performance than other
participating countries. Even though Slovenia had difficulty in imple-
menting the TIMSS sampling guidelines, the advanced mathematics
testing covered three-fourths of its entire school-leaving age cohort.
Similarly, France followed all of the sampling guidelines and also had
relatively high coverage (20%). It appears that having higher percentages
of students enrolled in advanced mathematics courses need not have a
negative impact on the performance of the top students in that group.

Significant gender differences favoring males in advanced mathematics

achievement were found in all countries except Greece, Cyprus, Australia,
Italy, and Slovenia. In some countries many more males than females have
taken advanced mathematics courses, but this varied across countries.

Compared to the other participating countries, most countries showed
particular strengths or weaknesses in the content areas tested. For example,
Sweden performed above the international average in numbers and
equations, below the international average in calculus, and about at the
international average in geometry.

Most countries also did relatively better in some content areas than others
compared to their overall performance in advanced mathematics. For
example, compared to their overall average achievement, students in the
United States performed better in numbers and equations and worse in
geometry.

Although the majority of students in many TIMSS countries reported
receiving from three to five hours of mathematics instruction each week,
in Austria and Sweden more than 60% of the students had less than three
hours each week, and in Australia, Canada, Cyprus, France, Greece, and
the Russian Federation, the majority of students had five hours or more.

The amount of homework assigned also varied considerably. At one
extreme, more the 40% of the advanced mathematics students in the
Czech Republic and Sweden reported that they were assigned mathematics
homework less than once a week, while at the other extreme, more than
80% of the students in Australia, Canada, Cyprus, Greece, Lithuania, the
Russian Federation, and the United States reported having homework
assigned three or more times a week.

Advanced mathematics students were asked how often several different
types of instructional activities were used in their classrooms. Among
these, almost all students in all countries reported being asked to do
reasoning tasks in at least some lessons. In almost every country, the
students with the highest achievement were those that reported engaging
in reasoning tasks most frequently.

23

S UMMARY




EXECUTIVE SUMMARY

> Algebra is an essential component of mathematics in upper secondary
school, and students in every country reported that they are often asked
to solve equations in mathematics class. Spending time working on
equations also was an indicator of high achievement on the TIMSS
advanced mathematics test.

> Final-year advanced mathematics students reported that the use of
computers to do exercises or solve problems in mathematics class is
comparatively rare.

D> Calculator use by final-year advanced mathematics students was very
common. In Australia, Canada, Cyprus, Denmark, Sweden, and the
United States, more than 80% of the students reported using a calculator
daily (at home, at school, or anywhere else), and in several other
countries more than half of the students reported this level of use. In
general, the advanced mathematics students with the highest average
achievement were those who reported the highest level of calculator use.

D> Most of the advanced mathematics students made moderate use of a
calculator on the TIMSS test. In general, the students who reported that
they did not use a calculator on the advanced mathematics test did not
do as well as those who reported using one, although the extent of
calculator use was not consistently related to achievement in every country.

D> Among the final-year students taking advanced mathematics, the majority
in every country reported that they plan to attend university. When asked
about their plans for areas of future study, the most popular choices
were business, health sciences or related occupations, and engineering.

D> Even though not many students chose mathematics as their preferred
area of future study, the majority of the students in many of the countries
agreed that they would like a job that involved using mathematics. In
general, more males than females agreed that they would like a job
involving mathematics.

FRIC <4
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PHysics

Physics achievement results for students having taken physics are reported for 16
countries. The physics test was designed to measure five content areas: mechanics;
electricity and magnetism; heat; wave phenomena; and modern physics — particle,
quantum and astrophysics, and relativity. The percentage of the entire school-leaving
age cohort that participated in the physics study was approximately 15% in several
countries, although it varied from as little as 2% to 3% in the Russian Federation,
Latvia (LSS), and Denmark to 33% in Austria and 39% in Slovenia. Eleven of the
countries met the TIMSS sampling guidelines (see Table 8.1).

D> Norway and Sweden had average physics achievement similar to each
other and significantly higher than the other participating countries. The
Russian Federation and Denmark also performed above the international
average. [The Russian Federation had a very low coverage index (2%)
as did Denmark (3%), and Denmark did not comply with the guidelines
for sampling procedures or participation rates.]

> The cluster of lowest-performing countries included France, the Czech
Republic, Austria, and the United States, all of which performed below
the international average of the 16 countries.

> The country rankings for the top 10% of the school-leaving age cohort
were quite consistent with those obtained from all the tested students.
However, the countries most likely to improve their standing were those
with the largest coverage index, since they were least likely to have
tested just the elite students. Slovenia joined Sweden as a top-performer,
despite having difficulties with low sampling participation and unapproved
sampling procedures. Austria also moved from the lowest-scoring cluster
of countries to the middle group.

[> Males had significantly higher physics achievement than females in all
but one of the participating countries (Latvia (LSS)). Although the
proportions of males and females taking physics were about equal in
Latvia (LSS), Canada, the Russian Federation, Switzerland, and the
United States, in several countries males outnumbered females by two
or three to one.

P> Norway and Sweden performed above the international average in all
five physics content areas, while Austria and the United States fell
below the international average in all five. Nearly every other country
scored significantly above or below the international average in at least
one content area, and about average in the others.

[> Compared to their overall physics performance, most countries did
relatively better in some content areas than others. For example, students
in Canada performed relatively less well in mechanics and relatively
better in heat than they did on the physics test as a whole.

SUMMARY
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Significant gender differences favoring males were found in more
countries in the areas of mechanics (15 countries), wave phenomena
(11 countries), and modern physics (12 countries) than in electricity and
magnetism (8 countries) or heat (7 countries).

The amount of physics instruction received by students varied considerably
across countries, but in general was less than five hours per week. The
assignment of homework also varied considerably from less than once a
week in several countries to three or more times a week in others.

Although laboratory work might be expected to play a central role in
physics classes, students reports varied across countries. In Austria,
Germany, and Greece, the majority of the students reported that they
never or almost never conduct laboratory experiments, whereas one-fourth
or more of the students in Canada, Cyprus, Denmark, France, Switzerland,
and the United States reported conducting experiments in most or all
lessons. In about half the countries, the majority of students reported
conducting experiments in some lessons. There was no consistent
relationship between frequency of conducting laboratory experiments in
class and physics achievement.

Paralleling the findings for advanced mathematics, physics students
frequently use calculators. Although the relationship was less pronounced
than for students having taken advanced mathematics, in most countries
students who reported daily calculator use performed better on the TIMSS
physics test than those who reported less frequent use.

Students were given the option of using a calculator when completing
the physics test, and most physics students in every country used the
calculator on some questions. The extent of calculator use was not
consistently related to achievement in every country, but physics
students who reported that they did not use a calculator on the test did
less well than those who reported using one.

Like the plans for further education of final-year students having taken
advanced mathematics, those of final-year physics students center mainly
on university. Students who have studied physics are well positioned to
continue their education in the sciences or in areas of scientific application.
Although choice of future study area varied considerably across countries,
the most popular were engineering, mathematics or computer/information
sciences, health sciences or related occupations, and business. While
more females than males chose health sciences or related occupations,
males often outnumbered females by a substantial margin in engineering,
and in mathematics or computer/information sciences.
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Introduction

MATHEMATICS AND SCIENCE ACHIEVEMENT IN THE

FINAL YEAR OF SECONDARY SCHOOL

Several major educational issues are addressed by the secondary school assessment
conducted as part of the Third International Mathematics and Science Study (TIMSS).
One such issue is how effective educational systems around the world have been
in educating their whole populations rather than just an elite group of students.
Given the importance of an understanding of mathematics and science to social and
economic participation in a technology-based society, there is particular interest
in what students finishing secondary school know and can do in mathematics and
science; that is, after studying mathematics and science during their years as students,
how literate are they in these subjects?

There is also special interest in what school-leaving students with special prepara-
tion in advanced mathematics and physics, the potential future mathematics and
science specialists, know and can do in these subjects. The achievement of these
students may indicate the ability of countries to compete in a global economy based
on scientific discoveries, state-of-the-art approaches to financing, and innovations
in electronics, computing applications, and fast-paced communication technologies.

Both for the overall school population and for students having taken advanced
mathematics and physics, the TIMSS data for final-year students can be used to

help determine what understanding of mathematics and science concepts students

have after completing their upper secondary schooling, and how effectively they
might use that understanding as they move on to their future endeavors in school,

occupational, and community settings. Beyond providing the participating countries
with a solid basis for examining their students’ performance from an international

perspective, TIMSS gives each of them an impetus for scrutinizing the quality and
effectiveness of its education system.

Together with the previously released results in mathematics and science achievement
for primary and middle school students, the TIMSS results for students in the final
year of secondary school can heighten countries’ awareness of a myriad of educational
issues. By expanding each country’s knowledge of what is possible through learning
about the achievements of others and the techniques they use, TIMSS affords the
participants unprecedented opportunity to consider the most-needed reforms and to
garner public support for improving students’ learning in mathematics and science.

TIMSS is the most ambitious and complex comparative education study in a series
of such undertakings conducted during the past 37 years by the International

Association for the Evaluation of Educational Achievement (IEA).! The main
purpose of TIMSS was to focus on educational policies, practices, and outcomes

NTRODUTCTION

! The previous IEA mathematics studies were conducted in 1964 and 1980-82, and the science studies in
197071 and 1983-84. For information about TIMSS procedures, see Appendix B.
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in order to enhance mathematics and science learning within and across systems of
education. With its wealth of information from more than half a million students at
five grade levels in 15,000 schools and 41 countries, TIMSS enables the participants to
examine similarities and differences in how mathematics and science education
works and how well it works. The study used innovative testing approaches and
collected extensive information about the contexts within which students learn
mathematics and science.

All countries that participated in TIMSS were to test students in the two grades with
the largest proportion of 13-year-olds (seventh and eighth grades in most countries)
in both mathematics and science. Many TIMSS countries also tested the mathematics
and science achievement of students in the two grades with the largest proportion of
9-year-olds (third and fourth grades in most countries) and of students in their final
year of secondary education. Subsets of students in the fourth and eighth grades also
had the opportunity to participate in a “hands-on” performance assessment.

Together with the achievement tests, TIMSS administered a broad array of background
questionnaires. The data collected from students, teachers, and school principals, as
well as the system-level information collected from the participating countries,
provide an abundance of information for further study and research. TIMSS data
make it possible to examine differences in current levels of performance in relation
to a wide variety of variables associated with the classroom, school, and national
contexts within which education takes place.

The results of the assessments of primary and middle school students have been
published in:

Mathematics Achievement in the Primary School Years: IEA’s Third International
Mathematics and Science Study*

Science Achievement in the Primary School Years: IEA’s Third International
Mathematics and Science Study’

Mathematics Achievement in the Middle School Years: IEA’s Third International
Mathematics and Science Study*
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2 Mullis, LV.S., Martin, M.O., Beaton, A.E., Gonzalez, E.J., Kelly, D.L, and Smith, TA. (1997). Mathematics
Achievement in the Primary School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Boston College.

¥ Martin, M.O., Mullis, LV.S., Beaton, A.E.,, Gonzalez, E.J., Smith, TA., and Kelly, D.L. {1997). Science
Achievement in the Primary School Years: IEA’s Third International Mathematics and Science Study [TIMSS).
Chestnut Hill, MA: Boston College.

* Beaton, A.E, Mullis, LV.S., Martin, M.O., Gonzalez, EJ., Kelly, D.L, and Smith, TA. (1996). Mathematics
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Studly (TIMSS).
Chesinut Hill, MA: Boston College.
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Science Achievement in the Middle School Years: IEA’s Third International
Mathematics and Science Study’

Performance Assessment in IEA’s Third International Mathematics and
Science Study®

These reports have been widely disseminated and are available on the internet
(http://wwwecsteep.bc.edu/timss). The entire TIMSS international database containing
the achievement and background data underlying these reports also has been released
and is available at the TIMSS website.

The present report focuses on the mathematics and science literacy of all students in
their final year of upper secondary school, and on the advanced mathematics and
physics achievement of final-year students who have taken advanced courses in
those subjects. The TIMSS International Study Center also plans to make the data
collected in the final-year assessment available at its website, together with this report.

WHAT AssesSMENTS WERE CONDUCTED AND WHICH STUDENTS WERE
TestED?

The mathematics and science literacy test was designed to measure the mathematics
and science learning of all final-year students who are at the point of leaving school
and entering the workforce or postsecondary education, regardless of their school
curriculum. These students may have specialized in mathematics and science in
secondary school or have concentrated their studies in other areas, depending on the
curricula offered in the participating countries. The mathematics and science literacy
study is designed to provide information about how prepared the overall population
of school leavers in each country is to apply knowledge in mathematics and science
to meet the challenges of life beyond school.

The advanced mathematics test was designed to measure learning of advanced
mathematics concepts among final-year students who have studied advanced math-
ematics. These students are at the point of leaving secondary school, and many will
go on to further education in university or to another form of postsecondary education.
Many of the mathematicians, scientists, engineers, medical practitioners, and business
leaders of the future will be drawn from this group. In all countries that participated
in the advanced mathematics assessment, the subpopulation of students tested had
taken courses in advanced mathematics and was in the final year of secondary school
at the time of testing. The exact definition of the subpopulation tested, however,

5 Beaton, A.E, Martin, M.O., Mullis, LV.S., Gonzalez, EJ., Smith, T.A., and Kelly, D.L. (1996). Science
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Study [TIMSS).
Chestnut Hill, MA: Boston College.

¢ Harmon, M., Smith,T.A., Martin, M.O.,, Kelly, D.L,, Beaton, A.E,, Mullis, V.S, Gonzalez, EJ., and Orpwood,
G. (1997). Performance Assessment in IEA’s Third International Mathematics and Science Study [TIMSS).
Chestnut Hill, MA: Boston College.
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varied across countries in terms of which courses and how much advanced mathematics
the students had taken (see Appendix A for more details). In addition to reporting
‘achievement in advanced mathematics overall, this report presents achievement in
three advanced mathematics content areas: numbers and equations; calculus;
and geometry.

The physics test was designed to measure learning of physics concepts and knowledge
among final-year students who have studied physics. These students too are about
to leave secondary school, and many will go on to university or other postsecondary
education. The physics study was designed to provide information about how prepared
the population of school leavers that has taken physics is to pursue higher education
or occupations in science. In all countries the students participating in the physics
testing had taken physics and were in the final year of secondary school at the time
of testing, but the exact definition of the population varied across countries in terms
of which courses and how much physics the students had taken (see Appendix A for
more details). In addition to reporting achievement in physics overall, this report
presents achievement in five physics content areas: mechanics; electricity and
magnetism; heat; wave phenomena; and modern physics — particle physics, quantum
and astrophysics, and relativity.

WHICcH COUNTRIES PARTICIPATED?

Table 1 shows the countries that participated in the assessment of students in their
final year of secondary school in mathematics and science literacy, advanced math-
ematics, and physics. Each participating country designated a national center to
conduct the activities of the study and a National Research Coordinator (NRC) to
assume responsibility for the successful completion of these tasks.” For the sake of
comparability, all testing was conducted at the end of the school year. Most countries
tested the mathematics and science achievement of their students at the end of the
1994-95 school year, most often in May and June of 1995. The three countries on
a Southern Hemisphere school schedule (Australia, New Zealand, and South Africa)
tested from August to December 1995, which was late in the school year in the
Southern Hemisphere. Students in Australia were tested in September to October;
students in New Zealand were tested in August; and students in South Africa were
tested in August to December 1995. Three countries tested their final-year students
(or a subset of them) at the end of the 1995-96 school year. Iceland tested its final-
year students in 1996; Germany tested its gymnasium students in 1996; and Lithuania
tested the students in vocational schools in 1996. In Germany and Lithuania, all
other students included in the TIMSS assessment were tested in 1995.

7 Appendix F lists the National Research Coordinators as well as the members of the TIMSS advisory
Q committees.
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Countries Participating in Testing of Students in Their Final Year of Secondary School*

Mathematics R
and Science Physics
Literacy ' D

o Australia ¢ Australia e Australia

» Austria oAustria | e Austria

e Canada ' e Canada e Canada

* Cyprus : ¢ Cyprus * Cyprus

e Czech Republic ‘ e Czech Republic ‘ o Czech Republic

o Denmark ? e Denmark : e Denmark

e France ; ¢ France * France

> Germany : > Germany | » Germany

» Hungary ' * Greece » Greece

* |celand f ° Israel’ , ° Israel’

* Israel’ 1 o [taly \ o |taly?

o ltaly T * Lithuania ? s Latvia

o Lithuania : e Russian Federation * Norway

» Netherlands e Slovenia * Russian Federation

e New Zealand - f e Sweden : s Slovenia

e Norway | » Switzerland : * Sweden

o Russian Federation |’ e United States : e Switzerland

e Slovenia ——— » United States

o South Africa

e Sweden

e Switzerland

e United States

* See Appendix A for characteristics of students tested.
1 Because the characteristics of its sample are not completely known, achievement resuilts for lsrael are provided in Appendix D.
2 Because it had a small sample for the physics testing, ltaly’s physics achievement results are provided in Appendix D.
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WHAT ARe THE DIFFERENCES IN UPPER SECONDARY FDUCATION SYSTEMS?

The countries participating in TIMSS vary greatly with respect to their upper secondary
education systems. Some countries provide comprehensive education to students in
their final years of school, while in other countries students might attend academic,
vocational, or technical schools. Some countries fall between these extremes, their
students being enrolled in academic, vocational, technical, or general programs of
study within the same schools. Across countries the definitions of academic, vocational,
and technical programs also vary, as do the kinds of education and training students
in these programs receive.

There also are variations across and within countries with respect to the grades
representing the final year of schooling. In some countries, all students in their final
year of schooling are in the same grade (e.g., secondary schooling ends for all students
in grade 12). In other countries, determining the final year of schooling is much more
complicated because there are one or more academic tracks, one or more vocational
tracks, and apprenticeship programs. In these countries, the final year of schooling
may vary by track, with some students completing secondary school after a two-, three-,
or four-year upper secondary program, depending on the type of school or program
of study. Furthermore, determining when schooling in vocational programs is completed
is not always straightforward.

The differences across countries in how education systems are organized, how students
proceed through the upper secondary system, and when students leave school posed
a challenge in defining the target populations to be tested in each country and interpret-
ing the results. In order to make valid comparisons of students’ performance across
countries, it is critical that there be an understanding of which students were tested
in each country, that is, how each country defined the target population. It also is
important to know how each upper secondary education system is structured and how
the tested students fit into the system as a whole. In order to provide a context for
interpreting the achievement results presented in this report, Appendix A summarizes
the structure of the upper secondary system for each country, and specifies the grades
and tracks (programs of study) in which students were tested for TIMSS.?

¢ Additianal infarmation abaut the educatian systems can be found in Rabitaille, D.F. {Ed.}. (1997). Nationa!
Contexts for Mathematics and Science Education: An Encyclopedia of the Education Systems Participating in
TIMSS. Vancouver, B.C.: Pacific Educatianal Press.
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THE TIMSS CovirRAGE INDEX: WHAT PERCENT OF THE SCHOOL-LEAVING
AGE CoHORT WAS TesTeD?

Historically, an important difference between education systems was the proportion
of an age cohort that successfully completed upper secondary education. In the 1960s,
for example, completion rates among OECD countries ranged from more than 80%
in the United States to between 17% and 33% in southern European countries.” One
of the most significant developments in education systems around the world in the
years since then has been the large increase in the number of students completing
upper secondary education, with many countries catching up with the United States;
yet there remains considerable variation among countries in completion rates. In order
to avoid unwittingly comparing the elite students in one country with the more general
population in another, therefore, it is important to be aware of the extent to which
the upper secondary system in each country includes the total student population.

So as to learn how much of the school-leaving age cohort was still in school and
represented by the TIMSS sample, a TIMSS Coverage Index (TCI) was computed
for each country. The TCI is an estimate of the percentage of the school-leaving age
cohort covered by the TIMSS final-year student sample. It reflects any omissions
from the sample, such as students who were excluded because of handicap or who
had dropped out of school, and, in some countries, tracks or educational programs
that were not covered by the TIMSS sample. The TCI was computed by forming a
ratio of the size of the student population covered by the TIMSS sample, as estimated
from the sample itself, to the size of the school-leaving age cohort, which was
derived from official population census figures supplied by each country.'

Countries with high TCIs have most of their students still in school, and have covered
this population with their TIMSS sample. Countries with low TCIs have fewer
students still in school, or have excluded some components of their system from
their sample (or both). Table 2 presents the TCI for each country, and also shows
the two parts of the portion of the school-leaving age cohort not covered by the
TIMSS sample: system components and students excluded by the country, and others —
primarily young people who chose not to complete upper secondary education. The
percentage of the age cohort covered by the TIMSS sample (the TCI), the percentage
excluded from the sample, and the percentage of others not covered combine to form
100% of the school-leaving age cohort. For example, Australia has a TCI of 68.1%,
which indicates that the TIMSS sample of final-year students covers just over two-
thirds of the school-leaving age cohort. Of the remainder, 4% have been excluded
from the sample, and the remaining 27.9% are presumably no longer attending
school. The TCI for Cyprus is lower (47.9%), partly because Cyprus excluded
students in private schools and in vocational programs (13.5%), and partly because a
greater percentage of the age cohort is no longer attending school (38.6%).

9 OECD {1996). Education ot a Glance - Analysis. Paris: Organization for Economic Co-operation ond
Development.

10 For more information on the TIMSS Coverage Index, see Appendix B.
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TIMSS Coverage Indices (TCls)

TIMSS

Sample Others Not

Country h%c;\;e{?gtla)‘ Exclusions! Covered Notes on Exclusions
Australia 68.1% 4.0% 27.9%
Austria 75.9% 16.8% 7.3% Colleges and courses lasting less than 3 years excluded
Canada 70.3% 6.8% 22.9%
Cyprus 47.9% 13.5% 38.6% Private and vocational schools excluded
Czech Republic 77.6% 5.0% 17.4%
Denmark 57.7% 1.3% 41.0%
France ) 83.9% 0.9% 15.3%
Germany 75.3% 9.6% -
' Greece 10.0% 56.8% 33.2% Only students having taken advanced mathematics and
physics included
Hungary 65.3% 0.1% 34.6%
Iceland 54.5% 0.0% 45.4%
? |srael - - -
Italy 51.5% 0.5% 48.0%
' Latvia ' 3.0% 16.8% 80.3% Only students having taken physics included
Lithuania 42.5% 0.0% 57.5%
Netherlands 78.0% 21.5% 0.5% Apprenticeship programs excluded
New Zealand 70.5% 0.0% 29.5%
Norway 84.0% 3.3% 12.7%
Russian Federation 48.1% 36.3% 15.7% Voclat(;oréal schools and non-Russian speaking students
Slovenia 87.8% 5.6% 6.6% Sxeuee
South Africa 48.9% 0.0% 51.1%
Sweden 70.6% 0.2% 29.2%
Switzerland 81.9% 21% 16.0%
United States 63.1% 2.5% 34.5%

SOURCE: [EA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

* TIMSS Coverage Index (TCI): Estimated percentage of school-leaving age cohort covered by TIMSS sample. See Appendix B for details.

t Percentage ditferent from that reported in Table B.4 because this is based on the entire school-leaving age cohort rather than the population
of those students attending school.

' Results for Greece are reported only for advanced mathematics and physics; results for Latvia are available only for physics.
2 The TCI could not be computed for Israel.
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TIMSS Coverage Indices (TCls) for Advanced Mathematics and Physics

SnT ercenta _ atics T Percentage of
= ‘Country : 1 2eiPIE-- . CoverageIndex: - Students in Sample
PR y ch* Having Takeri Physics

Physics TIMSS
Coverage Index (PT

Australia 23.1% 15.7% 18.5% 12.6%
Austria 43.9% 33.3% 43.5% 33.1%
Canada 22.3% 15.6% 19.4% 13.7%
Cyprus 18.5% 8.8% 18.5% 8.8%
Czech Republic 14.1% 11.0% 14.1% 11.0%
Denmark 35.7% 20.6% 5.5% 3.2%
France 23.8% 19.9% 23.8% 19.9%
Germany 34.9% 26.3% 11.2% 8.4%
' Greece - 10.0% - 10.0%
2 lsrael - - - -
ltaly 27.4% 14.1% 16.7% 8.6%
3 Latvia - - - 3.0%
Lithuania 6.1% 2.6% - -
Norway - - 10.0% _ 8.4%
Russian Federation 4.2% 2.0% 3.2% 1.5%
Slovenia 85.9% 75.4% 43.9% 38.6%
Sweden 23.0% 16.2% 23.1% 16.3%
Switzerland 17.4% 14.3% 17.3% 14.2%
United States 21.8% 13.7% 22.9% 14.5%

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1985-96.

* MTCI: Estimated percentage of school-leaving age cohort covered by TIMSS sample of advanced mathematics students. See Appendix A for
characteristics of students sampled and Appendix B for details about the MTCI.

t PTCI: Estimated percentage of school-leaving age cohort covered by TIMSS sample of physics students. See Appendix A for characteristics
of students sampled and Appendix B for details about the PTCI.

' Greece only sampled students having taken advanced mathematics and physics.
2 The MTCI and the PTCI could not be computed for Israel.
3 Latvia only sampled students having taken physics.

Note: Hungary, Iceland, the Netherlands, New Zealand, and South Africa did not participate in the advanced mathematics and physics testing.
Norway did not participate in the advanced mathematics testing and Lithuania did not participate in the physics testing.

o
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TIMSS also tested two overlapping subpopulations of the final-year student population:
students having taken advanced mathematics, and students having taken physics. In
most countries, each group consists of a minority of students from the final-year
student population. Table 3 presents the percentage of students in the final-year
sample having taken advanced mathematics and the percentage having taken physics.
Apart from Slovenia, where a large percentage of upper secondary students take
advanced mathematics, the percentage having taken advanced mathematics varies
from about 4% in the Russian Federation to about 44% in Austria, with a similar
range in physics.

In order to quantify the coverage of the advanced mathematics and physics samples
and help interpret the achievement results for these students, TIMSS computed a
Mathematics TIMSS Coverage Index (MTCI) and a Physics TIMSS Coverage
Index (PTCI), as shown in Table 3. The MTCI is the overall TCI multiplied by the
percentage of the final-year sample having taken advanced mathematics. For example,
in Australia 23.1% of the final-year sample had taken advanced mathematics.
Multiplying this by the TCI (68.1%, from Table 2) gives a MTCI of 15.7%, as shown
in the second column of Table 3. This implies that about 16% of the school-leaving
age cohort in Australia had taken advanced mathematics in upper secondary school.
Similarly, the PTCI for Australia is 12.6%, as shown in the fourth column of Table 3.

How DoEes TIMSS DocUMENT COMPLIANCE WITH SAMPLING
GUIDELINES?

In addition to a clear definition of the populations assessed, valid samples and high
participation rates in each country are crucial to the quality and success of any
international comparative study. The accuracy of the survey results depends on the
quality of sampling information and particularly on the quality of the samples. TIMSS
developed procedures and guidelines to ensure that the national samples were of the
highest quality possible. Standards for coverage of the target population and
participation rates were established, as were clearly documented procedures on how
to obtain the national samples. Despite efforts to meet the TIMSS specifications,
some countries did not do so. These countries are specially footnoted or shown in
separate sections of the tables in this report."

Despite the differences in the structure of the upper secondary systems and the
proportion of the school-leaving age cohort assessed, and the difficulties some
countries had in meeting the TIMSS sampling requirements, the assessment of
final-year students provides valuable comparative information about student
achievement. This report describes in as much detail as possible which students
were tested in each country, so that the achievement results can be understood
and compared appropriately.

"' The TIMSS sampling requirements and the outcomes of the sampling procedures are described in Appendix B.
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How Do CouNTrRY CHARACTERISTICS D) IFFER?

International studies of student achievement provide useful information about
student performance and instructional practices. The benefits of these studies, however,
are accompanied by the problems of comparing achievement across countries, cultures,
and languages. In TIMSS, extensive efforts were made to attend to these issues through
careful planning and documentation, cooperation among the participating countries,
standardized procedures, and rigorous attention to quality control throughout.'?

Beyond the integrity of the study procedures, the results of comparative studies such
as TIMSS also need to be considered in light of the larger contexts in which students
are educated and the systemwide factors that might influence students’ opportunity
to learn. A number of these factors are summarized in Appendix A and more fully
described in National Contexts for Mathematics and Science Education: An Ency-
clopedia of the Education Systems Participating in TIMSS."® However, differences
among the participating countries go beyond how their educational systems are
organized. Selected demographic characteristics of the TIMSS countries are presented
in Table 4, and Table 5 contains information about public expenditure on education.
These tables show that some of the TIMSS countries are densely populated and others
are more rural, some are large and some small, and some expend considerably more
resources on education than others. Although these factors do not necessarily
determine high or low performance in mathematics or the sciences, they do provide a
context for considering the difficulty of the educational task from country to country.

Describing students’ educational opportunities also requires an understanding of the
knowledge and skills that students are supposed to master. To help complete the picture
of educational practices in the TIMSS countries, mathematics and curriculum
specialists in each country provided detailed categorizations of their curriculum guides,
textbooks, and curricular materials. The initial results from this effort can be found in
two reports, entitled Many Visions, Many Aims: A Cross-National Investigation of
Curricular Intentions in School Mathematics, and Many Visions, Many Aims: A
Cross-National Investigation of Curricular Intentions in School Science."

Depending on the education system, students’ learning goals are commonly set at
one of three levels: the national or regional level, the school level, or the classroom
level. Some countries are highly centralized, with the ministry of education (or highest
authority in the system) having exclusive responsibility for making the major decisions
governing the direction of education. In others, such decisions are made regionally
or locally. Each approach has its strengths and weaknesses. Centralized decision-
making can add coherence in curriculum coverage, but may constrain a school or
teacher’s flexibility in tailoring instruction to the needs of students.

12 Appendix B summarizes the procedures used and cites references to TIMSS methodology.

13 Robitaille, D.F. (Ed.}. {1997). National Contexts for Mathematics and Science Education: An Encyclopedia of
the Education Systems Participating in TIMSS. Vancouver, B.C.: Pacific Educational Press.

14 Schmidt, W.H., McKnight, C.C., Valverde, G. A., Houang, R.T., and Wiley, D. E. {1997). Many Visions,
Many Aims: A Cross-National Investigation of Curricular Intentions in School Mathematics. Dordrecht, the
Netherlands: Kluwer Academic Publishers. Schmidi, W.H., Raizen, S.A., Britton, E.D., Bianchi, L]., and Wolfe,
Qo R.G. (1997). Many Visions, Many Aims: A Cross-National Investigation of Curricular Intentions in School
E lC Science. Dordrecht, the Netherlands: Kluwer Academic Publishers.
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Selected Demographic Characteristics of TIMSS Countries

Density Percentage of .
A[$(ajochCo::rtel'y (Population per  Population Life ggégﬂ&:,—n
Kilome?ers)z Square  Living in Urban Expectancy* Schoolﬁy
Kilometer)* Areas

Population
Country Size (1,000)

Australia 17843 7713 2.29 84.8 77 84

Austria 8028 84 95.28 55.5 77 107
Canada 29248 9976 2.90 76.7 78 88
Cyprus 726 9 77.62 53.6 77 95
Czech Republic 10333 79 130.99 65.3 73 86
Denmark 5205 43 120.42 85.1 75 114
France 57928 552 104.56 72.8 78 106
Germany 81516 357 227.39 86.3 76 101
Greece 10426 132 78.63 64.7 78 99
Hungary 10261 93 110.03 64.2 70 81
lceland 266 103 2.56 91.4 79 103
Israel 5383 21 252.14 90.5 77 87
ltaly 57120 301 189.36 66.6 78 81
Latvia 2547 65 40.09 72.6 68 87
Lithuania 3721 65 57.21 71.4 69 78
Netherlands 15381 37 409.30 88.9 78 93
New Zealand 3493 271 12.78 85.8 76 104
Norway 4337 324 13.31 73.0 78 116
Russian Federation 148350 17075 8.70 73.2 64 88
Slovenia 1989 20 97.14 62.7 74 85
South Africa 40539 1221 32.46 50.5 64 77
Sweden 8781 450 19.38 83.1 78 99
Switzerland 6994 41 168.03 60.6 78 91
United States 260650 9809 27.56 76.0 77 97

SOURCE: The World Bank, Social Indicators of Development, 1996.

! Estimates for 1994 based, in most cases, on a de facto definition. Refugees not permanently settled in the country of asylum are generally
considered to be part of their country of origin.

2 Area is the total surface area in square kilometers, comprising all land area and inland waters.
3 Density is population per square kilometer of total surface area.
4 Number of years a newborn infant would live if prevailing patterns of mortality at its birth were to stay the same throughout its life.

5 Enroliment of students of all ages in the secondary school system as a percentage of the number of persons in the age group that attends
secondary school. The age range varies across countries, but is usually 12-17. The percentage may be in excess of 100% if some pupils are
younger or older than the country's standard range of secondary school age.
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Gross National - Gross National gy, cation (Levels 182)

Countr . ProductperCapita Product:per. Educa
: y

Public Expenditure on Education at Primary and Secondary Levels' in TIMSS Countries

Public: Expenditure on Public E*pén’ditu}e on

o ’ . :

N . .{:(US»A_qulla‘p"sﬂ)ﬁ» S ",r.('",t'l' - Ngﬁ-o/f‘au I?G[Qduct.“ ST (lmll'(:ggliltz;r)i
Australia 17980 19000 3.69 701
Austria 24950 20230 4.24 858
Canada 19570 21230 4.62 981

¢ Cyprus 10380 co- 3.60 -
Czech Republic 3210 7910 3.75 297
Denmark 28110 20800 4.80 998
France 23470 19820 3.61 716
Germany 25580 19890 2.43 483
Greece 7710 11400 2.27 259
Hungary 3840 6310 4.31 272
Iceland 24590 18900 4.77 902
Israel 14410 15690 3.72 : 584
ltaly 19270 18610 2.89 538
Latvia 2290 5170 2.85 147
Lithuania 1350 3240 2.18 71
Netherlands 21970 18080 3.30 597
New Zealand 13190 16780 3.15 529
Norway 26480 21120 5.26 1111
Russian Federation 2650 5260 - -
Slovenia 7140 - 4.20 -
South Africa 3010 - 512 -
Sweden 23630 17850 492 878
Switzerland 37180 24390 3.72 907
United States 25860 25860 4.02 1040

SOURCE: The World Bank Atlas, 1996; and UNESCO Statistical Yearbook, 1895

1 The levels of education are based on the Interational Standard Classification of Education. The duration of Primary (level 1) and Secondary
(level 2) vary depending on the country.

2 Estimates for 1994 at current market prices in U.S. dollars, calculated by the conversion method used for the World Bank Atlas.
(Source: The World Bank Atlas, 1996).

3 Converted at purchasing power parity (PPP). PPP is defined as number of units of a country's currency required to buy the same amounts of
goods and services in the domestic market as one dollar would buy in the United States. (Source: The World Bank Atlas, 1996).

4 Calculated by multiplying the Public Expenditure on Education as a % of GNP by the percentage of public education expenditure on the first
and second ievels of education. Figures represent the most recent figures released. (Source: UNESCO Statistical Yearbook, 1995).

5 Calculated by multiplying the GNP per Capita (Intl. Dollars) column by Public Expenditure on Education.
8 GNP per capita figure for Cyprus is for 1993.
(-) A dash indicates the data were unavailable.
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Figures 1, 2, and 3 show the degree of centralization in the TIMSS countries regarding
decision-making about curriculum syllabi, textbooks, and examinations. Fourteen
of the TIMSS participants reported nationally centralized decision-making about
curriculum. Fewer countries reported nationally centralized decision-making about
textbooks: six participants were in this category. Eight countries reported nationally
centralized decision-making about examinations. Regional decision-making about
these three aspects of education does not appear to be very common, with only a few
countries reporting it for curriculum syllabi and textbooks, and none reporting it for
examinations.

Most countries reported having centralized decision-making for one or two of the
areas and “not centralized” decision-making for one or two of the areas. Two countries,
Lithuania and Norway, reported nationally centralized decision-making for all three
areas: curriculum syllabi, textbooks, and examinations. Five countries — Australia,
Hungary, Iceland, Latvia, and the United States - reported that decision-making is
not centralized for any of these areas.
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Countries are in the “Nationally Centralized” category regarding curriculum if the highest level of
decision-making authority within the educational system (e.g., the ministry of education) has exclusive
responsibility for or gives final approval of the syllabi for courses of study. If curriculum syllabi are
determined at the regional level (e.g., state, province, territory), a country is in the “Regionally
Centralized” category. If syllabi for courses of study are not determined nationally or regionally, a
country is in the “Not Centralized” category.

Nationally ! " Regionally | | - Not
Centralized | : Centralized Centralized

Austria Canada . Australia*
Cyprus Germany Hungary®
Czech Republic Switzerland® iceland
Denmark ' Latvia
France Netherlands®
Greece Russian Federation
Israel United States
italy :
Lithuania
New Zealand
Norway"
Slovenia
South Africa
Sweden?

! Norway: The National Agency of Education provides goals which schools are required to work towards. Schools have the freedom to
implement the goals based on local concerns.

2 gweden: The National Agency of Education provides goals which schools are required to work towards. Schools have the freedom to
implement the goals based on local concerns.

3 Switzeriand: Decision-making regarding curricula in upper secondary varies across the cantons and the types of education.

4 Australia: Students tested in TIMSS were educated under a decentralized system. Reforms beginning in 1994 are introducing regionally
centralized (state-determined) curriculum guidelines.

5 Hungary: Hungary is in the midst of changing from a highly centralized system to one in which local authorities and schools have more
autonomy.

6 Netherlands: The Ministry of Education sets core objectives (for subjects in primary education and in ‘basic education’ at lower secondary
level) and goals/objectives (for subjects in the four student ability tracks in secondary education) which schools are required to work towards.
Schools have the freedom, though, to decide how to reach these objectives.

SOURCE: |EA Third International Mathematics and Science Study (TIMSS), 1995. Information provided by TIMSS National Research Coordinators.
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I'NTRODUCTI ON

Centralization of Decision-Making Regarding Textbooks

Countries are in the "Nationally Centralized" category regarding textbooks if the highest level of
decision-making authority within the educational system (e.g., the ministry of education) has exclusive
responsibility for determining the approved textbooks. If textbooks are selected from a regionally
approved list (e.g., state, province, territory), a country is in the "Regionally Centralized" category. if
that decision-making body has less than exclusive responsibility for determining the approved
textbooks, a country is in the "Not Centralized" category.

Nationally * Regionally : Not
Centralized Centralized | ! Centralized
Austria Canada Australia
Cyprus Germany Czech Republic
Greece South Africa Denmark
Lithuania Switzerland' France
Norway Hungary®
Slovenia Iceland
Israel
italy
Latvia
Netherlands
New Zealand
Russian Federation
Sweden
United States

1 Switzerland: Decision-making regarding textbooks in upper secondary varies across the cantons and the types of education.
2 Hungary: Hungary is in the midst of changing from a highly centralized system to one in which local authorities and schools have more autonomy.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96. Information provided by TIMSS National Research Coordinators.
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I NTRODUCT

Centralization of Decision-Making Regarding Examinations

Countries are in the "Nationally Centralized" category regarding examinations if the highest level of
decision-making authority within the educational system (e.g., the ministry of education) has exclusive
responsibility for or gives final approval of the content of examinations. The notes explain during which school
years the examinations are administered. If that decision-making body has less than
exclusive responsibility for or final approval of the examination content, the country is in the "Not
Centralized" category.

Nationally Not
Centralized Centralized
Denmark? Australia’

ltaly? Austria
Lithuania Canada
Netherlands?® Cyprus
New Zealand* Czech Republic
Norway5 France
Russian Federation® Germany®
South Africa Greece
Hungary
iceland
Israel®
Latvia®®
Slovenia"
Sweden'?
Switzerland
United States

Denmark: Written examinations are set and marked centrally. The Ministry of Education sets the rules and framework for oral examinations.
However, oral examinations are conducted by the pupil's own teacher, together with a teacher from another school as an external
(ministry-appointed) examiner.

Italy: At the end of senior secondary courses lasting four or more years, students who have positive evaluations write the final examination, the
esame di maturita. Written papers are determined by the Ministry of Education.

Netherlands: School-teaving examinations consisting of a centralized part and a school-bound part are taken in the final grades of the four student
ability tracks in secondary education.

4 New Zealand: Centralized examinations taken at Years 11, 12, and 13. Centralized national monitoring at Years 4 and 8.

5 Norway: Written examinations are set and marked centrally. The Ministry of Education sets the rules and framework for oral examinations. However,

8
9

oral examinations are conducted by the pupil's own teacher, together with a teacher from another local school or an external (ministry-appointed)
examiner.

Russian Federation: Centralized examinations are taken in Grades 9 and 11 in mathematics and Russian/literature.

Australia: Not centralized as a country, but low-stakes statewide population assessments are undertaken in most states at one or more of Grades
3, 5, 7, and 10. In most states, centralized examinations are taken at Grade 12.

Germany: Not centralized as a country, but is centralized within 6 (of 16) federal states.
Israel: Centralized examinations are taken at the end of secondary school that affect opportunities for further education.

10 Latvia: Centralized examinations can be taken at Grade 9 and Grade 12.

11 Slovenia: Two-subject national examinations are taken after Grade 8 (end of compulsory education); five-subject extemally-assessed baccalaureat

after Grade 12 for everyone entering university.

12 Sweden: There are no examinations in Sweden.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96. Information provided by TIMSS National Research Coordinators.
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Chapter 1

INTERNATIONAL STUDENT ACHIEVEMENT IN

MATHEMATICS AND SCIENCE LITERACY

This chapter summarizes achievement on the TIMSS mathematics and science literacy
test for each of the participating countries. The test was designed to measure the
mathematics and science learning of all final-year students, regardless of their school
curriculum. These students, who are at the point of leaving school and entering the
workforce or postsecondary education, may have specialized in mathematics and
science in upper secondary school or have concentrated their studies in other areas.
The mathematics and science literacy study is intended to provide information about
how prepared all the school leavers in each country are to apply their knowledge
in mathematics and science to meet the challenges of life beyond school.

* Comparisons are provided for the populations of school leavers tested in each of the

countries. The relationship between achievement and the population tested is examined
from several perspectives, because not all of the countries were able to provide
coverage of the entire school-leaving age cohort. In all of the participating countries,
some members of the school-leaving age cohort no longer attended school, having
completed their compulsory education or having dropped out for a variety of reasons.
In some of the countries, portions of the students still attending school were not
tested, usually because they were in on-site vocational education situations and
difficult to locate for the testing.

How Dors PERFORMANCE COMPARE FOR THE STUDENTS PARTICIPATING
IN THE TESTING?

Table 1.1 presents the mean (or average) achievement for the 21 countries that
participated in the mathematics and literacy study for students in their final year of
secondary school.! The mean for each country can be compared with the international
average of 500, which represents the average across the means for each of the 21
participants shown in the table. A number of countries had mean achievement well
above the international average of 500, and others well below that level. A triangle
pointing up next to the mean indicates that the country’s performance was signifi-
cantly higher than the international average, while a triangle pointing down indicates
that its performance was significantly lower. Among the countries meeting the
TIMSS sampling guidelines, Sweden, Switzerland, and New Zealand performed
above the international average.

1 TIMSS used item response theory {IRT) to summarize the achievement for mathematics literacy and for science
literacy on wo separate scales, each with a mean of 500 and a standard deviation of 100. Scaling averages
students’ responses 1o the subsets of items they took in @ way that accounts for differences in the difficulty of
those items. It allows students’ performance 1o be summarized on @ common metric even though individual
students responded to different items in the mathematics and science literacy tests. The composite results for
mathematics and science literacy represent an average of the resulis on the mathematics and science literacy
scales {see Chapter 2 for separate results for mathematics and science literacy). For more detailed
information, see the "IRT Scaling and Data Analysis” section of Appendix B.
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CHAPTER 1

Distributions of Mathematics and Science Literacy Achievement for Students in Their
Final Year of Secondary School*

AQ A o o o ore
Sweden A 555(4.3) 71% 18.9 [ l T I 1 [ ]
T 1.7
1 z\;«;tlzze::g:d A 531(5.4) 82°A> 19.8 lI l I tL 1i T'
A 525(4.7) 70% 17.6 [ , 'l l ﬁ[ ]
Hungary v 477(3.0) 65% 175 1 1 : ]ﬁ
* Russian Federation | v 476 (5.8) 48% 16.9 — L —
Czech Republic e 476(105)| 78% | 17.8 —T— T
! Lithuania v 465(5.8) 43% 18.1 L T T 4 T
2 Cyprus v 447 (2.5) 48% 17.7 L } —
|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia e 525(95) | 68% | 17.7 C— T T
? Austria A 519(5.4) 76% 19.1 F"::
Canada A 526 (2.6) 70% 18.6 Ir I I I 7
France ® 505(4.9) 84% 18.8 L 1' 11 [ﬁ
Iceland A 541(16) | 55% 21.2 C——LO—X T ]
" ltaly v 475(3) | 52% | 187 [ I 71 T ;1
Norway A 536(4.0) 84% 19.5 — T L -I 1| ]
United States v _471(3.1) 63% 18.1 | S TR U S E— ,
ICountries With Unapproved Student Sampling (See Appendix B for Details)
t Germany [o 496659 [ 75% | 195 | | | F—/——w—r——7] | |
I@ntries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark a 52832) | 58% | 19.1 = S m—
? Netherlands A 559(4.9) 78% 185 vJAF—lLI T
Slovenia ® 514(8.2) 88% 18.8 | —]
South Africa v 352(9.3) 49% 20.1 —l‘ I [
200 250 300 350 400 450 500 550 600 650 700 750 800
r Percentiles of Performance |
5th 25th 75th 95th International Average = 500
= = - SSANGRE | | (Average of All Country Means)

T .
Mean and Confidence Interval (+2SE)

A = Country mean significantly higher than intemational mean
¥ = Country mean significantly lower than international mean

@ = No statistically significant difference between country mean and international mean

* See Appendix A for characteristics of students sampled.

* The TIMSS Coverage Index (TCI) is an estimate of the percentage of the school-leaving age cohort covered by the TIMSS final-year student
sample (see Appendix B for more information).

t Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER

Multiple Comparisons of Mathematics and Science Literacy Achievement for
Students in Their Final Year of Secondary School*

Instructions: Read across the row for a country to compare performance with the countries listed in the heading of the chart. The
symbols indicate whether the mean achievement of the country in the row is significantly lower than that of the comparison country,
significantly higher than that of the comparison country, or if there is no statistically significant difference between the two countries.
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Countries are ordered by mean achievement across the heading and down the rows.

Mean achievement No statistically significant Mean achievement
E] significantly higher than difference from comparison significantly lower than
comparison country country comparison country

* See Appendix A for characteristics of the students sampled.
1 statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

€O

'96-G661 ‘(SSWIL) APrIS e0usIog pue SonBLISYIEW [BUORBWE) PAYL V31 :30HNOS

1

33



CHAPTER

1

The eight countries shown in decreasing order of mean achievement in the upper part
of the table were judged to have met the TIMSS requirements for testing a representa-
tive sample of the students in their nationally defined target populations. Lithuania
is footnoted because its nationally defined population did not include part of the interna-
tionally desired population, that is, it included only students in schools providing
instruction in Lithuanian (see Table B.4). The Russian Federation and Cyprus are
footnoted for not testing final-year students in some vocational tracks (see Table B.4).
New Zealand is annotated because it met the sampling guidelines only after including
replacement schools (see Table B.10).

Although countries tried very hard to meet the TIMSS sampling requirements, many
of them encountered resistance from schools, teachers, and students, and thus did
not have the participation rates — 85% or higher for schools and for students both,
or a combined rate of 75% — specified in the TIMSS guidelines. Obtaining a high
participation rate for secondary school students is particularly challenging when
participation is voluntary, because these students have many demands on their time.
Also, their educational situations may make testing difficult; for example, in some
countries students are engaged in on-site vocational training. The eight countries
shown in the second category in Table 1.1 followed procedures but were unable to
meet the TIMSS guidelines for sample participation. Beyond the difficulty of encour-
aging students to attend the testing sessions, the five countries in the remaining two
categories encountered various obstacles in implementing the prescribed methods
for sampling schools or students within schools, usually because of the organization
of the education system. Because Israel did not clearly document its procedures for
sampling schools, its achievement results (unweighted) are presented in Appendix
D. Appendix B includes a full discussion of the sampling procedures and outcomes
for each country.

As mentioned previously, some members of the school-leaving age cohort are no longer
attending school. As explained in the Introduction, the degree of coverage of the
entire school-leaving age cohort is indicated by the TIMSS Coverage Index (TCI).
If the TCI also reflects exclusion of part of the final-year student population, that is
noted for the countries concerned: the Russian Federation, Cyprus, Austria, and the
Netherlands. (See Table 2 in the Introduction as well as Appendix B for more details
about the TCI.)

As shown in the table, there is quite a range in the TCI. About half the countries were
able to cover 70% or more of the entire school-leaving age cohort by their in-school
sampling procedures, including Slovenia (88%), France (84%), Norway (84%),
Switzerland (82%), the Czech Republic (78%), the Netherlands (78%), Austria (76%),
Germany (75%), Sweden (71%), New Zealand (70%), and Canada (70%). Countries
covering less than half of this cohort included South Africa (49%), the Russian
Federation (48%), Cyprus (48%), and Lithuania (43%).

To aid in interpretation, the table also contains the average age of the students.
Equivalence of chronological age does not necessarily mean that students have had
the same number of years of formal schooling or have studied the same curriculum.
Countries with a high percentage of older students may have policies that include
retaining students in lower grades. Still, the average age, in combination with the

o0



Q

ERIC

Aruitoxt provided by Eic:

information about secondary school for each country presented in Appendix A, will
provide an indication of the amount of schooling received by the students in
each country.

Table 1.1 also graphically shows the differences in average mathematics and science
literacy achievement between the highest- and lowest-performing countries and the
distribution of student performance within each country. Achievement for each
country is shown for the 25th and 75th percentiles as well as for the Sth and 95th
percentiles.2 Each percentile point indicates the percentages of students performing
below and above that point on the scale. For example, 25% of the students in each
country performed below the 25th percentile for that country, and 75% performed
above the 25th percentile.

The range between the 25th and 75th percentiles represents performance by the middle
half of the students. In contrast, performance at the 5th and 95th percentiles represents
the extremes in lower and higher achievement. The dark boxes at the midpoints of
the distributions are the 95% confidence intervals around the average achievement
in each country.’

Comparisons can be made across the means and percentiles. For example, average
performance in Sweden was comparable to or even exceeded performance at the 75th
percentile in a number of countries, including Hungary, the Russian Federation, the
Czech Republic, Lithuania, Cyprus, Italy, the United States, and especially South
Africa. Also, the differences between the extremes in performance were very large
in most countries.

Figure 1.1 provides a method for making appropriate comparisons of overall mean
achievement between countries.* The figure shows whether or not the differences
in mean achievement between pairs of countries are statistically significant. Selecting
a country of interest and reading across the table, a triangle pointing up indicates
significantly higher performance than the country listed across the top, a dot indicates
no significant difference, and a triangle pointing down indicates significantly lower
performance. Countries shown in italics failed to satisfy one or more guidelines for
sample participation rates or student sampling (see Appendix B for details).

The Netherlands and Sweden, with mostly triangles pointing up, had significantly
higher mean achievement than the other participating countries, and performed
similarly. However, the Netherlands had particular difficulty in meeting the TIMSS
sampling guidelines. Students in apprenticeship programs were excluded (21% of
final-year students), and overall sample participation rates were very low (49%).

2 Tables of the percentile values and standard deviations for all countries are presented in Appendix E.

3 See the "IRT Scaling and Data Andlysis” section of Appendix B for more details about calculating standard
errors and confidence intervals.

4 The significance tesis in Figure 1.1 are based on a Bonferroni procedure for multiple comparisons that holds

1o 5% the probability of eroneously declaring the mean of one couniry to be different from another country.
o<
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Iceland, Norway, and Switzerland performed similarly, but had lower mean achieve-
ment than the Netherlands and Sweden. However, of those three countries, only
Switzerland met the sampling guidelines. It also can be observed that Switzerland
and Norway had among the highest TCIs, 82% and 84%, respectively. Because the
measurement in Australia was somewhat less precise than in many other participat-
ing countries, it has a rather large confidence interval around its mean achievement,
and tends to overlap with more countries than might otherwise be the case. Australia’s
mean performance is more similar to that of Denmark, Canada, New Zealand, Austria,
and Slovenia. Of these countries, only New Zealand met the sampling guidelines.
France performed similarly to New Zealand, Australia, Austria, Slovenia, and Germany.
Germany’s performance resembled that of Slovenia and France as well as the Czech
Republic, the Russian Federation, and Italy.

The lower-performing countries included Hungary, the Czech Republic, the Russian
Federation, Italy, the United States, Lithuania, Cyprus, and South Africa. Only
South Africa had significantly lower mean achievement than the other participating
countries. Because of the pattern of relatively small differences from one country to
the next, most countries had lower mean achievement than some countries, about the
same mean achievement as some countries, and higher mean achievement than
other countries. '

How Doks PERFORMANCE COMPARE, TAKING DIFFERENCES IN
PoPULATION COVERAGE INTO ACCOUNT?

Figure 1.2 shows the relationship between achievement and the TIMSS Coverage
Index. It is designed to show whether countries may have achieved higher performance
because they tested fewer students — in particular, a more elite group of students. In
general, however, the relationship between performance and the degree of sample
coverage of the entire school-leaving population shows that the higher-performing
countries actually tended to have better coverage than the lower-performing countries.’
For example, the countries in the upper right corner of the graph had a high percentage
of coverage of the entire school-leaving age cohort, as well as high performance. In
particular, Switzerland exceeded 80% coverage, met the sampling guidelines, and
performed above the international average.

If anything, the countries with greater coverage (more than 70%) tended to have mean
performance above the international average, and those with less coverage tended to
perform below the international average. The only two high-performing countries
with a low degree of coverage (less than 60%) were Denmark and Iceland. The
remaining countries with coverage less than 60% all performed below the interna-
tional average.

* The relatianship between mathematics and science literacy achievement and the TIMSS Caverage Index has
a carrelation caefficient of 0.56.
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Mean Mathematics and Science Literacy Achievement by TIMSS Coverage Index for Students
in Their Final Year of Secondary School*
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TIMSS Coverage Index (TCI)*

* See Appendix A for characteristics of the students sampled.

*+ The TIMSS Coverage Index (TCl) is an estimate of the percentage of the school-leaving age cohort covered by the TIMSS final-year student sample
(see Appendix B for more information).

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
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Table 1.2 offers another way of examining performance, regardless of whether or
not countries may have tested only their elite students. The table shows the 75th
percentile of performance for the entire school-leaving age cohort for each country.
It also presents the mean achievement of students performing above the 75th
percentile — the top 25% of the students in the entire school-leaving age cohort for
each country. The 75th percentile is the point on the mathematics and science literacy
composite scale that divides the higher-performing 25% of the students from the
lower-performing 75%.

The 75th percentile is a useful summary statistic on which to compare performance
across countries. It is used instead of the mean in this table because it can be reliably
estimated even when scores from some members of the population are not available
(that is, students in the school-leaving age cohort not included in the samples tested).

As indicated by the TCI, the samples in some countries represented nearly all of the
students in the school-leaving age cohort, while other countries covered only about
half of these students. To compute the 75th percentile, TIMSS assumed that students
in the school-leaving age cohort not covered by the sample in each country would
score below the 75th percentile, primarily because they were no longer in the system
by virtue of dropping out, being tracked out of the system, or being in difficult-to-test
vocational tracks. The percentages of students assumed to be below the 75th percentile
were added to the lower tail of the achievement distribution before calculating the 75th
percentile using the modified distribution.

Notwithstanding the additional difficulties in estimating achievement for the entire
school-leaving age cohort for each country, rather than for the population of students
actually tested, the results for the top 25% of the students in each country appear
quite consistent with those obtained for the tested students. Of the countries meeting
the sampling guidelines, Sweden, Switzerland, and New Zealand had the highest
mean achievement for the top 25% of their school-leaving age cohorts.

Figure 1.3 presents the country comparison chart for the top 25% of all students in
the school-leaving age cohort. Among the top-performing countries, Sweden, the
Netherlands, and Norway performed similarly, with Switzerland also performing
similarly to Norway. In summary, the four top-performing countries had rankings
very similar to those obtained for the populations of tested students. In particular,
Sweden and Switzerland met the sampling guidelines and had high performance.
Norway, too, performed very well even though participation rates were slightly
below the guidelines (71%). The Netherlands also performed well, but had low
participation rates (49%).

Looking at the top 25% of performance for the school-leaving age cohort shows a
block of countries with very similar mid-range performance, including New Zealand,
Australia, Canada, Slovenia, Austria, Iceland, and Denmark. Germany, France, and
the Czech Republic performed similarly but generally below the aforementioned
countries. The lower-performing countries included Hungary and the United States,
followed by Italy and the Russian Federation. Lithuania, Cyprus, and South Africa
had lower performance than the other participating countries. The relative standing
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Mathematics and Science Literacy Achievement for the Top 25 Percent® of All
Students in the School-Leaving Age Cohort*

™

Sweden 584 (6.3) 654 (3.4) 71%
Switzerland 575(4.1) 633(2.6) 82%
t New Zealand 559 (7.5) 621(1.9) 70%
Czech Republic 508 (12.0) 584 (4.6) 78%
Hungary 496 (2.8) 563 (3.1) 65%
* Russian Federation 464 (6.3) 539 (4.8) 48%
! Lithuania 447 (6.8) 519 (3.6) 43%
2 Cyprus 438 (4.0) 501 (3.4) 48%
IEountrles Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 555 (8.9) 620 (4.8) 68%
* Austria 552 (5.6) 610 (4.2) 76%
Canada 555 (5.6) 613(2.6) 70%
France 546 (8.0) 592 (2.6) 84%
Iceland 546 (3.0) 609 (1.4) 55%
! ltaly 475 (5.6) 543 (4.3) 52%
Norway . 578 (3.9) 641(2.8) 84%
United States 490(3.1) 559 (2.5) 63%
|Countrles With Unapproved Student Sampling (See Appendix B for Details)
t Germany | 533 (5.6) | 593 (2.9) [ 75%
|Countrles With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 539 (4.3) 603 (2.3) 58%
? Netherlands 600 (6.0) 653 (4.9) 78%
Slovenia 560 (9.6) 612 (4.9) 88%
South Africa 328 (4.4) 412(11.4) 49%
International Average 520 (1.4) 585 (0.9)

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

970 compute the 75th percentile, TIMSS assumed that the students in the school-leaving age cohort not tested would have scored below
the 75th percentile and added them to the lower tail of the distribution.

* See Appendix A for characteristics of students sampled.

1t Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER 1

Multiple Comparisons of Average Mathematics and Science Literacy Achievement
for the Top 25 Percent of All Students in the School-Leaving Age Cohort*

Instructions: Read across the row for a country to compare performance with the countries listed in the heading of the chart. The
symbols indicate whether the mean achievement of the country in the row is significantly lower than that of the comparison country,
significantly higher than that of the comparison country, or if there is no statistically significant difference between the two countries.!
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Countries are ordered by mean achievement across the heading and down the rows.
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significantly higher than difference from comparison significantly lower than

E Mean achievement E No statistically significant Mean achievement
comparison country country comparison country

* See Appendix A for characteristics of the students sampled.
1 Statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
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of Iceland, Denmark, and the Russian Federation dropped somewhat in this analysis
compared to the analysis based only on the samples of students tested. This may be
because the assumptions of lower performance (below the 75th percentile) for students
not represented in the sample do not completely apply in these two countries. For
example, in the Russian Federation students not covered in the sampling included
those in technical tracks that take mathematics and science, some of whom may
have achieved above the 75th percentile.

How Dors PERFORMANCE COMPARE BY (GENDER?

Table 1.3 shows the differences in mathematics and science literacy achievement by
gender for the final-year students in each country. The table presents mean achievement
separately for males and females for each country, as well as the difference between
the means. The graphic representation of the gender difference, indicated by a bar,
shows the amount of the difference, whether the direction of the difference favors
females or males, and whether the difference is statistically significant (indicated
by a darkened bar). As can be seen, all of the differences favored males rather than
females, and all of the differences were statistically significant except in South Africa.

Since the TIMSS science results for seventh and eighth grades showed significant
gender differences favoring males to be pervasive across most countries,® and the
direction of the differences in mathematics favored males much more often than
females,’ these results might have been anticipated for the secondary school students.
Still, it is distressing to see such uniform gender differences favoring males in the
general population of school-leaving students. There may be many reasons for such
differences, including the fact that society encourages males more than females to
have an interest in mathematics and science topics. This tends to lead to more outside
activities in mathematics and science areas for males and taking more courses in
these subjects, which serves to differentiate performance as students progress
through school.

Course-taking patterns are explored in more detail in Chapter 4 and in the second
section of this report, which presents results for students having taken advanced
mathematics courses (Chapter 5) and physics (Chapter 8) during their final years of

secondary school. Briefly, however, while males take more mathematics and science

courses than females in some countries, especially in physics, course-taking patterns

alone do not seem to explain these pervasive gender differences for the overall

population of school-leaving students.

¢ Bedton, A.E., Martin, M.O., Mullis, |V.S., Gonzalez, E.J., Smith, TA., and Kelly, D.L. {1996). Science Achievement
in the Middle School Years: IEA’s Third International Mathematics and Science Study { TIMS_S/. Chestnut Hill,
MA: Boston College.

7 Beaion, A.E., Mullis, LV.S., Martin, M.O., Gonzalez, EJ., Kelly, D.L, and Smith, TA. {1996). Mathematics
Achievement in the Middle School Years: IEA's Third Infernational Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Bosion College.
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CHAPTER I

Gender Differences in Mathematics and Science Literacy Achievement for Students in Their
Final Year of Secondary School*

Females i
Country Difference Gender Difference
Percent of Mean Percent of
Students | Achlovement { Students
Hungary 52 (2.5) | 485(4.5) 48 (2.5) | 468(4.5) 17 (6.3) 65%
2 Cyprus 45(21) | 456(4.9) | 55(2.1) | 439(30) | 18(5.8) | 4g% || Females Wales
! Lithuania 35 (3.0) | 483(6.7) 65 (3.0) | 456(7.4) | 27 (10.0) 43% Higher Higher
t New Zealand 49(1.7) | 540(5.7) | 51 (1.7) | 511 (5.5) 28(7.9) 70%
Switzerland 56 (2.5) | 547(6.0) 44 (2.5) | 511 (7.5) 37 (9.6) 82%
? Russian Federation | 38 (1.0) | 499(5.9) 62 (1.0) | 462(6.5) 37 (8.8) 48%
Sweden 49 (2.5) | 579(5.8) 51(2.5) | 533(3.6) | 46 (6.8) 7%
Czech Republic 51 (5.1) | 500(9.9) 49 (5.1) | 452(13.8) | 48(17.0) 78%
[00untries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 42 (2.9) | 543(10.7) | 58(2.9) | 511 (9.3) 32 (14.2) 68%
? Austria 39 (3.2) | 549(7.8) 61(3.2) | 502(5.5) | 47 (9.6) 76%
Canada 47 (1.4) | 544(3.4) | 53(1.4) | 511 (3.4) 33(4.8) 70% ) _
France 47 (3.1) | 526 (5.9) 53 (3.1) | 487(4.8) 38 (7.6) 84% :
Iceland 48 (0.8) | 565(2.9) 52(0.8) | 522(1.9) | 43(3.5) 55% ' 1. o
! ltaly 46 (3.3) | 492(6.9) 54 (3.3) | 461(5.7) | 31(8.9) 52% ‘
Norway 51(2.0) | 564(5.0) | 49(2.0) | 507 (4.5) 57 (6.8) 84%
United States 50(1.3) | 479(4.2) | 50(1.3) | 462(3.5) 17 (5.5) 63%
[Countries With Unapproved Student Sampling (See Appendix B for Details)
t Germany [ 56(5.2) [ 512(82) [ 44(52) [ 47985) [ 32118 75% | . 1 | o {
@mtries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 45(2.0) | 554(4.5) | 55(2.0) | 507(3.7) 47 (5.8) 58% ’
? Netherlands 52 (2.3) | 584 (5.5) 48 (2.3) | 533(5.9) 51 (8.0) 78%
Slovenia 51(3.3) | 538(12.6) | 49(3.3) | 492(7.1) | 46 (14.4) 88% ‘
South Africa 49(1.6) | 366 (10.3) | 51 (1.6) | 341(11.8) | 25(15.7) 49% . ) §
120 80 40 0 40 80 120
International Averages — i
Males Females Difference . - Gender difference statlistically significant at .05 lavel.
519 483 36 D Gender difference not statistically significant.
(Averages of All Country Means)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.

BEST COPY AVAILABLE

* See Appendix A for characteristics of students tésted.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some differences may appear inconsistent.
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Chapter 2

ACHIEVEMENT IN MATHEMATICS LITERACY AND
ScCIENCE LITERACY

This chapter presents data summarizing achievement separately on the mathematics
literacy scale and the science literacy scale. The mathematics literacy items address
number sense, including fractions, percentages, and proportionality. Algebraic
sense, measurement, and estimation are also covered, as are data representation
and analysis. Several of the items emphasize reasoning and social utility. A
general criterion in selecting the items was that they should involve the types of
mathematics questions that could arise in real-life situations and that they be
contextualized accordingly. Similarly, the science items selected for the literacy
test were organized according to three areas of science — earth science, life science,
and physical science — and included a reasoning and social utility component.
Again, the emphasis was on trying to measure how well students can use their
knowledge in addressing real-world problems having a science component. For
both the mathematics literacy and science literacy items, students were permitted to
use a calculator if they wished (see Chapter 4 for students’ reports on calculator use).

Following the discussion in this chapter of average achievement in mathematics
literacy and science literacy, Chapter 3 contains further information about the types
of mathematics and science items, including seven example items for each area
and the percentage of correct responses on those items for each TIMSS country.

As we have seen in Chapter 1, there are differences in achievement among the
participating countries on the TIMSS mathematics and science literacy test. Given
that the test was designed to include mathematics and science items, it is interesting
to examine whether the participating countries have particular strengths or weaknesses
in their achievement in one or the other of the two areas. Thus, this chapter presents
the results for the mathematics and science scales that formed the basis for the
average composite results presented in Chapter 1.
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How DokEs PERFORMANCE COMPARE BETWEEN THE MATHEMATICS AND
SCIENCE AREAS?

Table 2.1 presents the achievement results for the mathematics literacy scale. It
shows the mean achievement for each country and the distribution of student
performance within each country. Countries with a triangle pointing up performed
above the international average of 500, those with a dot performed about the
same as the international average, and those with triangles pointing down performed
below the international average. The countries conforming to the TIMSS sampling
guidelines and performing above the international average in mathematics literacy
included Sweden, Switzerland, and New Zealand. Austria, Canada, France, Iceland,
Norway, Denmark, and the Netherlands also achieved above the international average,
although they encountered various difficulties in their sampling. The countries
performing below the international average were Hungary, the Russian Federation,
Lithuania, Cyprus, Italy, the United States, and South Africa.

Figure 2.1 provides the information for comparing mean mathematics achievement
between countries. This figure shows whether or not the differences in mean
achievement between pairs of countries are statistically significant. The top-performing
countries in mathematics literacy included the Netherlands, Sweden, Denmark, and
Switzerland; both Sweden and Switzerland met the sampling guidelines. Iceland,
Norway, France, Australia, New Zealand, Canada, Austria, and Slovenia all tended
to perform similarly to Switzerland and to each other. However, of these countries,
only New Zealand met the TIMSS sampling guidelines.

Table 2.2 and Figure 2.2 show the corresponding results for the science literacy scale.
Table 2.2 reveals that of the countries meeting the TIMSS sampling requirements,
Sweden, New Zealand, and Switzerland performed above the international average
(triangles pointing up). This parallels the findings in mathematics literacy. Other
countries performing above the international average were Austria, Canada, Iceland,
Norway, and the Netherlands. The countries performing below the international
average in science literacy (triangle pointing down) included the Russian Federation,
Hungary, Lithuania, Cyprus, Italy, the United States, and South Africa.

The country comparison chart (Figure 2.2) shows that the countries with the highest mean
achievement in science literacy were Sweden, the Netherlands, Iceland, and Norway, v
with only Sweden meeting the TIMSS sampling guidelines. Canada, New Zealand,
and Australia performed similarly to Norway and to each other, with New Zealand
meeting the sampling guidelines. Switzerland, which met the sampling guidelines,
achieved at about the same level as Canada, New Zealand, and Australia, as did
Austria and Slovenia.

Table 2.3 compares performance in mathematics and science literacy. It presents mean
literacy achievement separately for mathematics and science, as well as the difference
between the means. The last column shows the amount of the difference, whether
its direction favors mathematics or science, and whether it is statistically significant
(darkened bar). Regardless of direction, the differences between mathematics and

science literacy were small or negligible in nearly half of the countries. However,
Lithuania, Hungary, Switzerland, France, and Denmark performed significantly higher
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in mathematics literacy than in science literacy. In contrast, Sweden, the Russian
Federation, the Czech Republic, Canada, Iceland, Norway, and the United States
had significantly higher achievement in science literacy than in mathematics literacy.

Table 2.4 shows the differences in mathematics literacy performance by gender,
and Table 2.5 presents the corresponding gender differences for science literacy.
The results differ somewhat from the patterns noted in TIMSS at the eighth grade,
where gender differences favoring males were found in both mathematics and science
but the differences were more pervasive in science. For students in their final year
of school, the gender differences favoring males are significant in mathematics as
well as science in most countries. In mathematics literacy, most of the countries
showed gender differences favoring males, although these were not statistically
significant in Hungary, the United States, and South Africa. All countries except
South Africa showed statistically significant gender differences in science literacy
favoring males. Thus, it appears that as students leave school the achievement
differences favoring males are found nearly equally in mathematics and science literacy.
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CHAPTER 2

Table 2.1

Distributions of Achievement in Mathematics Literacy for Students in Their
Final Year of Secondary School*

Country _ Mathematics Literacy Achievement Scale Score

Sweden A 552(4.3) 71% lL l I : l
Switzerland A 540(5.8) 82% % I I [L I ]
* New Zealand A 522(4.5) 70% [ : Ir : T ] ]
Hungary v 483(3.2) 65% —1— 8 L —
* Russian Federation | v 471 (6.2) 48% l,— ! L . 1 = } ]
! Lithuania v 469(6.1) 43% l# - . : Tl
Czech Republic ® 466(12.3)| 78% L — LI T 1 7
2 Cyprus v 446 (2.5) 48% | — I I — ‘
ICounlries Not Satisfying Guidelines for Sample Participation Rates (See Appendlx B for Details) §
Australia o 522(93) | 68% — ;: j[ I | | ) 3
% Austria A 518(5.3) 76% r l i : x| ] q S
Canada A 519(2.8) 70% IT I .| I 1 l : ] i
France A 523(5.1) 84% C N —1 g
Iceland A 534(2.0) 55% le : i r% 1; — ] g‘
! ltaly v 476(5.5) 52% [ [ T- r]L ]ﬁ g
Norway A 528(4.1) 84% [ T : ll | H
United States v _461(3.2) 63% C—T ﬂb S - ] I g
lCounlries With Unapproved Student Sampling (See Appendix B for Details) a
* Germany o 40569 [ 75% | | | ——T—we—r——7 | | [}
[Counmes With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for De!all s) :fé
Denmark A 547(33) | 58% — lu 1 — | 2
? Netherlands A 560(4.7) 78% [ 3 é
Slovenia ® 512(8.3) 88%  — l "F 1 §
South Africa v_356(8.3) 49% — T r ' l &
200 250 300 350 400 450 500 550 600 650 700 750 800
- Percentiles of Performance |
5th 26th 75th 95th International Average = 500
= I - 1 — (Average of All Country Means)
-1

Mean and Confidence Interval (+2SE)

A = Country mean significantly higher than international mean
¥ = Country mean significantly lower than international mean

©® = No statistically significant difference between country mean and international mean

* See Appendix A for characteristics of students sampled.

* Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER
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Their Final Year of Secondary School*

Instructions: Read across the row for a country to compare performance with the countries listed in the heading of the chart.
The symbols indicate whether the mean achievement of the country in the row is significantly lower than that of the comparison
country, significantly higher than that of the comparison country, or if there is no statistically significant difference between the
two countries.!

Multiple Comparisons of Mathematics Literacy Achievement for Students in

'96-G661 ‘(SSWIL) APNIS 92UBIDS PUE SONBLOYIEW [BUOHEWSIU| PYY YII :IDHNOS

c
0
B o
o 3
° (0]
Country 8 2 5 k4 3| g
s x| =& w | ® > e 2 & £
S I S I T I P I~ B O 21§ E g § g ‘Q 81
¢ ole|N|§ Q(E|N|GIS|8|E| D AR AR ARRE:
s|8l8|8|s|s|s|glz|8|5!2lE|eg | >18|2|8|=2 8|3
s | 2|5 2|5 |83 (s |3|2 | |3|F|3|=2INIEI>]|2
Z2|ldla|la!l|Z2|lC | |2|0|T|H |0 |2|&(TF|0|2J |0 |®D
Netherlands ©1 0| 0 A A A A A A A A A A AiA[A| A LA
B LT EE s B e e S e s s N S PR SO N NI
Sweden | ® oo | alaiafela A?ALALA;AI‘ alaaTalala
I T RO S T AR SN R SRS SR R S S SR S
Denmark | ® | @ e|laja ale AEAEA%A%A;—AIA Al Al A AT A A
: ; R I 8 DTS SO R
Switzerland | @ [ @ | ® eie|oiojo|ajo 0 AT A A A A A M A
[ S S S S B S
jcelandl Y vi v e e|o|o 0| aje |0 A’rALA AJA A Al Al S
S ot S S R St S
Norway|[ Y| ¥ v el e® olo/e o|ele Al Al A Al A AT A
Francelv v v ele| e eojlo o ele|a A A A A Al A
Australia | ¥ | @ | 0|0 | @ 0 @ ejlejejejeo s alal alaal’a
NewZealand | Y | vV V] i e|e | e|e]| e o e 0| Al A Al A Al A A&l &
[ SO - S -A"T«-—-,»—-—»_._-.1«—-4-»_‘—-1’»---w-u--—
Canadal ¥ VY ¥ . v Vie e & @& o & A A i A A A A A A A
[ S S ORI S S SO SN S SO S
Austial v v v i e|eleloe e o|e oo ﬂv Alalaiaiaia A
- S TRt I S SRS S T
Slovenial ¥ . viv|iele{e|le|/e|eiele | A A A|[ A A A} A A
Gomany [ VIVIvivivivivielvivie e oo |e|e |0 aala
B N e ——— [PV — | ——
Hungary | Y1 ¥ vi vV lvlwlvivi vivivie oo o0 A Al A
i N IR S [P 4 o - - P So—
Haly | ¥ Y Y VY[V V. VIVIiV iV VIV e ® ol olo|lefala
b TR N DR W SR SR AR
Russian Federation | ¥! ¥ 1, v v b vi vl wlwy i vivw T v i vi i e|{® | @ | ®]| & A A
Lthuanal ¥ (v viv | viviviviviviviviele|e|e o|e| ala
SR SO NSO SO S SN - —
CzechRepublic | Y| Y[ Y| ¥ | ¥ v ViV vV vV V.V e e e 0|e oo a
UnitedStates | Y| ¥ v vl vl wliwlwy i vivivivivivie[ele Al A
b 1. . R
Cyprus | Y| Y v vViviviviviviviy vivly viviy v A
e T S e o e e Btad B R e -1
SouthAfica| ¥ ; Y ¥ ¥ Y ¥ ¥ ¥V VIV VI V.V V VvV ¥V V|V V.V
" ! i i i

i
Countries are ordered by mean

n

chievement across the heading and down the rows.

Mean achievement No statistically significant Mean achievement
E:l significantly higher than difference from comparison significantly lower than

comparison country country comparison country

* See Appendix A for characteristics of the students sampled.
1 Statistically significant at .05 leve!, adjusted for multiple comparisons.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
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Distributions of Achievement in Science Literacy for Students in Their
Final Year of Secondary School*

0 ) 0
Sweden A 559 (4.4) 71% [ : : | : ]
t New Zealand A 529(5.2) 70% C ] [ I W[ — ]
Switzerland A 523(5.3) 82% l l l[ I I l I ]
Czech Republic ® 487 (8.8) 78% 1= - : ]
* Russian Federation | v 481(5.7) 48% C— 1L w17 ]
Hungary v 471(3.0) 65% Ll ;' - l —]
! Lithuania v 461(5.7) 43% b[ .f ? A ]
2 Cyprus v 448(3.0) 48% T .
@ntries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details) §
Australia e 527(98) | 68% ;] | T a; ﬁ- g
2 Austria A 520(5.6) 76% [ [ I L 1 I Tl ’:“
Canada A 532(2.6) 70% lI : I l'L | : ] ?;_{-
France e 487(5.1) 84% C - | - - g
Iceland A 549(1.5) 55% — : ! - g
"ltaly v 475(5.3) | 52% L I T -] z
Norway a 544(4.1) | 84% — # 1 g
United States v _480(3.3) | 63% | I SOvAe 5 S E— [ ! g
lCountries With Unapproved Student Sampling (See Appendix B for Details) ;3},
* Germany le s0751) | 75% | | [ E—TF—w—py—— | | |t
ICountries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details) %
Denmark e 509(36) | 58% — T ——1 | 3
* Netherlands a 558(53) | 78% — ‘i‘lej : g
Slovenia ® 517(8.2) 88% [ T rl z — 1 ] '§$
South Africa v 349(105)| 49% | C——1= T — | I 8
200 250 300 350 400 450 500 550 600 650 700 750 800
- Percentiles of Performance |
5th 25th 75t 95th International Average = 500
— + — + i (Average of All Country Means)
—_

Mean and Confidence Interval (+2SE)

A = Country mean significantly higher than international mean
¥ = Country mean significantly lower than international mean

® = No statistically significant difference between country mean and international mean

* See Appendix A for characteristics of students sampled.

t Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

! National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER

Multiple Comparisons of Science Literacy Achievement

for Students in Their Final Year of Secondary School*

Instructions: Read across the row for a country to compare performance with the countries listed in the heading of the chart.
The symbols indicate whether the mean achievement of the country in the row is significantly lower than that of the comparison
country, significantly higher than that of the comparison country, or if there is no statistically significant difference between the
two countries.t

c
L
=
L| e
° o8,
Country 8 £ b 3 E g 3
< © [ x| > 2 & = &
c | 8 S| 8= g x| & x|l e|® 2| =
8|5 FISIN|S 3| g S|8|l8l8ls 8|5 S| s gl =
S HNHHEHEHHE B HEEE
F =
g 218|2|8|2|a||B|d|o|c|b|je|3|E€|x|3|0(a
Sweden ® 004 Al® 4 A AL A A A A A AlAlAI Al A
[ e B B A 2
Netherlands | ® e|(oiAal Aol Al Aala AlA}AJrA1.AiA.IAiA AlLALA
JRS A R s e S S S e
Iceland| @ | ® ol Al Al @] At AL A AiA!AEAfA!A!AiA‘A Al A
} i } I ! R SVt DU N
Norway| e | @ | ® ojloelola,al®|AjAjAjA AjAAjAlAIAlA
R R e B et S S s Rhatk sy
Canada[v! vivwle e o|ofole AlA{_A?AiAiAiA'AiA Al A
NewZealand | V| vV e @ o ojlo|ojaalatalalalalalaala
b 4 e T
Australia| @ @ | ® | @ | ® | ® ojololo|lolajajajaja aja A
- N R El AR B Senolet Bk sl s
Switzerland | v/ viviVviej|je | ® ® &0 A A A A A A A 2 A A
P B N S o S
Austria | ¥ | ¥ | vieleie|e oo |ajalalalatalalalala
NS S G, 4 4 B e
Slovenia | ¥ vﬂiv ojloioio|loje olola|o® A A a AjAajAaa
S N S S SR SN SRS S S S
Denmark|viviviviwlvie eio|e olalo|aalaia ala a
e e PSRV EPUEON- SN S PO AU S I
Germany | ¥ | Y| V| VIV i V!e® vivie|e oo 0|00 aila A
P Tty VORI S, ,-.; JE RN SV
Francej v: v : Vv VTV vV, V. vV v . V. V| ®| ® | 0|0 0| A A| A
CzechRepublic | v | v viwv| vl v‘L’;"vv vieleleo]|e o|ojoieje A;‘Z'
- - “*.»«‘AAAm-- mm e e P P ]
Russianfederation | v | v | v | Y, vV ViV V|V VvV Vie ® ® o0 |0 0 Al A
DRSS S U SR SR S L i A--J’.,_._
United States | v | v vj viviviviviv v vielo|e|oe o 0|0 aja
taylviw vivivivivivivivivie|le|ele|e ool ala
AU SR N S [ .
Hungary | ¥ | ¥ | ¥ | Y|V VY,V ¥ V| V. V|V e & & o o o A!laA
R SRS SO DI RO UPUPUN GRUI PUIPU RAPONEY SUENUSE SN S
Lithuania | v VTV v, VLV v V;V{V vivie|e ele e ® | A
Cyprusf viviv| v v vy vivivwlviviwivielw! v A
o RIS O T O OUp O S S S S O
SouthAfrical v | v ; ¥ vv,vtv‘v;v|vgv VIVivVIivVivViVviY 4
v | i H L " i i A H : . . :
Countries are ordered by mean achievement across the heading and down The rows.
Mean achievement No statistically significant Mean achievement
significantly higher than difference from comparison significantly lower than
comparison country country comparison country

* See Appendix A for characteristics of the students sampled.
1 Statistically significant at .05 level, adjusted for multiple comparisons.
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Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
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CHAPTER 2

Differences in Performance Between Mathematics Literacy and Science Literacy for
Students in Their Final Year of Secondary School*

Mathematics Science
Country Literacy Mean Literacy Mean  Difference Subject Difference
Score Score
2 Cyprus 446 (2.5) 448 (3.0) 2(24) |
t New Zealand 522 (4.5) 529 (5.2) 7(2.8) Sﬁiigggf —] Mam;rr?::ics
Sweden 552 (4.3) 559 (4.4) 7 (1.3)
' Lithuania 469 (6.1) 461 (5.7) 9 (2.2)
? Russian Federation 471 (6.2) 481 (5.7) 10(2.5)
Hungary 483(3.2) 471 (3.0) 13 (1.3)
Switzerland 540 (5.8) 523(5.3) 18 (2.3)
Czech Republic 466 (12.3) 487 (8.8) 20 (4.1)
|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 522 (9.3) 527 (9.8) 5(2.4)
2 Austria 518(5.3) 520 (5.6) 2(2.1)
Canada 519 (2.8) 532 (2.6) 13(1.7)
France 523 (5.1) 487 (5.1) 36 (2.9)
Iceland 534 (2.0) 549 (1.5) 15 (1.7)
! ltaly 476 (5.5) 475 (5.3) 1(2.2)
Norway 528 (4.1) 544 (4.1) 16 (1.8)
United States 461 (3.2) 480 (3.3) 19 (1.5)
ICountries With Unapproved Student Sampling (See Appendix B for Details)
t Germany | 4955590 [ 497(5.1) ] 224 | ! P | ]
ICountries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 547 (3.3) 509 (3.6) 38 (2.8) ) ' ‘
? Netherlands 560 (4.7) 558 (5.3) 2(2.3)
Slovenia 512 (8.3) 517 (8.2) 6 (2.3)
South Africa 356 (8.3) 349 (10.5) 7 (2.9)
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96. 60 40 20 0 20 40 60
- Difference statistically significant at .05 tevel.
] Difference not statistically signficant, ~ ~

* See Appendix A for characteristics of students sampled.

1 Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

! National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some differences may appear inconsistent.
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CHAPTER 2

Achievement in Mathematics Literacy by Gender for Students in Their Final Year of
Secondary School*

Females

» Difference . TCl. - ‘Gender Difference
~Country ' ' : O
Percent of Percantol |  Mean : ’ o ’
- ‘ } Student: Achi Students | Achievement ‘ ‘
Hungary 52 (2.5) |485(4.9) | 48(2.5) | 481(4.8) 5(6.9) 65% Females 1 Males
2 Cyprus 45(2.1) |454(4.9) | 55(2.1) { 439(3.7) 15(6.1) 48% Score Score
! Lithuania 35(3.0) |485(7.3) | 65(3.0) | 461(7.7) | 23(10.6)| 43% Higher Higher
t New Zealand 49(1.7) |536(4.9) | 51(1.7) |507(6.2) | 29(7.9) 70%
2 Russian Federation| 38 (1.0) |488(6.5) | 62 (1.0) | 460(6.6) | 27 (9.2) 48%
Switzerland 56 (2.5) |555(6.4) | 44 (2.5) | 522(7.4) | 33(9.8) 82%
Sweden 49 (2.5) |573(5.9) | 51(2.5) |531(3.9) | 42(7.0) 71%
Czech Republic 51(5.1) |488(11.3)| 49 (5.1) [ 443(16.8)| 45(20.2) 78%
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details,
Australia 42 (2.9) |540(10.3)] 58(2.9) | 510(9.3) | 30(13.9) 68%
? Austria 39(3.2) |545(7.2) | 61(3.2) |503(5.5) | 41(9.0) 76%
Canada 47 (1.4) |[537(3.8) | 53(1.4) |504(3.5) | 34(5.2) 70%
France 47 (3.1) [544(5.6) | 53(3.1) |506(5.3) | 38(7.7) 84%
Iceland 48 (0.8) [558(3.4) | 52(0.8) |514(2.2) | 44 (4.1) 55%
' ltaly 46 (3.3) | 490(7.4) | 54(3.3) | 464(6.0) | 26(9.5) 52%
Norway 51(2.0) |555(5.3) | 49(2.0) |501(4.8) | 54 (7.1) 84%
United States 50 (1.3) |466(4.1) | 50(1.3) | 456 (3.6) 11 (5.5) 63%
|Countries With Unapproved Student Sampling (See Appendix B for Details)
t Germany [ 56 (5.2) [509(8.8) | 44(5.2) [480(8.8) [ 29 (12.4)| 75% | | ! | |
Wntries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Detaiis)
Denmark 45(2.0) |575(4.0) | 55(2.0) [523(4.0) | 52 (5.7) 58%
? Netherlands 52(2.3) |585(5.6) | 48(2.3) |533(5.9) | 53(8.2) 78%
Slovenia 51(3.3) |535(12.7)] 49(3.3) | 490(8.0) | 46(15.0) 88%
South Africa 49 (1.6) |365(9.3) | 51(1.6) |348(10.8)| 17 (14.3) 49%
SOURCE: |EA Third Intemational Mathematics and Science Study (TIMSS), 1995-96. 120 80 40 0 40 80 120
International Averages - Gender difference statistically significant at .05 tevel.
Males Females Difference D Gender difference not statistically significant.
518 485 33
(Averages of All Country Means)

* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

! National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because resuits are rounded to the nearest whole number, some differences may appear inconsistent.
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CHAPTER 2

Achievement in Science Literacy by Gender for Students in Their Final Year of
Secondary School*

Females

Difference TCI Gender Difference
Country

Percem of Mean Percant of
Studemts | Achievemsnt | Students

2 Cyprus 45 (2.1) | 459(5.8) | 55(2.1) | 439(3.0) | 20(6.5) | 48%
* New Zealand 49(1.7) | 543(7.1) | 51(17) | 515(52) | 28(8.8) | 70% || Females Nales
Hungary 52(25) | 484(4.2) | 48(2.5) | 455(4.3) | 29(6.0) | 65% || Higher Higher
" Lithuania 35(3.0) | 481(6.4) | 65(3.0) |450(7.3) | 31(97) | 43%
Switzerland 56 (2.5) | 540(6.1) | 44 (25) | 500(7.8) | 40(9.9) | 82%
* Russian Federation| 38(1.0) | 510(5.7) | 62(1.0) | 463(6.7) | 47 (8.8) 48%

Sweden 49 (2.5) | 585(5.9) | 51 (2.5) | 534(3.5) | 50 (6.8) 1%
Czech Republic 51(5.1) | 512(8.8) | 49 (5.1) | 460(11.0)]| 51 (14.0) 78%
|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)

Australia 42(2.9) [ 547 (11.5)| 58 (2.9) [ 513(9.4) | 34 (14.8)] 68% | | .
z Austria 39(3.2) | 554(8.7) | 61(3.2) | 501(5.8) | 53(10.9)| 76% | . .| .
J—

Canada 47 (1.4) | 550(3.6) | 53(1.4) | 518(3.8) | 32(5.2) 70%
France 47 (3.1) | 508(6.7) | 53(3.1) | 468 (4.8) | 39(8.3) 84%
Iceland 48 (0.8) | 572(2.7) | 52(0.8) | 530(2.1) | 41(3.4) 55%
! ltaly 46 (3.3) | 495(6.7) | 54 (3.3) | 458(5.6) | 37 (8.8) 52%
Norway 51(2.0) | 574(5.1) | 49(2.0) | 513(4.5) | 61 (6.8) 84%
United States 50(1.3) | 492(4.5) | 50(1.3) | 469(3.9) | 23(5.9) 63%
ICountries With Unapproved Student Sampling (See Appendix B for Details)
t Germany [ 56(5.2) [514(7.9) | 44(5.2) [478(85 [35(116)] 75% | - - I " | -
ICountries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 45(2.0) | 532(5.4) | 55(2.0) | 490(4.1) | 41 (6.8) 58%
2 Netherlands 52(2.3) | 582(5.7) | 48(2.3) | 532(6.2) | 49(8.4) 78%
Siovenia 51(3.3) | 541(12.7)| 49(3.3) | 494(6.4) | 47 (14.3) 88%
South Africa 49 (1.6) | 367 (11.5)| 51 (1.6) | 333(13.0)] 34 (17.4) 49% - . . L -
SOQURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96. 120 80 40 0 40 80 120

International Averages
Males Females  Difference

521 482 39
(Averages of All Country Means)

-v Génder diﬁerence.stéﬁsﬁcéi!y signvificant at ;05,.levjél.
: D -Gender difference not statistically-significant. .

* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some differences may appear inconsistent.
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How Doks FINAL-YEAR PERFORMANCE IN SECONDARY SCHOOL COMPARE
wiTH EIGHTH-GRADE PERFORMANCE?

Achievement for students in the final year of secondary school was estimated separately
from achievement at the middle school grades. That is, different tests were used and
different content areas emphasized. Therefore, the scale scores are not comparable,
and no direct comparison can be made between the performance of the upper secondary
school students and that of the eighth-grade students. One way to gauge relative
performance at the two levels, however, is to compare a country’s performance with
the international mean at each of the two points in school. For example, for the countries
participating in both the middle school and upper secondary school testing, mean
mathematics achievement in comparison with the international average is portrayed
in Figure 2.3, with the eighth-grade results for each country derived from
Mathematics in the Middle School Years: IEA’s Third International Mathematics
and Science Study' and the results for the final year of secondary school taken from
Table 2.1 of the present report.

As shown in Figure 2.3, Switzerland, the Netherlands, Austria, France, and Canada
were above the international average both at the eighth grade and for their upper
secondary school students. However, the countries ranking high in mathematics
achievement at the eighth grade did not always rank high in mathematics literacy at
the upper secondary level. The Czech Republic, Slovenia, and Australia were above
the international average at the eighth grade, but at about the international average
for upper secondary school students. Hungary and the Russian Federation performed
above the international average at the eighth grade but below it for the final year of
secondary school. The United States performed about at the international average at
the eighth grade, but below it for upper secondary school students. Conversely,
Sweden, New Zealand, and Denmark performed similarly to the international average
at the eighth grade, but above it at the upper secondary level, while Norway and
Iceland moved from below the international average at the eighth grade to above it
for upper secondary school students.

Figure 2.4 shows the results for science achievement relative to the international
average at the eighth grade and for science literacy at the upper secondary school level.
The eighth-grade results for countries also participating in the science testing of
students in the eighth grade were derived from Science Achievement in the Middle
School Years: IEA’s Third International Mathematics and Science Study.?

I Beoton, A.E., Mullis, LV.S., Mortin, M.O,, Gonzolez, EJ., Kelly, D.L, ond Smith, TA. (1996). Mathematics
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chesinut Hill, MA: Boston College.

2 Beoton, A.E., Mortin, M.O., Mullis, LV.S., Gonzolez, E.J., Smith, TA., ond Kelly, D.L. {1996). Science
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Boston College.
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Just as with the mathematics results, the high-ranking countries were not the same
for the eighth grade and the final year of secondary school. Although the Netherlands,
Austria, Sweden, Canada, and Norway were above the international average at both
levels, the Czech Republic, Slovenia, Australia, and Germany moved toward the
international average at the upper secondary level and the Russian Federation and
the United States moved below it. In contrast, New Zealand and Switzerland performed
at about the international average at the eighth grade, but above it at the upper
secondary level. Iceland moved from below the international average at the eighth
grade to above it at the upper secondary level, while France and Denmark moved
from below the international average to about the international average.

In reading Figures 2.3 and 2.4, however, it is important to remember that the scales
for the eighth grade and the upper secondary level are not directly comparable. For
example, looking at the international averages, it cannot be said that the eighth-grade
students as a whole outperformed the students in their final year of secondary school.
Since seventh and eighth graders were given the same mathematics and science tests,
the international average of the TIMSS scales for the two grades combined was set
at 500. As would be expected, the eighth graders outperformed the seventh graders,
resulting in a mean somewhat higher than 500 (i.e., 511 in mathematics and 515 in
science, as shown in Figures 2.3 and 2.4, respectively). Using the same approach,
the international average for the secondary school students also was arbitrarily set at
500. Therefore, the differences in the international means between the eighth grade
and the final year of secondary school are simply an artifact of the scaling procedures
used. Also, note that the international averages shown for the eighth grade in
Figures 2.3 and 2.4 will not match those reported previously for all 41 countries
participating at the eighth grade, because they are based only on the 20 countries
that also participated in the testing of students in their final year of secondary school.
(Even though Italy’s results are contained in the present report, its eighth-grade
results were not available.)



CHAPTER

Mathematics Performance at Eighth Gradet and Final Year of Secondary School*
Compared with the International Averages

I E|ghthGrade ' ‘Fin‘al Year‘b‘f'Secd’n‘dar'y School

' Méﬂ]ematicé Scale Mathematics Literacy Scale

Difference Difference

Country Inte::::a‘:;onal Country e Intelf-:gtrl‘onal
Average Average
" Czech Republic 53 (4.9) Netherlands 78% 60 (4.7)
Switzerland 35(2.8) Sweden 71% 52 (4.3)
Netherlands 30(6.7) Denmark 58% 47 (3.3)
Slovenia 30(3.1) Switzerland 82% = 40(58)
Austria 29 (3.0) Iceland 55% - 34(2.0)
France 27 (2.9) Norway 84% 28 (4.1)
Hungary 27 (3.2) France 84% 23(5.1)
Russian Federation 25 (5.3) New Zealand 70% 22 (4.5)
Australia 19 (4.0) Canada 70% 19 (2.8)
Canada 17 (2.4) Austria 76% 18 (5.3)
Sweden 8 (3.0) Australia 68% 22 (9.3)
Germany -1 (4.5) Slovenia 88% 12(8.3)
New Zealand -3 (4.5) Germany 75% -5 (5.9)
Denmark -8 (2.8) Czech Republic 78% -34 (12.3)
United States -11 (4.6) Hungary 65% -17 (3.2)
Norway -7 (2.2) Russian Federation 48% -29 (6.2)
Iceland -24 (4.5) Lithuania 43% -31 (6.1)
Lithuania -33 (3.5) United States 63% -39 (3.2)
Cyprus -37 (1.9) Cyprus 48% -54 (2.5)
South Africa -157 (4.4) South Africa 49% -144 (8.3)
International Average 4, (0.8) International Average 500 (1.3)
(Average of All Country Means) (Average of All Couniry Means)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.

Q Significantly Higher than International Average
O Not Significantly Different from International Average

O Significantly Lower than International Average

¥ Eighth grade in most countries.

* See Appendix A for characteristics of the students sampled.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling procedures (see Figure B.4).

Includes countries that participated in TIMSS testing at both eighth grade and final year of secondary school. The eighth-grade results are derived
from those reported in Mathematics Achievement in the Middle School Years: IEA's Third Intemational Mathematics and Science Study.
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CHAPTER 2

Science Performance at Eighth Gradet and Final Year of Secondary School* Compared
with the International Averages

Eighth Grade Final Year of Secondary School

Science Scale Science Literacy Scale

Dif'ference Diff'erence

rom rom

Country International Country TCl International

Average Average

Czech Republic 59 (4.3) Sweden 71% 59 (4.4)
Netherlands 45 (5.0) Netherands 78% 58 (5.3)
Slovenia 45 (2.5) Iceland 55% 49 (1.5) .
Austria 43 (3.7) Norway 84% 44 (4.1)
Hungary 39 (2.8) Canada 70% 32 (2.6)
Australia 30 (3.9) New Zealand 70% 29 (5.2)

. Russian Federation 23(4.0) Switzerland 82% 23(5.9) °
1 Sweden 20 (3.0) Austria 76% 20(5.6)
United States 20 (4.7) | Australia 68% 27 (9.8)
Germany 16 (4.8) ;  Slovenia 88% 17 (8.2)

- Canada 16 (2.6) Denmark 58% 9 (3.6)

] Norway 12(1.9) Germany 75% -3 (5.1)
New Zealand 11 (4.4) France 84% -13 (5.1)
Switzerland 7 {2.5) Czech Republic 78% -13 (8.8)
France -17 (2.5) Russian Federation 48% -19 (5.7)
Iceland -21 (4.0) United States 63% -20 (3.3)
Denmark -37 (3.1) Hungary 65% -29 (3.0)
Lithuania -38 (3.4) Lithuania 43% -39 (5.7)
Cyprus -62 (1.9) Cyprus 48% -562 (3.0)
South Africa -189 (6.6) South Africa 49% -151 (10.5)
International Average 515 (0.8) International Average 500 (1.3)

{Average of All Country Means) (Average of All Country Means}

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.

O Significantly Higher than International Average
() Not Significantly Different from International Average

O Significantly Lower than International Average

T Eighth grade in most countries.

* See Appendix A for characteristics of the students sampled.

() Standard errors appear in parentheses. Because results are rounded 1o the nearest whole number, some totals may appear inconsistent.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling procedures (see Figure B.4).

Includes countries that participated in TIMSS testing at both eighth grade and final year of secondary school. The eighth-grade results are derived
from those reported in Science Achievement in the Middle School Years: IEA’s Third Intemational Mathematics and Science Study.
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CHAPTER 3

Chapter 3

PERFORMANCE ON MATHEMATICS AND SCIENCE

LITERACY EXAMPLE ITEMS

This chapter presents seven example test questions in the mathematics literacy area
and seven in the science literacy area, and performance on each of the 14 items for
each of the TIMSS countries. The example items in this chapter were chosen to
illustrate the different topics covered in each area, the different performance
expectations, and the range of item formats used. To provide some sense of what
types of items were answered correctly by higher-performing students as compared
with lower-performing students, the items in each area span a range of difficulty.
Finally, it should be noted that all these items and others have been released for
use by the public.'

The presentation for each of the two subject areas begins with a brief description
of the major topics included in that area, followed by seven tables showing achieve-
ment on the example items. Each table presents the example item in its entirety
and shows the percentages of correct responses for each of the TIMSS countries.
The correct answer is circled for multiple-choice items and shown in the answer
space for short-answer items. For extended-response questions, the answer shown
exemplifies the types of student responses that were given full credit. All of the
responses shown have been reproduced from students’ actual test booklets. The
extended-response questions were scored using a method that provided partial credit
for responses indicating some conceptual understanding by students, despite a
lack of completeness. For these questions, the tables show the percentages of students
receiving partial credit in each country as well as the percentages of those receiving
full credit.

The seven tables showing the country-by-country results on each item within the

subject area are followed by a “difficulty map” relating achievement on each of
the example items to performance on the TIMSS international mathematics literacy
or science literacy scale.

! The IEA retained about 60% of the TIMSS items as secure for possible future use in measuring
international trends in mathematics and science literacy achievement. All remaining items are available for
general use.

Q
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CHAPTER 3

WHAT AR SOME EXAMPLES OF PERFORMANCE IN MATHEMATICS
Literacy?

The items selected for mathematics literacy were designed to define the content area
adequately, while restricting the test items to the few content areas most closely
related to the notion of mathematical literacy.? The items represent the domains of
number sense (including fractions and percentages as well as proportionality);
algebraic sense; data representation; and measurement and estimation. Several items
were designed to measure the component of reasoning and social utility in math-
ematics. These items emphasize the types of understanding students will need for
full participation in today’s technology-dependent, information-rich society.

As shown in Table 3.1, final-year students in most countries selected the correct
answer to the proportionality problem requiring calculating the number of calories
in a portion of food (Example Item 1). The international average percentage of correct
responses across the participating countries was 71%, with 80% or more of the
students in the Netherlands and France answering correctly.

Table 3.2 presents Example Item 2, asking students to determine the number of
defective light bulbs in a batch on the basis of testing a sample. This proportionality
task is set in the context of sampling, which students might encounter in quality-
control procedures in the workplace, in opinion polling, or in market research. As
with Example Item 1, final-year students in many countries did relatively well on
this item (international average 66%). More than three-fourths of the students in
New Zealand, Sweden, the Netherlands, and Slovenia selected the correct response.

Example Item 3 was a two-part item, requiring students to interpret the information
in a travel graph and respond in an open-ended format. The results are shown in
Table 3.3. In part A of the item, which was relatively straightforward, students had
to be able to read the line graph and use the labeled information on the vertical axis
to provide the answer of 60 km per hour as the car’s maximum speed. Students were
somewhat less successful with part B, which required interpretation of the information
in the graph based on events and the ability to read a marked but unlabeled point on
the horizontal axis. Whereas the international average was 74% correct responses on
part A, only 59% of the final-year students, on average, provided the correct answer of
-9:07 for the time that Kelly slammed on her brakes (part B). About 7% of the
students, on average, across countries responded that Kelly slammed on her brakes at
9:06, the closest labeled point on the horizontal axis.

Example Item 4 also asked final-year students to interpret the information in graphs.
Students were given a bar graph presenting information about the yearly value of
sales in Zedland of music cassettes, records, and CDs, and a pie graph showing the
percentage of CD sales by purchasers’ age in 1992 (see Table 3.4). Students were
asked to use the information in the two graphs to determine the amount of money
spent by 12- to 19-year-olds in 1992, and to show their calculations. On average,
44% of the students gave a fully correct response. A number of students responded

2 For a full discussion of the mathematics literacy items, see Orpwood, G. and Garden, R.A. [1998). Assessing
Q Mathematics and Science literacy, TIMSS Monograph No. 4. Vancouver, B.C.: Pacific Educational Press.
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correctly with 86.4 million zeds (720 million zeds x .12) supported by an explanation
of how the answer was obtained. However, students did not need to read the bar
concerned as representing exactly 720 million zeds; any number in the range of 700
million to 730 million zeds was acceptable. For example, the answer shown for
Example Item 4 used 715 million zeds. Thus any answer in the range of 84 million
to 87.6 million zeds was given full credit as long as the method of obtaining it was
appropriate. Sixty percent or more of the students provided fully correct responses
to this question in Sweden, Switzerland, Denmark, and the Netherlands. Another
one-fifth to two-fifths of the students in many countries received partial credit for
their responses. The latter omitted the factor of 1 million, made a decimal or other
computation error, or provided other calculations that indicated understanding of the
problem even though the final answer was missing or incorrect.

Example Item 5 is a multi-step measurement item involving volume and percentages.
Students were asked about the increase in volume of a cube-shaped carton if each
of its sides was increased by 10%. As revealed by the results in Table 3.5, this
multiple-choice item was quite difficult for students in most countries. Except in the
Netherlands, fewer than half the final-year students selected the correct answer in
each of the participating TIMSS countries. Fewer than one-fifth answered correctly
in the United States and South Africa.

Example Item 6 is an open-ended question, asking students to explain whether a
reporter’s statement about a “huge increase” was a reasonable interpretation of a graph
showing the number of robberies per year. As shown in Table 3.6, on average
approximately one-fifth of the students across countries received full credit for their
responses. They did so by noting that only a small part of the graph is shown, that
10 (2%) is not a very large increase over the whole, or that the graph is misleading for
some other reason. Another one-fourth of the final-year students, on average, received
partial credit for this problem. They disagreed with the reporter, or said that 10 was
not a large increase but did not say why, or rejected the interpretation for other
reasons not relevant to the task. More than 60% of the students in New Zealand,
Sweden, Australia, and Iceland provided either fully or partially correct responses
to this question.

In Example Item 7, students were asked to sketch their own line graph. They were
presented with a grid and asked to show the relationship between a person’s height
and age from birth to 30 years. Students were specifically asked to label their graphs
and to use a realistic height scale along that axis. To receive full credit, students
needed to think out how such a graph might look, and then produce a reasonable sketch.
Fully correct responses had correct scales and labels on both axes — Age 0 to 30 years
and Height 0 to 200 cm (or O to 80 inches, or to 7 feet). Also, the line relating height
to age needed to start at approximately 50 cm (20 inches) and reach a reasonable
maximum at a realistic age (14 to 20 years), after which it would remain essentially
flat. The results are presented in Table 3.7 for students providing fully correct and
partially correct responses. Across the participating countries, approximately one-fifth
of the final-year students drew fully correct graphs. On average, another 28% drew
partially correct graphs. In graphs receiving partial credit, all except one of the features
were correct. For example, partially correct graphs may have started the height
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line incorrectly (e.g., with a height of zero), had an unrealistic age for maximum
height, had the line decrease after its peak, or included incorrect scales or labels.
More than 60% of the students in Canada and Norway received either full or partial
credit for their graphs.

Figure 3.1 shows the relationship between performance on the TIMSS international
mathematics literacy scale and achievement on the seven example items in the
mathematics literacy area.’ The international achievement on each example item
is indicated by both the average percentage correct across all countries and the
international mathematics literacy scale value, or item difficulty level, for each item.

For the figure, the item results have been placed on the scale at the point where
students at that level were more likely than not (65% probability) to answer the
question correctly. For example, final-year students scoring at or above 478 were
likely to provide a correct response to the item asking about the number of defective
light bulbs, and those scoring at or above 646 were likely to respond correctly to the
problem about the increase in volume of the cube-shaped carton. Considering that
the international average on the scale was 500, students achieving at about the level of
the international average were unlikely to have answered the latter item correctly.
These results, however, varied dramatically by country. For example, students in
higher-performing countries were much more likely than students in lower-performing
countries to answer correctly all but the most difficult of the mathematics literacy
questions. In general, the most difficult questions asked students to apply their
knowledge of mathematics to particular real-world situations or to use multiple
pieces of information in responding.

% The three-digit item label shown in the lower right corner of the box locating each example item on the item
difficulty map refers to the original item identification number used in the student test booklets.
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CHAPTER 3

-] Mathematics Literacy

Percent Correct for Example Item 1
Final Year of Secondary School*

2 Cyprus 66 (3.2) 48%
Czech Republic 61(5.1 ) 78% If there are 300 calories in 100 grams of a certain food, how many calories are
Hungary 59 (1.3) 65% there in a 30 gram portion of that food?
! Lithuania 67 (2.6) 43%
t New Zealand 75 (2.9) 70% %0
? Russian Federation 71 (2.4) 48% B. 100
Sweden 74 (1.6) 71%
Switzerland 79 (1.8) 82% ¢
Countries Not Satisfying Guldellnes for Sample D. 1000
Participation Rates (See Appendix B for Details): E 9000
Australia 71 (2.9) 68%
? Austria 78 (2.2) 76%
Canada 73 (2.3) 70%
France 80 (2.0) 84%
Iceland 75 (1.5) 55%
! ltaly 71 (2.3) 52%
Norway 72 (1.4) 84%
United States 68 (1.3) 63%

Countries with Unapproved Student Sampling
(See Appendix B for Details):

t Germany | 7408 | 75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 75(1.5) 58%
? Netherlands 84 (1.5) 78%
Slovenia 75 (2.4) 88%
South Africa 45 (2.5) 49%
International Average
Percent Correct 71(095)

SOURCE: 1EA Third International Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 80 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER 3

LEL SR Mathematics Literacy

Percent Correct for Example Item 2
Final Year of Secondary School*

Percent Example 2

Country Correct

Number of defective light bulbs.

2 Cyprus 52 (3.5) 48%
Czech Republic 63 (2.8) 78% From a batch of 3000 light bulbs, 100 were selected at random and tested. If 5
Hungary s2(.4) | o5 e ks e v o o i o o
! Lithuania 54 (3.0) 43%
' New Zealand 77 (1.8) 70% A 15
? Russian Federation 57 (2.4) 48% B 6o
Sweden 77 (1.3) 71%
Switzerland 72 (2.3) 82% @ 150
Countries Not Satisfying Guidelines for Sample D. 300
Participation Rates (See Appendix B for Details):
Australia 74 (2.4) 68% B &0
2 Austria 73 (2.2) 76%
Canada 70 (2.6) 70%
France ] 73(1.9) 84%
Iceland 68 (1.5) 55%
! ltaly 60 (2.6) 52%
Norway 67 (1.5) 84%
United States 62 (1.8) 63%

Countries with Unapproved Student Sampling
(See Appendix B for Details):

t Germany | 66383 | 75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 73 (1.5) 58%
? Netherlands 85 (1.5) 78%
Slovenia 77 (2.4) 88%
South Africa 34 (2.3) 49%
International Average
Percent Correct 66 (0.5)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 Nationa! Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER 3

Percent Correct for Example Item 3, Part A
Final Year of Secondary School*

E Cyprus 54 (3.)

Czech Republic 66 (21) 78°A: Kelly went for a drive in her car. During the drive, a cat ran in front of the car.
Hungary 56 (1.4) 65% Kelly slammed on the brakes and missed the cat.
! Lithuania 61(3.0) 43%
' New Zeala 1.7 %
2 W " nd " 91(1.7) 700/ Slightly shaken, Kelly decided to return home by a shorter route. The graph
Russian Federation 62 (2.8) 48% below is a record of the car’s speed during the drive.
Sweden 85(1.0) 1% .
Switzeriand 75 (2.6) 82% 7 Kelly's drive
Countries Not Satisfying Guidelines for Sample
Participation Rates (See Appendix B for Details): 60 /
Australia 88 (1.5) 68% a8
? Austria 84 (1.7) 76% 16
Canada 80 (2.7) 70% rare
France 71 (3.0) 84% /
iceland 74 (1.4) 55% 12
" taly 62(3.0) 52% %.00 9:03 9:06 9:09 9:12
Norway 78 (1.4) 84% Time
United States 85 (1.0) 63%
Countries with Unapproved Student Sampling 2)  What was the maximum speed of the car during the drive?
(See Appendix B for Details):
t Germany | 74058 | 75% o Q
Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):
Denmark 78(1.2) 58% b)  What time was it when Kelly slammed on the brakes to avoid the cat?
2 Netherlands 91 (1.6) 78%
Slovenia 80 (2.0) 88% q : O 7'
South Africa 60 (3.1) 49%
International Average
Percent Correct 74(0.5)

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-86.

* See Appendix A for characteristics of the students sampled.

¥ Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER 3

LEL [ BA Mathematics Literacy (Continued)

Percent Correct for Example Item 3, Part B
Final Year of Secondary School*

Percent Example 3, Part B
Country Correct )
Kelly/Time slammed on brakes.
2 Cyprus 33 (2.9) 48%
Czech Republic 47 (2.3) 78% Kelly went for a drive in her car. During the drive, a cat ran in front of the car.
Hungary o 65% Kelly slammed on the brakes and missed the cat.
! Lithuania 47 (3.0) 43%
' New Zealand 74 (2.0) 70% Slightly shaken, Kelly decided to return home by a shorter route. The graph
2 Russian Federation 46 (2.2) 48% below is a record of the car’s speed during the drive.
Sweden 69 (1.7) 71% Kelly’s drive
Switzerland 62 (2.7) 82% 72
Countries Not Satisfying Guidelines for Sample 60
Participation Rates (See Appendix B for Details): "
Australia 68 (3.3) 68%
* Austria 65 (2.4) 76% Speed
Canada 67 (2.6) 70% (kmb} 24
France 65 (2.9) 84% 12
Iceland 63 (1.7) 55% o
! Italy 47 (2.6) 52% 9:00 9:03 9:06 9:09 9:12
Norway 65 (1.6) 84% Time
United States 67 (1.4) 63%
Countries with Unapproved Student Sampling a)  What was the maximum speed of the car during the drive?
(See Appendix B for Details): (9 O
t Germany | 62(22) |  75%
Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details): e e g e o e i g e e
Denmark 67 (1.9) 58% » b)) Whattime was it when Kelly slammed on the brakes to avoid the gat?‘_
2 Netherlands 83 (1.9) 78% b L q ‘O ".'r’. L
Slovenia 62 (2.7) 88% ; C e e . . . .
South Africa 19 (3.2) 49% o U
International Average
Percent Correct . 59(09)

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.

t Met guidetines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 Nationa! Defined Population covers less than 90 percent of National Desired Poputation (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
A dash (-) indicates data are not available. internationally comparable data are unavailable for Hungary on Example item 3B.
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Table 3

Percent Correct for Example Item 4
Final Year of Secendary School*

Percent
Partially

‘ Counﬁ‘y ‘
- Correct

Mathematics Literacy

CHAPTER

3

2 Cyprus 16 (1.1) 25(1.5) 48%
Czech Republic 10(1.1) 39 (4.6) 78%
Hungary 15(0.7) 46 (1.2) 65%

! Lithuania 13(1.2) 45(2.4) 43%

t New Zealand 22 (1.6) 38 (1.8) 70%

2 Russian Federation 15 (1.4) 37 (2.2) 48%
Sweden 8 (0.7) 64 (1.5) 71%
Switzerland 14 (1.2) 60 (1.9) 82%

Countries Not Satisfying Guidelines for Sample

Participation Rates (See Appendix B for Details):

Australia 21 (1.4) 45 (2.7) 68%

2 Austria 19 (1.4) 50 (2.3) 76%
Canada 17 (1.5) 50 (1.7) 70%
France 12 (1.3) 56 (2.4) 84%
Iceland 17 (1.0) 56 (1.3) 55%

! ltaly 23(1.9) 34 (2.4) 52%
Norway 17 (0.7) 53(1.8) 84%
United States 23 (1.0) 21(1.2) 63%

Countries with Unapproved Student Sampling

(See Appendix B for Details):

t Germany [ 13(1.3) | 4723 | 75%

Countries With Unapproved Sampling Procedures and

Low Participation Rates (See Appendix B for Details):

Denmark 12 (0.8) 62 (1.3) 58%

2 Netherlands 17 (1.2) 61 (2.0) 78%
Slovenia 37 (3.2) 23 (2.5) 88%
South Africa 7 (1.2) 8 (1.9) 49%
ermatota ™| 1703 | 4409

“Data from two graphs.

The graphs give information about sales of CDs and other sound recording
media in Zedland. Zeds are the monetary units used in Zedland.

Value of various sound recording media sold in Zedland (millions of zeds)

Value (000,000 zeds)

800
700
600
500
400
300

200

I mosic casseltes ‘ 800
(7] records

1987 1988 1989 1990 1991 1992

CD sales according to age in 1992

==

“12-19 years
o 12%

With the aid of both graphs calculate how much money was spent by 12-19
year olds on CDs in 1992. Show your work.

ah § 7152 77575

=7'“'"5*’“"

* See Appendix A for characteristics of the students sampled.

SOURCE: IEA Third Interational Mathematics and Science Study (TIMSS), 1995-96.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

! National Desired Poputation does not cover all of Intemational Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER 3

LEIU Y Mathematics Literacy

Percent Correct for Example Item 5
Final Year of Secondary School*

Percent ' _ l : Example 5

Country
rrect . :
Co Increase volume cube-shaped carton.

2 Cyprus -- 48%
Czech RePUb"C 21 (3'6) 78% Brighto soap powder is packed in cube-shaped cartons. A carton measures
Hungary 24 (1 .3) 65% 10 cm on each side.
! Lithuania 29 (3.6) 43%
t New Zealand 36 (2»4) 70% The company decides to increase the length of each edge of the carton by
2 Russian Federation 30(2.7) 48% 10 per cent.
Sweden 4 (1 »6) 71% How much does the volume increase?
Switzerland 42 (2.6) 82%
Countries Not Satisfying Guidelines for Sample A l0cm’
Participation Rates (See Appendix B for Details): B 2lem
Australia 30 (3.1) 68%
* Austria 33(2.7) 76% ¢ 100em’
Canada 29 (1.8) 70% @) niew
France 31(2.4) 84%
Iceland 42 (1.8) 55%
! ltaly 27 (2.4) 52%
Norway 25(1.6) 84%
United States 17 (1.4) 63%

Countries with Unapproved Student Sampling
(See Appendix B for Details):

t Germany | 2524 |  75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 41 (2.1) 58%
? Netherlands 50 (2.4) 78%
Slovenia 42 (3.4) 88%
South Africa 6 (1.7) 49%
international Average
Percent Correct 81(05)

SOURCE: IEA Third tntemational Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

! National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
A dash (-) indicates data are not available. Internationally comparable data are unavailable for Cyprus on Example Item 5.
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CHAPTER 3

Percent Correct for Example Item 6
Final Year of Secondary School*

‘ "Co‘untry

oy

Cyprus 13@2) | 5017 | 48%

Czech Republic 26 (2.1) 6(1.2) 78% ATV reporter showed this graph and said:
Hungary 25 (1.0) 4 (0.7) 65%
! Lithuania 17 (2.6) 2(04) 43% “There’s been a huge increase in the number of robberies this year.”
' New Zealand 38 (3.2) 33(3.2) 70%
2 Russian Federation 13 (1.8) 7 (1.8) 48%
Sweden 29 (1.8) 37 (2.2) 71% J
Switzerland 27 (2.2) 23 (1.5) 82% 520 this year
Countries Not Satisfying Guidelines for Sample number 515
Participation Rates (See Appendix B for Details): of
Australia 3223 | 2628 | 6% pvear 510 lastyear
2 Austria 28 (2.4) 19 (2.4) 76% <05
Canada 35 (2.6) 23(1.5) 70%
France . 25 (2.7) 22 (2.3) 84%
Iceland 25 (1.4) 38 (1.9) 55%
" ltaly 13(1.9) 12(21) | 52%
Norway 24(1.3) 34(14) 84% Do you consider the reporter’s statement to be a reasonable interpretation of
United States 41 (1.8) 14 (1.3) 63% the graph? Briefly explain.

Countries with Unapproved Student Sampling / ! . . W@M
(See Appendix B for Details): %_”’ £ M +£ LD o

' Germany [ 268 | 2024 | 75% rlopralalion & 1t WL Sreerune %

Countries With Unapproved Sampling Procedures and .
Low Participation Rates (See Appendix B for Details):

Denmark 25 (1.7) 26(19) | 58% g wold vat g 4

2 Netherlands 27 (2.0) 30 (2.6) 78% W . ‘ e ““!? g
Slovenia 31(2.1) 6(1.4) 88% rane im Moy

South Africa 12 (2.1) 3(1.0) 49%

International Average

Percent Correct 26(05) 19(0.4)

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

BEST COPY AVAILABLE

* See Appendix A for characteristics of the students sampled.

t Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER 3

LELI kMg Mathematics Literacy

Percent Correct for Example Item 7
Final Year of Secondary School*

Percent Percent
Partially Fully
Correct Correct

Country

G 9

b
He ikt yia
¥
2

2 Cyprus 18 (2.3) 8(1.2) 48%
Czech Republic 23(1.1) 15 (1.6) 78%
Hungary 27 (0.7) 28(0.9) 65%

! Lithuania 21(1.2) 13 (1.3) 43%

' New Zealand 33(1.8) 25(1.5) 70%

? Russian Federation 24 (1.7) 11 (1.1) 48%
Sweden 29 (1.4) 19(1.1) 71%
Switzerland 29 (1.4) -25 (1.5) 82%

Countries Not Satisfying Guidelines for Sample

Participation Rates (See Appendix B for Details):

Australia 41 (2.3) 14 (2.1) 68%

2 Austria 21 (1.6) 13 (1.5) 76%
Canada 44 (1.6) 22(1.3) 70%
France 34 (1.9) 24 (1.5) 84%
Iceland 34 (1.0) 25(1.1) 55%

! Italy 22 (1.6) 13 (1.6) 52%
Norway 27 (1.1) 41 (1.3) 84%
United States 30 (1.6) 11 (0.8) 63%

Countries with Unapproved Student Sampling

(See Appendix B for Details):

t Germany | 3004 | 20018 [ 75%

Countries With Unapproved Sampling Procedures and

Low Participation Rates (See Appendix B for Details):

Denmark 31 (1.3) 28 (1.2) 58%

2 Netherlands 32 (1.6) 23(1.3) 78%
Slovenia 33(2.4) 12 (1.8) 88%
South Africa 11 (2.0) 3(0.8) 49%

ooy Sompaie™®9 | 28004 | 1909

Example 7

Draw graph relating height and age.

Using the set of axes below, sketch a graph which shows the relationship
between the height of a person and his/her age from birth to 30 years. Be
sure to label your graph, and include a realistic scale on each axis.

HQ'\S\rd' V' F)ge_

o 4 Q 2 b 20 W 78 32

’93 e (ye o.vs\

“ See Appendix A for characteristics of the students sampled.

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

t Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of Interational Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER

International Difficulty Map for Mathematics Literacy Example Items
Final Year of Secondary School*

Graph with robberies per year.

Draw graph relating height and age. Scale Value = 681

International Average Percent Correct = 19%

Scale Value = 685 D17

International Average Percent Correct = 19%

A10

Data from two graphs.

t

Increase volume cube-shaped carton.

Scale Value = 573

International Average Percent Correct = 44%

Scale Value = 646 —‘»’500 A08

International Average Percent Correct = 31%

D12

Number of defective light bulbs.

Kelly/Time slammed on brakes. Scale Value = 478

International Average Percent Correct = 66%

Scale Value =512 D14

International Average Percent Correct = 59%

250

Calories in food portion.

Kelly/Maximum speed of car.

Scale Value = 451
International Average Percent Correct = 71%

Do7

Scale Value = 435
International Average Percent Correct = 74%

SOURCE: IEA Third Intemnational Mathematics and Science Study (TIMSS), 1995-96.

D15A

* See Appendix A for characteristics of students sampled.

Note: ltems are shown at the point on the TIMSS mathematics literacy scale where students with that level of proficiency had a 65 percent
probability of providing a correct response.
83
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CHAPTEHR

3

WHAT ARE SOME EXAMPLES OF PERFORMANCE IN SCIENCE LITERACY?

In the science literacy area, the items covered earth science, life science (human
biology and other life science), and physical science (energy and other physical
science). In the least difficult of the science literacy example items, Example Item 1,
final-year students were asked how to determine whether cooked or uncooked
vegetables were more nutritious. As shown in Table 3.8, students in most countries
selected the correct answer to this question, which required an understanding that
vitamin content and nutrition are related. The international average of correct responses
was 87%, and 90% or more of the students selected the correct response in the
Czech Republic, Sweden, Switzerland, Austria, Canada, Norway, Denmark, and
Slovenia.

Example Item 2 required an understanding of the dangers of chlorofluorocarbons
(CFCs) polluting the atmosphere. In particular, it dealt with the risks to the ozone
layer caused by the continued use of CFCs. As shown in Table 3.9, this multiple-
choice question was answered correctly by a large percentage of students in many
countries. More than 90% selected the correct answer in the Czech Republic,
Sweden, and Iceland, and more than 80% in Cyprus, Canada, France, Norway,
Denmark, and the Netherlands.

On Example Item 3, requiring an understanding of how influenza is transmitted,
about two-thirds of the final-year students, on average, responded correctly (see
Table 3.10). Correct responses on this open-ended question included specific mention
of the transmission of germs; references to transmission by sneezing, coughing, or
close contact; or simply the statement that José got influenza from someone who
had it. Approximately 11% of the students, on average, across countries responded
incorrectly that José got influenza from getting too cold.

Example Item 4 is an open-ended question asking students to explain why a flying
stone would crack a window whereas a tennis ball with the same mass and speed
would not. Correct responses referred to the longer time the ball would take to reach
the window, and (therefore) the smaller force of the ball. These responses could have
mentioned the softness or deformability of the ball versus the hardness or solidity of
the stone, the larger impact area of the ball versus the smaller area or higher density of
the stone, or the compression of the ball compared to the unchanging stone. Table
3.11 reveals considerable variation across countries in performance on this item.
For example, two-thirds or more of the final-year students provided correct responses
in New Zealand, Sweden, Australia, Canada, Iceland, and Denmark. In contrast, fewer
than 40% provided correct responses in Cyprus, Lithuania, the Russian Federation,
and South Africa.

Example Item 5 sought to assess the degree to which final-year students could
distinguish between the physics concepts of force and pressure when presented with a
practical situation. Students were asked why very high heels with a base diameter
of about 0.5 cm may cause more damage to floors than ordinary heels with a base

“ For a full discussion of the science literacy items, see Orpwood, G. and Garden, R.A. {1998). Assessing
Mathematics and Science literacy, TIMSS Monograph No. 4. Vancouver, B.C.: Pacific Educational Press.
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diameter of about 3 cm. As shown in Table 3.12, about two-fifths of the students, on
average, provided fully correct responses. These students referred to greater pressure
on the floor because of the small area of the high heels, or to the weight or force
acting on a smaller area (without mentioning pressure). Another one-fifth of the
students, on average, received partial credit for referring to greater pressure without
mentioning the area of the heels, or for communicating correct thinking but misusing
the terms force, pressure, mass, or weight.

Example Item 6 concerned the difference between nuclear fusion and fission, and
why nuclear fusion is not used by public utilities. As shown in Table 3.13, perfor-
mance varied across countries. About 40% of the students, on average, correctly
answered this multiple-choice question. Half or more of the final-year students
selected the correct answer in the Russian Federation, Sweden, Austria, and Denmark.

As shown in Table 3.14, Example Item 7 was a difficult question assessing students’
understanding of energy. Correct responses gave reasons why the amount of light
energy produced by a lamp is less than the amount of electrical energy used to power
it. Specifically, these students mentioned that much of the electrical energy is
transformed to heat, or that it is needed to warm up the lamp, or that energy or heat is
lost to the surroundings. In general, final-year students in the participating TIMSS
countries appear to be unfamiliar with this concept, since only about one-fifth, on
average, provided correct responses.

The item difficulty map for the science literacy items is shown in Figure 3.2. The
results indicate that students had the most difficulty recognizing the application of
physical science principles to practical situations.

-~
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CHAPTER 3

LELI (KR Science Literacy

Percent Correct for Example Item 1
Final Year of Secondary School*

Percent ' Example 1

Country
(;orrecg Nutrition of vegetables.
? Cyprus 84 (2.5) 48%
Czech Republic 92 (1.1) 78% It is often claimed that “cooked vegetables are not as nutritious as the same
Hungary 85 (1.0) 65% kinds of vegetables uncooked.” What could be done to find out if this state-
' Lithuania 88 (1.6) 43% mentis true?
: gew Zeallzar:jd :g E?:; Zg:ﬁ’ A.  Compare the weight of the vegetables before and after they are cooked.
ussian Federation . o
Sweden 90 (1 1 ) 71% B.  Compare the colour of the cooked and uncooked vegetables.
Switzerland 91 (1 .2) 82% C.  Test the acidity of the water in which the vegetables are cooked.
Countries Not Satisfying Guidelines for Sample -
Participation Rates (See Appendix B for Details): Compare the vitamin content of the cooked and uncooked vegetables.
Australia 89 (2.2) 68%
2 Austria 91 (1.3) 76%
Canada 91 (1.1) 70%
France : 87 (1.6) 84%
Iceland 87 (1.2) 55%
' ltaly 82(2.0) 52%
Norway 93 (0.8) 84%
United States 81 (1.8) 63%

Countries with Unapproved Student Sampling
(See Appendix B for Details):

t Germany | 87(16) | 75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 93 (1.0) 58%
? Netherlands 89 (1.4) 78%
Slovenia 90 (1.3) 88%
South Africa 55 (2.8) 49%
International Average
Percent Correct 87(04)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 80 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER 3

Percent Correct for Example Item 2
Final Year of Secondary School*

2 Cyprus 82 (1.8) 48%
Czech Republic 92 (0.9) 78% CFCs (chlorofluorocarbons) revolutionized personal and industrial life for 30
Hungary 68 (0.9) 65% years. They were the coolant in refrigerators and the propellants in aerosols,
*Lithuania 6(24) | 4% sl nd e, T o v Seng mrions
t New Zealand 79 (1.6) 70%
2 Russian Federation 66 (2.4) 48% A.  they are chemically inert.
Sweden 93(0.7) 71% B. they contribute to the greenhouse effect.
Switzerland 73 (1.6) 82%
Countries Not Satisfying Guidelines for Sample C.  they are poisonous to humans.
Participation Rates (See Appendix B for Details): ® they destroy the ozone layer.
Australia 69 (1.5) 68%
2 Austria 76 (1.8) 76%
Canada 84 (1.1) 70%
France 86 (1.2) 84%
Iceland 93 (0.7) 55%
' ltaly 78 (1.8) 52%
Norway 82 (1.0) 84%
United States 77 (1.1) 63%

Countries with Unapproved Student Sampling
(See Appendix B for Details):

t Germany | 66(22) | 75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 83 (1.0) 58%
2 Netherlands 89 (1.0) 78%
Slovenia 71 (2.4) 88%
South Africa 39 (3.3) 49%
International Average
Percent Correct 77(04)

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover alt of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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LMY Science Literacy

Percent Correct for Example Item 3
Final Year of Secondary School*

Cotint - Percent » Example3 -
ountry .-
Correct José's influenza.
2 Cyprus 20(3.2) 48%
Czech Republic 67(2.8) 78% José caught influenza. Write down one way he could have caught it.
Hungary 68 (1.2) 65%
! Lithuania 55 (2.2) 43% . . -
t New Zealand 74 (2.7) 70% ‘/ a4 W m Mﬁﬂ'ﬁ'{ %‘\D /#l %&4(/
? Russian Federation 76 (2.1) 48%
Sweden 88 (1.1) 71% M (J . . :
Switzerland 78 (2.0) 82% e A2 “’”‘”‘W on Arom
Countries Not Satistying Guidelines for Sample WV'V
Participation Rates (See Appendix B for Details): M 7/ ore %}m ,
Australia 61 (3.3) 68%
? Austria 81(1.7) 76%
Canada 64 (2.0) 70%
France 68 (2.8) 84%
Iceland 91 (1.2) 55%
' ltaly 52 (2.6) 52%
Norway 88 (1.1) 84%
United States 59 (2.1) 63%

Countries with Unapproved Student Sampling
(See Appendix B for Details):

t Germany | 6628 | 75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 86 (1.0) 58%
? Netherlands 76 (1.7) 78%
Slovenia 78 (2.9) 88%
South Africa 24 (3.1) 49%
International Average
Percent Correct 68 (0.5)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.

t Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Percent Correct for Example Item 4
Final Year of Secondary School*

2 Cyprus 26 (3.7) 48%
Czech Republic 62 (2.9) 78% The sketch below shows two windows. The left window has been cracked by
Hungary 54 (1.3) 65% a flying stone. A tennis ball, with the same mass and speed as the stone,
! Lithuania 37 (2.4) 43% strikes the adjacent, similar window, but does not crack it.
* New Zealand 76 (1.8) 70%
2 Russian Federation 35(2.1) 48%
Sweden 67 (1.6) 71%
Switzerland 61 (2.0) 82%
Countries Not Satisfying Guidelines for Sample
Participation Rates (See Appendix B for Details):

Australia 72 (2.2) 68%

* Austria 64 (2.4) 76% What is one important reason why the impact of the stone cracks the window
Canada 67 (1.9) 70% but the impact of the tennis ball does not?
France 48 (2.8) 84% . . ,
Iceland 73 (1.9) 55% TI-L }eunis bal W QS W oo a Wollow teade

! ltaly 44 (2.3) 52% ﬁNc T Some away Whew ¥ Wts He wwudod,
Norway 66 (1.5) 84% R
United States 54 (1.5) 63% But Hhe wodle 15 oolib and just hits w Hh

Countries with Unapproved Student Sampling -C

(See Appendix B for Details): oW Yorcee,

' Germany | 657 |  75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 70 (2.1) 58%
2 Netherlands 66 (2.5) 78%
Slovenia 56 (3.0) 88%
South Africa 38 (3.6) 49%
International Average
Percent Correct 57(05)

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

BEST COPY AVAILABLE

* See Appendix A for characteristics of the students sampled.

t Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

! National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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LE KR A Science Literacy

Percent Correct for Example Item 5
Final Year of Secondary School*

Percent Percent Example 5

Country Partially Fully .
' - Correct - Correct Pressure of heels on floor.

? Cyprus 12 (1.3) 45 (2.1) 48%

Czech Republic 22 (2.8) 28 (3.8) 78% Some high heeled shoes are claimed to damage floors. The base diameter of
Hungary 20(0.7) 47 (1.2) 65% these very high heels is about 0.5 cm and of ordinary heels about 3 cm.

' Lithuania 24 (1.7) 21(1.4) 43% Briefly explain why the very high heels may cause damage to floors.

' New Zealand 23(1.8) 45 (2.3) 70% , .

2 f . o, OH\-Z/L/‘ Dho& hwe« ¢ U.)id,@l b‘je/
Russian Federation 22(1.5) 31 (2.1) 48% ’ _ -
Sweden 24 (1.1) aran | 71w | No wmatter e 20, o gome e

cSwi'tz.erlzn:Js — I?z (1f.2)s : 48 (1.6) 82% e 0L e d,\ém b!ltf 4 ad/ f{% otlgh,

ountries Not Satisfying Guidelines for Sample - N

Participation Rates (See Appendix B for Details): ‘\‘C\ (d’ UL . TW oré ). high
Australia 17(1.2) 53(36) | 68% will have Al the ekt of « ploon

? Austria 17 (1.3) 51 (2.0) 76% cO +77 T@d +o W .

ATl T Collding.
Canada 18 (1.5) 51(1.7) | 70% | P ng-More.
France 12 (1.6) 36(13) | 84% S1e40.
Iceland 22(0.7) 56 (0.9) 55%
! Italy 9(1.1) 45 (2.3) 52%
Norway 22(0.9) 50 (1.5) 84%
United States 18 (0.8) 24 (1.3) 63%

Countries with Unapproved Student Sampling
(See Appendix B for Details):

' Germany | 1307 [ s2@4) T 75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 25(1.5) 39 (1.8) 58%
2 Netherlands 23(1.5) 55 (1.8) 78%
Slovenia 51(2.8) 20(2.2) 88%
South Africa 9(1.2) 10 (2.2) 49%
International Average
Percent Correct 20(03) 41009

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Percent Correct for Example ltem 6
Final Year of Secondary School*

* Cyprus 29(1.6) 48%

Czech RepUb“c 38 (1 '9) 78% Nuclear energy can be generated by fission or fusion. Fusion is not currently
Hungary 41 (1.1) 65% being used in reactors as an energy source. Why is this?
" Lithuania 45 (2.9) 43% o o
t New Zealand 37 (1 .9) 70% A.  The scientific principles on which fusion is based are not yet known.
2 Russian Federation 50 (2.0) 48% The technological processes for using fusion safely are not developed.
0,
Sweden 54 (1.1 ) 1% C.  The necessary raw materials are not readily available.
Switzerland 42 (1.6) 82%

. . s oy e D.  Waste products from the fusion process are too dangerous.
Countries Not Satisfying Guidelines for Sample ep P ¢

Participation Rates (See Appendix B for Details):

Australia 42 (2.4) 68%
2 Austria 51(2.0) 76%
Canada 40 (1.6) 70%
France 31(1.7) 84%
Iceland 28 (0.8) 55%
! ftaly 40 (2.2) 52%
Norway 38 (1.3) 84%
United States 41(1.2) 63%.

Countries with Unapproved Student Sampling
(See Appendix B for Details):

t Germany | 4226 |  75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 51(1.6) 58%
2 Netherlands 41 (1.4) 78%
Slovenia 29 (2.1) 88%
South Africa 26 (1.3) 49%
International Average
Percent Correct 40(0.4)

SOURCE: |EA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

BEST COPY AVAILABLE

* See Appendix A for characteristics of the students sampled.

1 Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Percent Correct for Example Item 7
Final Year of Secondary School*

2 Cyprus

13 (3.1) 48%
Czech Republic 23 (4.0) 78%
Hungary 16 (1.1) 65%
! Lithuania 12 (1.5) 43%
' New Zealand 24 (2.2) 70%
* Russian Federation 18 (2.1) 48%
Sweden 31 (2.0) 71%
Switzerland 27 (2.3) 82%
Countries Not Satisfying Guidelines for Sampile
Participation Rates (See Appendix B for Details):
Australia 26 (2.7) 68%
? Austria 21 (2.4) 76%
Canada 23(1.8) 70%
France 19 (2.1) 84%
Iceland 20 (1.6) 55%
! ltaly 16 (1.8) 52%
Norway 19 (1.5) 84%
United States 11 (1.3) 63%
Countries with Unapproved Student Sampling
(See Appendix B for Details):
t Germany | 23122 |  75%

Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):

Denmark 20 (1.5) 58%
2 Netherlands 42 (2.3) 78%

Slovenia 35 (3.5) 88%

South Africa 5 (1.4) 49%
International Average 21(0.5)

Percent Correct

ectrical enérgy and:

Electrical energy is used to power a lamp.

Is the amount of light energy produced more than, less than, or the same as the
amount of electrical energy used?

The amount of light energy produced is
. more than
_l less than (check one)
—_the same as

the amount of electrical energy used.

Give a reason to support your answer.

* See Appendix A for characteristics of the students sampled.

SOURCE: IEA Third Intemnational Mathematics and Science Study (TIMSS), 1995-96.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).

' National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

( ) Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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International Difficulty Map for Science Literacy Example tems
Final Year of Secondary School*

i e
Electrical energy and lamp.

uclear ener urce.
N r energy so Scale Value = 727

International Average Percent Correct = 21%

Scale Value = 619 D04

International Average Percent Correct = 40%

A01

EXERPIES

Pressure of heels on floor.

Scale Value = 596
International Average Percent Correct = 41%

500 po7

o SRR ERAEIE

Impact of stone & tennis ball.

José's influenza.

Scale Value = 528 =
International Average Percent Correct = 57%

Scale Value = 475
International Average Percent Correct = 68%

Do2

Nutrition of vegetables.

Effects of CFCs.

Scale Value = 337
International Average Percent Correct = 87%

Scale Value = 417 DO1

International Average Percent Correct = 77%

SOURCE: IEA Third International Mathematics and Science Spudy (TIMSS), 1995-96.

A02

* See Appendix A for characteristics of students sampled.

Note: Items are shown at the point on the TIMSS science literacy scale where students with that level of proficiency had a 65 percent probability
of providing a correct response.
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Chapter 4

CONTEXTS FOR MATHEMATICS AND SCIENCE

LITERACY ACHIEVEMENT

To provide an educational context for interpreting the results for mathematics and
science literacy, TIMSS collected a full range of descriptive information from
students about their backgrounds as well as their activities in and out of school. This
chapter presents the responses of students in the final year of secondary school to
a subset of these questions. In many countries, students at this stage of their
education have been assigned to educational programs or tracks that reflect their
interests and abilities, and these programs in turn determine to a great extent the
opportunities for further study or employment that will be available.

Several of the questions presented in this chapter concern students’ academic
preparation and their plans for future education. Because students’ attitudes
towards mathematics and science and their perceptions of success in these subjects
are closely related to each other and to achievement, results are also described for
several questions in these domains. In an effort to explore the degree to which the
students’ home and social environments foster academic development, some of the
questions presented herein concern the availability of educational resources in the
home. Since the optimal use of calculators and computers by students learning
mathematics and science remains an area of debate, several questions on this issue
are included. Another group of questions examines whether or not students typically
spend their out-of-school time in ways that support their academic performance.
Finally, since a secure and supportive school environment is generally accepted as
a prerequisite for effective learning, results for several questions about students’
experiences in school are presented.

WHAT ARE SECONDARY SCHOOL STUDENTS’ EDUCATIONAL EXPERIENCES
AND PrLans?

In many countries, students in the upper secondary grades either choose or are
assigned to educational programs or tracks that reflect their abilities and interests.
The program to which a student is assigned often largely determines that student’s
future educational and career prospects. Even in countries with comprehensive
systems, students have some latitude in choosing between more and less demanding
course options. While it is very informative to compare the achievement of students
across different educational programs within a country, it is quite difficult to define
international categories that are comparable across countries. Although countries
vary widely in the way upper secondary education is organized, four broad categories
can be distinguished to which most programs may be assigned — academic, technical,
vocational, and general.

While none of the TIMSS countries had programs that fit into all four categories,
most included national options that distinguished between academic and vocational
programs. The percentage of students in each of the four program types is presented

o in Table 4.1 for each country, together with mean achievement in mathematics and
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science literacy. The source of the data varied across countries: in 12 countries, the
data are based on students’ responses to questions about their educational track or
program, while in the other 9 countries, they are based on school tracking information.

In most countries, the majority of students were following programs of study that
could be broadly categorized as academic or general. In particular, in Australia,
Canada, France, Iceland, Slovenia, and the United States, fewer than one-fifth of
final-year secondary students covered by the TIMSS testing were enrolled in
vocational programs. In contrast, a well-developed vocational sector is a feature
of many of the education systems in continental Europe. Between half and three-
fourths of the students in Austria, the Czech Republic, Germany, the Netherlands,
and Switzerland were in vocational programs or tracks. In the Czech Republic,
France, Hungary, and Italy, more than one-fourth of the students were enrolled in
technical programs; Austria and Slovenia also had a substantial proportion of
students in this sector.

As might be expected, students enrolled in academic programs had higher mean
achievement than students in vocational programs, often by a wide margin. The
largest differences were in the Czech Republic and Slovenia, where the mean for
the academic students exceeded that for vocational students by approximately 140
scale-score points (almost one and one-half standard deviations on the international
mathematics and science literacy scale). The mean achievement of students in
technical programs generally was somewhere between that of the academic and
vocational students.

Figure 4.1 summarizes the programs or tracks in each country, and indicates the
category to which they were assigned for the purpose of this report. Although there
is no single definition of these broad program categories that applies across all
countries, the following international working definitions based on the program options
across countries are used for the purpose of this report.

Academic programs include general academic programs or tracks in academic, general,
or comprehensive schools. The focus of coursework is mainly academic and may
include many different areas of concentration (e.g., math, natural or physical sciences,
languages, humanities, economics, social science, the arts). In many countries, a
final leaving examination or university-preparation examination is required on
completion of these programs. Students from these programs may attend university
or equivalent institutions of higher education. In nearly all countries, the academic
programs terminate after grade 12 or 13: In three countries with comprehensive schools
(Australia, Canada, and the United States), a distinction was made between pre-
university programs and general studies in the question asked of students. In these
countries, only the pre-university programs are included in the academic program
category, although the distinction between pre-university and general is based on the
emphasis on specific types of courses within the comprehensive schools and may
not be uniformly interpreted by all students. In contrast, in the Netherlands and the
Russian Federation, the academic program category includes both the academic and
general programs.
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Mathematics and Science Literacy Achievement by Educational Program*
Final Year of Secondary School*

ean l { Mean H e
Forcentol | achieve- | FEIceriol | achiove- | PSR! | Achieve | FQ et | Achievo-
Australia 54 (2.4) | 561(8.8) -- -- 10 (1.1) | 466 (13.5)] 36 (2.1) | 497 (11.9)
Austria 23(1.9) | 565(8.5) | 22(1.3) | 569(8.3) | 55(2.4) | 482(5.9) -- --
Canada 77 (1.6) | 538(3.3) - - -- 7 (0.6) | 497(8.3) | 16(1.4) | 485(7.7)
Cyprus 89 (0.7) | 452(2.5) 11 (0.7) | 408(8.8) -- - - -- --
Czech Republic 14 (2.0) | 582(7.2) | 29(5.5) | 523(10.8)| 57 (6.5) | 427(5.4) -- -
Denmark 56 (2.9) | 550(3.5) -- -- 44 (2.9) | 499(6.2) -- --
France 54 (35) | 534(6.7) | 34(4.5) | 486(5.0) | 12(3.2) | 435(6.7) -- --
Germany 26 (3.2) | 567 (4.1) | 11 (4.9) | 502(20.9)| 63(5.0) | 466(7.2) -- --
Hungary 27(1.3) | 530(5.5) | 35(1.2) | 504(5.4) | 39(1.1) | 416(3.4) -- --
Iceland 82 (0.6) | 551(1.5) - - - - 18 (0.6) | 516(4.9) - - - -
Italy 38 (2.4) | 501(8.4) | 37(2.0) | 481(6.6) | 25(24) | 426(122)] -- --
Lithuania 74 (3.8) | 475(5.4) -- - - 26 (3.8) | 437(16.3)| - - - -
Netherlands 43(1.5) | 612(9.9) -- -- 57 (1.5) | 519(5.3) -- -
New Zealand 100 (0.0) | 525(4.7) - - - - - - - - - - - -
Norway 57 (2.5) | 560 (4.5) - -- 43(2.5) | 503(6.3) - - -
Russian Federation | 100 (0.0) | 476 (5.8) -- -- -- -- -- --
Siovenia 67 (4.1) | 547(7.3) | 24(2.9) | 469(7.1) 9(3.2) | 408(10.5)| - - - -
South Africa 100 (0.0) | 352(9.3) - - -- -- - - -- - -
Sweden 66 (2.7) | 587(4.8) -- -- 34 (2.7) | 500 (4.6) -- --
Switzerland 23 (1.5) | 607 (3.9) - - - - 69 (1.5) | 506 (6.5) 7 (1.9) | 530(13.8)
United States 55 (1.4) | 504(3.7) - - - - 12(0.9) | 410(4.4) | 33(1.4) | 444(37)

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1985-96.

t Program options were defined by each country to conform to their own educational system and may not be comparable across countries.
See Figure 4.1 for national definitions of program options included in each category.

* See Appendix A for characteristics of the students sampled.

Source of data varies across countries:

Data are based on students' reports of their educational program in Austrialia, Canada, Cyprus, Czech Republic, France, Iceland,
Netherlands, Norway, Slovenia, Sweden, Switzerland, and the United States.

Data are based on students’ school tracking information in Austria, Denmark, Germany, Hungary, ltaly, Lithuania, New Zealand, Russian
Federation, and South Africa.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

Adash (-) indicates the program category is not included for that country.
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Technical programs include technically or professionally oriented programs provided
either in separate technical schools or in higher-level technical/vocational tracks within
general academic or technical/vocational schools. These programs are usually of a
higher level than many vocational/occupational programs and, in several countries,
are comparable to the general academic program both in duration and in preparing
students for a final exam or for entry into university or an equivalent institution of
higher education. The technical tracks, however, focus more on specialized courses
required for specific professions than the more general academic tracks. The
technical programs category is included only for countries with clearly defined
separate national options for technical schools or tracks that are differentiated from
both general academic programs and primarily vocational/occupational tracks.

Vocational programs include vocationally or occupationally oriented programs
provided either in separate vocational schools or in specific vocational programs
within general or comprehensive schools. The focus of these programs is, in general,
more practical than that of the general academic programs, typically preparing students
for immediate employment after completion of their upper secondary education and
terminating with a certificate, vocational license, or diploma. In many countries, there
are clearly defined vocational schools or tracks that are differentiated from the general
academic tracks. In other countries with more comprehensive schools, the vocational
option refers more to a general program with a focus on vocationally oriented courses
than on a formal vocational school or track. The type and duration of vocational
programs vary both across and within countries, terminating in nearly all countries
after grade 10, 11, 12, or 13. The national options included in the vocational programs
category cover a broad range of programs including both full- and part-time programs
in vocational/technical/trade schools and apprenticeship programs in industry and
business. A large number of occupational programs are offered, including many in
skilled-trades, business, and applied science/engineering. Depending on the program,
students may continue their education after completing a vocational program. In some
countries, the vocational programs category includes some vocational programs
terminating with a diploma that may lead directly to university, such as the Baccalaureat
professionnel in France. In others, however, students continuing their education after
completing vocational programs may attend other tertiary institutions for higher-level
vocational training or further upper secondary education.

General programs include any other program or track options not included in the
academic, technical, or vocational categories. Only four countries have options in this
category: general schools in Switzerland, and the general programs (not fully pre-
university) in comprehensive schools in Australia, Canada, and the United States.

One of the consequences of the differentiation in programs and courses that is
characteristic of upper secondary education is that students often have the option to
discontinue the study of mathematics and science. Table 4.2 presents students’ reports
on whether or not they were taking mathematics in the final year of secondary school,
together with mean achievement on the mathematics literacy test. In most of the
countries, a high proportion of final-year students was still enrolled in mathematics
class. In nine countries (Australia, Cyprus, the Czech Republic, France, Hungary,
Italy, Lithuania, the Russian Federation, and Slovenia), 85% or more of students
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CHAPTER 4

Students’ Reports on Currently Taking Mathematics — Mathematics Literacy
Final Year of Secondary School*

0 7 f
,« 4l “creont of Studentis Li%:?gzymfég?g\‘/ggf:ni Pereent of Students ; L&ﬁi’;ymgé?‘?g:ﬂﬁ 1t
Australia 87 (2.2) 534 (8.3) 13(2.2) 465 (15.5)
Austria 74 (3.6) 526 (5.7) 26 (3.6) . 503 (12.0)
Canada 54 (2.6) 541 (3.6) 46 (2.6) 496 (3.8)

' Cyprus 100 (0.0) 446 (2.4) 0 (0.0) -~
Czech Republic 95 (2.1) 465 (12.9) 5(2.1) 493 (22.9)
Denmark 78 (2.4) 568 (4.1) 22 (2.4) 481 (5.0)
France 100 (0.0) 524 (5.2) 0 (0.0) ~~
Germany -- -- - - - -
Hungary 100 (0.0) 484 (3.2) 0 (0.0) ~~
Iceland 65 (1.0) 551 (2.6) 35 (1.0) 506 (4.8)
italy 88 (3.3) 480 (5.3) 12 (3.3) 450 (17.2)
Lithuania 90 (2.1) 473(5.1) 10 (2.1) 434 (22.0)
Netherlands 60 (2.6) 601 (6.2) 40 (2.6) 498(7.7)
New Zealand 73(1.8) 545 (4.4) 27 (1.8) 461 (5.2)
Norway 68 (2.5) 542 (4.8) 32 (2.5) 500 (5.8)

' Russian Federation 100 (0.1) 471 (6.1) 0 (0.1) ~~
Slovenia 95 (2.7) 519(8.2) 5 (2.7) 407 (17.4)
South Africa 69 (2.9) 372(11.5) 31 (2.9) 328(3.1)
Sweden 70 (2.0) 578(5.2) 30 (2.0) 494 (4.8)
Switzerland 61 (3.2) 561 (4.0) 39 (3.2) 513(8.9)
United States 66 (1.9) 477 (3.6) 34 (1.9) 436 (3.3)

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-86.

* See Appendix A for characteristics of the students sampled.

' Vocational schools excluded (see Table B.4).
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Adash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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reported that they were currently taking mathematics. In contrast, countries Where as
many as one-third of final-year students reported that they were not currently taking
mathematics included Canada, Iceland, the Netherlands, Switzerland, and the
United States.

In general, the students no longer taking mathematics performed less well in math-
ematics literacy than those who were still studying the subject. Differences were
particularly pronounced in Australia, Denmark, the Netherlands, New Zealand,
Slovenia, and Sweden, where the achievement gap between those taking and not
taking mathematics exceeded 50 scale-score points, which is half of a standard
deviation on the international mathematics literacy scale.

In some countries, more males than females reported that they were currently taking
mathematics (see Table 4.3). One of the largest differences was in Denmark, where
the percentage of female students not taking mathematics (31%) was more than twice
the percentage for males (12%). The other countries where the difference between
males and females was at least 10 percentage points included Canada, Iceland, the
Netherlands, New Zealand, and Norway.

In upper secondary school, science typically is not taught as a single subject; rather,
subjects such as physics, chemistry, biology, and earth science are taught as separate
subjects, and students may have the option to take one or more (or perhaps none) of
them. In TIMSS, final-year students were asked to indicate which of the science
subjects (physics, chemistry, biology, earth science, or other science) they were
currently taking. The results are summarized in Table 4.4. Compared with mathematics,
higher percentages of students in most countries reported that they were taking no
science subject at the time of testing. Half or more of the students in the Czech
Republic, Denmark, Norway, Sweden, and Switzerland, reported that they were not
taking science, and nearly half of the final-year students so reported in Canada and
the United States. Countries where the majority of students reported that they were
taking two or more science subjects included Austria, Cyprus, France, Lithuania,
the Russian Federation, and South Africa.

There was a positive association between taking science subjects and performance
in science literacy in almost every country. This may be the result of a combination
of factors, such as students who had not done well in science in earlier years deciding
to take fewer science subjects, and those who took more science subjects learning
more science.

Compared with mathematics, somewhat fewer countries exhibited substantial
differences in the percentages of males and females currently taking science classes
(Table 4.5). In only four countries — France, the Netherlands, Sweden, and Switzerland
— were the differences in the percentages not taking any science greater than 10%.
Of these, France, the Netherlands, and Sweden had higher percentages of females
not taking science, while in Switzerland a higher percentage of males reported
taking no science.
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Table 4.3

Students’ Reports on Currently Taking Mathematics by Gender — Mathematics Literacy
Final Year of Secondary School*

Females

. Ves o TR e
-~ Country : SN : :
‘Mean | Mean ! Mean i Mean |
Percent of | Mathematics| Percent of [Mathematics | Percent of |Mathematics | Percent of ' Mathematics
Students Literacy Students : Literacy Students | Literacy Students | Literacy
Achievement !Achievement {Achievement 1Achievement
Australia "85 (2.9)| 523(8.8) 15(29) [ 455(11.4) 89 (2.8) [ 550(9.4) 11 (2.8) | 483(40.8)
Austria 75(4.8)| 511 (5.7) 25(4.8)| 482(14.2) 72 (3.5)| 551(8.7) 28 (3.5)| 533(10.8)
Canada 50 (2.8) | 525(4.7) 50(2.8)| 483(6.0) 60 (3.0)| 557 (4.1) 40 (3.0)| 514(5.5)
Cyprus 100(0.0) | 439(3.7) 0 (0.0) ~ ~ 100 (0.0) | 456 (4.9) 0(0.0) ~ ~
Czech Republic 93 (3.3)| 440(17.3) 7 (3.3)| 486 (22.5) 97 (1.6) | 488(11.7) 3(1.6)| 508(41.0)
Denmark 69 (2.9) | 546 (4.6) 31(29)| 475(4.6) 88(1.8) 589 (5.6) 12 (1.8) | 498 (10.5)
France 100 (0.0) | 506 (5.4) 0 (0.0) ~ ~ 100(0.0) | 544 (5.7) 0 (0.0) ~~
Germany - - - - - - - - - - - - - - - -
Hungary 100(0.0)| 481(4.7) 0 (0.0) ~ ~ 100 (0.0) | 486 (4.9) 0(0.0) ~ ~
Iceland 60 (1.7) | 529 (2.8) 40 (1.7) | 492(4.5) 70(1.3)| 572(3.9) 30(1.3)| 526(7.7)
Italy 91(3.3) | 469(5.5) 9(3.3)| 414(24.6) 84 (4.4)| 494 (8.3) 16 (4.4) | 472(14.4)
Lithuania 90 (2.4) | 465(6.2) 10 (2.4)| 430(30.7) 91 (3.9) | 489(6.9) 9(3.9)| 444(11.0)
Netherlands 48 (2.6) [ 593 (8.5) 52 (2.6)| 476(7.8) 71(3.9)| 606 (6.4) 29(3.9)| 534(11.5)
New Zealand 66 (2.6)| 534 (6.2) 34 (2.6) | 456(6.9) 80 (2.1)| 554(6.3) 20 (2.1)| 470(6.8)
Norway 63 (3.0)| 512(6.1) 37 (3.0) | 483(5.9) 73(2.7)| 568(6.5) 27 (2.7)| 522(7.5)
Russian Federation | 100 (0.0) | 461 (6.6) 0 (0.0) ~ ~ 100(0.1) | 488 (6.6) 0(0.1) ~~
Slovenia 95(3.1) | 495(7.6) 5(3.1)| 376(4.2) 94 (3.3) | 543(13.1) 6 (3.3)| 429(10.0)
South Africa 67 (3.5)| 363(15.1) 33(3.5)| 325(4.1) 71(3.0)| 381(12.3) 29 (3.0)| 331(4.4)
Sweden 68 (2.2) | 555(4.1) 32(2.2)| 485(5.6) 72 (2.8)| 601 (7.6) 28 (2.8)| 504 (6.4)
Switzerland 63 (4.5) | 538(5.8) 37 (4.5)| 498(14.0) 60 (3.4)| 579(5.5) 40 (3.4) | 524 (9.7)
United States 63 (2.4)| 472(4.5) 37(2.4)| 433(4.6) 70 (1.9)| 481(4.7) 30(1.9)| 440(4.3)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
A dash (-) indicates data are not available.
Aftilde (~) indicates insufficient data to report achievement.

Q

ERIC 104



CHAPTER 4

Table 4.4

Students’ Reports on Currently Taking Science* - Science Literacy
Final Year of Secondary School*

i ! Three or Mor
One Science - Two-Science hree or Nore

. No Science Course ‘  Courses - Science
Country Courses
Australia 27 (3.6) | 469(10.2)| 36(1.4) | 528(10.3)| 30(2.8) | 578(11.6) [ 7 (1.3) | 602(15.5)
Austria 12(1.7) | 478(8.3) | 26(2.3) | 498(10.8)| 24 (2.4) | 532(8.4) | 38(3.3) | 552(8.1)
Canada 45(2.2) | 508(3.9) | 34(2.0) | 543(5.4) | 15(1.3) | 575(8.6) 6 (0.6) | 585(6.0)
Cyprus 0(0.0) - 3(0.6) | 390(23.0)| 77(1.3) | 438(3.6) | 20(1.5) | 496(8.5)
Czech Republic 66 (5.7) | 469(10.0)| 18(3.7) | 490(13.9)| 6(1.6) | 530(21.7)| 11 (1.5) | 589(5.4)
Denmark r 58(2.3) | 487(4.6) | 26(1.4) | 552(4.4) | 13(1.6) | 571(8.6) 3(0.6) | 564(12.1)
France 35(2.4) | 452(5.4) | 11(2.6) | 461(8.2) | 12(1.7) | 490(12.9)| 42(3.0) | 523(4.8)
Germany X X X X X X X X X X X X X X X X
Hungary 22(1.9) | 446(4.7) | 36(2.4) | 459(5.3) | 32(1.6) | 492(5.4) 9(0.7) | 509(7.5)
Iceland 37(1.2) | 526(2.5) | 30(1.5) | 541(4.1) | 15(1.1) | 586(4.7) | 18(0.8) | 597(3.1)
Italy 19(2.8) | 448(8.8) | 32(2.5) | 465(7.8) | 30(2.7) | 492(6.4) | 20(2.5) | 500(14.2)
Lithuania 12(24) | 434(188)| 8(2.8) | 435(11.8) | 6(1.3) | 454(7.1) | 75(3.4) | 470(5.6)
Netherlands 43(3.3) | 509(5.8) | 24(2.7) | 567(7.7) | 20(2.0) | 597 (7.7) | 13(2.6) | 642(16.0)
New Zealand 32(1.6) | 478(6.9) | 34(1.7) | 521(6.6) | 25(1.1) | 581(5.2) 9(1.1) | 617(9.3)
Norway 63(27) | 519(39) | 23(2.1) | 568(6.1) | 13(1.6) | 633(10.4)| 1(0.2) -~
Russian Federation 0(0.1) ~ - 1(0.4) ~ o~ 2 (0.5) -~ 98 (0.7) | 483(5.8)
Slovenia 16 (2.8) | 480(10.8)| 47(3.0) | 510(8.1) | 23(2.4) | 547(8.6) | 14(3.0) | 571(22.4)
South Africa 8(1.1) | 353(13.6)| 22(2.1) | 323(10.8)| 27 (2.4) | 363(15.7) | 43(3.0) | 367(14.0)
Sweden 57(2.0) | 529(3.2) | 22(1.7) | 567(10.3)| 6(0.7) | 605(11.8) | 15(1.8) | 658(6.4)
Switzerland 50(2.6) | 489(6.3) | 23(1.9) | 545(7.7) | 16(1.3) | 574(9.3) | 11(1.8) | 580(13.3)
United States 47(1.7) | 456(3.5) | 46(1.6) | 505(4.6) 6(0.8) | 537(13.5)| 1(0.1) -~

SOURCE: |EA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

t Students were asked which of the following science courses they were currently taking: Biology, Chemistry, Physics, Earth Science, and Other
Science.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
An "x" indicates data available for <50% students.
A tilde (~) indicates insufficient data to report achievement.
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Voo , Mo . -
Mean Mean Mean Mean
Percentof | Science Percentof | Sclence Percent of Science Percentof | Science
Students Literacy Students Literacy Students Literacy Students Literacy
RERCA L Achievement Achievement Achievement Achievement
Australia 72 (3.7)| 540(8.5) 28 (3.7) 459(7.4) 74 (4.4)( 577 (11.0) 26 (4.4)| 484(17.7)
Austria 88 (2.7) | 508(5.6) 12 (2.7)| 468(10.2) 88 (1.9)| 567 (8.6) 12(1.9)| 495(11.0)
Canada 53(3.7) | 543(5.8) 47 (3.7) | 493(6.5) 58 (2.8)| 571(5.5) 42 (2.8)| 528(4.4)
Cyprus 100(0.0)| 437(3.5) 0(0.0) ~~ 100 (0.0) | 461(6.2) 0(0.0) ~~
Czech Republic 32 (8.9) | 509(16.5) 68 (8.9) | 442(12.0) 37 (5.5)| 543(14.8) 63 (5.5)| 495(10.6)
Denmark r 39(2.8)| 539(5.9) 61(2.8)| 472(4.4) |r 47(3.5)| 578(6.5) 53 (3.5)| 508(6.5)
France 56 (2.8) | 493(4.9) 44 (2.8) | 438(5.1) 75(2.9)| 518(7.4) 25(2.9)| 481(10.3)
Germany X X X X X X X X X X X X X X X X
Hungary 76 (2.4) | 464(5.3) 24 (24)| 434(5.2) 80 (2.7) | 492(5.1) 20(2.7)| 460(7.2)
Iceland 66 (1.8) | 544 (2.5) 34(1.8)| 508(3.4) 61 (1.5) | 595(3.4) 39 (1.5)| 545(4.5)
Italy 79 (3.7) | 468(6.2) 21(3.7)| 431(8.3) 83(2.7)| 502(7.7) 17 (2.7) | 473(9.3)
Lithuania 88(2.2) | 454(6.2) 12 (2.2)| 426(27.6) 87 (4.8)| 487(7.1) 13(4.8) | 449(9.6)
Netherlands 50(4.9)| 579(10.1) 50 (4.9)| 485(5.6) 63(3.9)| 607(7.7) 37 (3.9)| 539(7.6)
New Zealand 66 (2.3) | 538(5.4) 34 (2.3)| 474(9.0) 70 (2.1)| 573(8.2) 30(2.1)| 482(10.4)
Norway 34 (3.3)| 553(8.1) 66 (3.3) | 496(4.0) 40 (3.5)| 626(10.8) 60 (3.5)| 545(5.5)
Russian Federation| 100(0.0) | 464(6.7) 0 (0.0) ~ ~ 100(0.1) | 511 (5.9) 0 (0.1) ~~
Slovenia 85 (3.4)| 503(6.6) 15(3.4) | 460(8.3) 83(3.7)| 558(10.7) 17 (3.7) | 498(21.1)
South Africa 92 (1.6)| 337(14.3) 8 (1.6)| 354(15.0) 92 (1.3)| 375(12.6) 8(1.3)| 352(17.1)
Sweden 35(2.2)| 569 (6.4) 65(2.2)| 518(3.2) 51 (2.5)| 629(7.8) 49 (2.5)| 545(5.0)
Switzerland 57 (3.4) | 537(10.0) 43 (3.4)| 457(6.8) 44 (3.7) | 588(8.4) 56 (3.7)| 509(7.5)
United States 52 (1.9)| 495(4.7) 48 (1.9)| 445(4.9) 53 (2.3) | 520(5.9) 47 (2.3)| 468 (4.3)

SOURCE: IEA Third Intemationa! Mathematics and Science Study (TIMSS), 1995-96.

T Students were asked which of the following science courses they were currently taking: Biology, Chemistry, Physics, Earth Science, and Other
Science. Percent "Yes" based on students reporting taking one or more science courses.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An “r" indicates a 70-84% student response rate.
An "x" indicates data available for <50% students.
Aftilde (~) indicates insufficient data to report achievement.
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The relationship between choice of program in secondary school and later educational
goals may be seen in Table 4.6. Because of the difficulty in establishing consistent
definitions of university and vocational/technical programs across countries, Figure 4.2
provides additional information on national adaptations of the educational categories
for some countries. In particular, the university category was defined by some countries
to include both university and other technically or professionally oriented degree
programs at equivalent institutions of higher education, while in other countries it
included university only.

More students in countries with well-developed vocational or technical programs in
secondary school plan to continue in such programs at a tertiary level, while in countries
with more general educational systems greater percentages plan to attend university
or an equivalent institution of higher education. Nearly one-fourth or more of final-
year students in Austria, the Czech Republic, France, the Netherlands, Norway, the
Russian Federation, and Switzerland plan to pursue further education through
vocational or technical programs. Countries where the majority of students reported
planning to attend university included Australia, Canada, Cyprus, Denmark, France,
Iceland, Lithuania, New Zealand, Norway, the Russian Federation, Slovenia, South
Africa, Sweden, and the United States. As noted in Figure 4.2, the university category
included technical training for some countries. For example, the practically-oriented
program (technikon) was included in the university category for South Africa. Although
very high percentages of final-year students in most countries reported plans for
some form of tertiary education, one-fourth or more of these students in Austria, the
Czech Republic, Italy, and Switzerland indicated that they did not intend to continue
their education beyond secondary school. In these countries, many vocational programs
are offered that provide students with the training needed to enter the workplace
directly after completing their upper secondary schooling.

Not surprisingly, in almost all countries, the students planning to attend university
had higher average mathematics and science literacy scores than the students with
other plans after completing upper secondary schooling.
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Students’ Reports on Their Plans for Future Educationt
Mathematics and Science Literacy
Final Year of Secondary School*

Vocationally Other Post Does Not Intend
University ' Oriented Secondary to Continue
Programs? Education® Education

Country ﬁm

f: Percent of Mean Percent of Mean Percentof |  Mean Percent of Mean

f.; Students | Achievement| Students iAchievement{ Students gAchievement Students |Achievement
Australia 68 (2.2) 555(7.3) 15 (2j3) 472 (12.6) 9 (0.9) 476 (9.74) 9 (0.9) 469 (11.3)
Austria 38 (2.2) 562 (6.2) 23(1.8) 486 (5.2) 12(1.2) 510(7.0) 27 (1.5) 498 (7.8)
Canada 63 (1.8) 545(3.4) 15(1.0) 504 (5.4)‘ 18 (1.2) 495 (6.8) 4 (0.5) 475 (11.1)
Cyprus 62 (2.0) 473(3.8) 10(1.7) 434 (8.6) 11 (1.5) 403(10.4)| 17 (1.5) 398 (6.4)
Czech Republic 31(5.2) 563(7.1) 26 (4.3) 443 (8.0) 3(0.8) 417 (34.7)| 40(2.5) 436 (5.3)
Denmark r 51(1.8) 553(3.5) 21(2.3) 508 (6.7) 13(1.4) 496 (6.0) 16 (1.3) 508(7.4)
France 51(2.4) 524 (5.5) 28 (2.7) 500(6.7) 1 (1.1) 498 (7.8) 10(1.7) 440 (7.5)
Germany X X X X X X X X X X X X X X X X
Hungary 36 (1.4) 525(4.2) 21 (1.1) 446 (3.2) 27(1.1) 482 (4.5) 17 (1.1) 425 (4.3)
Iceland 65 (0.9) 559 (2.2) 16 (0.7) 528 (4.9) 12 (0.9) 500 (4.1) 7 (0.5) 514 (4.8)
Italy 44 (2.6) 502 (6.8) 8(1.1) 474 (11.4)| 16 (1.8) 460 (9.6) 32 (2.0) 452 (6.1)
Lithuania 51(2.4) 490 (5.9) 16 (1.0) 444 (7.3) 20(1.1) 441 (7.3) 13(1.9) 438 (16.6)
Netherlands 17 (2.8) 645 (10.7)] 47 (3.2) 564 (4.0) | 14(1.4) 520(7.9) 22 (1.7) 508 (6.9)
New Zealand 74 (1.7) 542 (5.2) 13(1.4) 508 (9.2) 3 (0.5) 486 (12.0) 9 (1.5) 444 (11.6)
Norway 55(1.7) 557 (4.3) 23(1.2) 532 (5.4) 11 (0.8) 507 (7.2) 11 (0.9) 486 (8.2)
Russian Federation 60 (2.0) 498 (5.7) 32(1.9) 448 (6.4) 6 (0.6) 471(12.2) 1(0.3) ~ ~
Slovenia 75 (3.5) 538(7.0) 11 (1.2) 466 (11.1) 2(0.4) ~~ 12 (2.6) 438 (17.0)
South Africa 75(1.8) 357 (10.7)| 11 (1.1) 325(11.6) 8 (0.6) 339(9.1) 6 (0.9) 390(14.9)
Sweden 64 (1.8) 590 (4.5) 9 (0.9) 500(7.2) 12 (0.8) 506 (5.3) 15(1.1) 494 (5.3)
Switzerland 35(1.7) 585(3.7) 24 (2.1) 503(10.6)] 10(0.7) 513(8.3) 30(1.7) 501 (5.1)
United States 69 (1.4) 494 (3.6) 16 (0.9) 425 (4.4) 11 (0.7) 440 (4.1) 4 (0.4) 405 (5.7)

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

T Educational options were defined by each country to conform to their national system and may not be comparable across countries. See Figure
4.2 for definitions and any national adaptations of the international options in each category.

* See Appendix A for characteristics of the students sampled.
* In most countries, defined as at least a 3-year degree program at a university or an equivalent institute of higher education.

2 Defined in most countries as vocational or technical courses at a tertiary institution not equivalent to a university degree program (e.qg., trade or
business school, junior or community college, and other shorter vocational programs), but may also include higher-level upper secondary
vocational programs in some countries.

3 Includes other postsecondary education defined in each country. Includes categories such as academic courses at junior or community college,
short university or polytechnic courses, and college-preparatory courses.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An “r* indicates a 70-84% student response rate.
An "x" indicates data available for <50% students.
Atilde (~) indicates insufficient data to report achievement.
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Natlonal Adaptations of the Definitions of Educatlonal Levels for Students’ Reports on
Their Plans for Future Educationt
Final Year of Secondary Schooi*

Jaliona PRS- o AYEe) @ A cageollegelo 2
Australia: University education
Austria: University, higher technical institution, or teacher education at a pedagogical academy or university
Czech Republic: Bachelor or equivalent or higher degree in humanities, business/technical subject or other studies
Denmark: University or other higher educational institution or medium-duration specialized educational (e.g. teacher college, nursing)
France: University study (2-3 years study or 4 years study or more)
Germany: University, technical university, teacher college (PH), or specialized higher vocational education (Fachhochschule)
Greece: University education
Hungary: 3-5 year course at university, technical college, economical college, or teacher training college
Iceland: University study (3 years of study or longer)
Italy: University degree program
Lithuania: Attend university
New Zealand: University, teacher college, or academic courses at polytechnic
Norway: University study (up to 3-year course or 4 or more years)
Russian Federation: University or other higher educational institute
Slovenia: University study (4 years or more)
South Africa: University or technikon (3-4 year practically-oriented program)
Sweden: University study (up to 3 years or for 3 years or longer)
Switzerland: University, technical university (ETH), teacher college, or specialized higher vocational education (Fachhochschule)

Vocatlonally Oriented Programs .
@m@@ﬁm@l@n@@f@r s
, Veeetione! or tachnies) sulbiecis &l & funior or cormmunly Golisee
Austraha Apprenticeship or vocational/technical courses at trade/business school
Austria: Apprenticeship (Lehre/Berufsschule) or other occupational training (e.g. health or medical technician,
physical therapist)
Cyprus: Vocationalftechnical training at trade/business school or at higher technical institute
Czech Republic: Extension course
Denmark: Short commercialtechnical education
France: Technical institute (BTS, DUT)
Germany: Part-time (Lehre/Berufsschule) or full-time vocational training
Greece: Vocational or teaching courses at a commercial/professional school or at a college (e.g. private or state institute of vocational
training)
Hungary. Short vocational training courses
Iceland: Less than 3 years Post secondary vocational study at university, technical school, or technical university, or vocational
study in an upper secondary vocational or business school
ltaly: Post secondary professional training
Lithuania: Vocational/argicultural high school or vocational/technical courses at trade/business school

Netherlands: Higher Post secondary vocational program (HBO), long senior secondary vocational program (MBO), or short senior secondary
vocational program (KMBO)

New Zealand: Vocational/technical study at polytechnic (1-3 year program) or at trade/business school
Norway: Short vocational training or vocational/technical study at vocational school (1-3 year program)
Russian Federation: Vocational/technical courses or short vocational program at college (2 years).
Slovenia: Vocational program at trade/business school or vocational/technical program at a vocational school
South Africa: Vocational/technical courses at trade/business school or technical college
Sweden: Vocationally-oriented courses (up to 1 year)
Switzerland: Postsecondary vocational training or further Upper secondary vocational training (Lehre/Berufsschule)

Vrs

ST A éﬁ@@?@?
Australia: Academ/c courses ata TAFE (rechn/cal and Italy: Short university course or other
further education) college or other Lithuania: Attend college or other
Austria: Other Netherlands: Other
Cyprus: Academic courses at college or other New Zealand: Other
Czech Republic: Other Norway: Other
Denmark: Education for public service or other Russian Federation: Special courses to prepare for university exam or other
France: Other Slovenia: Other
Germany: Other Sweden: Continuing adult education (komvux, folkhdgskola) or other
Greece: Academic courses at a college or other South Africa:  Academic courses at private or community college or other
Hungary: Other Switzerland: Other

Iceland: Matriculation exam or other

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

1 Educational options were adapted in each country to conform to their national systems. Countries that used modified response options are indicated
to aid in the interpretation of the reporting categories in Tables 4.6, 7.11, and 10.10. Countries not included in figure used translated options considered
to be comparable to the internationally-defined optlons

* See Appendix A for characteristics of the students sampled 1 O 9
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4

WHAT ARE STUDENTS” ATTITUDES AND PERCEPTIONS ABOUT
MATHEMATICS AND SCIENCE?

Students generally reported positive perceptions about their performance in math-
ematics and science. Table 4.7 indicates that in all countries, the majority of students
agreed that they usually did well in each subject. The highest perceptions of success
in mathematics were reported in Australia, Denmark, Italy, and the United States,
where 70% or more of the students agreed that they usually did well. Perceptions of
doing well in science were generally higher; in 12 countries — Australia, Austria,
Canada, the Czech Republic, Denmark, Iceland, Italy, Lithuania, Norway, the Russian

Federation, South Africa, and the United States — more than 70% of students agreed
that they usually did well.

Students’ relative performance in mathematics literacy and science literacy within
countries supported their perceptions, with the mean performance of those who
agreed that they usually did well exceeding the mean performance of those who did
not in almost every country. Students’ perceptions of their achievement were less
consistent with performance across countries.
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Students’ Reports on Their Self-Perceptions About Usually Doing Well in Mathematics
and Science — Mathematics Literacy and Science Literacy
Final Year of Secondary School*

R TR g S T A . B BRI R D NG O o i s I
OINGVV-E LA altnemad Mo
GF logStiongly, lordStionglyl @r STEREY
5 Agrree BiSaghee)
| Mean Mean i _Mean i} _Mean

Percent of | Mathematics| Percent of | Mathematics| Percentof . Science Percentof: Science
Students | Literacy Students Literacy Students Literacy Students Literacy

. Achievement Achlevement Achievement Achlevement
Australia 72 (1.8) 544 (7.8) 28 (1.8) 477 (10.6) 73(2.5) 554 (7.4) 27 (2.5) 470 (8.7)
Austria 59 (1.9) 533 (5.6) 41 (1.9) 501 (6.5) 77 (1.5) 532(5.4) 23 (1.5) 494 (8.1)
Canada 67 (2.3) 542 (3.1) 33(2.3) 476 (4.9) 75(1.5) 548 (3.0) 25 (1.5) 489 (3.4)
Cyprus 68 (2.2) 456 (2.4) 32(2.2) 425 (6.1) 61 (2.5) 461 (4.0) 39 (2.5) 427 (6.0)
Czech Republic 55(3.1) 487 (14.9)] 45(3.1) 441 (7.8) 71(1.7) 500 (9.0) 29 (1.7) 463(9.1)
Denmark 76 (1.0) 566 (3.4) 24 (1.0) 498 (6.2) |r 72(1.1) 535 (4.2) 28 (1.1) 469 (5.0)
France 63 (2.3) 543 (5.6) 37 (2.3) 492 (4.5) 50(1.9) 515(5.6) 50 (1.9) 461 (5.7)

Germany X X X X X X X X X X X X X X X X

Hungary 55(1.3) 504 (3.8) 45 (1.3) 458 (3.4) 60 (1.2) 488 (3.9) 40(1.2) 451 (3.0)
Iceland 68 (1.1) 552 (2.3) 32(1.1) 497 (2.8) 79 (1.2) 564 (1.8) 21(1.2) 509 (3.4)
Italy 70(1.9) 485 (5.4) 30(1.9) 457 (8.4) 86 (1.4) 484 (5.1) 14 (1.4) 433(9.3)
Lithuania 54 (1.2) 488 (5.8) 46 (1.2) 449 (6.8) 84 (0.9) 464 (5.8) 16 (0.9) 446 (7.0)
Netherlands 63(1.7) 581 (5.0) 37(1.7) 527 (5.1) 63 (2.3) 570(6.3) 37 (2.3) 540 (6.0)
New Zealand 66 (1.8) 557 (4.9) 34(1.8) 456 (4.5) 68 (1.7) 557 (5.6) 32(1.7) 471 (6.2)
Norway 57 (1.7) 562 (4.4) 43 (1.7) 485 (4.3) 73(1.4) 560 (4.2) 27 (1.4) 501 (4.5)
Russian Federation 58 (1.8) 494 (6.8) 42 (1.8) 441 (6.3) 78 (1.4) 489 (6.2) 22 (1.4) 457 (5.8)
Slovenia 62 (2.2) 534 (7.9) 38 (2.2) 482 (9.3) 67 (1.6) 530(8.5) 33 (1.6) 499 (8.9)

South Africa 58 (2.7) 367 (10.0)| 42 (2.7) 353 (8.8) 73 (2.1) 349 (9.9) 27 (2.1) 366 (15.8)
Sweden 62 (1.2) 583 (4.1) 38 (1.2) 507 (4.7) 66 (1.5) 586 (4.7) 34 (1.5) 515(4.1)
Switzerland 69 (2.1) 560 (4.6) 31 (2.1) 506 (8.7) 66 (1.7) 546 (5.8) 34(1.7) 489 (6.3)
United States 76 (1.2) 476 (3.7) 24 (1.2) 423 (3.5) 83 (0.9) 491 (3.5) 17 (0.9) 440(4.7)

SOURCE: |EA Third International Mathematics and Science Study (TIMSS), 1995-86.

BEST COPY AVAILABLE

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "x* indicates data available for <50% students.
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CHAPTER 4

Figure 4.3 depicts gender differences in students’ self-perceptions about their
performance in mathematics and science. The perceptions of male and female students
were quite similar in most countries, although when there were differences, it was
generally a greater percentage of males than females who agreed that they were doing
well. In Austria, Denmark, Iceland, Lithuania, the Netherlands, New Zealand, Norway,
Sweden, and Switzerland, a greater percentage of males than females agreed that
they were doing well in mathematics. In Denmark, France, the Netherlands, New
Zealand, and Sweden there was a significant gender difference favoring males in
self-perceptions about doing well in science. In the Czech Republic, however,
females had significantly higher self-perceptions about doing well in science than
did males.

To collect information on their attitudes towards mathematics and science, TIMSS
asked final-year students how much they liked mathematics and the sciences. Students’
liking of these subjects may be considered as both an input and an outcome variable,
because it can be related to educational achievement in ways that reinforce higher
or lower performance. That is, students who do well in mathematics and science
generally have more positive attitudes towards these subjects and thus tend to
perform better.
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Figure 4.3
Gender Differences in Students’ Self-Perceptions About Usually Doing Well in

Mathematics and Science
Final Year of Secondary School*

Doing Well in Science

Doing Well in Mathematics

i Country 3;‘;33,9;! Disagree Agree S‘t‘rs'r’\esgy 3{;:3?;{ Disagree Agree SX;:;QJV
Australia e o
Austria {OHO! 1
Canada egh
Cyprus — 3@+ KD
Czech Republic R 11
Denmark et
France 10104 1o 1O}
Hungary 1, %}
Iceland is
Italy P
Lithuania {
Netherlands 81— 10—
New Zealand e 19O
Norway totoH #
Russian Federation B ot
Slovenia et ot
South Africa 130t [
Sweden ~ 165}
Switzerland [o—g! oA
United States 1o i)
SOURCE: (EA Third International Mathematics and Science Study (TIMSS), 1995-96.
] = Average for Females (+2SE)
KOi = Average for Males (£2SE)

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
Data are not available for Germany.
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Table 4.8 summarizes students’ responses to the question about how much they like
or dislike mathematics. In almost all countries, the majority of students reported that
they liked mathematics to some degree. Only in Austria, the Czech Republic, Hungary,
and Lithuania did more than half the students report that they disliked mathematics.
In every country, a positive relationship was observed between liking mathematics
and mathematics literacy. In every country, the average literacy scores of those who
reported liking mathematics a lot were substantially higher than the scores of those
who reported disliking it a lot.

The data in Figure 4.4 reveal that, on average, in most of the countries there was no
significant difference between males and females in degree of liking for mathematics.
However, more male students reported liking mathematics in France, Iceland, Sweden,
and Switzerland. In no country did a greater percentage of females report liking
mathematics.

Students’ reports on how much they liked the sciences are summarized in Table 4.9.
There were quite marked differences in the degree of liking for the different disciplines.
Students in almost all countries expressed greater liking of biological science and
earth science than of chemistry and physics. In almost all countries, 60% or more
of the students reported liking biology to some degree. Sixty percent or more of the
students reported liking earth science in more than half the countries. Only in South
Africa did so many students report liking chemistry and physics.

There were striking differences across the science subjects between males’ and females’
liking of the sciences (Figure 4.5). Significant differences were rare between males
and females in their liking for earth science and in their liking for chemistry. However,
in many countries female students reported liking biological science more than
did male students. The opposite was found in all countries for physics, where the
male students reported liking physics significantly more than did female students. In
fact, on average, the female students reported disliking physics to some degree in
nearly all countries, while the male students were more neutral in their attitude.
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Students’ Reports on How Much They Like Mathematics — Mathematics Literacy
Final Year of Secondary School*

2 s

Mean

Percent of Matxeer:gﬂcs Percent of | Mathematics] Percent of 1Maﬂ?::12tlcs Percent of |Mathematics
Students Literacy Students Literacy Students | Literacy Students Literacy
2 Achievement Achlevement} Achievement Achievement
Australia 14 (1.3) | 455(10.4)| 25(1.6) | 513(6.5) 47 (2.2) | 538(10.6) 14 (1.3) | 578(9.5)
Austria 20(1.4) | 490(7.7) 33(1.3) | 513(7.1) 33(1.4) | 539(5.2) 14 (1.3) | 550(7.9)
Canada 17 (1.5) | 476(7.3) 22(1.2) | 501(5.4) 46 (1.5) | 529(4.4) 15(1.0) | 573(6.3)
Cyprus 14 (1.7) | 405(7.9) 18(1.8) | 423(6.2) 47 (2.1) | 451(4.5) 21(1.4) | 480(6.3)
Czech Republic 19 (1.8) | 435(9.6) 48 (2.1) | 447(12.8)| 28(2.8) | 501 (11.7) 5(0.8) { 575(12.7)
Denmark 7 (0.9) | 460(8.7) 14 (0.9) | 506 (6.0) 44 (1.3) | 551(3.4) 34(1.2) | 586(5.4)
France 10(1.2) | 466(7.9) 24 (1.7) | 500(5.8) 56 (1.8) | 536 (5.0) 10 (1.1) | 566 (9.8)
Germany X X X X X X X X X X X X X X X X
Hungary 26 (1.1) | 444(3.7) 35(0.9) | 478(3.4) 33(0.9) | 505(3.9) 6(0.5) | 568(6.1)
Iceland 7(0.7) | 472(8.1) 25(0.7) | 504(4.2) 47 (1.3) | 538(3.7) 21(1.3) | 587(3.9)
Italy 17 (1.4) | 447(10.3)| 29(1.6) | 472(7.3) 37 (1.5) | 477(5.5) 17 (1.5) | 513(9.4)
Lithuania 14 (0.9) | 439(9.0) 37(1.1) | 460(7.1) 41(1.3) | 483(5.7) 8 (0.5) | 510(7.6)
Netherlands - - - - - - - - - - - - - - - -
New Zealand 18 (1.6) | 468(9.6) 29 (1.7) | 491(7.3) 42 (1.5) | 547(5.6) 11 (0.8) | 592(9.7)
Norway 19(1.1) | 463(4.9) 25(1.0) | 507 (4.8) 41(1.2) | 551 (4.7) 14 (1.0) | 595(7.4)
Russian Federation 6 (0.6) | 442(11.4) 32 (1.6) | 449 (6.5) 52 (1.5) | 480(7.3) 10 (0.6) | 511 (6.1)
Slovenia 14 (1.6) | 453(15.5)| 26(1.4) | 495(8.4) 48 (1.7) | 526(7.2) 12(1.8) | 576(12.2)
South Africa r 8 (1.1) | 334(9.1) 14 (1.4) | 363(11.8) 40 (1.9) | 367(11.4) 38(2.1) | 372(10.1)
Sweden 13 (0.8) | 468(5.6) 29 (1.1) | 521(4.9) 42 (1.0) | 574(3.9) 16(0.9) | 625(6.0)
Switzerland 17 (1.6) | 486(9.5) 23(1.2) | 520(7.0) 42 (1.2) | 556(4.8) 17 (1.3) | 587 (8.1)
United States 13(0.9) | 414(3.7) 21(0.8) | 446(4.2) 45 (1.1) | 465(3.8) 21(0.8) | 509(6.1)

SOURCE: |EA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.

BEST COPY AVAILABLE

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An “r" indicates a 70-84% student response rate.
An "X" indicates data available for <50% students.
A dash (-) indicates data are not available.
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Figure 4.4

Gender Differences in Liking Mathematics
Final Year of Secondary School*

Country Distike a Lot Dislike Like Like a Lot

Australia HeHC—

Austria —- O

Canada I annal

Cyprus o9

Czech Republic } +H

Denmark i

France o—-C+
Hungary Hied

Iceland o4&+

laly o
Lithuania 1o+
New Zealand e
Norway oo+
Russian Federation —H—
Slovenia -+
South Africa =
Sweden to+Ho4
Switzerland o——o—+
United States 1ep4
SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.
¥ = Average for Females (+2SE)
KD} =Average for Males (+2SE)

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
Data are not available for Germany.

1186



CHAPTER 4

Students’ Reports on How Much They Like the Sciences
Final Year of Secondary School*

 Percent of Students Reporting That Théy "Like" or “Like:a Lot"!

Country ‘
Australia ** 60 (2.6) ** 37 (2.8) ** 53 (2.2) ** 34 (3.3)
Austria 72 (2.4) ** 38 (2.4) 61 (2.3) ** 36 (2.1)
Canada 70(1.7) 50 (1.4) *71(2.1) ** 44 (2.3)
Cyprus 62 (2.6) 42 (2.1) ** 27 (2.5) 48 (1.9)
Czech Republic 60 (2.0) 29(2.1) 66 (1.9) 26 (2.6)
Denmark 61 (1.9) 41 (1.5) 59 (1.7) 43 (1.6)
France 62 (2.9) 45 (1.6) 57 (2.5) 43(2.9)
Germany X X X X X X X X
Hungary 63 (1.3) 24(1.1) 61 (1.1) 28 (1.3)
Iceland 86 (1.2) 59 (1.3) ** 65 (1.6) ** 51(1.3)
Italy 63 (2.1) 42 (2.2) 70(1.7) 45 (2.0)
Lithuania 66 (1.6) 28 (1.3) 76 (1.2) 33(1.5)
Netherlands X X X X X X X X
New Zealand ** 63(1.9) ** 38(1.7) ** 55 (2.4) ** 35(1.7)
Norway ** 61(1.6) ** 43 (1.5) 58 (1.5) * 41(1.7)
Russian Federation 72 (1.3) 45 (2.0) 72 (1.2) 54 (1.7)
Slovenia 54 (2.2) 29 (2.0) 69 (2.4) 35(2.9)
South Africa 88 (1.3) ** 67 (3.0) ** 68 (2.4) *71(2.7)
Sweden 69 (1.5) 46 (1.3) 72(1.0) 47 (2.0)
Switzerland 65 (2.3) 46 (1.8) 71(1.6) 44 (1.5)
United States 67 (0.9) 49 (1.6) 68 (1.1) ** 47 (1.8)

SOURCE: IEA Third tntemational Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.

T Percentages exclude students reporting that they have not studied the science subjects.

** More than 20% of students report that they have not studied the science subject.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An “x" indicates data available for <50% students.
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Gender Differences in Liking the Sciencest
Final Year of Secondary School*

.. Biological Science Chemistry

“ Country .
. Dislik®  Diske  Like  Likealot Distike  pigike  Like  Likea Lot
. . . 1
Australia Ho Hf‘,} {
Austria HoH 4+
Canada SHet 8
Cyprus het g1
Czech Republic e 1t it )
Denmark 1SHe)
France +P g S
Hungary et i o
Iceland B #S}
ltaly o+ et
Lithuania 158 ] — %
New Zealand tofel O+
Norway iSi—et 1O5CH—
Russian Federation 3] g
Slovenia loted feti
South Africa 1S g
Sweden S —
Switzerland o6l —e
United States —ie
SOURCE: (EA Third Intemationat Mathematics and Science Study (TIMSS), 1995-96.
I = Average for Females (+2SE)
KOf = Average for Males (+2SE)

U Averages exclude students reporting that they have not studied the science subjects.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
Data are not available for Germany and the Netherlands.
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Gender Differences in Liking the Sciences*
Final Year of Secondary School*

D;s&(:e Dislike Like Like a Lot D;’ﬂg‘f Distike Like Like a Lot
Australia ot +Ho+H
Austria 1 iq—+eH
Canada et
Cyprus oo oot
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Denmark - 1=
France e — =
Germany te4-S+4
Hungary 5 LS5
Iceland o B
Italy = 151
Lithuania BH T =
New Zealand —ieH tofi—o1
Norway 1% é et
Russian Federation 1 o5
Slovenia 55 to—+e+4
South Africa s r“%%i
Sweden 11
Switzerland g 4@“
United States L | e
SOURCE: |IEA Third Intemational Mathematics and Science Study (TIMSS), 1995-96.
KA = Average for Females (+2SE)
KOt =Average for Males (£2SE)

T Averages exclude students reporting that they have not studied the science subjects.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
Data are not available for Germany and the Netherlands. '
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WHAT EpucATiONAL Resources Do STupents HAVE IN THEIR HOMES?

Parental education is a useful indicator of the support for academic endeavor that is
often associated with student achievement. Information about their parents’ educational
levels was gathered by asking students to indicate the highest level of education
completed by their fathers and mothers. Table 4.10 presents the relationship between
final-year students’ mathematics and science literacy and the highest level of
education of either parent. Results are presented at three levels: finished university,
finished upper secondary school but not university, and finished primary but not upper
secondary school. These levels are based on internationally defined categories, which
may not be strictly comparable across countries due to differences in national education
systems. Although most countries translated and defined the educational categories
used in their questionnaires so as to be comparable to the internationally defined levels,
some countries used modified response options to conform to their national systems.

Despite the different educational approaches, structures, and organizations across the
TIMSS countries, it is clear from Table 4.10 that parents’ education is positively related
to students’ mathematics and science literacy. As was the case for eighth-graders,’
in every country final-year students whose parents had more education had higher
mathematics and science literacy. The percentages of final-year students falling into
each of the internationally defined categories agree well with the percentages reported
by eighth grade students, although relatively fewer final-year students than eighth-
grade students reported that they did not know their parents’ educational levels,
particularly in Denmark, France, New Zealand, and Sweden. The percentage of students
reporting parents’ educational levels corresponding to each category varied considerably
across countries. More than 30% of students in Canada, Iceland, Lithuania, the Russian
Federation, and the United States indicated that at least one parent had finished
university, while in contrast, more than 30% of students in Australia, Cyprus, the Czech
Republic, France, Italy, and South Africa reported that the highest level attained by
either parent was to finish primary but not upper secondary school.

' Beaton, A E, Mullis, LV.S., Martin, M.O., Gonzdlez, E.J., Kelly, D.L,, and Smith, T.A. {1996). Mathematics
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Boston College; Beaton, A.E., Martin, M.O., Mullis, |.V.S., Gonzalez, EJ., Smith, TA., and
Kelly, D.L. (1996). Science Achievement in the Middle School Years: IFA's Third International Mathematics
and Science Study (TIMSS). Chestnut Hill, MA: Boston College.
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Table 4.10

Students’ Reports on the Highest Level of Education of Either Parentt
Mathematics and Science Literacy
Final Year of Secondary School*

F‘ini‘shed Upper Finished Primary
Secondary but but Not Upper Do Not Know
Not University ? Secondary®

Finished

University'

Country

Percent of Mean Percent of Mean Percent of Mean Percent of Mean

Students | Achlevement | Students |Achievement] Students | Achievement | Students | Achievement
Australia 26 (2.1) | 580(7.9) 39(2.0) | 526(6.8) | 32(2.3) | 497(9.7) 3(0.7) | 467(18.5)
Austria 11 (0.9) | 559(8.5) 73(1.5) | 521(5.2) | 12(0.9) | 506(13.4) 5(1.0) | 465(12.3)
Canada 44 (1.9) | 547 (3.4) 40(1.4) | 519(4.4) |.12(0.9) | 498(7.0) 4(04) | 485(11.4)
Cyprus 18(1.5) | 492(8.6) 35(2.0) | 447(5.2) | 41(2.2) | 430(3.1) 6(1.2) | 426(9.3)
Czech Republic 18 (1.3) | 544(12.8)| 42(1.6) | 494(9.9) | 38(1.9) [ 440(10.2) 3(0.8) | 441(12.9)
Denmark 21(1.1) | 555(4.7) | 61(1.4) | 529(4.0) [ 10(0.6) | 514(5.6) 8(0.9) | 479(8.1)
France 16 (2.3) | 545(9.2) 38(1.4) | 517(4.6) | 38(1.7) | 485(6.7) 8 (0.8) | 468(9.3)
Germany 28 (2.0) | 528(6.3) 67 (2.0) | 496(5.2) 6(1.2) | 409(15.9) -- - -
Hungary 26 (0.9) | 521(5.2) 67 (0.9) | 465(2.9) 7 (0.5) | 434(5.9) - - - -
Iceland 31(1.1) | 565(2.7) 51(1.5) | 536(2.6) | 17(1.1) | 522(4.1) 1(0.2) ~ o~
Italy 12(1.9) | 512(13.5)| 43(1.8) | 489(5.7) | 45(2.2) | 456(6.1) 1(0.2) ~ o~
Lithuania 41 (2.0) | 477(5.8) 50 (1.7) | 460(6.7) 6 (0.7) | 450(11.7) 3(0.4) | 434(13.9)
Netherlands 11 (1.5) | 598(12.8)| 66 (1.5) | 568(5.0) | 10(0.8) | 512(8.2) 13(1.1) | 528(7.3)
New Zealand 28 (1.3) | 562(5.0) 39(1.6) | 523(5.4) | 27(1.6) | 510(6.4) 6(1.1) | 463(13.6)
Norway 23(1.5) | 569(5.9) 52(1.3) | 533(4.8) | 14(0.9) | 516(6.3) 11 (0.8) | 506(7.2)
Russian Federation | 41 (2.1) | 505(6.2) 53(2.1) | 460(5.8) 3(0.6) | 411(9.2) 2 (0.3) ~
Slovenia 29 (2.7) | 548(9.1) 59(2.0) | 509(8.2) | 12(1.4) | 476(9.2) 1(0.2) ~ o~
South Africa 11 (1.9) | 418(26.0)| 30(2.6) | 386(14.8)| 44(3.2) | 332(4.9) 15(1.2) | 314(3.8)
Sweden 28 (1.3) | 590(4.8) 42 (1.1) | 560(5.3) | 17(0.9) | 534(5.2) 13(0.8) | 520(8.1)
Switzerland 14 (0.8) | 576(5.5) 69(1.9) | 537(5.9) | 14(1.5) | 479(11.4) 4(0.5) | 479(10.7)
United States 35(1.9) | 521(4.2) 52 (1.4) | 462(3.5) 8(1.0) | 415(5.7) 4(0.7) | 413(11.1)

SOURCE: IEA Third tntemational Mathematics and Science Study (TIMSS), 1995-96.

T The response categories were defined by each country to conform to their own educational system and may not be strictly comparable across
countries. See Figure 4.6 for definitions and national adaptations of the international options in each educational category.

* See Appendix A for characteristics of the students sampled.
' In most countries, defined as completion of at least a 4-year degree program at a university or an equivalent institute of higher education.

2 Finished upper secondary school with or without some tertiary education not equivalent to a university degree. In most countries, finished
secondary corresponds to completion of an upper secondary track terminating after 11 to 13 years of schooling.

3 Finished primary or some secondary school not equivalent to completion of upper secondary.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
A dash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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Figure 4.6 shows the international definitions of the educational categories used for
reporting parents’ education level and the modifications made to them by some
countries to conform to their national education systems. In several countries, the
first category — finished primary school but not upper secondary school — included
only a single level corresponding to finishing compulsory education (8 to 10 grades)
and did not include finishing only primary school. In addition, in Germany, the comple-
tion of middle secondary education was considered part of this category, while
in Austria, which has an education system similar to Germany’s, middle-level
vocational education was included with the second category, upper secondary
education.

The second reporting category — finished upper secondary school but not university
- was complicated because in many countries, particularly in Europe, several upper
secondary tracks lead to university or other tertiary institutions as well as to vocational/
apprenticeship programs. In most countries, finishing upper secondary school
means completion of 11 to 13 years of education. In some systems, however, general
secondary education may be completed after 9 or 10 years, followed by 2 to 4 years
of full- or part-time vocational/apprenticeship training that may be either included
as part of the secondary education system or considered as postsecondary. All of the
upper secondary tracks and any upper secondary or postsecondary vocational education
programs included as response options are combined in the second reporting category.

Several countries also differed in their interpretation of what is included in the last
category — finished university. For example, degrees obtained from technical
institutes and other non-university institutions of higher education are considered
equivalent to a university degree in some countries but not in others. Completion of a
degree at one of these institutions, therefore, may have been included in either the
finished university or the finished upper secondary school but not university categories.
In countries such as Canada, New Zealand, and the United States, the finished
university category includes the completion of the equivalent of a bachelor’s degree at a
university, college, or polytechnic institute, while in Austria and France, this category
corresponds to the equivalent of a master’s degree received at a university.
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National Adaptations of the Definitions of Educational Levels for Parents’ Highest
Level of Education*
Final Year of Secondary School*

ﬂz@w@(}as @f
ﬁmum@d
Countries with Modified Nationally-Detlned Levels.
Austria: Compulsory (Pfichtschulabschiu3; 9 grades)
Czech Republic: Primary or secondary or vocational training without maturita
Denmark: Basic school (Folkeskolen, Realeksamen; 9 or 10 grades)
France: No school, primary, or lower secondary (College, CAF)
Germany: No lower secondary (8 grades); lower secondary (HauptschulabschiuB3; 9 or 10 grades) or
Medium secondary (Fachoberschulreife, Realschulabschiuf3 or Polytechnische Oberschule; 10 grades)
Hungary: Some or all of general school (8 grades)
Norway: Compulsory (9 grades) or some upper secondary
Sweden: Compulsory (9 grades) or started upper secondary
Switzerland: Compulsory (9 grades)

Inerrerioneliy Defuned &@m@i@g ecendary @?
m Aﬁ@zf @?
Same Mﬁﬂw«i@@y
Countries with Modified Nationally-Defined Levels:
Austria: Upper secondary tracks: apprenticeship (Berufsschul-/Lehrabschiu3), medium vocational (Handelsschule,
Fachschule), higher vocational (HAK, HTL, etc.), or higher academic (Gymnasium, Realgymnasium)
Cyprus: Upper secondary tracks: academic or technical/vocational or
Postsecondary: finished college.
Denmark: Upper secondary tracks: academic or general/vocational (gymnasium, hf, hix, hhx) or vocational training
(erhvervsfaglig uddannelse)
Postsecondary: medium-cycle higher education (mellemlang uddannselse)
France: Upper secondary tracks: BEP (11 grades) or baccalauréat (général, technologique or professionnel; 12 or 13 grades)
Postsecondary: 2 or 3 years university study after baccalauréat (BTS, DUT, Licence)
Germany: Upper secondary tracks: general/academic or apprenticeship/vocational training (LehrabschluB3, Berufsfachschule,
Berufsaufbauschule)
Postsecondary: vocational schools (Fachschulabschluss)
Greece: Upper secondary: general or technical/vocational Lyceum
Postsecondary: 4-years at technical institute or some university
Hungary: Upper secondary tracks: apprenticeship (3-year trade school) or final exam in secondary (4-year academic/vocational)
Italy: Upper secondary tracks: completion of secondary with maturita (classical/technical) or vocational training
Norway: Upper secondary tracks: general or vocational programs
Postsecondary: vocational training or 1-3 years study at university or technical college
Sweden: Upper secondary tracks: academic or vocational (gymnasieutbildning or yrkesinriktad utbildning)
Postsecondary: less than 3 years of university studies
Switzerland: Upper secondary tracks: vocational (Lehre/Berufsschule), academic (gymnasium,
kantonsschule, maturitét) or teacher training (Lehrer seminar)
Postsecondary: Higher vocational/professional school (Fach- and Berufsschule)

Inarreifionel-Deiinee Lovelss FAmshas Unfverstly

Countries with Modified Nationally-Defined Levels:

Austria: University (master's degree) New Zealand: University or teachers’ college
Canada: University or college Norway: More than 3 years study at university
Cyprus: University degree or post-graduate studies or technical college
France: 4 years university study after baccalauréat Sweden: 3 years university studies or more
Germany: University, technical university, teacher college or special- Switzerland: University or technical university (ETH)
ized higher vocational degree (Fachhochschulabschluss) United States: Bachelor's degree at college or
Hungary: University or college diploma university

SOURCE: IEA Third Intemational Mathematics and Science Study (TIMSS). 1995-96.

t Educational levels were translated and defined in most countries to be comparable to the intemationally-defined levels. Countries that used
modified response options to conform to their national education systems are indicated to aid in the interpretation of the reporting categories
presented in Tables 4.10, 7.10, and 10.9. Countries not included in figure used translated options considered to be comparable to the intemationally-
defined options.

* See Appendix A for characteristics of the students sampled.

' Upper secondary corresponds to ISCED level 3 tracks terminating after 11 to 13 years in most countries. (Education at a Glance, OECD,
Paris,1996).
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The number of books in the home can be an indicator of a home environment that
values literacy and the acquisition of knowledge and offers general academic support.
Table 4.11 presents final-year students’ reports about the number of books in their
homes in relation to their achievement on the TIMSS mathematics and science literacy
test. In TIMSS reports on fourth and eighth grades,? it was noted that in most countries
there was a consistent association between students’ reports of books in the home
and achievement: the more books in the home, the higher students’ mathematics and
science achievement. This link between books in the home and student achievement
is apparent also in the final year of secondary school, with the difference in mean
achievement between those reporting most and least books as much as a full standard
deviation (100 scale-score points) in several countries.

Although the main purpose of this question was to gain some information about the
importance of academic pursuits in students’ homes rather than to determine the actual
number of books there, students’ responses revealed some interesting variations from
country to country. Only in South Africa did a large percentage of students report
relatively few books in the home, while in Australia, Denmark, Hungary, Iceland,
Norway, and Sweden, 40% or more of the students reported more than 200. The number
of books in the home reported by final-year students in most countries agreed well with
the number reported by their compatriots in fourth and eighth grades.

2 Mullis, LV.S., Mortin, M.O., Beoton, A.E., Gonzolez, E ], Kelly, D.L., ond Smith, TA. (1997). Mathematics
Achievement in the Primary School Years: IEA’s Third Intemational Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Boston College; Mortin, M.O., Mullis, 1V.S., Beoton, A.E., Gonzolez, EJ., Smith, TA., ond
Kelly, D.L. (1997). Science Achievement in the Primary School Years: IEA’s Third International Mathematics
and Science Study (TIMSS). Chestnut Hill, MA: Boston College; Beoton, A.E., Mullis, LV.S., Mortin, M.O.,
Gonzolez, E |, Kelly, D.L., ond Smith, TA. (1996). Mathematics Achievement in the Middle School Years:
IEA’s Third International Mathematics and Science Study (TIMSS). Chestnut Hill, MA: Boston College;
Beoton, A.E., Mortin, M.O., Mullis, 1.V.S., Gonzolez, EJ., Smith, TA., ond Kelly, D.L. {1996}. Science
Achievement in the Middle School Years: IEA's Third International Mathematics and Science Study (TIMSS).
Chesinut Hill, MA: Boston College..
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Students’ Reports on the Number of Books in the Home — Mathematics and Science Literacy
Final Year of Secondary School*

4 Percent of’ - ﬁe_—a;) Percent !_Me}m Percent ;. Mean Percent ©  Mean Percent . Méan '
Students ;. Achfeve- 0 Achieve- of Achigve- of . Achieve- of Achicve-
W ' ment Studgits ment s<t_u-d:a_msi - ment Students ment Students ment

Australia 2(04)) ~~ 7 (1.3)| 466 (15.3)| 23 (1.6)| 499 (9.6) | 26 (1.5)] 528 (8.1) | 43 (2.6)| 555(7.8)
Austria 4 (0.7)| 455(10.5)| 11 (1.0)| 480(9.5) | 33(1.5)| 507 (6.9) | 19 (1.1)| 529 (6.7) 33(2.1)| 550 (6.8)
Canada 3(0.4)| 494 (20.7)| 10(0.8)| 502(8.0) | 28(1.2)| 513(6.0) | 26 (1.2)| 524 (5.1) | 33 (1.6)| 549 (3.4)
Cyprus 5(1.1)| 417 (14.8)| 14(1.1)| 418(8.3) ]| 38(2.4)| 439(5.2) | 28 (2.2)| 459(5.9) | 15(1.6)[ 481 (9.1)
Czech Republic 1(04) ~-~ 4(0.9)] 417(10.4)| 28 (1.6)| 442 (7.6) | 30 (1.2)| 479 (14.0)| 37 (1.5)| 510(13.3)
Denmark 3(0.4)] 459(12.3)| 5(0.6)| 487(8.9) | 24 (1.0){ 509(6.1) | 26 (1.3)| 524 (4.5) | 41 (1.7) 553 (3.9)
France 3(0.6)| 419(13.4)| 11 (1.2)| 465 (7.4) | 37 (1.5)| 497(5.0) | 24 (1.1)| 521(5.7) | 26 (1.5) 529 (7.0)
Germany 6 (0.9)| 428 (10.5)| 13(1.2)| 440(10.6)| 26 (1.4)| 482(6.0) | 20 (1.4)| 515(8.4) | 35 (2.4)| 532 (7.5)
Hungary 1(02) ~~ 4(0.4)| 405(5.9) | 18(0.8)| 437(3.6) | 22 (0.6)| 469(3.3) | 54 (1.2)) 501 (3.7)
Iceland 1(0.3)] ~~ 5 (0.5)| 504 (10.2)| 21 (0.8)| 520 (5.0) | 24 (1.2)] 541 (3.6) | 49 (1.2}| 557 (2.2)
Italy 4(0.7)| 417 (12.4)| 19(1.5)| 444 (7.4) | 37 (1.8)| 476 (6.5) | 22 (1.4)] 489 (5.6) 18 (1.5)| 505 (9.6)
Lithuania 1(02)| ~~ 9(0.8)| 430 (13.0)| 30 (1.2)| 447 (6.7) | 28(0.9)| 469(6.0) | 33(1.7)| 489(6.2)
Netherlands 6 (0.8)| 514 (10.6)| 14 (1.1)| 536 (10.0)| 34 (1.3)| 548 (5.5) | 21 (1.5)| 566 (7.4) 26 (1.9)| 589 (11.6)
New Zealand 3(0.8)} 430(21.6)| 6 (0.9)| 469(17.6)| 26 (1.6)| 508 (5.7) | 25 (1.4)| 520(7.7) 39 (1.9)| 558 (4.6)
Norway 2(04) ~~ 7 (0.6)] 489 (6.8) | 22 (1.0)| 509 (4.3) | 20 (0.9){ 535(5.6) | 49 (1.4)| 557 (4.7)
Russian Federation 3(0.4)| 447 (13.1)| 9(1.0)| 434 (11.3)| 30 (2.0)| 457 (6.9) | 30 (1.8)| 484 (4.6) | 29(1.3) 504 (6.8)
Slovenia 1(04) ~~ 6 (1.0)| 468 (15.5)| 35 (2.4)| 502 (10.5)| 25(1.8)| 522(9.2) | 32 (2.4)| 538(8.4)
South Africa 31(2.2)[313(3.0) | 26 (1.6)| 338 (5.1) | 21 (1.8)| 372(12.0)] 10(1.2)| 410(21.2) 12 (1.7)| 413(22.7)
Sweden 2(03) ~~ 7 (0.6)| 506 (8.7) | 24 (1.1)| 535(5.0) | 23 (1.0)| 555(5.0) | 43 (1.2)| 580 (5.0)
Switzerland 6(0.9)|458(9.3) | 11 (1.1)| 489(10.5)| 28 (1.7)] 522 (6.7) | 23 (1.4)| 540 (6.4) 32 (1.1)] 561 (6.4)
United States 6(0.7)| 402(7.0) | 12(0.8)| 429 (4.7) | 29(1.2)] 456 (3.5) | 20 (1 .0)| 484 (4.4) | 33(1.6)] 510(3.7)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.

BEST COPY AVAILABLE

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Aftilde (~) indicates insufficient data to report achievement.
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How Ofr1eN Do Stupents Use CaLcuLATOrs AND COMPUTERS?

Although the issue of how calculators should be deployed by students and teachers
80 as to maximize students’ learning remains a matter of debate, it is clear from
Table 4.12 that calculator use is now widespread among final-year students in many
countries. In most countries, more than 80% of students reported at least weekly use
of calculators, including all activities whether at home, at school, or anywhere else.
Only in the Czech Republic, Norway, and the Russian Federation did 20% or more
of the students report rarely or never using calculators. The frequent use of calculators
was positively related to mathematics and science literacy in all countries, with
students who reported using calculators daily performing, on average, well above
those who rarely or never used them.

Since calculator use by students in upper secondary school is very common in many
countries, final-year students were given the option of using a calculator when complet-
ing the TIMSS tests. Table 4.13 summarizes students’ reports on how frequently they
used a calculator during the testing session. Most students made moderate use (i.e.,
for up to 10 questions) of a calculator on the mathematics and science test, although
in Italy, Lithuania, the Russian Federation, Slovenia, and South Africa, more than 30%
reported not using a calculator at all. In general, the students who reported most calcula-
tor use were also those who performed best on the test. It is not clear, however,
whether calculator use assisted performance on the test, or whether the more able
students were also those who chose to use a calculator most.

While calculator use by final-year students was widespread, these students reported
using computers much less frequently. As may be seen from Table 4.14, in seven
countries, Cyprus, the Czech Republic, Hungary, Italy, Lithuania, Norway, and South
Africa, the majority of students reported that they rarely or never use a computer. In
contrast, more than one-fourth of the students in Australia, Canada, Denmark, Iceland,
the Netherlands, New Zealand, Switzerland, and the United States reported using a
computer daily. In about half of the countries, the students who reported using a
computer most frequently were also those with the highest performance on mathematics
and science literacy, but in the rest the relationship was less regular.
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Students’ Reports on How Often They Use a Calculator at School, Home,
or Anywhere Else — Mathematics and Science Literacy
Final Year of Secondary School*

PRETTE ——

Percent of ; Mean Percent of i Mean Percentof | Mean Percentof |  Mean

: Students iAchlevement Students ;Achlevement Students iAchievement Students | Achievement
Australia 6(0.9) | 458(14.3) 4(0.6) | 461(13.0)| 17(1.2) | 497(10.1) 73(1.9) | 544(8.4)
Austria 6 (2.3) | 465(30.7) 5(0.9) | 505(13.7)| 37(2.3) | 516(5.2) 52(3.2) | 532(6.7)
Canada 8 (0.8) | 482(6.9) 7(1.0) | 478(12.3)] 23(1.4) | 513(5.4) 61(2.2) | 543(2.9)
Cyprus 8 (1.5) | 405(11.2) 7(1.0) | 422(13.1)] 18(1.7) | 437(6.2) 66 (1.8) | 457(3.6)
Czech Republic 21(1.9) | 428(8.9) 13 (2.0) | 459(6.1) 43(2.4) | 476 (10.1) 23(3.3) | 533(11.8)
Denmark 8 (1.1) | 482(3.4) 5(0.6) | 492(4.7) 19 (1.5) | 508(5.8) 67 (2.2) | 543(4.5)
France 4(08) | 471 (14.2) 7(1.3) | 468(11.3)] 25(1.6) | 489(5.2) 63(2.4) | 519(5.7)
Germany X X X X X X X X X X X X X X X X
Hungary 14 (0.9) | 423(4.0) 2(0.2) ~ o~ 16 (0.8) | 453(4.0) 68 (1.4) | 496 (3.4)
Iceland 10 (1.2) | 506 (6.0) 6(0.8) | 516(7.9) 24 (0.8) | 530(3.3) 59(0.9) | 557(2.5)
Italy 12(1.4) | 436(11.1) 7(1.0) | 460(10.4)] 36(2.0) | 474(5.9) 45(2.3) | 491(7.0)
Lithuania 12(1.6) | 437(12.4) 6(0.5) | 452(13.3)] 31(1.3) | 455(5.9) 50(2.0) | 480(5.7)
Netherlands 10(1.5) | 461(6.4) 4(0.7) | 467(9.0) 16 (1.3) | 537(7.4) 69(2.4) | 585(5.7)
New Zealand 11 (1.1) | 465(8.9) 7(1.0) | 472(9.5) 20(1.7) | 492(8.3) 62 (2.1) | 554(4.0)
Norway 31(2.1) | 502(5.1) 9(0.8) | 519(7.8) 17 (1.0) | 526(5.1) 44 (2.1) | 567 (5.3)
Russian Federation 22(1.2) | 453(6.0) 8(0.8) | 466(8.4) 31(1.6) | 480(6.3) 39(2.1) | 496(6.2)
Slovenia 5(1.4) | 424(14.0) 4(09) | 472(21.6)] 29(1.7) | 512(9.3) 62 (2.9) | 528(7.9)
South Africa 14(1.9) | 317(3.1) 8(0.7) | 314(5.2) 14 (0.9) | 338(8.7) 63(2.3) | 375(12.6)
Sweden 13(1.0) | 487(6.1) 9 (0.7) | 508(5.1) 43(1.5) | 536(3.7) 35(1.7) | 619(4.5)
Switzerland 5(1.6) | 471(11.5) 2 (0.6) ~ ~ 42 (2.1) | 508(6.8) 51(2.1) | 559(4.2)
United States 16 (1.1) | 419(4.5) 8(0.7) | 443(6.0) 24 (1.1) | 464(4.0) 52(1.9) | 497(3.8)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "x" indicates data available for <50% of students.
Atilde (~) indicates insufficient data to report achievement.
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Table 4.13

Students’ Reports on the Frequency of Calculator Use During the TIMSS Test
Mathematics and Science Literacy
Final Year of Secondary School*

Used a Used a Used a
Did Not Use a Calculator Very Calculator Calculator Quite
Calculator Little Somewhat alLot
(<5 Questions) (5-10 Questions) (>10 Questions)
Percent of Mean Percent of Mean Percent of Mean Percent of Mean
Students |Achisvement| Students 'Achlevement]