N

ERIC

Aruitoxt provided by Eic:

DOCUMENT RESUME

ED 406 419 TM 026 341
AUTHOR Beaton, Albert E.: And Others
TITLE Mathematics Achievement in the Middle School Years.

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.

REPORT NO ISBN-1-889938-02-5
PUB DATE 96
NOTE 243p.; Funding for the international coordination of

the Third International Mathematics Study is provided
by the U.S. National Center for Education Statistics,
the U.S. National Science Foundation, the
International Association for the Evaluation of
Educational Achievement, and the Canadian
government. :

AVAILABLE FROM Boston College, Center for the Study of Testing,
Evaluation, and Eddcational Policy, Campion Hall 323,
Chestnut Hill, MA 02167; ($30--international
customers add $7.50 for postage);
http://wwuwcsteep.bc.edu/timss

PUB TYPE Reports - Evaluative/Feasibility (142) -- Statistical
Data (110) -- Collected Works - General (020)

EDRS PRICE MFO1/PC10 Plus Postage.

DESCRIPTORS Comparative Analysis; Data Collection; Family
Environment; Foreign Countries; Grade 7: Grade 8;
International Education; *International Studies;
Junior High Schools; *Mathematics Achievement;
Mathematics Tests: *Middle Schools; Performance
Factors: Questionnaires; Reliability; Research
Methodology; Sampling; Scoring; Sex Differences;
Tables (Data); Test Construction; *Test Results;
Translation

IDENTIFIERS International Assn Evaluation Educ Achievement;
Middle School Students; *Third International
Mathematics and Science Study

ABSTRACT

The Third International Mathematics and Science Study
(TIMSS) is the largest and most ambitious study undertaken by the
International Association for the Evaluation of Educational
Achievement. Forty-five countries collected data in more than 30
languages. Five grade levels were tested in the two subject areas, so
that more than half a million students were tested around the world.
This report addresses middle-school mathematics achievement (grades
seven and eight) in six content areas: (1) fractions and number
sense: (2) measurement; (3) proportionality; (4) data representation,
analysis, and probability; (5) geometry; and (6) algebra. Results
cover 41 countries with complete data collection. Singapore was the
top-performing country at both grade levels, with Korea, Japan, and
Hong Kong also performing very well. There were large differences in
average achievement between top performers and bottom performing
nations. Gender differences in mathematics achievement were small or
nearly nonexistent in most countries, but when they did appear, they

favored boys. In nearly every country there was a strong positive
relationship between student enjoyment of mathematics and highet
achievement. Home factors were strongly related to mathematics
achievement in every participating country, but relationships between
instructional variables and achievement were less clear. In every
country, the pattern was for the eighth grade student whose parents
had more education to also have higher achievement in mathematics.
The amount of television viewing was negatively associated with
mathematics achievement. The document's introduction provides
information on each country's characteristics including demographics,
public expenditures on education, organization of educational system.
Chapters address: (1) International Student Achievement in
Mathematics; (2) Average Achievement; (3) Performance on Items within
Each Mathematics Content Area; (4) Students Backgrounds and Attitudes
towards Mathematics: and (5) Teachers and Instruction. Appendixes
include: Overview of TIMSS Procedures; Test—-Curriculum Matching
Analysis; Selected Mathematics Achievement Eighth-Grade Results for
the Philippines, Denmark, Sweden, and German-Speaking SwitZerland;
and Percentiles and Standard Deviations of Mathematics Achievement.
(SLD)



Mathematics Achievement

in the Middle School Years

o
—
<
0
=
<
&)
89

‘ ' oS, DEPARTMENT OF EDUCATION | | PERMISSION TO REPRODUCE AND | |E A
{ o
| EDUCATIONAL RESOURCES INFORMATION - DISSEMINATE THIS MATERIAL ; S
| CENTER (ERIC) HAS BEEN GRANTED BY ; .
his .dog\.}mem":\as been ?Déog::edlq: A E g AJ 1 | r
' received from the person-or or 1zation } ' . K
l‘ i originating it. | L€7 5)970 [ l 1. 1_ l
) "’ O Minor changes have been made to ] : ) nrernariona
: - " improve reproduction quality. ] : | .
~ — | Mathematics

' : ® points of view or opinions stated in this » TO THE EDUCATIONAL RESOURCES |

document do not necessarily represent : - B
official OERI position or policy. ; ; INFO_RMATION CENTER (ERIC) .

and
Science

Studly

Albert £ Beaton
lha V.S, Mullis
Michael O. Martin

Fugenio J. Gonzalez

Q N
\& f
Q m Dana L. Kelly

Wo -e B AL




International Association for the Evaluation of
Educational Achievement

MATHEMATICS ACHIEVEMENT IN THE
MIDDLE SCHOOL YEARS:
IEA’s THIRD INTERNATIONAL MATHEMATICS
~ AND SCIENCE STUDY (TIMSS) B

Albert E. Beaton
. Ina V.S. Mulhs
v Michael O_. Martin
|. Eugenio J. Gonzalez
Dana L. Kelly
Teresa A. Smith

November 1996

(@’ TIMSS International Study Center
, Boston College
| N Chestnut Hill, MA, USA

3




© 1996 International Association for the Evaluation of Educational Achievement (IEA).

Mathematics Achievement in the Middle School Years: 1EA’s Third international
Mathematics and Science Study / by Albert E. Beaton. Ina V.S. Mullis. Michael
O. Martin. 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: 96-71251

ISBN 1-889938-02-5

For more information about TIMSS contact:

TIMSS Intemnationai Study Center

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

School of Education

Boston College

Chestnut Hili. MA 02167

United States

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

This report aiso is available on the World Wide Web:
http://wwwcsteep.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 nationai implementation of TIMSS.

Boston Coliege is an equal opportunity. affirmative action employer.

Printed and bound in the United States.




Contents

EXECUTIVE SUMMARY ..ottt sttt st sttt sttt |
INTRODUGCTION ...ttt st sttt sttt st et sa e s sa s e a s et s e s b b bs e bt 7
Which Countries Participated? ................oouoiiuiieieeeceieeee et ae s s 8
Table 1: Countries Paricipaling in TIMSS ... cenereeeeeen s eeesss e sessessece e ssmssssass s sssss s ssssss s 9

Table 2: Information About the Grades TESIEd ... rieiasesseceaaes st 1

What Was the Nature of the Mathematics Test2 .........c.ccoueieiinnncciinieec s 12
How Do Country Characteristics DIiffer? ..ot 13
Table 3: Selected Demographic Characteristics of TIMSS COUNIHES ......c...civrrrrveeeeicinnrrmrriismmmsccsssssssssss e 14

Table 4: Public Expenditure on Education at Primary and Secondary Levels in TIMSS Countries ...........c.cccnnnce 15

Figure 1: Centralization of Decision-Making Regarding Curriculum Syllabi ..., 17

Figure 2: Centralization of Decision-Making Regarding Textbooks ...........ccoccorrrrcriciinricrrrcnnceneeeenee 18

Figure 3: Centralization of Decision-Making Regarding ExaminGtons ... 19
CHAPTER 1 : INTERNATIONAL STUDENT ACHIEVEMENT IN MATHEMATICS ..o, 21
What Are the Overall Differences in Mathematics Achievement? ... 21
Table 1.1: Distributions of Mathematics Achievement - Upper Grade (Eighth Grade) ... 22

Figure 1.1: Multiple Comparisons of Mathematics Achievement - Upper Grade (Eighth Grade) ........ccccooovvvc... 23

Table 1.2: Distributions of Mathematics Achievement - Lower Grade {Seventh Grade) ... 26

Figure 1.2: Multiple Comparisons of Mathematics Achievement - Lower Grade (Seventh Grade) .........cc..vee.... 27

What Are the Increases in Achievement Between the Lower and Upper Grades? ........................ 28

Table 1.3: Achievement Differences in Mathematics Between Lower and Upper Grades (Seventh and Eighth Grades) . 29

What Are the Differences in Performance Compared to Three Marker Levels of International
Mathematics AChiEVEMENL? ............c.ouiiiriinicccc s 30

Table 1.4: Percentages of Students Achieving International Marker Levels in Mathematics - Upper Grade

[EIGRHR GrOE) .. 31
Table 1.5: Percentages of Students Achieving International Marker Levels in Mathematics - Lower Grade
[SEVENN GrOGE) .....ooooeoeeeee et e s 32
What Are the Gender Differences in Mathematics AChievement? ..........ccoccccevrveerrrssesessssseneres 33
Table 1.6: Gender Differences in Mathematics Achievement - Upper Grade (Eighth Grade) ... 34
Table 1.7: Gender Differences in Mathematics Achievement - lower Grade (Seventh Grade) ... 35
El{fC‘ 5 BEST COPY AVAILABLE

fii



What Are the Differences in Median Performance at Age 132 ........cccccoiiinininnininicceeeereees 36

Table 1.8: Median Mathematics Achievement: 13-Year-Old StUdents ... 37
CHAPTER 2 : AVERAGE ACHIEVEMENT IN THE MATHEMATICS CONTENT AREAS ................... 39
How Does Achievement Differ Across Mathematics Content Areas? ...........ccccovuveeemeenreennrnciecnnee, 39
Table 2.1: Average Percent Correct by Mathematics Content Areas - Upper Grade (Eighth Grade) ... 4]
Table 2.2: Average Percent Correct by Mathematics Content Areas - Lower Grade (Seventh Grade] ................. 42
Table 2.3: Profiles of Relative Performance in Mathematics Content Areas - Lower and Upper Grades
[Seventh and Eighth Grad@s) ... ereceseeeeemessse e sessssssees e esessssssresssssssss s 45
What Are the Increases in Achievement Between the Lower and Upper Grades? ........................ 46
Figure 2.1: Difference in Average Percent Correct Between lower and Upper Grades
{Seventh and Eighth Grades) Overall and in Mathematics Content Ar@as ... 47
What Are the Gender Differences in Achievement for the Content Areas? ..........ccocoeveieencnnnne 50
Table 2.4: Average Percent Correct for Boys and Girls by Mathematics Content Areas - Upper Grade
[EIGRHR GrOR) ... cseececesess s 52
Table 2.5: Average Percent Correct for Boys and Girls by Mathematics Content Areas - Lower Grade
[SEVENTN GrOAAE) oottt evees e en e es s e e se ke £ Rb 8o et 54
CHAPTER 3 : PERFORMANCE ON ITEMS WITHIN EACH MATHEMATICS CONTENT AREA ..... 57
What Have Students Learned About Fractions and Number Sense? ..o, 57
Table 3.1: Percent Correct for Fractions and Number Sense Example Items - Lower and Upper Grades
[Seventh and Eighth Grad@s) ... ecececimmaeseeeseessrin s sesesaies s sssseaes s s 58
Figure 3.1: Infernational Difficulty Map for Fractions and Number Sense Example Items - Llower and
Upper Grades (Seventh and Bighth Grades) ... ssesssssss s 60
Fractions and Number Sense EXOmMPle IBMS .............c..ccuuumineeceeeeeeemmsen e somemsssssssessssnssnes s 62
What Have Students Learned About GEOmMEtry? ..o 65
Table 3.2: Percent Correct for Geometry Example ltems - lower and Upper Grades
[Seventh and Eighth Grades) ......................oowveoeeeeeeeessssere e ssessssss e 66
Figure 3.2: International Difficulty Map for Geometry Example Items - Lower and Upper Grades
(Seventh and Bighth Grades) ... ..o ssssssaase R e 68
GEOMEITY EXAMPIE IIBMS ..ot eesssss oo e R 69
What Have Students Learned About Algebra? ... 72

Toble 3.3: Percent Correct for Algebra Example ltems - Lower and Upper Grades (Seventh and Eighth Grades) ... 73

Figure 3.3: International Difficulty Map for Algebra Example Items - Llower and Upper Grades

BEST COPY AVAILABLE



AlGEDIA EXAMPIE TI@MS ......ooo e et e 76

What Have Students Learned About Data Representation, Analysis, and Probabilitye................. 78
Table 3.4: Percent Correct for Data Representation, Analysis, and Probability Example ltems - Lower and
Upper Grades {Seventh and Eighth Grades) ... ssscieisisee s eeeses s ssecsessssesss s 80
Figure 3.4: International Difficully Map for Data Representation, Analysis, and Probability Example Items -
Llower and Upper Grades {Seventh and Eighth Grades) ... 82
Data Representation, Analysis, and Probability Example Hems ... 83
What Have Students Learned About Measurement? ..........cccoocuiininimiciennne et 86
Table 3.5: Percent Correct for Measurement Example ltems - lower and Upper Grades
(Seventh and Bighth Grades) ... i 88
Figure 3.5: International Difficulty Map for Measurement Example Items - Llower and Upper Grades
{Seventh and Bighth Grades) . ..ot caiss vt s Q0
MeQSUTEMENE EXAMPIE TH@MS . ..... it s b0 9l
What Have Students Learned About Proportionality? ... 93
Table 3.6: Percent Correct for Proportionality Example Items - Lower and Upper Grades
[Seventh and Bighth Grades) ..\ ... ..ot eeeseessee s Q4
Figure 3.6: International Difficulty Map for Proportionality Example ltems - lower and Upper Grades
(Seventh and Bighth Grades) ..o e Q6
Proporfionality EXQMPIE THEMS ...t st Q7
CHAPTER 4 : STUDENTS’ BACKGROUNDS AND ATTITUDES TOWARDS MATHEMATICS .......... 99
What Educational Resources Do Students Have in Their Homes? ..........c.coovomienneecnniccnciecnene 99
Table 4.1: Students’ Reports on Educational Aids in the Home: Dictionary, Study Desk/Table, and Computer -
Upper Grade [Eighth Grade] ... ceeieiss s e s i 100
Table 4.2: Students’ Reports on the Number of Books in the Home - Upper Grade (Eighth Grade) .................. 101
Table 4.3: Students’ Reports on the Highest Level of Education of Either Parent - Upper Grade (Eighth Grade) ..... 103
Figure 4.1: Country Modifications to the Definitions of Educational Levels for Parents’
Highest Level Of EAUCGHON .............. oot 104
What Are the Academic Expectations of Students, Their Families, and Their Friends? ............... 106

Table 4.4: Students’ Reports on Whether They Agree or Strongly Agree That It is Important to Do
Various Activities - Upper Grade (Eighth Grade) ... 108

Table 4.5: Students’ Reports on Whether Their Mothers Agree or Strongly Agree That It is Important
to Do Various Activities - Upper Grade [Eighth Grade) ... 109

Table 4.6: Students’ Reports on Whether Their Friends Agree or Strongly Agree That It is Important to Do
Various Activities - Upper Grade (Eighth Grade) ... 110

BEST COPY AVAILABLE 7




How Do Students Spend Their Out-of-School Time During the School Week® ..............cccec... 11

Table 4.7: Students’ Reports on How They Spend Their Daily Outof-School Study Time - Upper Grade
(BIGhth Grade) .....occ oot s s |12

Table 4.8: Students’ Reports on How They Spend Their Daily Leisure Time - Upper Grade (Eighth Grade)......... 113
Table 4.9: Students’ Reports on Total Amount of Daily Outof-School Study Time - Upper Grade (Eighth Grade) ... 114

Table 4.10: Students’ Reports on the Hours Spent Each Day Watching Television and Videos - Upper Grade
(EIGREh GG ...t et e 116

How Do Students Perceive Success in Mathematics? ... 117
Table 4.11: Students’ Self-Perceptions About Usually Doing Well in Mathematics - Upper Grade (Eighth Grade).. 118

Figure 4.2: Gender Differences In Students’ Self-Perceptions About Usuc;lly Doing Well in Mathematics -
Upper Grade (Eighth Grade) ... ceceiiissseesseessseeeesere s esessssessssssssss oo scsssssssssnansas s 119

Table 4.12: Students’ Reports on Things Necessary to Do Well in Mathematics - Upper Grade (Eighth Grade)... 121

Table 4.13: Students’ Reports on Why They Need to Do Well in Mathematics - Upper Grade (Eighth Grade) .... 123

What Are Students’ Attitudes Towards Mathematics? ..., 124
Table 4.14: Students’ Reports on How Much They Like Mathematics - Upper Grade (Eighth Grade]............. e 126
Figure 4.3: Gender Differences in Liking Mathematics - Upper Grade (Eighth Grade] ..........oovovvvevreeeriiiiiccrcras 127
Table 4.15: Students’ Overall Attitudes Towards Mathematics - Upper Grade {Eighth Grade) ... 128

Figure 4.4: Gender Differences in Students’ Overall Attitudes Towards Mathematics - Upper Grade
{Eighth Grqde) ......................................................................................................................................................................... 129
CHAPTER 5 : TEACHERS AND INSTRUCTION .....couoviiiiiriricteecrcriiniisctetstessseesss e eans 131
Who Delivers Mathematics Instruction? ............... e s 132

Table 5.1: Requirements for Certification Held by the Majority of Lower- and Upper-Grade

(Seventh- and Eighth-Grade) TEACRETS.............ccooierr e ccerrcercevecceriesnsseccsismississ s 134
Table 5.2: Teachers' Reports on Their Age and Gender - Upper Grade (Eighth Grade)..........ccooooevvviivcsisiccenn 136
Table 5.3: Teachers Reports on Their Years of Teaching Experience - Upper Grade (Eighth Grade) ........... o 137
What Are Teachers’ Perceptions About Mathematics? ..ot 138

Figure 5.1: Percentage of Students Whose Mathematics Teachers Agree or Stiongly Agree with Statements
About the Nature of Mathematics and Mathematics Teaching - Upper Grade (Eighth Grade) .......cccccuvw 140

Figure 5.2: Percent of Students Whose Mathematics Teachers Think Particular Abilities Are Very Important
for Students’ Success in Mathematics in School - Upper Grade (Eighth Grade) ... 142



How Do Mathematics Teachers Spend Their School-Related Time?2 ........c..cccovviiiviiinnniennnn, 144

Table 5.4: Teachers' Reports on the Proportion of Their Formally Scheduled School Time Spent Teaching

Mathematics - Upper Grade (Eighth Grade) ......... e et 146
Table 5.5: Teachers' Reports on Average Number of Hours Mathematics Is Taught Weekly to Their
Mathematics Classes - Upper Grade (Eighth Grade) ... 147
Table 5.6: Average Number of Hours Students’ Teachers Spend on Various School-Related Activities
Outside the Formal School Day During the School Week - Upper Grade (Eighth Grade) .......cccoooooovviiveeeeec 148
Table 5.7: Teachers' Reports on How Often They Meet with Other Teachers in Their Subject Area to
Discuss and Plan Curriculum or Teaching Approaches - Upper Grade (Eighth Grade) ... 149
How Are Mathematics Classes Organized? ... 151
Table 5.8: Teachers' Reports on Average Size of Mathematics Class - Upper Grade (Eighth Grade] ............... 152
Figure 5.3: Teachers' Reports About Classroom Organization During Mathematics Lessons -
Upper Grade [Bighth Grade) ... ssssessssssss e cssssssss s 154
What Activities Do Students Do in Their Mathematics Lessons?...........ccovveiiiiieinininininenennns 156

Table 5.9: Teachers' Reports on Their Main Sources of Written information When Deciding Which
Topics to Teach and How to Present a Topic - Upper Grade (Eighth Grade) ... 157

Figure 5.4: Teachers' Reports About Using a Textbook in Teaching Mathematics - Upper Grade (Eighth Grade) . 158

Table 5.10: Teachers’ Reports on How Often They Ask Students to Practice Computational Skills -

Upper Grade (Bighth Grade) ...t 159
Table 5.11: Teachers' Reports on How Often They Ask Students to Do Reasoning Tasks -
Upper Grade [Eighth Grade) ... eeieeeieceseessssssssssseasssassaa s 160
Table 5.12: Students’ Reports on Frequency of Using Things from Everyday Life in Solving Mathematics
Problems - Upper Grade (Eighth Grade) .......c.... ., 161
How Are Calculators and Computers Used? ...........ccvmnirienenceininre e sissssssessisesessnns 162

Table 5.13: Students’ Reports on Having a Calculator and Computer in the Home - Upper Grade
(BIGIIR GO ...t s R 163

Table 5.14: Teachers’ Reports on Frequency of Students’ Use of Caleulators in Mathematics Class -
Upper Grade [Eighth Grade) ...........iiiceiieeniceeeesssessecssssssas s 164

Table 5.15: Teachers' Reports on Ways in Which Calculators Are Used at least Once or Twice a Week -
Upper Grade (Eighth Grade) ........ ..o s 165

Table 5.16: Students’ Reports on Frequency of Using Calculators in Mathematics Class - Upper Grade
(BIGRIN GOAE) ....oooovoe e 166

Table 5.17: Teachers' Reports on Frequency of Using Computers in Mathematics Class to Solve
Exercises or Problems - Upper Grade [Eighth Grade) ... 167

vii



Table 5.18: Students’ Reports on Frequency of Using Computers in Mathematics Class - Upper Grade

[EIGRth GrOE ...ttt s e 168
How Much Homework Are Students Assigned? ... 169
Table 5.19: Teachers' Reports About the Amount of Mathematics Homework Assigned - Upper Grade
[EIGRIR GrAAR) ... eeeas et s 8RR SRR 170
Table 5.20: Teachers’ Reports on Their Use of Students’ Written Mathematics Homework - Upper Grade
[EIGRED GO .......ooooo et 171
What Assessment and Evaluation Procedures Do Teachers Use?...........ccococueunvincinincicnnencinnnce 172

Table 5.21: Teachers' Reports on the Types of Assessment Given “Quite A Lot” or “A Great Deal” of
Weight in Assessing Students’ Work in Mathematics Class - Upper Grade (Eighth Grade) ...........cooocccccorn. 173

Table 5.22: Teachers' Reports on Ways Assessment Information Is Used “Quite A Lot” or “A Great Deal” -
Upper Grade (Eighth Grade) ..............cmmcmineir s ssseesisssss s sosssssssssassserasasasessassesss s sressron 174

Table 5.23: Students’ Reports on Frequency of Having a Quiz or Test in Their Mathematics Lessons -
Upper Grade (Eighth Grade) ..............coovvvvvveeeeeccverrsreeeeemmmisimmmisisnsssoesseesssssssss s assssssesssss s sssessrassssesssssessarsans 175

APPENDIX A: OVERVIEW OF TIMSS PROCEDURES: MATHEMATICS ACHIEVEMENT

RESULTS FOR SEVENTH- AND EIGHTH-GRADE STUDENTS ......ccooiiiiiineeeteiete i, A-1
HISTOTY ..ttt st b et e et e et b e sa et ae b s e b s b e RS s A et e b e b e bbb e b e a s b e e b e st ebnas A-1
The Components of TIMSS ...t e et A-1
Figure A.1: Countries Participating in Additional Components of TIMSS TeSHNG ........ccomrvirirriirmrrirecsssssssirensssssss A4
Developing the TIMSS Mathemahics Test .........cecrenrinrcnincninineieie et A-5
Figure A.2: The Three Aspects and Major Categories of the Mathematics Framework .........covvvvvviivricriiinnecens A6
Table A.1: Distribution of Mathematics Items by Content Reporting Category and Performance Category........... A7
TIMSS Test Design ......... ettt teeeeeeeteret bt etatetetetes et et et asae ittt e A e eE et e b ek e eaca e ceR et s st et ebae s ettt a s en e e A9
Sample Implementation and Participation RAes..........ccciciiimiirininininiessisss s A-9
Table A.2: Coverage of TIMSS Target POPUIGHON ........ovwvvvvcorivvvermearinissscnmreee st A-10
Table A.3: Coveroge Of 13-YEQr-Old SHUACNES ....ovvcoovrvermisemircrisereeesssesessisiss s ssssssrssssses s A-12
Table A.4: School Participation Rates and Sample Sizes - Upper Grade (Eighth Grade) ... A-13
Table A.5: Student Participation Rates and Samples Sizes - Upper Grade (Eighth Grade) .......oo.ccooivcmncciicniis A-14
Table A.6: School Participation Rates and Sample Sizes - Lower Grade (Seventh Grade} ... A-15
Table A.7: Student Participation Rates and Samples Sizes - Lower Grade (Seventh Grade} ... A-16
Table A.8: Overall Participation Rates - Upper and Lower Grades (Eighth and Seventh Grades) ... A-17
Indicating Compliance with Sampling Guidelines in the Report ... A-18

Figure A.3: Countries Grouped for Reporting of Achievement According to Their Compliance with

Guidelines for Sample Implementation and ParicipGHON RAIES ...cvveoiisimiiccsisccincsinecccsinssccssiniinnnarion A-19

10




DA COllECHON weverveetiertet ettt ettt b s bbb bbbt et A-20
Scoring the Free-Response ems ..o, ererens et A-21
Table A.: TIMSS WithinCountry Free-Response Coding Reliability Data for Population 2 Mathematics ltems ... A-22

Table A.10: Percent Exact Agreement for Coding of Mathematics Items for International and

Within-Country RENADility STUGIES .....cvcccocccrierrrrririiereccrr i s A-24
TSt RENADIIY ..ot A-25
Table A.11: Cronbach'’s Alpha Reliability Coefficients - TIMSS Mathematics Test - Lower and Upper Grades

(Seventh ANd EiGhth Grades) ....... . oot A-26
DOt PrOCESSING -..ucvcvuierierernieeueiaciiscusrs i iss s s sse s s s A-25
IRT Scaling and Data ANGIYSis ..ot A-27
ESMAtng SAMPIING EIFOT .....c.cuurecunieecieciuimsinmiinsisssis st cssesb i srssss sttt A-28
APPENDIX B: THE TEST-CURRICULUM MATCHING ANALYSIS ...t B-1
Table B.1: TestCurriculum Matching Analysis Results - Mathematics - Upper Grade (Eighth Grade] ................ B-3
Table B.2: Test-Curriculum Matching Analysis Resulls - Mathematics - lower Grade (Seventh Grade] ............ B-4

Table B.3: Standard Errors for the Test-Curriculum Matching Analysis Results - Mathematics - Upper Grade
(EIGhh GO 1ot B7

Table B.4: Standard Errors for the Test-Curriculum Maiching Analysis Results - Mathematics - lower Grade
[SEVENTR GIOAR oo B-8
APPENDIX C: SELECTED MATHEMATICS ACHIEVEMENT RESULTS FOR THE PHILIPPINES ........ C1
Table C.1: Philippines - Selected Mathematics Achievement Results - Unweighted Data ... C-2

APPENDIX D: SELECTED MATHEMATICS ACHIEVEMENT RESULTS FOR DENMARK,

SWEDEN, AND SWITZERLAND (GERMAN-SPEAKING) -EIGHTH GRADE ... D-1
Table D.1: Derimark - Selected Mathematics Achievement RESUILS ...........cooovvvvviveviomniminnineinnes D-2
Table D.2: Sweden - Selected Mathematics Achievement RESUILS ... D-3
Table D.3: Switzerland (German-Speaking) - Selected Mathematics Achievement RESUlLS ......ccoovrviericiien D-4

APPENDIX E: PERCENTILES AND STANDARD DEVIATIONS OF MATHEMATICS ACHIEVEMENT.... E-]

Table E.1: Percentiles of Achievement in Mathematics - Upper Grade (Eighth Grade] ...t E-2
Table E.2: Percentiles of Achievement in Mathematics - Lower Grade (Seventh Grade) ... E-3
Table E.3: Standard Deviations of Achievement in Mathematics - Upper Grade (Eighth Grade] ..o E4
Table E.4: Standard Devigtions of Achievement in Mathematics - Lower Grade (Seventh Grade] ... E-5
APPENDIX F: ACKNOWLEDGMENTS .. .ot F-1



Executive Summary

MATHEMATICS

[N . i

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 ever undertaken.

The scope and complexity of TIMSS is enormous. Forty-five countries. collected
data in more than 30 different languages. Five grade levels were tested in the two
subject areas, totaling more than half a million students tested around the world.
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. Including the administrators in the approximately
15,000 schools involved, many thousands of individuals around the world were
involved in the data collection effort. Most countries collected their data in May
and June of 1995, although those countries on a southern hemisphere schedule
tested in late 1994, which was the end of their school year.

Six content dimensions were covered in the TIMSS mathematics tests given to the
middle-school students: fractions and number sense; measurement; proportionality;
data representation, analysis, and probability; geometry; and algebra. About one-fourth
of the questions were in the free-responses 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. Chapter 3 of
this report contains 33 example items illustrating the range of mathematics concepts
and processes addressed by the TIMSS test.

Because the home, school, and national contexts within which education takes
place can play important roles in how students learn mathematics, TIMSS collected
extensive information about such background factors. The students who participated
in TIMSS completed questionnaires about their home and school experiences related
to learning mathematics. Also, teachers and school administrators completed
questionnaires about instructional practices. System-level information was provided
by each participating country.

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
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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 provided in this report describe students’ mathematics achievement at
both the seventh and eighth grades. For most, but not all TIMSS countries, the two
grades tested at the middle-school level represented the seventh and eighth years of
formal schooling. Special emphasis is placed on the eighth-grade results, including
selected information about students’ background experiences and teachers’ classroom
practices in mathematics. Results are reported for the 41 countries that completed
all of the steps on the schedule necessary to appear in this report. The results for
students in the third and fourth grades, and for those in their final year of secondary
school will appear in subsequent reports.

The following sections summarize the major findings described in this report.

STUDENTS' MATHEMATICS A CHIEVEMENT

> Singapore was the top-performing country at both the eighth and
seventh grades. Korea, Japan, and Hong Kong also performed very
well at both grades as did Flemish-speaking Belgium and the Czech
Republic. Lower-performing countries included Colombia, Kuwait,
and South Africa (see Tables 1.1 and 1.2; Figures 1.1 and 1.2).

D> Perhaps the most striking finding was the large difference in average
achievement between the top-performing and bottom-performing
countries. Despite this large difference, when countries were ordered by
average achievementt there were only small or negligible differences in
achievement between one country and the one with the next-lowest
average achievement. In some sense, at both grades, the results provide
a chain of overlapping performances, where most countries had
average achievement similar to a cluster of other countries, but from
the beginning to the end of the chain there were substantial differences.
For example, at both grades, average achievement in top-performing
Singapore was comparable to or even exceeded performance for 95%
of the students in the lowest-performing countries.

@ For most countries, gender differences in mathematics achievement were
small or essentially non-existent. However, the direction of the gender
differences that did exist favored boys rather than girls. Similarly,
within the mathematics content areas, there were few differences in
performance between boys and girls. Again, the few differences that
did occur favored boys (except in algebra, where, if anything, the
differences favored girls).
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Compared to their overall performance in mathematics, nearly all
countries did relatively better in several content areas than they did in
others. Consistent with the idea of countries having different emphases
in curriculum, those that performed relatively better in fractions and
number sense tended to be different from those that performed relatively
better in geometry and algebra.

Even though students in the top-performing countries had very high
achievement on many of the test questions, both seventh and eighth
graders, in most countries, had difficulty with multi-step problem
solving and applications. For example, students were asked to actually
draw a new rectangle whose length was one and one-half times the
length of a given rectangle and whose width was half the width of
that rectangle. In only two countries (Korea and Austria) did at least
half the eighth-grade students correctly draw the new rectangle.

Students also found the proportionality items difficult. For example, one
of the least difficult problems in this area asked about adding 5 girls and
5 boys to a class that was three-fifths girls. On average, fewer than
two-thirds of the students across countries correctly answered that
there would still be more girls than boys in the class.

In algebra, 58% of the eighth-grade students across countries, on
average, identified 4m as being equivalent to m + m + m + m. There
was however, a very large range in performance from country to country.
Seventy-five percent or more of the eighth graders answered this
question correctly in the Czech Republic, Hong Kong, Japan, the
Russian Federation, Singapore, the Slovak Republic, and Slovenia.

STUDENTS ATTITUDES TOWARDS MATHEMATICS

B

Within nearly every country, a clear positive relationship was observed
between a stronger liking of mathematics and higher achievement. Even
though the majority of eighth graders in nearly every country indicated
they liked mathematics to some degree, clearly not all students feel
positive about this subject area. In Austria, the Czech Republic, Germany,
Hungary, Japan, Korea, Lithuania, and the Netherlands, more than 40%
of the students reported disliking mathematics.

In no country, did eighth-grade girls report a stronger liking of math-
ematics than did boys. However, boys reported liking mathematics
better than girls did in several countries, including Austria, France,
Germany, Hong Kong, Japan, Norway, and Switzerland.




> mal except four countries, the majority of students agreed or strongly
agreed that they did well in mathematics — a perception that did not
always coincide with the comparisons in achievement across countries
on the TIMSS test. Interestingly, the exceptions included three of the
highest performing countries — Hong Kong, Japan, and Korea — where
more than 50% of the students disagreed or strongly disagreed about
doing well (the fourth was Lithuania). It should be noted, however,
that within nearly all countries there was a clear relationship between
perception and performance, with those students reporting higher self-
perceptions of doing well in mathematics also having higher average
achievement.

B> Internationally, the most frequently cited reason for needing to do well
in mathematics was to get into students’ desired secondary school or
university. '

HoME ENVIRONMENT

Home factors were strongly related to mathematics achievement in every country
that participated in TIMSS.

P> In every country, eighth-grade students who reported having more
educational resources in the home had higher mathematics achievement
than those who reported little access to such resources. Strong positive
relationships were found between mathematics achievement and having
study aids in the home, including a dictionary, a computer, and a study
desk/table for the student’s own use.

b The number of books in the home can be an indicator of a home
environment that values and provides general academic support. In most
TIMSS countries, the more books students reported in the home, the
higher their mathematics achievement.

B> I every country, the pattern was for the eighth-grade students whose
parents had more education to also have higher achievement in mathematics.

D> Beyond the one to two hours of daily television viewing reported by close
to the majority of eighth graders in all participating countries, the amount
of television students watched was negatively associated with math-
ematics achievement.
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»  Inmost countries, eighth graders reported spending as much out-of-school
time each day in non-academic activities as they did in academic
activities. Besides watching television, students reported spending
several hours, on average, each day playing or talking with friends, and
nearly two hours playing sports. (It should be noted, however, the time
spent in these activities is not additive because students can talk with their
friends at sporting events or while watching TV, for example.)

INsTRUCTIONAL CONTEXTS AND PRACTICES

In comparison to the positive relationships observed between mathematics achievement
and home factors, the relationships were less clear between achievement and various
instructional variables, both within and across countries. Obviously, educational
policies and practices such as tracking and streaming serve to systematically
confound these relationships. Also, the interaction among instructional variables can
be extremely complex and merits further study.

P The qualifications required for teaching certification were relatively
uniform across countries. Most countries reported that four years of
post-secondary education were required, even though there was a
range from two to six years. Almost all countries reported that teaching
practice was a requirement, as was an examination or evaluation.

b Teachers in most countries reported that mathematics classes typically
meet for at least two hours a week, but less than three and one-half hours.
Weekly instructional time of from three and one-half hours up to five
hours also was common for a number of countries. The data, however,
revealed no clear pattern between the number of in-class instructional
hours and mathematics achievement.

> There was considerable variation in class size. In a number of countries,
nearly all students (90% or more) were in classes of fewer than 30
students. At the other end of the spectrum, 93% of the students in Korea
were in classes with more than 40 students. The TIMSS data showed
different patterns of mathematics achievement in relation to class size
for different countries.

> Small-group work was used less frequently than other instructional
approaches. Across countries, mathematics teachers reported that
working together as a class with the teacher teaching the whole class,
and having students work individually with assistance from the teacher
were the most frequently used instructional approaches.
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In most participating countries, teachers reported using a textbook in
teaching mathematics for 95% or more of the students. Relatively
uniformly, the majority of students were asked both to practice computation
and do some type of reasoning tasks in most or every lesson.

Regarding the use of technology, teachers in many countries reported
three-fourths or more of the eighth graders used calculators almost every
day in their mathematics classes, often for checking answers, routine
computation, and solving complex problems. An exception was Korea,
where it was reported that calculators were seldom used. Teachers and
students agreed that the computer was almost never used in most students’
mathematics lessons.

Eighth graders in about half the countries reported doing an average of
two to three hours per day of homework, with those in many countries
reporting studying mathematics for roughly an hour each day. There
was a range from half an hour to two hours per day spent on mathematics
homework and about two to five hours overall, but the relationship
between amount of homework done and level of mathematics achievernent
was inconsistent.

Eighth-grade students reported substantial variation in the frequency of
testing in mathematics classes. In a number of countries, the majority of
the eighth-grade students reported having quizzes and tests only once
in while or never. In contrast, one-third or more of the students reported
almost always having quizzes or tests in Colombia, Hong Kong, Kuwait,
Romania, Spain, and the United States.
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—Introduction

MATHEMATICS

As the 21st century approaches, technology is having more and more impact on
the daily lives of individuals throughout the world. It influences our receipt of
news and information, how we spend our leisure time, and where we work. At an
ever-increasing pace, technology also is becoming a major factor in determining
the economic health of countries. To ensure their economic well-being, countries
will need citizens prepared to participate in “brain-power” industries such as
micro-electronics, computers, and telecommunications. The young adolescents of
today will be seeking jobs in a global economy requiring levels of technical
competence and flexible thinking that were required by only a few workers in the
past. To make sensible decisions and participate effectively in a world transformed
by the ability to exchange all types of information almost instantly, these students
will need to be well educated in a number of core areas, especially mathematics
and science.

The fact that skills in mathematics and science are so critical to economic progress
in a technologically-based society has led countries to seek information about
what their school-age populations know and can do in mathematics and science.
There is interest in what concepts students understand, how well they can apply
their knowledge to problem-solving situations, and whether they can communicate
their understandings. Even more vital, countries are desirous of furthering their
knowledge about what can be done to improve students’ understanding of math-
ematical concepts, their ability to solve problems, and their attitudes toward
learning. "

The Third International Mathematics and Science Study (TIMSS) provided countries
with a vehicle for investigating these issues while expanding their perspectives of
what is possible beyond the confines of their national borders. It 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 in order to enhance
mathematics and science learning within and across systems of education.

With its wealth of information covering more than half a million students at five
grade levels in 15,000 schools and more than 40 countries around the world,
TIMSS offers an unprecedented opportunity 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.

' The previous IEA mathematics studies were conducted in 1964 and 1980-82, and the science studies in
1970-71 and 1983-84. For information about TIMSS procedures, see Appendix A.

18



The present report focuses on the mathematics achievement of students in the two
grades with the largest proportion of 13-year-olds — the seventh and eighth grades in
most countries. Special emphasis is placed on the eighth-grade results, including
selected information about students’ background and classroom practices in teaching
mathematics.

All countries that participated in TIMSS were to test students in the two grades with
the largest proportion of 13-year-olds in both mathematics and science. A companion
report, Science Achievement in the Middle School Years: IEA's Third International
Mathematics and Science Study (TIMSS),? presents corresponding results about
students’ science achievement.

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, except the final-year students, also had the opportunity
to participate in a “hands-on” performance assessment where they designed experiments
and tested hypotheses. The results of these components of TIMSS will be presented
in forthcoming reports.

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 classroom, school, and national
contexts within which education takes place.

WHicH COUNTRIES PARTICIPATED?

TIMSS was very much a collaborative process among countries. Table 1 shows the
45 participating countries. Each participant 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 compa-
rability, all testing was conducted at the end of the school year. The four countries
on a Southern Hemisphere school schedule (Australia, Korea, New Zealand, and
Singapore) tested in September through November of 1994, which was the end of
the school year in the Southern Hemisphere. The remaining 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. Because Argentina, Italy, and
Indonesia were unable to complete the steps necessary to appear in this report, the
tables throughout the report do not include data for these three countries. Results
also are not presented for Mexico, which chose not to release its seventh- and
eighth-grade results in the international reports.

2 Beaton, A.E., Martin, M.O., Mullis, 1V.S., Gonzalez, E.f., Smith, TA., and Kelly, D.L. {1906). 5cience'
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Boston College.

o % Appendix F lists the Nafional Research Coord'iogs as well as the members of the TIMSS advisory committees.
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Countries Participating in TIMSS'

i
« Argentina « Korea, Republic of é
« Australia - Kuwait
* Austria « Latvia :
+ Belgium * « Lithuania i
+ Bulgaria » Mexico :
- Canada « Netherlands k
« Colombia « New Zealand
- Cyprus * Norway @
« Czech Republic - Philippines
« Denmark « Portugal
- England « Romania g
 France  Russian Federation :
« Germany « Scotland 1
- Greece - Singapore i
« Hong Kong « Slovak Republic 3
« Hungary « Slovenia §
- Iceland « South Africa :
- Indonesia « Spain
« Iran, Islamic Republic « Sweden
« Ireland « Switzerland
* |srael « Thailand
« |taly « United States
« Japan

* The Flemish and French educational systems in Belgium participated separately.
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Argentina, ltaly, and Indonesia were unable to complete the steps necessary for their data to appear in this report.
Because the characteristics of its school sample are not completely known, achievement resuits for the Philippines
are presented in Appendix C. Mexico participated in the testing portion of TIMSS, but chose not to release its results
at grades 7 and 8 in the international report.
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Table 2 shows information about the lower and upper grades tested in each country,
including the country names for those two grades and the years of formal schooling
students in those grades had completed when they were tested for TIMSS. Table 2
reveals that for most, but not all, countries, the two grades tested represented the
seventh and eighth years of formal schooling. Thus, solely for convenience, the
report often refers to the upper grade tested as the eighth grade and the lower grade
tested as the seventh grade. As a point of interest, a system-split (where the lower
grade was in upper primary and the upper grade was in lower secondary) occurred
in six countries: New Zealand, Norway, the Philippines, South Africa, Sweden, and
Switzerland. Two countries, Israel and Kuwait, tested only at the upper grade.

Having valid and efficient samples in each country is crucial to the quality and
success of any international comparative study. The accuracy of the survey results
depends on the quality of sampling information available, 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, participation rates, and the age of students were established,
as were clearly documented procedures on how to obtain the national samples. For
the most part, the national samples were drawn in accordance with the TIMSS
standards, and achievement results can be compared with confidence. However,
despite efforts to meet the TIMSS specifications, some countries did not do so.
These countries are specially annotated and/or shown in separate sections of the
tables in this report.*

“ The TIMSS sampling requirements and the outcomes of the sampling procedures are described in Appendix A.
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2 Australia

7o0r8

Austria 3.Klasse 7 4. Klasse 8
Belgium (FI) 1A 7 2A8& 2P 8
Belgium (Fr) 1A 7 2A & 2P 8
__Bulgaria 7 7 8 8
Canada 7 7 8 8
Colombia 7 7 8 8
Cyprus h 7 8 8
Czech Republic 7 7 8 8
Denmark 6 6 7 7
England Year 8 8 Year 9 9
. ; o ;
France seme 7 Teametagiave (10%) 8
Germany T 7 8 8
Greece Secongary 1 7 Secondary 2 8
__Hong Kong Seconaary 1 7 Secondary 2 8
Hungary - T 7 8 8
lceland b 7 8 8
Iran. Islamic Rep. 7 7 8 8
Ireland 1st Year 7 2nd Year 8
Israel - - 8 8
Japan 15t Grade Lower Secondary 7 2nd Grade Lower Secondary 8
Korea. Republic of 1st Grade Middle School 7 2nd Grade Middle School 8
Kuwait - - 9 9
Latvia 7 7 8 8
Lithuania 7 7 8 8
Netheriands .—S;:'ondary 1 7 Secondary 2 8
>4 New Zealand Form 2 75-85 Form 3 8.5-95

3 Norway 6 6 7 7
3 Philippines Grade 6 Elementary 6 1st Year High School 7
_Portugal B Grade 7 7 Grade 8 8
Romama | 7 P 7 8 8

5 Russian Federation 7 6 or 8 70r8
Scotland Secondary 1 8 Secondary 2 9
Singapore Secondary 1 7 Secondary 2 8
Slovak Republic 7 7 8 8
Slovenia T 7 8 8
Spain 7 EGB 7 8 EGB 8
3 South Africa Standard 5 7 Standard 6 8
3 Sweden 6 6 7 7

3 Switzerland

(German) 6 6 7 7
(French and Italian) 7 7 8 8
Thailand . —ugé::c;{dary 1 7 Secondary 2 8
United States 7 7 8 8

"Years of schooling based an the number of years children in the grade leve! have been in formal schooling. beginning with primary education
(International Standard Classification of Education Level 1). Does not include preprimary education.

‘Australia: Each statesterritory has its own policy regardin
students were sampled from grades 7 and 8: in the other

‘New Zealand: The majority of students begin prnimary school on or near their 5th birthday so the "years of fo
SRussian Federation: 70% of students in the seventh grade have had 6 years of formal schooling: 70% in the

formal schooting.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS). 1994-95. Information provided by TIMSS National Research Coordinators.
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g age of entry to primary school. In 4 of the 8 statesterritories
four states/territories students were sampled from grades 8 and 9.

*|ndicates that there is a System-split between the lower and upper grades. In Switzerland ther

¢ is a system-split in 14 of 26 cantons.

rmal schooling” vary.
eighth grade have had 7 years of
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WHAT WAas THE NATURE OF THE MATHEMATICS TEST?

Together with the quality of the samples, the quality of the test also receives considerable
scrutiny in any comparative study. All participants wish to ensure that the achievement
items are appropriate for their students and reflect their current curriculum. Developing
the TIMSS tests was a cooperative venture involving all of the NRCs during the
entire process. Through a series of efforts, countries submitted items that were reviewed
by mathematics subject-matter specialists, and additional items were written to ensure
that the desired mathematics topics were covered adequately. Items were piloted,
the results reviewed, and new items were written and piloted. The resulting TIMSS
mathematics test contained 151 items representing a range of mathematics topics
and skills.

The TIMSS curriculum frameworks described the content dimensions for the TIMSS
tests as well as performance expectations (behaviors that might be expected of students
in school mathematics).’ Six content areas are covered in the mathematics test taken
by seventh- and eighth-grade students. These areas and the percentage of the test
items devoted to each include: fractions and number sense (34%); measurement
(12%); proportionality (7%); data representation, analysis, and probability (14%);
geometry (15%); and algebra (18%). The performance expectations include:
knowing (22%); performing routine procedures (25%); using complex procedures
(21%); and solving problems (32%).

About one-fourth of the questions were in the free-response format, requiring students
to generate and write their answers. These questions, some of which required
extended responses, were allotted approximately one-third of the testing time.
Responses to the free-response questions were evaluated to capture diagnostic
information, and some were scored using procedures that permitted partial credit.®
Chapter 3 of this report contains 33 example items illustrating the range of mathematics
concepts and processes addressed by the TIMSS test.

The TIMSS tests were prepared in English and translated into 30 additional languages
using explicit guidelines and procedures. A series of verification checks were conducted
to ensure the comparability of the translations.’

The tests were given so that no one student took all of the items, which would have
required more than three hours. Instead, the test was assembled in eight booklets,
each requiring 90 minutes to complete. Each student took only one booklet, and the
items were rotated through the booklets so that each one was answered by a repre-
sentative sample of students.

BEST COPY AVAILABLE

5 Robitaille, D.F, McKnight, C.C., Schmidt, W.H., Britton, E.D., Raizen, SA.,, and Nicol, C. [1993). TIMSS
Monograph No. 1: Curriculum Frameworks for Mathematics and Science. Vancouver, B.C.: Pacific
Educational Press.

¢ TIMSS scoring reliability studies within and across countries indicate that the percent of exact agreement for
correciness scores averaged well above 90%. For more details, see Appendix A.

7 See Appendix A for more information about the translation procedures.
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TIMSS conducted a Test-Curriculum Matching Analysis whereby countries examined
the TIMSS test to identify items measuring topics not addressed in their curricula.
The analysis showed that omitting such items for each country had little effect on the
overall pattern of achievement results across all countries.®

"How Do CouNTrRY CHARACTERISTICS DIFFER?

International studies of student achievement provide valuable comparative information
about student performance and instructional practices. Along with the benefits of
international studies, though, are challenges associated with 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 kinds of system-wide factors that might influence students’
opportunity to learn. A number of these factors are more fully described in National
Contexts for Mathematics and Science Education: An Encyclopedia of the Education
Systems Participating in TIMSS;'® however, some selected demographic characteristics
of the TIMSS countries are presented in Table 3. Table 4 contains information about
public expenditure on education. The information in these two tables shows 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, they do provide a context for considering the difficulty
of the educational task from country to country.

Describing students’ educational opportunities also includes understanding 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 within 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."

® Results of the Tes-Curriculum Matching Analysis are presenied in Appendix B.

? Appendix A contains an overview of the procedures used and cites o number of references providing details
about TIMSS methodology.

10 Robitaille D.F. {in press). National Contexts for Mathematics and Science Education: An Encylopedia of the
Education Systems Participating in TIMSS. Vancouver, B.C.: Pacific Educational Press.

1 Schmidt, W.H., McKnight, C.C., Valverde, G. A., Houang, R.T., and Wiley, D. E. {in press). Many Visions,
Many Aims. A Cross-National Investigation of Curricular Intentions in School Mathematics. Dordrecht, the
Netherlands: Kluwer Academic Publishers. Schmidt, W.H., Raizen, S.A., Britton, E.D., Bianchi, LJ., and Wolfe,
R.G., lin press). Many Visions, Many Aims: A Cross-National Investigation of Curricular Infentions in School
Science. Dordrecht, the Netherlands: Kluwer Academic Publishers.
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Table 3|
Selected Demographic Characteristics of TIMSS Countries

a

Area of Percentage

Density

. Country : of . Percent in
Population (Population . Life
Country Size (1000 quare  perSauare  "FUCT Expectancy + ST
Kilometers)? Urban Areas
Australia 17843 7713 2.29 848 77 84
Austria 8028. 84 95.28 55.5 77 107
Belgium 10116 31 330.40 96.9 76 103
Bulgaria 8435 111 76.39 70.1 71 68
Canada 29248 9976 2.90 76.7 78 88
Colombia 36330 1139 31.33 722 70 62
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
§ England 48533 130 373.33 - 77 -
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
7 Hong Kong 6061 1 5691.35 94.8 78 98
Hungary 10261 93 110.03 64.2 70 81
Iceland 266 103 2.56 91.4 79 103
Iran 62550 1648 36.98 58.5 68 66
Ireland 3571 70 50.70 57.4 76 105
Israel 5383 21 252.14 90.5 77 87
Japan 124961 378 329.63 77.5 79 96
Korea, Republic of 44453 99 444,92 79.8 71 93
Kuwait 1620 18 80.42 96.8 76 60
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
Philippines 67038 300 218.83 53.1 65 79
Portugal 9902 92 106.95 35.2 75 81
Romania 22731 238 95.81 55.0 70 82
Russian Federation 148350 17075 8.70 73.2 64 88
8 Scotland 5132 79 65.15 - 75 -
Singapore 2930 1 4635.48 100.0 75 84
Slovak Republic 5347 49 108.61 58.3 ) 72 89
Slovenia 1989 20 97.14 62.7 74 85
South Africa 40539 1221 32.46 50.5 64 77
Spain 39143 505 77.43 76.3 77 113
Sweden 8781 450 19.38 83.1 78 99
Switzerland 6994 41 168.03 60.6 78 91
Thailand 58024 513 111.76 31.9 69 37
United States 260650 9809 27.56 76.0 77 97

‘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.
2Area is the total surface area in square kilometers, comprising all land area and intand waters.
3Deénsity is population per square kilometer of total surtace area.
“Number of years a newborn infant would live if prevailing patterns of mortality at its birth were to stay the same throughout its life.
$Gross enroliment of all ages at the secondary level as a percentage of school-age children as defined by each country. This
may be reported in excess of 100% if some pupils are younger or older than the country’s standard range of secondary school age.
® Annual Abstract of Statistics1995, and Office of National Statistics. All data are for 1993.
"Number for Secondary Enroliment is from Education Department (1985) Education Indicators for the Hong Kong Education
System (unpublished document).
® Registrar General for Scotland Annual Report 1995 and Scottish Abstract of Statistics 1993.
(—) A dash indicates the data were unavailable.

SOURCE: The World Bank, Social Indicators of Development, 1996.
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Public Expenditure on Education at Primary and Secondary Levels'
in TIMSS Countries

Public Expenditure Public Expenditure

Gross Nationalb Gross National h : :
U " on Education (Levels on Education
Country Product per Capita Product per Capita 4 g 2) as % of Gross (Intl. Dollars per

(US Dollars)? (Intl. Dollars)® National Product* Capita)®

Australia 17980 3.69
Austria 24950 20230 424 858
Belgium 22920 20450 3.70 757
Bulgaria 1160 4230 3.06 129
Canada 19570 21230 4.62 981
Colombia 1620 5970 2.83 169
8 Cyprus 10380 - 3.60 -
Czech Republic 3210 7910 3.75 297
Denmark 28110 20800 4.80 998
7 England 18410 18170 3.57 649
France 23470 19820 3.61 716
Germany 25580 19890 2.43 483
Greece 7710 11400 2.27 259
8 Hong Kong 21650 23080 1.34 309
Hungary 3840 6310 4.31 272
Iceland 24590 18900 4.77 902
Iran - 4650 3.93 183
Ireland 13630 14550 4.21 613
Israel 14410 15690 3.72 584
Japan 34360 21350 2.82 602
Korea, Republic of 8220 10540 3.43 362
Kuwait 19040 24500 3.46 848
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
Philippines 960 2800 1.78 50
Portugal 9370 12400 2.98 370
Romania 1230 2920 1.89 55
Russian Federation 2650 5260 - =
7 Scotland 18410 18170 357 649
Singapore 23360 21430 3.38 724
Slovak Republic 2230 6660 2.69 179
Slovenia 7140 - 4.20 -
South Africa 3010 - 5.12 -
Spain 13280 14040 3.17 445
Sweden 23630 17850 4.92 878
Switzerland 37180 24390 3.72 907
Thailand 2210 6870 3.00 206
United States 25860 25860 4.02 1040

“ERIC

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

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

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

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

5Calculated by multiplying the GNP per Capita (Intl. Dollars) column by Public Expenditure on Education.

8 GNP per capita figure for Cyprus is for 1993.

The figures for England and Scotland are for the United Kingdom. -

®Calculated using Education Department (1985) Education Indicators for the Hong Kong Education System (unpublished document).

( - ) A dash indicates the data were unavailable.
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Depending on the educational system, students’ learning goals are commonly set at
one of three main 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 different needs of students.

Figures 1, 2, and 3 show the degree of centralization in the TIMSS countries
regarding decision-making about curriculum syllabi, textbooks, and examinations.
Thirty of the TIMSS participants reported nationally-centralized decision-making
about curriculum. Fewer countries reported nationally-centralized decision-making
about textbooks, although 16 participants were in this category. Thirteen countries
reported nationally-centralized decision-making about examinations. Regional
decision-making about these three aspects of education does not appear very common
among the TIMSS countries, with only a few countries reporting this level of
decision-making 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. However,
six countries — Bulgaria, Hong Kong, Lithuania, the Philippines, Romania, and
Singapore — reported nationally-centralized decision-making for all three areas:
curriculum syllabi, textbooks, and examinations. Six countries — Australia, Hungary,
Iceland, Latvia, Scotland, and the United States — reported that decision-making is
not centralized for any of these areas.
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Centralization of Decision-Making Regarding Curriculum Syllabi

Countries are in the "Nationally Centralized" category regarding curriculum if the highest level of
decision-making authority withinthe 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. |f syllabi for courses of study are not determined nationally or regionally, a

country is in the "Not Centralized” category.

Not

Nationally Regionally

Centralized

Centralized Centralized

Austria
Beigium (F))’ Canada Australia®
Belgium (Fr)' Germany Denmark’

Bulgaria Switzerlang® Hungary *

Cgl;lag:l?;a Iceland
) Latvia
Czegrn1 Fliep:bllc Netherlands’

[2 Sl Russian Federation

rance Scotland

Greece -
Hong Kong United States

Iran, Islamic Rep.
Ireland
Israel
Japan
Korea
Kuwait
Lithuania
New Zealand
Norway ?
Philippines
Portugal
Romania
Singapore
Slovak Republic
Slovenia
South Africa
Spain®
Sweden *
Thailand

‘Belgium: in Belgium. decision-making is centralized separately for the two educational systems.

*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.

*Spain: Spain is now retorming to a regionally centralized system with high responsibility at the school level.

‘Sweden: 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.

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

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

7Denmark: The Danish Parliament makes decisions governing the overall aim of education, and the Minister of Education sets the target,
the central knowiedge, and proficiency for each subject and the grades for teaching the subject. The local school administration can implement
the subjects from guidelines from the Ministry; however. these are recommendations and are not mandatory.

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

sNetherlands: 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: IEA Third international Mathematics and Science Study (TIMSS), 1994-95. Information provided by TIMSS National Research Coordinators.
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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 repsonsibility for determining the approved
textbooks, a country is in the "Not Centralized" category.

Nationally Regionally Not
Centralized Centralized Centralized
Austria Canada Australia
Bulgaria Germany Belgium (F1)
Cyprus Japan Belgium (Fr)

Greece South Africa Colombia
Hong Kong Switzerland ? Czech Republic
Iran, Istamic Rep. Denmark
Korea England
Kuwait France
Lithuania Hungary?
Norway lceland
Philippines lreland
Romania Israel
Singapore Latvia
Slovenia Netherlands
Spain* New Zealand
Thailand Portugal
Russian Federation
- Scotland
Slovak Republic
Sweden
United States

'Spain: Spain is now reforming to a regionally centralized system with high responsibility at the school level.
?Switzerland: Decision-making regarding textbooks in upper secondary varies across the cantons and the types of education.
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: [EA Third International Mathematics and Science Study (TIMSS), 1994-95. Information provided by TIMSS National Research Coordinators.
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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. |f 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.

. Not

Nationally:

Centralized Centralized
Buigaria : Australia
Denmark' Austria
England? Beigium (Fi)
Hong Kong * Belgium (Fr)
_freland* Canada
Lithuania Colombia
Netherlands® Cyprus :
New Zealand® Czec;r: i;;ubhc
oy . 7 n
e
Russian Federation ® . SJﬁg:rey
Singapore * iceland
South Africa | tran, Islamic Rep.
israel™
Japan
Korea
Kuwait
Latvia®
Norway
Portugal
Scotland
Singapore
Slovak Republic
Slovenia™
Spain
Sweden "
Switzerland
Thailand
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 locat school or an external
(ministry-appointed) examiner.

*England: Centralized national curriculum assessments taken at Years 2, 6 and 9. Regionally centralized examinations taken at Years 11 and 13.

*Hong Kong: Centralized examination taken at Year 11.

Yreland: Centralized examinations taken at Grade 9 and Grade 12.

Netherlands: School-leaving 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.

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

"Philippines: Centralized examinations taken at Grade 6 and Year 10 (4th year high school).

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

*Singapore: Centralized examinations taken at Grades 6.10. and 12.

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, 6 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.

2|grael: Centralized examinations taken at the end of secondary school that affect opportunities for further education.

*3_atvia: Centralized examinations taken at Grade 9 and Grade 12.

Slovenia: Two-subject national examination taken after Grade 8 (end of compulsory education); five-subject externally-assessed baccalaureat
after Grade 12 for everyone entering university.

"Sweden: There are no examinations in Sweden.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95. Information provided by TIMSS National Research Coordinators.
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—Chapter 1
|

WHAT ARE THE OVERALL DIFFERENCES IN MATHEMATICS ACHIEVEMENT?

Chapter 1 summarizes achievement on the TIMSS mathematics test for each of the
participating countries. Comparisons are provided overall and by gender for the upper
grade tested (often the eighth grade) and the lower grade tested (often the seventh
grade), as well as for 13-year-olds.

Table 1.1 presents the mean (or average) achievement for 41 countries at the eighth
grade.'! The 25 countries shown by decreasing order of mean achievement in the
upper part of the table were judged to have met the TIMSS requirements for testing
a representative sample of students. Although all countries tried very hard to meet
the TIMSS sampling requirements, several encountered resistance from schools
and teachers and did not have participation rates of 85% or higher as specified in
the TIMSS guidelines (i.e., Australia, Austria, Belgium (French), Bulgaria, the
Netherlands, and Scotland). To provide a better curricular match, four countries
(i.e., Colombia, Germany, Romania, and Slovenia) elected to test their seventh-
and eighth-grade students even though that meant not testing the two grades with
| the most 13-year-olds and led to their students being somewhat older than those in
the other countries. The countries in the remaining two categories encountered
various degrees of difficulty in implementing the prescribed methods for sampling
classrooms within schools. Because the Philippines did not document clearly its
procedures for sampling schools, its achievement results are presented in Appendix
C. A full discussion of the sampling procedures and outcomes for each country
can be found in Appendix A.

To aid in interpretation, the table also contains the years of formal schooling and
average age of the students. Equivalence of chronological age does not necessarily
mean that students have received the same number of years of formal schooling or
studied the same curriculum. Most notably, students in the three Scandinavian countries,
Sweden, Norway, and Denmark, had fewer years-of formal schooling than their
counterparts in other countries,” and those in England, Scotland, New Zealand, and
Kuwait had more. Countries with a high percentage of older students may have
policies that include retaining students in lower grades.

* TIMSS used ilem response theory (IRT) methods o summarize the achievement results for both grades on
o scale with o mean of 500 and a standard deviation of 100. Scaling averages students’ responses 1o
the subsets of items they took in a way that accounts for differences in the difficulty of those items. It allows
students’ performance to be summarized on a common metric even though individual students responded
1o different items in the mathematics test. For more detailed information, see the “IRT Scaiing and Data
Analysis” section of Appendix A.

14 = Achievement resulis for the eighth-grade students in Denmark and Sweden, as well as for the eighth-grade
siudents in German-speaking schools in Switzeriand are presented in Appendix D.
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Table 1.1

Distributions of Mathematics Achievement - Upper Grade (Eighth Grade*)

Country Mean Years of Formal Average Mathematics Achievement Scale Score
Schooling Age
Singapore 643 (4.9) 8 14.5
Korea . 607 (2.4) 8 14.2
Japan 605 (1:9) 8 14.4
Hong Kong 588..(6.5) - 8 14.2
t Belgium (FI) 565" (5.7) 8 14.1 .
Czech Republic  |: 5 (4, 8 14.4 ‘
Slovak Republic 8 143
' Switzerland +5457(2.8). 7or8 14.2
France 538 (2.9) 8 14.3 ' .
Hungary 537.:(3.2) 8 14.3
Russian Federation| 535 (5.3) - 7or8 14.0
Ireland 527 {58.1)" 8 14.4
Canada 527_ (2.4) 8 14.1
Sweden 519 (3.0) 7 13.9
New Zealand " 508 (4.5) 85-95 14.0
¥ England 9 14.0
Norway 7 13.9
! United States 8 14.2
' Latvia (LSS) . 493; 8 14.3
Spain 487 (2:0)7 8 14.3
Iceland 48774 5)¢ 8 13.6
' Lithuania a77* (3 5) 8 14.3
Cyprus : 474 (1 .9) 8 13.7
Portugal 454 (2 5) 8 14.5
Iran, Islamic Rep. 428 (2.2) 8 14.6 =
|Qumrles Not Satistying Guidelines for Sample Participation Rates (See Appendix A for Detalis):
Australia 530..(4.0) 8or9 14.2
Austria -539:(3.0). 8 14.3
Belgium (Fr) "'526 3 4). 8 14.3
Bulgaria 540 (6 3)" 8 14.0
Netherlands _541 (6.7) 8 14.3
Scotland 498 (5.5) 9 13.7
| Countries Not Meeting Age/Grade Specifications (High Percentage of Older Students; See Appendlx A for Detalls):
Colombia - 385-.(3.4) 8 15.7 L 'i
" Germany " 509. (4 5) 8 14.8 :
Romania 482 (4 0) 8 " 14.6 ( " —
Slovenia '541(3.1) 8 14.8
[Eoumrles With Unapproved Sampling Procedures at Classroom Level (See Appendix A for Detalls):
Denmark 502 (2.8) 7 13.9
Greece 484-(3.1) . 8 13.6
Thailand 522 (5.7) 8 14.3 ]
| Unapproved Sampling Procedures at Classroom Level and Not Meeting Other Guidelines (See Appendlx A for Detalls)
' lsrael © 522 (6.2) 8 14.1 [== I ]
Kuwait 392 (2.5) 9 15.3 3 |
South Africa 354 (4.4) 8 15.4 e an mi e —
: 200 250 300 350 400 450 500 550 600 650 700 750 800
— Percentiles of Performance =
Sth 25th 75th 95th International Average = 513
:tmm: (Average of All Country Means)

Mean and Confidence Interval (£2SE)

T

“Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

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

'National Desired Population does not cover all of International Desired Population (see Table A.2). Because coverage falls below 65%.
Latvia is annotated LSS for Latvian Speaking Schools only.

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

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

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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Multiple Comparisons of Mathematics Achievement - Upper Grade (Eighth Grade*)

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. '

| |
|

- g':;'
S8 - - ] —_
REF R 3 = c 2 @ 2 8
Country |2 | |E1EIEIEIEIS alel | 2lElel.lalElel |s(2lElelals|E ]2 |o|s|iE]alaiE]. |5]E
SolclalalsiElB|5(5|5( 8|55 815185 |8 8|82 8 |E(8le|2|c|B|8|8|5|2|512]5 5]
gea:gsg-gggagcmmg:ss'agga;mggggzagggen::‘gs:
sleleleiglal2izl2lBg3|E2|2|3|2|8|8c|e8|8|2|5|2(815|3(8|a|8|G|R|5|5|8|8|2|8|a
Singapore , 3
Korea v ele
I Japan A2 [ 1739
| Hong Kong ¥ o) e eole
‘ Belgium (F1) Tivivie eoleje e o,
i Czech Republic jviwivi/e|e ® [) [ 2
Siovak Republic [vivivivie|e olej{ojojoijo]ee
' Switzerland vYivivivieivie olejeojej|e]e}e [
; Netherlands rivielvielelele eolelofe|o|olo|o|ej0|0i0le:
Slovenia lvivivivivivieleoje oiojeojele ® ele
Bulgaria viviviviele|ele o] oleoleoieleleie|e]oele
I Austria rivivivieivielolejele oleleoleleielelele.
i France 'viv¥iviviviv|/eleleielele eojojo|oiofef0le
! Hungary viviv|vivivie(e|e{e|eleie olejeloio]ele
: Russian Fed. Yivlvivivivie e|eleo[eje]eo[e]| [eje[e|eje(e]e
| Australia Yivivly vivielelelele[ele] [elejele(e]e
: Ireland wiwiwlvy vivieje|ejeo|eo|le|eiele oleje|elo]ele
. Canada vivivivivivivivielvie|o[ele|e|e|e olejo|e
Belgium (Fr) viviveivivivivivie|/e]e|eje|eje[e]e]e olejeole
Thailand tylvivivie 'v]iolo/o|ofo{ejo|eje]le]|e o[ofojo|ojoje]o]e
Israel -riviwivivivivivieio|oo|ojeieje(eiej0o|e eolejo|olee|ele
Sweden ¥ivivivivivivivie|[vie|¥ivivieleje|ee/ee ele
Germany tviviviviviviwivivielivivivivivivie|vie|e|e IO nnn
New Zealand vivivivivivivivivivivivivivivivie[vi¥ e|e|e|e] (e|ejeie|ele
England Rind :W‘v« viviviviviviwivivivivivivivivie | @|¥Vie @ ojo]ole®
Norway Vv NI v vivivIvirl v viVvivivivivIviv e elvie e|e]| [e|e[e]e
Denmark vivivivivivivivivivivivivivivivivivivie|e olejole ofele [
United States vivivivivieivivivivivivivivivivivivivie | ejvie(ejele]e DL ALEL
Scotland vivivivivivivivw vivly V!y viwiviele Oonno ejojojele
Latvia (LSS) BIRARIE ASALZ viviviviviviwel¥ivivivie|eleieje|eje| [elelele
Spain viviwlvivivivivivivioiyivivivivi¥iviviviviv|viviviviviele|e olele}e:
iceland viviviviviviviviviviviviviviviviviviviviwivivivie/vielej0(0]® ojelol®
Greece yiviwivivivi¥iviviviviviviviviviviwivivivivivivivivivieie|e|e e eolefe
Romania VISV VvV VvV PV WP VIV FIVIY VIF|F| VIViF ¥ivie|ele|ee]el [efe
Lithuania vivivivivivivivivivlviviviviviviviviviviviviw/vivivIyiViviv/ele|e|e o.
Cyprus vivivivivivivivlvis|¥lvbPrivivivivivivivsivivivivi ViV ViviyiI V(e 0| 00
Portugal viv ¥ viviviviviviviviviviviyiviviviviervivivivie viviwviviVviy hadhid
Iran, Istamic Rep. Eﬂ-v viviw Lv'-’Ev, viviviviviw¥iviviviv | ¥ VIVIVEVIVIvIwIwiw | FINIVLY LWL
Kuwait v wiviviviviviviviviwlvivlviviviviviv i viviviIvivivIvIVivIW] VIV I VLV [.d
Colombia vyiviviviviviviviviwlvivivivivivivivivivivivivirivivivivi®iv | ViVi¥ @
South Africa vi¥|viviviviviviviwivivivlvivivivivivivivivi¥iviviwiviviviel ViV ¥ :
Countries are ordered by mean achievement across the heading and down the rows.
Mean achievement E No statistically significant Mean achievement
significantly higher than ditference from significantly lower than
comparison country comparison country comparison country
*Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
'Statistically significant at .05 level, adjusted for multiple comparisons.
Because coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools onty.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates, age/grade specifications, or classroom
sampling procedures (see Appendix A for details).
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

BEST COPY AVAILABLE 33 23



C H A P T E R !

The results reveal substantial differences in average mathematics achievement
between the top- and bottom-performing countries, although most countries had
achievement somewhere in the middle ranges. To illustrate the broad range of achievement
both across and within countries, Table 1.1 also provides a visual representation of
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 5th and 95th
percentiles.’ Each percentile point indicates the percentages of students performing
below and above that point on the scale. For example, 25% of the eighth-grade 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 both lower and higher achievement. The dark boxes at the midpoints
of the distributions show the 95% confidence intervals around the average achievement
in each country.* These intervals can be compared to the international average of 513,
which was derived by averaging across the means for each of the 41 participants shown
on the table.* A number of countries had mean achievement well above the international
average of 513, and others had mean achievement well below that level.

Comparisons also can be made across the means and percentiles. For example, average
performance in Singapore was comparable to or even exceeded performance at the
95th percentile in the lower-performing countries such as Portugal, Iran, Kuwait,
Colombia, and South Africa. Also, the differences between the extremes in performance
were very large within most countries.

Figure 1.1 provides a method for making appropriate comparisons in overall mean
achievement between countries.® This 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 in performance, and a triangle pointing down indicates
significantly lower performance. '

At the eighth grade, Singapore, with all triangles pointing up, had significantly higher

mean achievement than other participating countries. Korea, Japan, and Hong Kong

also performed very well. Korea and Japan performed similarly to each other and

better than all of the other participating countries except Singapore. Besides showing

_ no significant difference from Korea and Japan, Hong Kong also performed about
. the same as Flemish-speaking Belgium and the Czech Republic. Interestingly, from

' the top-performing countries on down through the list of participants, the differences in

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

* See the “IRT Scaling and Data Analysis” section of Appendix A for more details about calculating standard
errors and confidence intervals for the TIMSS statistics.

5 Because the Flemish and French educational systems in Belgium paricipated separately, their results are

*‘l‘rg“fl presented separately in the tables in this report.
%:\ﬁ; o ¢ The significance tests in Figures 1.1 and 1.2 are based on a Bonferroni procedure for multiple comparisons
:.‘}&‘E l C that holds to 5% the probability of erronecusly declaring the mean of one country to be different from another country.
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performance from one country to the next were often negligible. For example, in
addition to performing similarly to each other and Hong Kong, Belgium-Flemish and
the Czech Republic also performed similarly to the Slovak Republic, the Netherlands,
and Bulgaria. In turn, the Slovak Republic also performed similarly to Switzerland,
Slovenia, Austria, France, Hungary, and the Russian Federation.

Despite the small differences from one country to the next, however, spanning across
all the participating TIMSS countries, the performance differences from the top-
performing to the bottom-performing countries was very large. Because of this large
range in performance, the pattern for a number of countries was one of having
lower mean achievement than some countries, about the same mean achievement as
some countries, and higher mean achievemnent than other countries. In contrast, Kuwait
and Colombia, which performed similarly to each other, had significantly lower means
than all other countries except South Africa. )

Table 1.2 and Figure 1.2 present corresponding data for the seventh grade.” The cluster
of the four highest performing countries is the same as at the eighth grade. Seventh-
grade students in Singapore had significantly higher mean achievement than other
participating countries, with Korea, Japan, and Hong Kong also performing very well
and similarly to each other. For the remaining countries, performance rankings tended
| to be similar, but not identical, to those found at the eighth grade. For example, at
| the seventh grade, Flemish-speaking Belgium had higher achievement than the Czech
Republic. Flemish-speaking Belgium performed as well as Hong Kong but not as
well as Korea and Japan. The Czech Republic, the Netherlands, Bulgaria, Austria, the
Slovak Republic, and French-speaking Belgium all performed at about the same level.

It can be noted that the international average at the eighth grade (513) was nearly 30
points higher than the international average of 484 shown at the seventh grade. Even
though equivalent achievement increases cannot be assumed from grade to grade
throughout schooling, this 30-point difference does provide a rough indication of
grade-by-grade increases in mathematics achievement during the middle school years.
By this gauge, the achievement differences across countries at both grades reflect
several grade levels in learning between the higher- and lower-performing countries.
A similarly large range in performance can be noted within most countries. There
needs to be a further note of caution, however, in using growth from grade to grade
as an indicator of achievement. The TIMSS scale measures achievement in mathematics
judged to be appropriate for seventh- and eighth-grade students around the world.

i Thus, higher performance does not mean students can do advanced secondary-

' school mathematics, only that they are more proficient at middle-school mathematics.

Q 7 Results are presented for 27 countries in the top portion of Table 1.2 because French-speaking Belgium and
e Q Scotland met the sampling requirements at this grade. Thirty-nine countries are presented in total because
A Kuwait and Israel tested only the eighth grade.
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Distributions of Mathematics Achievement - Lower Grade (Seventh Grade*)

Country Mean Yeasrzhoc:oﬁic::gr;“m Av:rgaege Mathematics Achievement Scale Score
Singapore 601 (6.3) 7 13.3
Korea " 577 (2.5) 7 13.2
Japan 571 (1.9) 7 13.4
Hong Kong .564 . (7.8) 7 13.2
t Belgium (Fi) " 558 (3.5) 7 13.0
Czech Republic | 523 (4.9) 7 134 EI:TEF
Slovak Republic ‘508 (3.4) 7 13.3 —
t Belgium (Fr) 7807 (3.5) 7 13.2 —= T
' Switzerland 506 (2.3) 6or7 13.1 [ - . 3
Hungary 502 (3.7) 7 13.4 I:!:ﬁ
Russian Federation| 501 (4.0) 6or7 13.0 — | L‘[ T 1 ; —
Irefand :5_00‘ (4.1) 7 13.4 L : IT - '
Canada 494 (2.2) 7. 13.1
France "4927(3.1) 7 133
Sweden 477 (2.5) 6 12.9
¥ England . 476 ,(3.7) 8 13.1
! United States 476 (5.5) 7 13.2
New Zealand 1 4727(3.8) 75-85 13.0
! Scotland 463 (3.7) 8 12.7
' Latvia (LSS) 462: (2.8) 7 13.3
Norway 461 (2.8) 6 12.9
Iceland 459 (2.6) 7 12.6 = 1
Spain U448 (2.2) 7 13.2 C - '
Cyprus 446 (1.9) 7 12.8 #__|_|
' Lithuania 428 (3.2) 7 13.4 ————
Portugal 423 (2.2) 7 13.4 C—r= —
Iran, Islamic Rep. | 401 (2.0) 7 13.6 :!:;.-;i:-—‘——k
I Countries Not Satistying Guidelines for Sampie Participation Rates (See Appendix A for Detaiis):
Australia 498 (3.8) 7or8 132 : Tj —]
Austria 509 (3.0) 7 13.3 'T e T— f
Bulgaria 514 (7.5) 7 13.1 [ T T 3
Netherfands 516 (4.1) 7 13.2 C— e
l Countries Not Meeting Age/Grade Specifications (High Percentage of Older Students; See Appendix A IIt:vr Detalis):
Colombia 369 (2.7) 7 14.5 L= —
" Germany 484 (4.1) 7 13.8 : I Lﬁ!v JE I
Romania 454 (3.4) 7 13.7 [ L !L —
Slovenia - 498 (3.0) 7 13.8 —[ [ T * I ]
l Countries With Unapproved Sampling Procedures At The Classroom Level (See Appendix A for Detalis):
Denmark "465 (2.1) 6 12.9 ; T
Greece - 440 (2.8) 7 12.6 = = —
t South Africa . 348 (3.8) 7 13.9 L‘fT -
Thailand 495 (4.8) 7 13.5 o e — —
200 250 300 350 400 450 500 550 6p0 650 700 750 800
— Percentiles of Performance  — l
sth 25th 75t 95th International Average = 484
(Average of All Country Means)
t = —t i
T

Mean and Confidence Interval (+2SE)

*Seventh grade in most countries; see Table 2 for information about the grades tested in each country.

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

'National Desired Population does not cover all of international Desired Population (see Table A.2). Because coverage falls below 65%,
Latvia is annotated LSS for Latvian Speaking Schools only.

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

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

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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C H A P T E # 1

Multiple Comparisons of Mathematics Achievement - Lower Grade (Seventh Grade®*)
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!

Country
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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 significantly lower than
comparison country comparison country comparison country

“Seventh grade in most countries; see Table 2 for information about the grades tested in each country.

Statistically significant at .05 level, adjusted for multiple comparisons.

Because coverage falis below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates, age/grade specifications, or classroom
sampling procedures (see Appendix A for details).

SOURCE: |EA Third International Mathematics and Science Study (TIMSS), 1994-95.
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C H A P T £ R 1

WHAT ARE THE INCREASES IN ACHIEVEMENT BETWEEN THE LOWER AND
Uprper GRADES?

Table 1.3 shows the increases in mean achievement between the two grades tested
in each TIMSS country. Countries in the upper portion of the table are shown in
decreasing order by the amount of this difference. Increases in mean performance
between the two grades ranged from a high of 49 points in Lithuania to a low of 8 points
in the Flemish-speaking part of Belgium® and 7 points in South Africa.’ This degree
of increase can be compared to the difference of nearly 30 points between the
international average of 513 at eighth grade and that of 484 at seventh grade. Despite
the larger increases in some countries compared to others, there is no obvious
relationship between mean seventh-grade performance and the difference between
that and mean eighth-grade performance. That is, countries showing the highest
performance at the seventh grade did not necessarily show either the largest or smallest
increases in achievement at the eighth grade. Still, in general, countries with high mean
performance in the seventh grade also had high mean performance in the eighth grade.

® Both the Flemish and French educational systems in Belgium have policies whereby lower-performing sixth-
grade students continue their study of the primary school curriculum and then re-enter the system as part ofa
vocational track in the eighth grade. Since these lower-performing students are not included in the seventh-
grade results, but do compose about 10% of the sample at the eighth grade, this contributed to reduced
performance differences between the seventh and eighth grades.

° In South Africa, there is no structural reason to explain the relatively small difference between seventh- and
eighth-grade performance. However, in 1995, its education system was undergoing radical reorganization
from 18 racially-divided systems into @ provincial systems.
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Table 1.3

Achievement Differences in Mathematics Between Lower and Upper
Grades (Seventh and Eighth Grades*)

Seventh Grade Eighth Grade

Country Mean Mean

Eighth-Seventh Difference

Lithuania 428 (3.2) 477 (3.5) 49 (4.7)
France 492 (3.1) 538 (2.9) 46 (4.3)
Norway 461 (2.8) 503 (2.2) 43 (3.6) .
Singapore 601 (6.3) 643 (4.9) 42 (8.0) = : l : [
Sweden 477 (2.5) 519 (3.0) 41 (3.9) o ———— e,
Czech Republic 523 (4.9) 564 (4.9) 40 (7.0) | —
! Switzerland 506 (2.3) 545 (2.8) 40 (3.6) =
Spain 448 (2.2) 487 (2.0) 39 (3.0) L'F'._":.ml::“.r—.aﬂ
Slovak Republic 508 (3.4) 547 (3.3) 39 (4.7) o i:'E—l
New Zealand 472 (3.8) 508 (4.5) 36 (5.9) == —— —i
t Scotland 463 (3.7) 498 (5.5) 36 (6.6) == R
. Hungary 502 (3.7) 537 (3.2) 35 (4.9) ﬁ—i
- Russian Federation 501 (4.0) 535 (5.3) 35 (6.6) | o ———— o
Japan 571 (1.9) 605 (1.9) 34 (2.7) 1
Canada 494 (2.2) 527 (2.4) 33 (3.3) | mameercameerema ~—
' Latvia (LSS) 462 (2.8) 493 (3.1) 32 (4.2) re———
Portugal 423 (2.2) 454 (2.5) 31 (3.3) : e
Korea 577 (2.5) 607 (2.4) 30 (3.5)
2 England 476 (3.7) 506 (2.6) 30 (4.5) |
. Cyprus 446 (1.9) 474 (1.9) 28 (2.7) e —
‘ Ireland 500 (4.1) 527 (5.1) 28 (6.6) | '
: Iran, Islamic Rep. 401 (2.0) 428 (2.2) 27 (2.9) =
iceland 459 (2.6) © 487 (4.5) 27 (5.2) 1 —t
Hong Kong 564 (7.8) 588 (6.5) 24 (10.2) ng i
 United States 476 (5.5) 500 (4.6) 24 (7.2) e ———— o |
! Belgium (Fr) 507 (3.5) 526 (3.4) 19 (4.9) ——
! Belgium (F}) 558 (3.5) 565 (5.7) 8 (6.7) l—E—l—I
[ Countries Not Satistying Guidelines for Sample Participation Rates (See Appendix A for Details):
i Australia 498 (3.8) 530 (4.0) 32 (5.5) '“"I—';|E| J
B Austria 509 (3.0) 539 (3.0) 30 (4.3) 1
Bulgaria 514 (7.5) 540 (6.3) 26 (9.8) E:% i
Netherlands 516 (4.1) 541 (6.7) 25 (7.8) e ——— o |
: | Countries Not Meeting Age/Grade Specifications (High Percentage of Older Students; See Appendix A for Details):
' Slovenia 498 (3.0) 541 (3.1) 43 (4.3) [ cmes e ——
Romania 454 (3.4) 482 (4.0) 27 (5.3) ‘
" Germany 484 (4.1) 509 (4.5) 25 (6.1)
Colombia 369 (2.7) 385 (3.4) 16 (4.4)
| Countries With Unapproved Sampling Procedures at Classroom Level (See Appendix A for Details):
Denmark 465 (2.1) 502 (2.8) 37 (3.5) EZ AP L 5
. Greece 440 (2.8) 484 (3.1) 44 (4.2) 8
South Africa 348 (3.8) 354 (4.4) 7 (5.9)
Thailand 495 (4.8) 522 (5.7) 28 (7.5) | — - i
10 0 10 20 30 40 50 60
, £2 SE of the
Difference
t T .
Difference

*Seventh and eighth grades in most countries; see Table 2 for infomation about the grades tested in each country.

Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details).
‘National Desired Population does not cover all of International Desired Population (see Table A.2). Because coverage falls
below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

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

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

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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WHAT ARE THE DIFFERENCES IN PERFORMANCE COMPARED TO THREE
MARKER LEVELS OF INTERNATIONAL MATHEMATICS ACHIEVEMENT?

Tables 1.4 and 1.5 portray performance in terms of international levels of achievement
for the eighth and seventh grades, respectively. Since the TIMSS achievement tests
do not have any pre-specified performance standards, three marker levels were chosen
on the basis of the combined performance of all students at a grade level in the study
— the Top 10%, the Top Quarter (25%), and the Top Half (50%). For example,
Table 1.4 shows that 10% of all eighth graders in countries participating in the TIMSS
study achieved at the level of 656 or better. This score point, then, was designated as
the marker level for the Top 10%. Similarly, the Top Quarter marker level was determined
as 587 and the Top Half marker level as 509. At the seventh grade, the three marker
levels are: Top 10% — 619, Top Quarter — 551, and Top Half — 476.

If every country had the same distribution of high-, medium-, and low-performing
students, then each country would be expected to have approximately 10% of its
students reaching the Top 10% level, 25% reaching the Top Quarter level, and 50%
reaching the Top Half level. Although no country achieved exactly this pattern at
either grade tested, the data in Tables 1.4 and 1.5 indicate that in both grades Ireland
came close to the international norm from the perspective of relative percentages of
high-performing students. In contrast, at both grades close to half the students in
Singapore (45% at the eighth grade and 44% at the seventh grade) reached the Top
10% level, about three-fourths (74% and 70%) reached the Top Quarter level, and more
than 90% performed at or above the Top Half level (94% and 91%).

It can be informative to look at performance at each marker level. For example, the
results in Table 1.4 show that students in New Zealand did not quite attain the Top
10% or Top Quarter levels for the eighth grade, with 6% and 20% of the students
reaching those levels, respectively. However, performance approximated the marker
level for the Top Half (48%). Achievement in England was nearly identical to that of
New Zealand in this regard. In France, achievement fell somewhat short at the Top 10%
level (7%), approximated the Top Quarter level (26%), and exceeded the Top Half
level (63%).

BEST COPY AVAILABLE
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Table 1.4

Percentagesl of Students Achieving International Marker Levels in Mathematics

C H A P T E R

Upper Grade (Eighth Grade*)

Country

3;I'op 10%
Level

Top Quarter
Lgvel

Top Half
Level

g

“ percent Reaching International Levels

Singapore 45 (2.5) 74 (2.1) 94 (0.8)
Korea 34 (1.1) 58 (1.0) 82 (0.8)
Japan 32 (0.8) 58 (0.9) 83 (0.6)
Hong Kong 27 (2.1) 53 (2.6) 80 (2.4)
Czech Republic 18 (1.9) 39 (2.3) 70 (1.9)
t Belgium (Fl) 17 (1.2) 41 (2.3) 73 (2.9)
Slovak Republic 12 (1.0 33 (1.5) 64 (1.6)
Hungary 11 (0.8) 29 (1.3) 60 (1.6)
! Switzerland 11 (0.7) 33 (1.2) 65 (1.4)
Russian Federation 10 (0.7) 29 (2.4) 60 (2.6)
Ireland 9 (1.0) 27 (1.9) 57 (2.4)
Canada 7 (0.7) 25 (1.1) 58 (1.2)
France 7 (0.8) 26 (1.5) 63 (1.5)
2 England 7 (0.6) 20 (1.1) 48 (1.4)
New Zealand 6 (0.8) 20 (1.6) 48 (2.2)
Sweden 5 (0.5) 22 (1.2) 53 (1.5)
! United States 5 (0.6) 18 (1.5) 45 (2.3)
Norway 4 (04) 17 (0.9) 46 (1.2)
! Latvia (LSS) 3 (0.5) 14 (1.2) 40 (1.5)
Cyprus 2 (0.3) 11 (0.6) 34 (1.1)
Spain 2 (0.2) 10 (0.7) 36 (1.2)
Iceland 1 (0.3) 10 (1.3) 37 (2.9)
' Lithuania 1 (0.3) 10 (1.0) 34 (1.8)
Portugal 0 (0.1) 2 (04) 19 (1.3)
Iran, Islamic Rep. 0 (0.0) 0 (0.2) 9 (0.8)

I Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Detalls):

Australia 11 (0.9) 29 (1.5) 57 (1.7)
Austria 11 (0.7) 31 (1.3) 61 (1.4)
Belgium (Fr) 6 (0.6) 25 (1.5) 58 (1.7)
Bulgaria 16 (1.9) 33 (2.7) 57 (2.7)
Netherlands 10 (1.6) 30 (2.7) 63 (3.2)
Scotland 5 (0.9) 17 (2.1) 44 (2.7)
I Countrles Not Meeting Age/Grade Specifications (High Percentage of Older Students; See Appendix A for Detalls):
Colombia 0 (0.0) 1 (0.3) 4 (0.8)
H Germany 6 (0.7) 20 (1.7) 49 (2.3)
Romania 3 (0.4) 13 (1.1) 36 (2.0)
Slovenia 11 (0.7) 31 (1.4) 61 (1.5)
[ Countrles With Unapproved Sampling Procedures at Classroom Level (See Appendix A for Detalls):
Denmark 4 (0.5) 17 (1.0) 47 (1.6)
Greece 3 (0.4) 13 (0.8) 37 (1.5)
Thailand 7 (1.2) 23 (2.6) 54 (2.7) =
I Unapproved Sampling Procedures at Classroom Level and Not Meeting Other Guldelines (See Appendix A for Detalls):
" lsrael 6 (0.9) 24 (2.5) 56 (2.6) . :
Kuwait 0 (0.0) 0 (0.1) 3 (0.5)
South Africa 0 (0.0) 0 (0.0) 2 (0.9)
25 50 75 100
;gfcgﬁﬁl':sa ggr:&zglfsrgg‘rr‘gsepg\:é?ng: data from SEMDHL -
all of the participating countries. j\ j\ j\
Top 10% Leve! (30th Percentile) = 656 Percent Percent R Percent
; Reaching Reaching eachin
Top Quarter Level (75th Percentile) = 587 Top 10% Top Quarter Top Half
Top Half Level {(50th Percentile) = 509 Level Leve! Level
*Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
tMet guidelines for sample participation rates only after replacement schools were included (see Appendix A for details).
'National Desired Population does not cover all of International Desired Population (see Table A.2). Because coverage falls below 65%,
Latvia is annotated LSS for Latvian Speaking Schools only.
zNati?r:‘a:jl Defined Populatio.n covers'less than 90 percent of National Desireth:opulation “(;ztlae'l:c‘x:rl: bl;}z)s-;ome diforences
(r:‘aSyaa . pa;::;r::;: sa::g(:‘a‘x‘r in parentheses. Because results are rounded to the-nearest s BE ST COPY AV A| LABLE
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C H A P T E R li

Percentages of Students Achieving International Marker Levels in Mathematics
Lower Grade (Seventh Grade* )

Top Quarter Top Half
Level Level

70 (2.7) 91 (1.4)

Top 10%"
Level

44 (3.0)

Country Percent Reaching International Levels

Singapore

Korea 34 (1.1) 61 (1.1) 84 (0.7)
Japan 31 (1.0) 58 (0.9) 85 (0.6)
Hong Kong 30 (2.5) 56 (3.3) 81 (2.8)
t Belgium (FI) 22 (1.8) 52 (2.0) 86 (1.2)
Czech Republic 15 (1.8) 34 (2.4) 67 (1.9)
Hungary 11 (1.1) 29 (1.5) 59 (1.8)
Russian Federation 1 (1.1) 28 (1.6) 59 (1.8)
Slovak Republic 10 (1.0) 31 (1.4) 62 (1.7)
Ireland 9 (0.9 27 (1.7) 60 (2.2)
t Belgium (Fr) 7 (0.9) 28 (1.5) 64 (2.0) NG 7w =]
t United States 7 (1.2) 21 (2.3) 45 (2.7) :
¥ England 7 (0.9) 21 (1.4) 47 (1.7)
Canada 7 (0.5) 25 (1.0) 57 (1.4)
' Switzerland 6 (0.5 28 (0.9) 63 (1.3)
New Zealand 5 (0.6) 19 (1.4) 47 (2.0)
France 4 (0.4) 21 (1.3) 58 (1.9)
Sweden 4 (04) 17 (0.9) 50 (1.5)
t Scotland 4 (0.5) 15 (1.4) 43 (2.1)
' Latvia (LSS) 3 (0.4) 12 (0.9) 41 (1.6)
Cyprus 2 (0.3) 11 (0.6) 35 (1.1)
Norway 2 (0.3) 11 (1.0) 42 (1.4)
Iceland 1 (0.3) .8 (0.9) 38 (1.9)
Spain 1 (0.2) 8 (0.7) 32 (1.2)
' Lithuania 1 (0.2) 6 (0.7) 26 (1.6)
Portugal 0 (0.1) 3 (0.4) 19 (1.3)
Iran, Islamic Rep. 0 (0.0) 1 (0.2) 11 (0.9)
[Countrles Not Satistying Guidelines for Sampie Participation Rates (See Appendix A for Detalis):
Australia 10 (1.0) 28 (1.6) 58 (1.7)
Austria 10 (0.7) 31 (1.4) 63 (1.6)
Bulgaria 16 (2.2) 35 (3.1) 62 (2.8)
Netherlands 9 (1.3) 33 (2.4) 69 (2.2)
@untrles Not Meeting Age/Grade Specifications (High Percentage of Older Students; See Appendix A for Detalis):
Colombia 0 (0.0) 1 (0.2) 5 (0.9)
Y Germany 6 (0.8) 22 (1.8) 52 (2.0)
Romania 3 (0.4) 14 (1.0) 39 (1.7)
Slovenia 8 (0.7) 25 (1.4) 58 (1.6) 3
LCountrles With Unapproved Sampling Procedures at Classroom Level (See Appendix A for Detalls)
Denmark 3 (0.4) 14 (0.9) 44 (1.5)
Greece 2 (0.3) 11 (0.9) 32 (1.3)
t South Africa 0 (0.0) 1 (0.6) 4 (1.1)
Thailand 7 (1.2) 23 (2.3) 57 (2.5) S S S

0 25 50 75 100
The international levels correspond to the percentiles
computed from the combined data from ali of the
participating countries.

Top 10% Level (90th Percentile) = 619 Percent j\ Percent j\ HPerg@nt j\

Top Quarter Level (75th Percentile) = 551 Reaching Reaching 1930 l-:n?f

Top Half Level (50th Percentile) = 476 Top 10% Top Quarter op Ha!
Level Level Level

“Seventh grade in most countries; see Table 2 for information about the grades tested in each country.

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

'National Desired Population does not cover all of International Desired Population (see Table A.2). Because coverage falls below 65%,
Latvia is annotated LSS for Latvian Speaking Schools only.

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

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

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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C H A P T E R

WHAT ARE THE GENDER DIFFERENCES IN MATHEMATICS ACHIEVEMENT?

Tables 1.6 and 1.7, showing the differences in achievement by gender, reveal that, in
most countries, girls and boys had approximately the same average mathematics
achievement as each other at both grades. However, the differences in achievement
that did exist in some countries tended to favor boys rather than girls.

Each of the two tables, the first one for the eighth grade and the second for the seventh
grade, presents mean mathematics achievement separately for boys and girls for each
country, as well as the difference between the means. The visual representation of
the gender difference for each country, shown by a bar, indicates the amount of the
difference, whether the direction of the difference favors girls or boys, and whether
or not the difference is statistically significant (indicated by a darkened bar). Regardless
of their directions, about three-fourths of the differences were not statistically
significant, indicating that, for most countries, gender differences in mathematics
achievement generally are small or negligible in the middle years of schooling. That
is, nearly three-quarters of the differences favoring boys at the eighth grade and more
than three-quarters at the seventh grade were not statistically significant. Also, girls
had higher mean achievement than boys in nine countries (across both grades), even
though those results were not statistically significant either.

From another perspective, however, all the statistically significant differences favored
boys rather than girls. At both grades, boys had significantly higher mathematics
achievement than girls in Japan, Iran, and Korea. Further, boys outperformed girls
at the eighth grade in Spain, Portugal, Denmark, Greece, and Israel, and at the seventh
grade in Belgium (French), Switzerland, and England. Also, including tho