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EXECUTIVE

Executive Summary

MATHEMATICS AND SCIENCE ACHIEVEMENT IN THE
FINAL YEAR OF SECONDARY SCcHOOL

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

The scope and complexity of TIMSS is enormous. The mathematics and scienc
testing covered five different grade levels, with more than 40 countries collectin

data in more than 30 different languages. More than half a million students were

tested around the world. The present report contains the results for students in
final year of secondary school.

As can be imagined, testing this “grade” was a special challenge for TIMSS. Th
24 countries participating in this component of the testing vary greatly with respeg
to the nature of their upper secondary education systems. First, there was th
question of how many students of the age-eligible cohort are even in school by
final year, and how this might differ across countries. Second, it was no small ta
for many countries to describe the final year of school. In most TIMSS countries
students’ final year of school depends on their course of study (e.g., academig
technical, or apprenticeship). Thus, the final year of schooling varies across and
within countries, with some students completing secondary school after a two

three-, four-, or even five-year program. Understandably, it was difficult for some

countries to test all of the final-year students, particularly the ones in on-site
occupational training. To give some indication of the proportion of the entire

school-leaving age cohort that was covered by the testing in each country, TIM$

developed its own index — the TIMSS Coverage Index or TCI. In general, the
smaller the TCI, the more elite the group of students tested.

Given the extensive diversity of students’ curricula there also were many question
about what mathematics and science understandings students should have to n
the challenges beyond secondary school. Thus, TIMSS developed three differe
tests. The mathematics and science literacy test was designed for all final-yes
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students, regardless of their school curriculum. By and large, the purpose of this test

was to measure how well students can use their knowledge in addressing real-wc
problems having a mathematics or science component. This test was designed
be reported separately for mathematics and for science. There also was great int¢
on the part of some TIMSS countries to determine what school-leaving studen
with special preparation in mathematics and science know and can do, since {
capabilities of these students may help determine a country’s future potential to
compete in a global economy. Thus, a second test was developed for student
having taken advanced mathematics. For the sciences, it was not possible to st
all branches of science in detail. The participating countries chose physics f
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detailed study because it is the branch of science most closely associated with
mathematics, and came closest to embodying the essential elements of natural
science. The third test, then, was a physics test designed to measure learning of
physics concepts and knowledge among final-year students having studied physics.
Each of the three tests contains multiple-choice questions as well as questions in an
open-ended format requiring students to generate and write their answers. These
types of questions, some of which required extended responses, were allotted
approximately one-third of the testing time. Not all of the 24 countries participated

in the three different parts of the testing (see Table 1).

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

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

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

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

The report presents mathematics and science literacy achievement results for 2
countries. Even though there was quite a range in the TCls, about half the countr
were able to cover 70% or more of the entire school-leaving age cohort (see Table 1
Also, contrary to some previous international studies, for the mathematics anc
science literacy testing, the higher-performing countries tended to have better
coverage than the lower-performing countries. Although differing levels of selectivit
among education systems was not a large issue, low student participation rates V
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a problem in many of the countries. Because final-year students have many demands

on their time and their educational situations can make testing difficult (e.g.,
apprenticeship training), countries had some difficulty in encouraging students to
attend the testing sessions. Only eight countries met the TIMSS guidelines for
sample participation (see Table 1.1).

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

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

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

> When the results were looked at separately for mathematics and science,
the top-performers in mathematics literacy were the Netherlands, Sweden,
Denmark, and Switzerland. The top-performers in science literacy were
Sweden, the Netherlands, Iceland, and Norway.

SUMMARY
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> Countries that had higher achievement in mathematics literacy than

in science literacy were Denmark, France, Hungary, Lithuania, and
Switzerland. Those with higher achievement in science literacy were
Canada, the Czech Republic, Iceland, Norway, the Russian Federation,
Sweden, and the United States.

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

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

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

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

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

Even though a strictly comparable classification of educational programs
was not always possible across countries, students enrolled in academic
programs had higher average achievement than students in vocational
programs. The average achievement of students in technical programs
generally was somewhere between that of the academic and vocational
students.
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D> Students generally reported positive perceptions about their performance
in mathematics and science. The highest perceptions of success in
mathematics were reported in Australia, Denmark, Italy, and the United
States, where 70% or more of the students agreed that they usually did
well. Perceptions of doing well in science were generally higher; in 12
countries more than 70% of the students agreed that they usually did
well. Eighty percent or more so agreed in Italy, Lithuania, and the
United States.

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

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

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

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

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

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

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

ADVANCED MATHEMATICS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Even though not many students chose mathematics as their preferred
area of future study, the majority of the students in many of the countries
agreed that they would like a job that involved using mathematics. In
general, more males than females agreed that they would like a job
involving mathematics.
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Physics achievement results for students having taken physics are reported for 1

countries. The physics test was designed to measure five content areas: mecharnics;

electricity and magnetism; heat; wave phenomena; and modern physics — particle

guantum and astrophysics, and relativity. The percentage of the entire school-leavi

age cohort that participated in the physics study was approximately 15% in several
countries, although it varied from as little as 2% to 3% in the Russian Federation,

Latvia (LSS), and Denmark to 33% in Austria and 39% in Slovenia. Eleven of the
countries met the TIMSS sampling guidelines (see Table 8.1).

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

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

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

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

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

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

countries in the areas of mechanics (15 countries), wave phenomena
(11 countries), and modern physics (12 countries) than in electricity and
magnetism (8 countries) or heat (7 countries).

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

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

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

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

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



I'NTRODUCTI ON

INntroduction

MATHEMATICS AND SCIENCE ACHIEVEMENT IN THE
FINAL YEAR OF SECONDARY ScHOOL

Several major educational issues are addressed by the secondary school assessment
conducted as part of the Third International Mathematics and Science Study (TIMSS).

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

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

Both for the overall school population and for students having taken advanced
mathematics and physics, the TIMSS data for final-year students can be used to
help determine what understanding of mathematics and science concepts students
have after completing their upper secondary schooling, and how effectively they
might use that understanding as they move on to their future endeavors in school,
occupational, and community settings. Beyond providing the participating countries
with a solid basis for examining their students’ performance from an international
perspective, TIMSS gives each of them an impetus for scrutinizing the quality and
effectiveness of its education system.

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

TIMSS is the most ambitious and complex comparative education study in a serigs
of such undertakings conducted during the past 37 years by the International
Association for the Evaluation of Educational Achievement (IEAhe main
purpose of TIMSS was to focus on educational policies, practices, and outcomes

! The previous IEA mathematics studies were conducted in 1964 and 1980-82, and the science studies in

197071 and 1983-84. For information about TIMSS procedures, see Appendix B.
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in order to enhance mathematics and science learning within and across systems of
education. With its wealth of information from more than half a million students at

five grade levels in 15,000 schools and 41 countries, TIMSS enables the participants to
examine similarities and differences in how mathematics and science education
works and how well it works. The study used innovative testing approaches and
collected extensive information about the contexts within which students learn
mathematics and science.

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

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

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

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

Science Achievement in the Primary School Years: IEA's Third International
Mathematics and Science Stéidy

Mathematics Achievement in the Middle School Years: IEA’s Third International
Mathematics and Science Sttidy

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

® Martin, M.O., Mullis, 1.V.S., Beaton, A.E., Gonzalez, EJ., Smith, TA., and Kelly, D.L. (1997]. Science
Achievement in the Primary School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Boston College.

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

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

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

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

WHAT AssSesSMENTS WERE CONDUCTED AND WHICH STUDENTS WERE
TESTED?

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

Theadvanced mathematics testvas designed to measure learning of advanced
mathematics concepts among final-year students who have studied advanced math-
ematics. These students are at the point of leaving secondary school, and many Wwill
go on to further education in university or to another form of postsecondary education.
Many of the mathematicians, scientists, engineers, medical practitioners, and business
leaders of the future will be drawn from this group. In all countries that participated

in the advanced mathematics assessment, the subpopulation of students tested had
taken courses in advanced mathematics and was in the final year of secondary school
at the time of testing. The exact definition of the subpopulation tested, however,

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

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

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

WHIcH COUNTRIES PARTICIPATED?

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

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

Mathematics
and Science
Literacy

* Australia

* Austria

* Canada

* Cyprus

* Czech Republic
* Denmark

* France

* Germany

* Hungary

* Iceland

* Israel*

e Italy

e Lithuania

* Netherlands
* New Zealand
* Norway

* Russian Federation
* Slovenia

» South Africa
* Sweden
 Switzerland

* United States

Advanced
Mathematics

* Australia

* Austria

* Canada

* Cyprus

* Czech Republic
* Denmark

* France

* Germany

* Greece

* Israel*

e Italy

e Lithuania

* Russian Federation
* Slovenia

* Sweden

» Switzerland

* United States

* See Appendix A for characteristics of students tested.

Physics

e Australia

* Austria

* Canada

* Cyprus

* Czech Republic
* Denmark

* France

* Germany

» Greece

* Israel!

* Italy?

e Latvia

* Norway

« Russian Federation
« Slovenia

« Sweden

» Switzerland

« United States

1 Because the characteristics of its sample are not completely known, achievement results for Israel are provided in Appendix D.

2 Because it had a small sample for the physics testing, Italy’s physics achievement results are provided in Appendix D.
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WHAT ARE THE DIFFERENCES IN UPPER SECONDARY EDUCATION SYSTEMS?

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

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

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

¢ Additional information about the education systems can be found in Robitaille, D.F. (Ed.). (1997). National
Contexts for Mathematics and Science Education: An Encyclopedia of the Education Systems Participating in

TIMSS. Vancouver, B.C.: Pacific Educational Press.
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THE TIMSS CoVERAGE INDEX: WHAT PERCENT OF THE SCHOOL-LEAVING
AGE COHORT WAS TESTED?

Historically, an important difference between education systems was the proportipn
of an age cohort that successfully completed upper secondary education. In the 1960s,
for example, completion rates among OECD countries ranged from more than 80%

in the United States to between 17% and 33% in southern European cSuDtrees.
of the most significant developments in education systems around the world in the
years since then has been the large increase in the number of students completing
upper secondary education, with many countries catching up with the United States;
yet there remains considerable variation among countries in completion rates. In ofder
to avoid unwittingly comparing the elite students in one country with the more general
population in another, therefore, it is important to be aware of the extent to which
the upper secondary system in each country includes the total student population.

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

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

students in private schools and in vocational programs (13.5%), and partly because a
greater percentage of the age cohort is no longer attending school (38.6%).

o

? OECD (19906). Education at a Glance - Analysis. Paris: Organization for Economic Co-operation and
Development.

1° For more information on the TIMSS Coverage Index, see Appendix B.
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TIMSS Coverage Indices (TCls)

TIMSS

Coverage Sample Others Not

Notes on Exclusions

Index (TCl)* Exclusions T Covered

Australia 68.1% 4.0% 27.9%
Austria 75.9% 16.8% 7.3% Colleges and courses lasting less than 3 years excluded
Canada 70.3% 6.8% 22.9%
Cyprus 47 .9% 13.5% 38.6% Private and vocational schools excluded
Czech Republic 77.6% 5.0% 17.4%
Denmark 57.7% 1.3% 41.0%
France 83.9% 0.9% 15.3%
Germany 75.3% 9.6% -
! Greece 10.0% 56.8% 33.2% Only students having taken advanced mathematics and
physics included
Hungary 65.3% 0.1% 34.6%
Iceland 54.5% 0.0% 45.4%
2 Israel - - -
Italy 51.5% 0.5% 48.0%
! Latvia 3.0% 16.8% 80.3% Only students having taken physics included
Lithuania 42.5% 0.0% 57.5%
Netherlands 78.0% 21.5% 0.5% Apprenticeship programs excluded
New Zealand 70.5% 0.0% 29.5%
Norway 84.0% 3.3% 12.7%
Russian Federation 48.1% 36.3% 15.7% Voclatciioréal schools and non-Russian speaking students
Slovenia 87.8% 5.6% 6.6% exenee
South Africa 48.9% 0.0% 51.1%
Sweden 70.6% 0.2% 29.2%
Switzerland 81.9% 2.1% 16.0%
United States 63.1% 2.5% 34.5%

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

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

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

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

Percentage of .
. Mathematics TIMSS Percentage of
Students in Sample Coverage Index Students in Sample

Having Taken : \
Advanced l\g/Iathematics (MTCI)* Having Taken Physics

Physics TIMSS
Coverage Index (PTCI)

Country

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

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

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

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

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

Note: Hungary, Iceland, the Netherlands, New Zealand, and South Africa did not participate in the advanced mathematics and physics testing.
Norway did not participate in the advanced mathematics testing and Lithuania did not participate in the physics testing.
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TIMSS also tested two overlapping subpopulations of the final-year student population:
students having taken advanced mathematics, and students having taken physics. In
most countries, each group consists of a minority of students from the final-year
student population. Table 3 presents the percentage of students in the final-year
sample having taken advanced mathematics and the percentage having taken physics.
Apart from Slovenia, where a large percentage of upper secondary students take
advanced mathematics, the percentage having taken advanced mathematics varies
from about 4% in the Russian Federation to about 44% in Austria, with a similar
range in physics.

In order to quantify the coverage of the advanced mathematics and physics samples
and help interpret the achievement results for these students, TIMSS computed a
Mathematics TIMSS Coverage Index (MTCI) and a Physics TIMSS Coverage
Index (PTCI), as shown in Table 3. The MTCl is the overall TCI multiplied by the
percentage of the final-year sample having taken advanced mathematics. For example,
in Australia 23.1% of the final-year sample had taken advanced mathematics.
Multiplying this by the TCI (68.1%, from Table 2) gives a MTCI of 15.7%, as shown

in the second column of Table 3. This implies that about 16% of the school-leaving
age cohort in Australia had taken advanced mathematics in upper secondary school.
Similarly, the PTCI for Australia is 12.6%, as shown in the fourth column of Table 3.

How DoEes TIMSS DocuUMENT COMPLIANCE WITH SAMPLING
GUIDELINES?

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

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

20—

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

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

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

<2)

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

=)

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

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

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

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

Density Percentage of

(Population per ~ Population Life Percent in

Population  Area of Country

Country Size (1,000) (1000 Square Square Living in Urban  Expectancy * Secondary

Kilometers) 2 School ®

Kilometer) ® JNCES

Australia 17843 7713 2.29 84.8 77 84
Austria 8028 84 95.28 55.5 77 107
Canada 29248 9976 2.90 76.7 78 88
Cyprus 726 9 77.62 53.6 77 95
Czech Republic 10333 79 130.99 65.3 73 86
Denmark 5205 43 120.42 85.1 75 114
France 57928 552 104.56 72.8 78 106
Germany 81516 357 227.39 86.3 76 101
Greece 10426 132 78.63 64.7 78 99
Hungary 10261 93 110.03 64.2 70 81
Iceland 266 103 2.56 91.4 79 103
Israel 5383 21 252.14 90.5 77 87
Italy 57120 301 189.36 66.6 78 81
Latvia 2547 65 40.09 72.6 68 87
Lithuania 3721 65 57.21 71.4 69 78
Netherlands 15381 37 409.30 88.9 78 93
New Zealand 3493 271 12.78 85.8 76 104
Norway 4337 324 13.31 73.0 78 116
Russian Federation 148350 17075 8.70 73.2 64 88
Slovenia 1989 20 97.14 62.7 74 85
South Africa 40539 1221 32.46 50.5 64 77
Sweden 8781 450 19.38 83.1 78 99
Switzerland 6994 41 168.03 60.6 78 91
United States 260650 9809 27.56 76.0 77 97

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

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

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

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

22
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Public Expenditure on Education at Primary and Secondary Levels' in TIMSS Countries

Public Expenditure on  Public Expenditure on

e P O pSISEaSondl,  Educaton (evels182) ' Educaton
(USBollrs)(nt Dollrs) *(Zssesrercss (i Dolarsper
Australia 17980 19000 3.69 701
Austria 24950 20230 4.24 858
Canada 19570 21230 4.62 981
¢ Cyprus 10380 - 3.60 -
Czech Republic 3210 7910 3.75 297
Denmark 28110 20800 4.80 998
France 23470 19820 3.61 716
Germany 25580 19890 2.43 483
Greece 7710 11400 2.27 259
Hungary 3840 6310 4.31 272
Iceland 24590 18900 4.77 902
Israel 14410 15690 3.72 584
Italy 19270 18610 2.89 538
Latvia 2290 5170 2.85 147
Lithuania 1350 3240 2.18 71
Netherlands 21970 18080 3.30 597
New Zealand 13190 16780 3.15 529
Norway 26480 21120 5.26 1111
Russian Federation 2650 5260 - -
Slovenia 7140 - 4.20 -
South Africa 3010 - 5.12 -
Sweden 23630 17850 4.92 878
Switzerland 37180 24390 3.72 907
United States 25860 25860 4.02 1040

SOURCE: The World Bank Atlas, 1996; and UNESCO Statistical Yearbook, 1995

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

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

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

5 Calculated by multiplying the GNP per Capita (Intl. Dollars) column by Public Expenditure on Education.
5 GNP per capita figure for Cyprus is for 1993.
(-) Adash indicates the data were unavailable.

O N
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Figures 1, 2, and 3 show the degree of centralization in the TIMSS countries regarding
decision-making about curriculum syllabi, textbooks, and examinations. Fourteen

of the TIMSS participants reported nationally centralized decision-making about
curriculum. Fewer countries reported nationally centralized decision-making about
textbooks: six participants were in this category. Eight countries reported nationally
centralized decision-making about examinations. Regional decision-making about
these three aspects of education does not appear to be very common, with only a few
countries reporting it for curriculum syllabi and textbooks, and none reporting it for
examinations.

Most countries reported having centralized decision-making for one or two of the
areas and “not centralized” decision-making for one or two of the areas. Two countries,
Lithuania and Norway, reported nationally centralized decision-making for all three
areas: curriculum syllabi, textbooks, and examinations. Five countries — Australia,
Hungary, Iceland, Latvia, and the United States — reported that decision-making is
not centralized for any of these areas.
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Centralization of Decision-Making Regarding Curriculum Syllabi

Countries are in the “Nationally Centralized” category regarding curriculum if the highest level of
decision-making authority within the educational system (e.g., the ministry of education) has exclusive
responsibility for or gives final approval of the syllabi for courses of study. If curriculum syllabi are
determined at the regional level (e.g., state, province, territory), a country is in the “Regionally
Centralized” category. If syllabi for courses of study are not determined nationally or regionally, a
country is in the “Not Centralized” category.

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

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

2 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.

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

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

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

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

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

25



I'NTRODUCTI ON

Centralization of Decision-Making Regarding Textbooks

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

Nationally Regionally Not
Centralized Centralized Centralized
Austria Canada Australia
Cyprus Germany Czech Republic
Greece South Africa Denmark
Uithiiania Switzerland? France
Norway Hungary?
Slovenia Iceland
Israel
Italy
Latvia
Netherlands
New Zealand
Russian Federation
Sweden
United States

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

SOURCE: IEAThird International Mathematics and Science Study (TIMSS), 1995-96. 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. If that decision-making body has less than
exclusive responsibility for or final approval of the examination content, the country is in the "Not
Centralized" category.

Nationally [\[o)s
Centralized Centralized
Denmark? Australia’

Italy? Austria
Lithuania Canada
Netherlands® Cyprus
New Zealand* Czech Republic
Norway® France
Russian Federation® Germany?
South Africa Greece
Hungary
Iceland
Israel®
Latvia®
Slovenia
Sweden??
Switzerland
United States

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

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

Netherlands: School-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.

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

8
9

Norway: 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 local school or an external (ministry-appointed)
examiner.

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

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

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

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

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

after Grade 12 for everyone entering university.

12 Sweden: There are no examinations in Sweden.

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

INTERNATIONAL STUDENT ACHIEVEMENT IN
MATHEMATICS AND SCIENCE LITERACY

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

Comparisons are provided for the populations of school leavers tested in each of
countries. The relationship between achievement and the population tested is exam
from several perspectives, because not all of the countries were able to provid
coverage of the entire school-leaving age cohort. In all of the participating countri

some members of the school-leaving age cohort no longer attended school, hayi

completed their compulsory education or having dropped out for a variety of reaso
In some of the countries, portions of the students still attending school were n
tested, usually because they were in on-site vocational education situations a
difficult to locate for the testing.

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

Table 1.1 presents the mean (or average) achievement for the 21 countries

participated in the mathematics and literacy study for students in their final year

secondary schoélThe mean for each country can be compared with the internationa
average of 500, which represents the average across the means for each of the
participants shown in the table. A number of countries had mean achievement we
above the international average of 500, and others well below that level. A trianglé
pointing up next to the mean indicates that the country’s performance was signi
cantly higher than the international average, while a triangle pointing down indicate
that its performance was significantly lower. Among the countries meeting the
TIMSS sampling guidelines, Sweden, Switzerland, and New Zealand performed
above the international average.

CHAPTER

racy
the
ol

the
ned
le
BS,

hat
f
l

21
I

D

fi-
S

" TIMSS used item response theory (IRT) to summarize the achievement for mathematics literacy and for science
literacy on two separate scales, each with a mean of 500 and a standard deviation of 100. Scaling averages
students’ responses to the subsefs 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 @ common metric even though individual
students responded fo different items in the mathematics and science literacy tesfs. The composite results for
mathematics and science literacy represent an average of the results on the mathematics and science literacy
scales (see Chapter 2 for separate results for mathematics and science literacy). For more detailed
information, see the “IRT Scaling and Data Analysis” section of Appendix B.
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CHAPTEHR 1

Table 1.1

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

T O Average MathemaFics and Science Literacy
Age Achievement Scale Score
Sweden a 555(4.3) 71% 18.9 [ : I ‘ I : ]
Switzerland s 531(5.4) 82% 19.8 l‘ : I -‘ l‘ : 1

" New Zealand s 525(4.7) 70% 17.6 L : : I | ‘ I : 1
Hungary v 477 (3.0) 65% 17.5 : I : | I : : 1

* Russian Federation | v 476 (5.8) 48% 16.9 W T —l
Czech Republic . 476(105)| 78% | 178 : ‘ I ‘- I ‘ :

! Lithuania v 465 (5.8) 43% 18.1 L - T ‘

> Cyprus v 447 (2.5) 48% 17.7 L ] 4 1 —

Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)

Australia . 525(95) | 68% | 17.7 L ; ; 1 I-; I ; ; 1

? Austria a4 519(5.4) 76% 19.1 l‘ : I | ‘ I : ‘l
Canada s 526(2.6) 70% 18.6 l‘ : I | ‘ I : ]
France e« 505 (4.9) 84% 18.8 [ 1 | 1 —
Iceland 4 541(1.6) 55% 21.2 B L L ]

! ltaly v 475(53) | 52% | 187 L I ;- I ‘ ;'
Norway s 536 (4.0) 84% 19.5 —1 I‘ L ]
United States v 471(3.1) 63% 18.1 - n M l_ — ‘

|Countries With Unapproved Student Sampling (See Appendix B for Details)

" Germany e 49664 | 5% | 195 | | | CCC—Eewee—r—— | |

|Countries With Unapproved Sampling Procedures and Low Patrticipation Rates (See Appendix B for Details)

Denmark a 528(32) | 58% | 191 : o — : : 1

2 Netherlands s 559(4.9) 78% 185 [ ‘ P ‘ I ‘
Slovenia o 514(8.2) 88% 18.8 [ : ‘l I 1
South Africa v 352(9.3) 49% 20.1 L_L L : " ‘ ‘

200 250 300 350 400 450 500 550 600 650 700 750 800
|— Percentiles of Performance |
5th 25th 75th 95th International Average = 500
I 1 | 1 i (Average of All Country Means)
—_1

Mean and Confidence Interval (+2SE)

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

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

* See Appendix A for characteristics of students sampled.

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

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

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

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

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

Multiple Comparisons of Mathematics and Science Literacy Achievement for

Students in Their Final Year of Secondary School*

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

c

ie]

o | ®

- =

°
Country @ - 5 ER] 2 g
S & | x = N o | L S g B
I < s = 5w 88 B g 2> x| c vz <

& [) ° © O T ke N I .G c [ I I - [ hel = %2}
S| 5| S IS S| =S| o] © = S| S| <
S| 88 =882 ¢g S 810 | 122|588
| 2| 9| S| 2| 9| 8| 3| 3|88 | F|5|IN|S|TIE|E| X2
2| 0| R|2|H|Q|O|Z2|||B|L|O|T|O0|x|x|DT|0|9n
Netherlands . A | A | A| A| A | A| A | A| A| A| A| A| A| A | A A|A|laAa]|a
Sweden o A| A | A| A| A a4 A | A | A| A| A | A| A| A| A| A| A a
Iceland | ¥ | ¥ o | o A| A| A | e A| A| A | A | A| A| A| A| A]|AaA|Aa|a
NorWay v v ° ° ° ° ° ° ° ° A A A A A A A A A A
Switzerland Y V| e | o o | o | o | o o | A | A| A| A| A | A| A| A| A a
Denmark | Y| Y | V | e o o . o o . A | A| A | A| A | A| A| A| A a
Canada | Y | Y| Y | e | e | @ o | o | o | o | A| A| A| A| A | A| A | A| A|a
New Zealand Y| V|V e e o o e | o | o | A| A| A| A| A | A| A| A a
Australia v ° ° . ° ° ° ° o ° . . A A A A A A A A
Austria v v v . . . . ° ° . ° A A A A A A A A A
Slovenia | Y | Y| Y | e | e | o [ o [ o o | o e | o | A | e | A A| A| A| A|a
France v v v v v v v . . . ° ° A . A A A A A A
Germany v v v v v v v v ° v ° ° A ° ° ° A A A A
Hungary v v v v v v v v v v v v v ° ° ° ° ° A A
Czech Republic v v \4 \4 v v v v v v . . . ° ° ° ° ° ° A
Russian Federation Y| V| VY| VY|V V| V| V| VY| V| V| 6 V| 6e e e o | o | o | A | A
[ta/y v v v v v v v v v v v v . ° ° ° ° ° A A
United States v v v v v v v v v v v v v ° ° ° ° ° A A
Lithuania v v v v v v v v v v v v v . ° ° ° ° ° A
Cyprus v v v iv| v v | v v v v | Vv Vv Vv Vv e | V| V| V| e A
South Africa v v| v | v| v vy | Vv V| VY|V | V| VY|V | V| V| V| V| V| vVv|yv

Countries are ordered by mean achievement across the heading and down the rows.

Mean achievement No statistically significant
El significantly higher than difference from comparison

comparison country country

* See Appendix A for characteristics of the students sampled.
i Statistically significant at .05 level, adjusted for multiple comparisons.

Mean achievement
significantly lower than
comparison country

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
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CHAPTER 1

3o

The eight countries shown in decreasing order of mean achievement in the upper part
of the table were judged to have met the TIMSS requirements for testing a representa-
tive sample of the students in their nationally defined target populations. Lithuania

is footnoted because its nationally defined population did not include part of the interna-
tionally desired population, that is, it included only students in schools providing
instruction in Lithuanian (see Table B.4). The Russian Federation and Cyprus are
footnoted for not testing final-year students in some vocational tracks (see Table B.4).
New Zealand is annotated because it met the sampling guidelines only after including
replacement schools (see Table B.10).

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

As mentioned previously, some members of the school-leaving age cohort are no longer
attending school. As explained in the Introduction, the degree of coverage of the
entire school-leaving age cohort is indicated by the TIMSS Coverage Index (TCI).

If the TCI also reflects exclusion of part of the final-year student population, that is
noted for the countries concerned: the Russian Federation, Cyprus, Austria, and the
Netherlands. (See Table 2 in the Introduction as well as Appendix B for more details
about the TCI.)

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

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



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

Table 1.1 also graphically shows the differences in average mathematics and scier
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ce

literacy achievement between the highest- and lowest-performing countries and the

distribution of student performance within each country. Achievement for each

country is shown for the 25th and 75th percentiles as well as for the 5th and 95th

percentile¢.Each percentile point indicates the percentages of students performir

below and above that point on the scale. For example, 25% of the students in each

country performed below the 25th percentile for that country, and 75% performed
above the 25th percentile.

g

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 repres

the extremes in lower and higher achievement. The dark boxes at the midpoints of

the distributions are the 95% confidence intervals around the average achieveme
in each country.

Comparisons can be made across the means and percentiles. For example, avel

ents

nt

age

performance in Sweden was comparable to or even exceeded performance at the [75th
percentile in a number of countries, including Hungary, the Russian Federation, the

Czech Republic, Lithuania, Cyprus, Italy, the United States, and especially South

Africa. Also, the differences between the extremes in performance were very large

in most countries.

Figure 1.1 provides a method for making appropriate comparisons of overall meg
achievement between countrie§.he figure shows whether or not the differences
in mean achievement between pairs of countries are statistically significant. Select

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 indica

no significant difference, and a triangle pointing down indicates significantly lower

performance. Countries shown in italics failed to satisfy one or more guidelines fc
sample participation rates or student sampling (see Appendix B for details).

The Netherlands and Sweden, with mostly triangles pointing up, had significantly|

higher mean achievement than the other participating countries, and performe

similarly. However, the Netherlands had particular difficulty in meeting the TIMSS
sampling guidelines. Students in apprenticeship programs were excluded (21% g
final-year students), and overall sample participation rates were very low (49%).

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

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

* The significance fests in Figure 1.1 are based on a Bonferroni procedure for multiple comparisons that holds
to 5% the probability of erroneously declaring the mean of one country to be different from another country.
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CHAPTER 1

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

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

How Dokes PERFORMANCE COMPARE, TAKING DIFFERENCES IN
PopPuULATION COVERAGE INTO ACCOUNT?

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

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

36—

° The relationship between mathematics and science literacy achievement and the TIMSS Coverage Index has
a correlation coefficient of 0.56.
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Mean Mathematics and Science Literacy Achievement by TIMSS Coverage Index for Students
in Their Final Year of Secondary School*
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SOURCE: IEAThird International
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300 Study (TIMSS), 1995-96.
0 10 20 30 40 50 60 70 80 90 100

TIMSS Coverage Index (TCI)

* See Appendix A for characteristics of the students sampled.

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

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



CHAPTER 1

Table 1.2 offers another way of examining performance, regardless of whether or
not countries may have tested only their elite students. The table shows the 75th
percentile of performance for the entire school-leaving age cohort for each country.
It also presents the mean achievement of students performing above the 75th
percentile — the top 25% of the students in the entire school-leaving age cohort for
each country. The 75th percentile is the point on the mathematics and science literacy
composite scale that divides the higher-performing 25% of the students from the
lower-performing 75%.

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

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

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

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

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

3o
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Table 1.2

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

Mean
Achievement of
the Top 25% of

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

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

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

* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
! National Desired Population does not cover all of International Desired Population (see Table B.4).

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

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

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

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

c
5]
o IS
5 @
=) Qo ]
e}
Country 8 T| § g £ 3 8
—_— ~ A~
el 85288 g8 < 52 g = & - @ s
[0 = © o N T | o c|.® < ] D = Tl o I c [%)
S| & N S| & S| S| S|/ EIE| Q| G| o © w| S| 2| S
gl S| S| & = 3 s| 32| | s|s5| 5|ol<c|e|x|a2la|3
2| 2| S| 2| 2| 3| 8| 83| 9| 0|9 S N|ISIE|[R|IS|=| >0
h| 2| 2| |z <0l vw| LQ|OjL|j]o|IT|DdD =l 3|0|n
Sweden . ° A | A | A | A | A | A | A | A | A| A| A| A| A| A A A A aA
Netherlands | ® ° A | A | A A | A | A | A | A| A | A| A| A| A| A| Aa]| Aa]a
Norway | ® . ° A | A | A | A| A| A| A| A | A | A| A| A| A| A| A]|Aa]la
Switzerland V|V | e A | o A | A | A | A | A | A | A| A| A| A| A| A| A]|Aa]a
New Zealand vy vy | vlyv . . o o A | A | A| A| A | A | A | A | A | A | A a
Australia v v v ° o o ° ° o A A A A A A A A A A A
Canada Y| Y| Y|V e o o o . o A | A| A | A | A | A| A | A| A | a
Slovenia YIY | Y[V |e o [ ° o o A | A | A | A | A | A | A | A A | a
Austria v v v v ° ° ° ° ° ° A A A A A A A A A A
Iceland Y| Y| Y ¥V V| e o o o o A| A | A | A | A | A| A | A| A | a
Denmark v v v v v v ° ° ° ° ° A A A A A A A A A
Germany vV V| V| V| V| V| Vv V| V| V| |e ° . A | A | A| A | A| A A
France Y| V| V| VY| VY|V |V |VY|V V| V| e . A | A | A| A | A| A A
Czech Republic v v v v v v v v v v v ° ° A A A A A A A
Hungary v iv| v/ v v v v | v|Vv| Vv | V| Vv Vv |y ° A| A | A | A a
i Y| VvV | V| VvV VY|V V| V|V |V V| V| V| V| |e A | A | A | A | A
nited States
Ital) vV v Vv vy VY| VY |VvY| VY| VY| V| V| V| V| V| Vv |yv ° A | A | A
y
Russian Federation vV v | v | v Vv Vv Vv Vv Vv V| Vv Vv Vv Vv Vv 6 v e A | A | A
Lithuania v v v v v v v v v v v v v v v v v v A A
Cyprus vV v v vy VY| VY| VY| VY|V | VY|V | V| V| V| V| V| V| vVv|yv A
South Africa v v v v v v v v v v v v v v v v v v v v

Countries are ordered by mean achievement across the heading and down the rows.

Mean achievement
significantly higher than
comparison country

* See Appendix A for characteristics of the students sampled.

i Statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
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No statistically significant
difference from comparison
country

Mean achievement
significantly lower than
comparison country
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CHAPTEHR

of Iceland, Denmark, and the Russian Federation dropped somewhat in this analysis
compared to the analysis based only on the samples of students tested. This may be
because the assumptions of lower performance (below the 75th percentile) for studénts

not represented in the sample do not completely apply in these two countries. Fo
example, in the Russian Federation students not covered in the sampling include
those in technical tracks that take mathematics and science, some of whom may
have achieved above the 75th percentile.

How DoEs PERFORMANCE COMPARE BY GENDER?

Table 1.3 shows the differences in mathematics and science literacy achievemen

r
d

t by

gender for the final-year students in each country. The table presents mean achievement

separately for males and females for each country, as well as the difference betw
the means. The graphic representation of the gender difference, indicated by a K
shows the amount of the difference, whether the direction of the difference favors
females or males, and whether the difference is statistically significant (indicate
by a darkened bar). As can be seen, all of the differences favored males rather th
females, and all of the differences were statistically significant except in South Afric

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

Course-taking patterns are explored in more detail in Chapter 4 and in the secqg
section of this report, which presents results for students having taken advanc
mathematics courses (Chapter 5) and physics (Chapter 8) during their final years
secondary school. Briefly, however, while males take more mathematics and scien
courses than females in some countries, especially in physics, course-taking patte
alone do not seem to explain these pervasive gender differences for the over
population of school-leaving students.

een
ar,

d
an
a.

de

all
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CHAPTEHR 1

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

Females . .
Country Difference  TCI Gender Difference
Percent of Mean Percent of Mean
Students Achievement Students Achievement
Hungary 52 (2.5) | 485(4.5) | 48(2.5) | 468 (4.5) 17 (6.3) 65% |
> Cyprus 45(2.1) | 456 (4.9) | 55(2.1) | 439(3.0) | 18 (5.8) 48% F‘gﬂ‘;gs '\sﬂfcl)?g
! Lithuania 35(3.0) | 483(6.7) | 65(3.0) | 456(7.4) | 27 (10.0) 43% Higher Higher
" New Zealand 49 (1.7) | 540 (5.7) 51 (1.7) | 511 (5.5) 28 (7.9) 70%
Switzerland 56 (2.5) | 547 (6.0) | 44 (2.5) | 511 (7.5) 37 (9.6) 82%
2 Russian Federation | 38 (1.0) | 499 (5.9) 62 (1.0) | 462 (6.5) 37 (8.8) 48%

Sweden 49 (2.5) | 579(5.8) 51 (2.5) | 533(3.6) 46 (6.8) 71%
Czech Republic 51 (5.1) | 500 (9.9) 49 (5.1) | 452(13.8) | 48 (17.0) 78%
|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)

Australia 42 (2.9) | 543(10.7) [ 58(2.9) | 511 (9.3) | 32 (14.2)| 68% a

? Austria 39 (3.2) | 549(7.8) 61 (3.2) | 502 (5.5) 47 (9.6) 76%
Canada 47 (1.4) | 544 (3.4) 53(1.4) | 511 (3.4) 33 (4.8) 70%
France 47 (3.1) | 526 (5.9) 53 (3.1) | 487 (4.8) 38 (7.6) 84%
Iceland 48 (0.8) | 565(2.9) 52(0.8) | 522(1.9) 43 (3.5) 55%
! ltaly 46 (3.3) | 492 (6.9) 54 (3.3) | 461(5.7) 31(8.9) 52%
Norway 51 (2.0) | 564 (5.0) 49 (2.0) | 507 (4.5) 57 (6.8) 84%
United States 50 (1.3) | 479 (4.2) 50 (1.3) | 462(3.5) 17 (5.5) 63%
|Countries With Unapproved Student Sampling (See Appendix B for Details)
" Germany | 56(5.2) | 512(8.2) | 44(5.2) | 479(85) | 32(11.8)| 75% | | | — |
|Countries With Unapproved Sampling Procedures and Low Patrticipation Rates (See Appendix B for Details)
Denmark 45 (2.0) | 554 (4.5) 55 (2.0) | 507 (3.7) 47 (5.8) 58%
2 Netherlands 52 (2.3) | 584 (5.5) 48 (2.3) | 533(5.9) 51 (8.0) 78%
Slovenia 51 (3.3) | 538(12.6) | 49 (3.3) | 492(7.1) 46 (14.4) 88%
South Africa 49 (1.6) | 366(10.3) | 51(1.6) | 341(11.8) | 25(15.7) 49%
120 80 40 0 40 80 120

International Averages
Males Females Difference
519 483 36
(Averages of All Country Means)

- Gender difference statistically significant at .05 level.

D Gender difference not statistically significant.

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

* See Appendix A for characteristics of students tested.

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

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

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

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

ACHIEVEMENT IN MATHEMATICS LITERACY AND
SCIENCE LITERACY

CHAPTER

This chapter presents data summarizing achievement separately on the mathematics
literacy scale and the science literacy scale. The mathematics literacy items address

number sense, including fractions, percentages, and proportionality. Algebraic
sense, measurement, and estimation are also covered, as are data representat
and analysis. Several of the items emphasize reasoning and social utility. A

general criterion in selecting the items was that they should involve the types of
mathematics questions that could arise in real-life situations and that they b¢
contextualized accordingly. Similarly, the science items selected for the literacy
test were organized according to three areas of science — earth science, life sciern

and physical science — and included a reasoning and social utility component.

Again, the emphasis was on trying to measure how well students can use thei
knowledge in addressing real-world problems having a science component. For,
both the mathematics literacy and science literacy items, students were permitted

on

Y%

ce,

= —~+

use a calculator if they wished (see Chapter 4 for students’ reports on calculator use).

Following the discussion in this chapter of average achievement in mathematics
literacy and science literacy, Chapter 3 contains further information about the types

of mathematics and science items, including seven example items for each areg
and the percentage of correct responses on those items for each TIMSS countr

As we have seen in Chapter 1, there are differences in achievement among
participating countries on the TIMSS mathematics and science literacy test. Giv,
that the test was designed to include mathematics and science items, it is interes
to examine whether the participating countries have particular strengths or weakne
in their achievement in one or the other of the two areas. Thus, this chapter preseg
the results for the mathematics and science scales that formed the basis for the
average composite results presented in Chapter 1.
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5S€eS
nts

2

43



CHAPTER 2

44—

How DoEes PERFORMANCE COMPARE BETWEEN THE MATHEMATICS AND
SCIENCE AREAS?

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

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

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

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

Table 2.3 compares performance in mathematics and science literacy. It presents mean
literacy achievement separately for mathematics and science, as well as the difference
between the means. The last column shows the amount of the difference, whether
its direction favors mathematics or science, and whether it is statistically significant
(darkened bar). Regardless of direction, the differences between mathematics and
science literacy were small or negligible in nearly half of the countries. However,
Lithuania, Hungary, Switzerland, France, and Denmark performed signifibagitgr
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in mathematics literacy than in science literacy. In contrast, Sweden, the Russia
Federation, the Czech Republic, Canada, Iceland, Norway, and the United State
had significantly higher achievement in science literacy than in mathematics literacy.

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

y

2
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Table 2.1

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

Country Mathematics Literacy Achievement Scale Score
Sweden Ao 552(4.3) 71% l‘ : I : I ‘ ]
Switzerland a 540(5.8) 82% l‘ : I ‘l ]
" New Zealand A 522(4.5) 70% [ ‘ ‘l | : I ‘ ]
Hungary v 483(3.2) 65% - —— | - : ]
2 Russian Federation | v 471(6.2) 48% = N — I - —
! Lithuania v 469(6.1) | 43% E—— i E—
Czech Republic o 466(12.3)| 78% — r -
* Cyprus v 446 (2.5) 48% o L ! — ‘
Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix‘ B for ?etails) ‘ ‘ ‘ é
Australia . 522(9.3) | 68% ——1 — =T 8
2 Austria a 518(5.3) 76% l‘ ‘ I | : I ‘ ‘l g
Canada A 519(2.8) 70% [ ‘ ‘l | : I ‘ ‘ ] g
France A 523(5.1) 84% l‘ ‘ I | ‘ I ‘ ‘l §7
Iceland s 534(2.0) 55% C 1 | — ] g
! ltaly v 476(55) | 52% [ ; I ; | — ; ; 1 -
Norway a 528(4.1) 84% [ : ‘l | ‘ l‘ ] g
United States v _461(3.2) 63%  S— L I ] ‘ g
|Countries With Unapproved Student Sampling (See Appendix B for Details) %
' Germany e 4569 | % | | | o) | [ s
|Countries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details) é
Denmark a 547(3.3) 58% [ ; I ; I ; ] ‘ §
? Netherlands Ao 560(4.7) 78% [ ‘ I 1 8
Slovenia o 512(8.3) 88% ‘ F I B
South Africa v 356(8.3) | 49% —I  E— ‘ ‘ 4
200 250 300 350 400 450 500 550 600 650 700 750 800
|— Percentiles of Performance |
5th 25th 75th 95th International Average = 500
I i || i i (Average of All Country Means)
-1

Mean and Confidence Interval (+2SE)

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

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

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Multiple Comparisons of Mathematics Literacy Achievement for Students in
Their Final Year of Secondary School*

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

c
2
IS ©
o) S| a9
Country 2 T g 3 2|8 B
< x| s T > s | $| & kS
o} e 8| © © Sl 0
S5l8|5 |23 el 88|« |85 | 5|l=|(z|g|3
2138/ 2|8|s|8]lz /58|58 |E|l2|sla|S|E5l2|2 S
= = = = =
3|23 5|3 |5|8|%/3| 3| %/ 38|s|5|RIZg|E£E/8/5 g3
2| O|Q|p|R|Z2|L|x|zZz2|0O|x |0 |8 |lx|l3|0|3|0|wn
Netherlands .
Sweden .
Denmark
Switzerland
Iceland
Norway 2
c
France 3
m
Australia @
>
New Zealand s
o
Canada Z
3
Austria z
=3
Slovenia :
=
Germany §
QD
Hungary s
P
Italy 2
Russian Federation o
(=3
o
Lithuania 2
o
Czech Republic 5
. H
United States &
Cyprus g
o
South Africa 8

Countries are ordered by mean achievement across the heading and down the rows.

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

* See Appendix A for characteristics of the students sampled.
i Statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
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Table 2.2

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

Country

Science Literacy Achievement Scale Score

Sweden Ao 559 (4.4) 71% L : I ‘ :
" New Zealand 4 529(5.2) 70% [ ‘ ‘ I | : l‘ ‘ ]
Switzerland a4 523(5.3) 82% [ ‘ ‘l | : I ‘ ‘ ]
Czech Republic o 487(8.8) 78% L —— | = : ]
® Russian Federation | v 481 (5.7) 48% C N — | E— —
Hungary v 4713.0) | 65% L ‘ ‘ — w1 ‘ ;
* Lithuania v 461(5.7) 43% ‘ " r 1 ‘
2 Cyprus v 448 (3.0) 48% : L : )
Countries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix B for Details §
Australia . 527(98) | 68% [ ‘ ‘ I -‘ I ‘ ‘ ] %
2 Austria a4 520(5.6) 76% [ ‘ ‘ I I : I ‘ ‘ ] g
Canada s 532(2.6) 70% : 1 | —T ] g
France e 487(5.1) 84% [ — | — : g
Iceland A 549(1.5) 55% [ — L | g
 taly v 475(53) | 52% [  — : =
Norway A 544(4.1) 84% 1 # 1 g
United States v 480 (3.3) 63% [ i — L " ‘ g
|Countr/es With Unapproved Student Sampling (See Appendix B for Detalls) %
' Germany ey | ]| | ] Vw1 — [ | |t
|Countr/es With Unapproved Sampling Procedures and Low Participation Rates (See Append/x B for Detalls) %
Denmark . 509(36) | 58% [ -‘ ‘ ‘ ‘ 3
2 Netherlands o 558(5.3) 78% + ‘ ‘ 1 8
Slovenia e 517(8.2) 88% [ ‘ h §
South Africa v 349(10.5)| 49% | C—IZ L ‘ 8
200 250 300 350 400 450 500 550 600 650 700 750 800
I Percentiles of Performance |
s 5ih 75th 95th International Average = 500
I t - t | (Average of All Country Means)
-

Mean and Confidence Interval (+2SE)

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

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

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Multiple Comparisons of Science Literacy Achievement
for Students in Their Final Year of Secondary School*

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

Country

Sweden
Netherlands
Iceland
Norway
Canada

New Zealand
Switzerland
Austria
Slovenia
Denmark
Germany
France

Czech Republic
Russian Federation
United States
Italy

Hungary
Lithuania
Cyprus

South Africa

Sweden

Netherlands

Iceland

Norway

Canada

New Zealand

Australia

Switzerland

Austria

Slovenia

Denmark

Germany

France

Czech Republic

Russian Federation

United States

Italy

Hungary

Lithuania

Cyprus
South Africa
Countries are ordered by mean achievement across the heading and down the rows.

'96-G66T (SSINIL) APMIS 99UBIOS PUE SINBWSUIE [BUOIeUISIUl PIYL VI :FOMNOS

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

* See Appendix A for characteristics of the students sampled.
i Statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
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Differences in Performance Between Mathematics Literacy and Science Literacy for
Students in Their Final Year of Secondary School*

Mathematics Science
Country Literacy Mean  Literacy Mean Difference Subject Difference
Score Score
? Cyprus 446 (2.5) 448 (3.0) 2(2.4) !
' New Zealand 522 (4.5) 529 (5.2) 7 (2.8) Slgiigﬂg_f ] Mﬁm%ﬁgfcs
Sweden 552 (4.3) 559 (4.4) 7(1.3)
* Lithuania 469 (6.1) 461 (5.7) 9(2.2)
? Russian Federation 471 (6.2) 481 (5.7) 10 (2.5)
Hungary 483 (3.2) 471 (3.0) 13 (1.3)
Switzerland 540 (5.8) 523 (5.3) 18 (2.3)
Czech Republic 466 (12.3) 487 (8.8) 20 (4.1)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 522(9.3) 527 (9.8) 5(2.4)
2 Austria 518(5.3) 520 (5.6) 2(2.1)
Canada 519 (2.8) 532 (2.6) 13 (1.7)
France 523(5.1) 487 (5.1) 36 (2.9)
Iceland 534 (2.0) 549 (1.5) 15 (1.7)
! ltaly 476 (5.5) 475 (5.3) 1(2.2)
Norway 528 (4.1) 544 (4.1) 16 (1.8)
United States 461 (3.2) 480 (3.3) 19 (1.5)
ICountries With Unapproved Student Sampling (See Appendix B for Details)
" Germany | 495559 | 49751 | 2(2.4) | \ \ i \ \
|Countries With Unapproved Sampling Procedures and Low Patrticipation Rates (See Appendix B for Details)
Denmark 547 (3.3) 509 (3.6) 38 (2.8)
2 Netherlands 560 (4.7) 558 (5.3) 2(2.3)
Slovenia 512(8.3) 517 (8.2) 6 (2.3)
South Africa 356 (8.3) 349 (10.5) 7 (2.9)
SOURCE: |EA Third International Mathematics and Science Study (TIMSS), 1995-96. 60 40 20 0 20 40 60
- Difference statistically significant at .05 level.
D Difference not statistically significant.

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some differences may appear inconsistent.
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Table 2.4

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

Females . .
Difference Gender Difference

Country

Percent of Mean Percent of Mean
Students Achievement | Students | Achievement

Hungary 52 (2.5) |485(4.9) | 48(2.5) 481(4.8) | 5(6.9) | 65%

Females Males
2 Cyprus 45(2.1) |454(4.9) | 55(2.1) | 439(3.7) | 15(6.1) 48% Score Score
! Lithuania 35(3.0) |485(7.3) | 65(3.0) | 461(7.7) | 23(10.6) | 43% Higher Higher
" New Zealand 49 (1.7) |536(4.9) | 51(1.7) | 507 (6.2) | 29(7.9) 70%
? Russian Federation| 38 (1.0) | 488(6.5) | 62 (1.0) | 460 (6.6) | 27 (9.2) 48%

Switzerland 56 (2.5) | 555(6.4) 44 (2.5) | 522 (7.4) 33(9.8) 82%

Sweden 49 (2.5) |573(5.9) 51 (2.5) | 531 (3.9) 42 (7.0) 71%

Czech Republic 51(5.1) |488(11.3)| 49 (5.1) | 443(16.8)| 45 (20.2) 78%
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)

Australia 42 (2.9) |540(10.3)| 58 (2.9) | 510(9.3) | 30(13.9)| 68% a

? Austria 39 (3.2) |545(7.2) 61 (3.2) | 503 (5.5) 41 (9.0) 76%
Canada 47 (1.4) |537(3.8) 53 (1.4) | 504 (3.5) 34 (5.2) 70%
France 47 (3.1) | 544 (5.6) 53 (3.1) | 506 (5.3) 38 (7.7) 84%
Iceland 48 (0.8) |558(3.4) 52 (0.8) | 514 (2.2) 44 (4.1) 55%
tltaly 46 (3.3) | 490(7.4) 54 (3.3) | 464 (6.0) 26 (9.5) 52%
Norway 51 (2.0) | 555(5.3) 49 (2.0) | 501 (4.8) 54 (7.1) 84%
United States 50 (1.3) | 466 (4.1) 50 (1.3) | 456 (3.6) 11 (5.5) 63%
ICauntries With Unapproved Student Sampling (See Appendix B for Details)
' Germany | 56(5.2) |509(8.8) | 44(5.2) | 480(8.8) | 29 (12.4)| 75% | \ \ — N \
ICountries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 45(2.0) |575(4.0) 55 (2.0) | 523 (4.0) 52 (5.7) 58%
2 Netherlands 52 (2.3) | 585(5.6) 48 (2.3) | 533 (5.9) 53 (8.2) 78%
Slovenia 51(3.3) | 535(12.7)| 49(3.3) | 490(8.0) 46 (15.0) 88%
South Africa 49 (1.6) | 365(9.3) 51 (1.6) | 348(10.8)| 17 (14.3) 49%
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96. 120 80 40 0 40 80 120

International Averages
Males Females  Difference
518 485 33
(Averages of All Country Means)

- Gender difference statistically significant at .05 level.
D Gender difference not statistically significant.

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some differences may appear inconsistent.
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Achievement in Science Literacy by Gender for Students in Their Final Year of
Secondary School*

Females . .
Difference Gender Difference

Country

Percent of Mean Percent of Mean
Students | Achievement Students Achievement

2 Cyprus 45 (2.1) | 459 (5.8) 55(2.1) | 439(3.0) 20 (6.5) 48%
" New Zealand 49 (1.7) | 543(7.1) | 51(1.7) | 515(5.2) | 28(8.8) | 70% Fg@;‘gs
Hungary 52 (2.5) | 484 (4.2) 48 (2.5) | 455(4.3) 29 (6.0) 65% Higher
* Lithuania 35(3.0) | 481(6.4) 65 (3.0) | 450(7.3) | 31(9.7) 43%
Switzerland 56 (2.5) | 540(6.1) | 44 (2.5) | 500(7.8) | 40 (9.9) 82%
? Russian Federation | 38 (1.0) | 510 (5.7) 62 (1.0) | 463(6.7) | 47(8.8) 48%
Sweden 49 (2.5) | 585 (5.9) 51 (2.5) | 534(3.5) | 50 (6.8) 71%
Czech Republic 51(5.1) | 512(8.8) | 49 (5.1) | 460 (11.0)| 51 (14.0) 78%
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)

Australia 42 (2.9) | 547 (11.5)| 58(2.9) | 513(9.4) | 34 (14.8)| 68%
2 Austria 39(3.2) | 554(8.7) | 61(3.2) | 501(5.8) | 53 (10.4)| 76%
Canada 47 (1.4) | 550 (3.6) | 53(1.4) | 518(3.8) | 32(5.2) | 70%
—

Males
Score
Higher

France 47 (3.1) | 508 (6.7) 53(3.1) | 468(4.8) | 39(8.3) 84%
Iceland 48 (0.8) | 572 (2.7) 52 (0.8) | 530(2.1) | 41 (3.4) 55%
*ltaly 46 (3.3) | 495 (6.7) 54 (3.3) | 458(5.6) | 37 (8.8) 52%
Norway 51(2.0) | 574 (5.1) 49 (2.0) | 513(4.5) 61 (6.8) 84%
United States 50 (1.3) | 492 (4.5) 50 (1.3) | 469(3.9) 23 (5.9) 63%
ICountries With Unapproved Student Sampling (See Appendix B for Details)
' Germany | 56(5.2) | 514(7.9) | 44(5.2) | 478(8.5) | 35(11.6) | 75% | | | |
ICountries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 45 (2.0) | 532 (5.4) 55(2.0) | 490(4.1) | 41(6.8) 58%
? Netherlands 52 (2.3) | 582 (5.7) 48 (2.3) | 532(6.2) | 49 (8.4) 78%

Slovenia 51(3.3) | 541(12.7)| 49(3.3) | 494(6.4) | 47 (14.3)| 88%

South Africa 49 (1.6) | 367 (11.5)| 51 (1.6) | 333(13.0)| 34 (17.4)| 49%
SOURCE: IEAThird International Mathematics and Science Study (TIMSS), 1995-96. 120 80 40 0 40 80 120

International Averages
Males Females  Difference
521 482 39
(Averages of All Country Means)

- Gender difference statistically significant at .05 level.
I:I Gender difference not statistically significant.

* See Appendix A for characteristics of students sampled.

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

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

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

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

Achievement for students in the final year of secondary school was estimated separa
from achievement at the middle school grades. That is, different tests were used
different content areas emphasized. Therefore, the scale scores are not compard
and no direct comparison can be made between the performance of the upper secor

itely
and
ble,
dary

school students and that of the eighth-grade students. One way to gauge relative

performance at the two levels, however, is to compare a country’s performance W
the international mean at each of the two points in school. For example, for the count
participating in both the middle school and upper secondary school testing, me
mathematics achievement in comparison with the international average is portray
in Figure 2.3, with the eighth-grade results for each coudgrivedfrom
Mathematics in the Middle School Years: IEA’s Third International Mathematics
and Science Stutlgnd the results for the final year of secondary school taken fron
Table 2.1 of the present report.

ith
ries
an
ed

As shown in Figure 2.3, Switzerland, the Netherlands, Austria, France, and Canada

were above the international average both at the eighth grade and for their up

secondary school students. However, the countries ranking high in mathematic

achievement at the eighth grade did not always rank high in mathematics literacy
the upper secondary level. The Czech Republic, Slovenia, and Australia were ab

the international average at the eighth grade, but at about the international averit;e

for upper secondary school students. Hungary and the Russian Federation perfor

above the international average at the eighth grade but below it for the final year
secondary school. The United States performed about at the international average
the eighth grade, but below it for upper secondary school students. Converse
Sweden, New Zealand, and Denmark performed similarly to the international averg
at the eighth grade, but above it at the upper secondary level, while Norway an
Iceland moved from below the international average at the eighth grade to above
for upper secondary school students.
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Figure 2.4 shows the results for science achievement relative to the international

average at the eighth grade and for science literacy at the upper secondary school |
The eighth-grade results for countries also participating in the science testing o
students in the eighth grade were derived fBoience Achievement in the Middle
School Years: IEA’s Third International Mathematics and Science Study.

evel.
if

' Beaton, A.E., Mullis, LV.S., Marfin, M.O., Gonzalez, EJ., Kelly, D.L, and Smith, TA. [1996]. Mathematics
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Bosfon College.

2 Beaton, A.E., Martin, M.O., Mullis, 1.V.S., Gonzalez, EJ., Smith, TA., and Kelly, D.L. {1996). Science
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Bosfon College.
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Just as with the mathematics results, the high-ranking countries were not the same
for the eighth grade and the final year of secondary school. Although the Netherlands,
Austria, Sweden, Canada, and Norway were above the international average at both
levels, the Czech Republic, Slovenia, Australia, and Germany moved toward the
international average at the upper secondary level and the Russian Federation and
the United States moved below it. In contrast, New Zealand and Switzerland performed
at about the international average at the eighth grade, but above it at the upper
secondary level. Iceland moved from below the international average at the eighth
grade to above it at the upper secondary level, while France and Denmark moved
from below the international average to about the international average.

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

Eighth Grade Final Year of Secondary School

Mathematics Scale Mathematics Literacy Scale

Difference Difference
from from
International Country International
Average Average

Country

Sweden 8 (3.0) Australia 68% 22 (9.3)
Germany -1 (4.5) Slovenia 88% 12 (8.3)
New Zealand -3 (4.5) Germany 75% -5 (5.9)
Denmark -8 (2.8) Czech Republic 78% -34 (12.3)
United States -11 (4.6) Hungary 65% -17 (3.2)
Norway -7 (2.2) Russian Federation 48% -29 (6.2)
Iceland -24 (4.5) Lithuania 43% -31 (6.1)
Lithuania -33 (3.5) United States 63% -39 (3.2)
Cyprus -37 (1.9) Cyprus 48% -54 (2.5)
South Africa -157 (4.4) South Africa 49% -144 (8.3)
International Average 511 (0.8) International Average 500 (1.3)
(Average of All Country Means) (Average of All Country Means)

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

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

Q Significantly Lower than International Average

T Eighth grade in most countries.

* See Appendix A for characteristics of the students sampled.

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

Includes countries that participated in TIMSS testing at both eighth grade and final year of secondary school. The eighth-grade results are derived
from those reported in Mathematics Achievement in the Middle School Years: IEA’'s Third International Mathematics and Science Studly.
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Science Performance at Eighth Gradet and Final Year of Secondary School* Compared
with the International Averages

Eighth Grade Final Year of Secondary School

Science Scale Science Literacy Scale

Difference
from
International
Average

Difference
from
International
Average

Country

Australia 68% 27 (9.8)

Slovenia 88% 17 (8.2)

Denmark 58% 9 (3.6)

Germany 75% -3 (5.1)
New Zealand 11 (4.4) France 84% -13 (5.1)
Switzerland 7 (2.5) Czech Republic 78% -13 (8.8)
France -17 (2.5) Russian Federation 48% -19 (5.7)
Iceland -21 (4.0) United States 63% -20 (3.3)
Denmark -37 (3.1) Hungary 65% -29 (3.0)
Lithuania -38 (3.4) Lithuania 43% -39 (5.7)
Cyprus -52 (1.9) Cyprus 48% -52 (3.0)
South Africa -189 (6.6) South Africa 49% -151 (10.5)
International Average 515 (0.8) International Average 500 (1.3)
(Average of All Country Means) (Average of All Country Means)

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

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

() significantly Lower than International Average

T Eighth grade in most countries.
* See Appendix A for characteristics of the students sampled.
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling procedures (see Figure B.4).
Includes countries that participated in TIMSS testing at both eighth grade and final year of secondary school. The eighth-grade results are derived

from those reported in Science Achievement in the Middle School Years: IEA's Third International Mathematics and Science Study.
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Chapter 3

PERFORMANCE ON MATHEMATICS AND SCIENCE
LITERACY EXAMPLE ITEMS

This chapter presents seven example test questions in the mathematics literacy &
and seven in the science literacy area, and performance on each of the 14 items
each of the TIMSS countries. The example items in this chapter were chosen
illustrate the different topics covered in each area, the different performance
expectations, and the range of item formats used. To provide some sense of wh
types of items were answered correctly by higher-performing students as compar

with lower-performing students, the items in each area span a range of difficulty,

Finally, it should be noted that all these items and others have been released fo
use by the publié.

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

The seven tables showing the country-by-country results on each item within th
subject area are followed by a “difficulty map” relating achievement on each o
the example items to performance on the TIMSS international mathematics litera
or science literacy scale.
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! The IEA retained about 60% of the TIMSS items as secure for possible future use in measuring
infernational frends in mathematics and science literacy achievement. All remaining ifems are available for
general use.
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CHAPTER 3

WHAT ARE SOME EXAMPLES OF PERFORMANCE IN MATHEMATICS
LiTERACY?

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

As shown in Table 3.1, final-year students in most countries selected the correct
answer to the proportionality problem requiring calculating the number of calories

in a portion of food (Example Item 1). The international average percentage of correct
responses across the participating countries was 71%, with 80% or more of the

students in the Netherlands and France answering correctly.

Table 3.2 presents Example Item 2, asking students to determine the number of
defective light bulbs in a batch on the basis of testing a sample. This proportionality
task is set in the context of sampling, which students might encounter in quality-
control procedures in the workplace, in opinion polling, or in market research. As
with Example Item 1, final-year students in many countries did relatively well on

this item (international average 66%). More than three-fourths of the students in
New Zealand, Sweden, the Netherlands, and Slovenia selected the correct response.

Example Item 3 was a two-part item, requiring students to interpret the information
in a travel graph and respond in an open-ended format. The results are shown in
Table 3.3. In part A of the item, which was relatively straightforward, students had

to be able to read the line graph and use the labeled information on the vertical axis
to provide the answer of 60 km per hour as the car’s maximum speed. Students were
somewhat less successful with part B, which required interpretation of the information
in the graph based on events and the ability to read a marked but unlabeled point on
the horizontal axis. Whereas the international average was 74% correct responses on
part A, only 59% of the final-year students, on average, provided the correct answer of
9:07 for the time that Kelly slammed on her brakes (part B). About 7% of the
students, on average, across countries responded that Kelly slammed on her brakes at
9:06, the closest labeled point on the horizontal axis.

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

o

2 For a full discussion of the mathematics literacy items, see Orpwood, G. and Garden, R.A. (1998). Assessing
Mathematics and Science Literacy, TIMSS Monograph No. 4. Vancouver, B.C.: Pacific Educational Press.
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correctly with 86.4 million zeds (720 million zeds x .12) supported by an explanatio

of how the answer was obtained. However, students did not need to read the |bar
concerned as representing exactly 720 million zeds; any number in the range of 700
million to 730 million zeds was acceptable. For example, the answer shown for
Example Item 4 used 715 million zeds. Thus any answer in the range of 84 millio

to 87.6 million zeds was given full credit as long as the method of obtaining it wa
appropriate. Sixty percent or more of the students provided fully correct responses
to this question in Sweden, Switzerland, Denmark, and the Netherlands. Another
one-fifth to two-fifths of the students in many countries received partial credit for
their responses. The latter omitted the factor of 1 million, made a decimal or other
computation error, or provided other calculations that indicated understanding of th
problem even though the final answer was missing or incorrect.

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

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

=

1°2)

=

In Example Item 7, students were asked to sketch their own line graph. They were
presented with a grid and asked to show the relationship between a person’s height
and age from birth to 30 years. Students were specifically asked to label their graphs
and to use a realistic height scale along that axis. To receive full credit, students
needed to think out how such a graph might look, and then produce a reasonable sketch.
Fully correct responses had correct scales and labels on both axes — Age 0 to 30 years
and Height 0 to 200 cm (or 0 to 80 inches, or to 7 feet). Also, the line relating heigh

to age needed to start at approximately 50 cm (20 inches) and reach a reasonable
maximum at a realistic age (14 to 20 years), after which it would remain essentially
flat. The results are presented in Table 3.7 for students providing fully correct and
partially correct responses. Across the participating countries, approximately one-fifth
of the final-year students drew fully correct graphs. On average, another 28% drew
partially correct graphs. In graphs receiving partial credit, all except one of the features
were correct. For example, partially correct graphs may have startbéighe

3
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line incorrectly (e.g., with a height of zero), had an unrealistic age for maximum
height, had the line decrease after its peak, or included incorrect scales or labels.
More than 60% of the students in Canada and Norway received either full or partial
credit for their graphs.

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

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

00—

® The three-digit item label shown in the lower right corner of the box locating each example item on the item
difficulty map refers to the original item identification number used in the student test booklets.
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Percent Correct for Example Item 1
Final Year of Secondary School*

1EL] (SRR Mathematics Literacy

Countr Percent Example 1
‘ Cates Calories in food portion.
2 Cyprus 66 (3.2) 48%
Czech RepUinC 61 (5'1) 8% If there are 300 calories in 100 grams of a certain food, how many calories are
Hungary 59 (1.3) 65% there in a 30 gram portion of that food?
* Lithuania 67 (2.6) 43%
* New Zealand 75 (2.9) 70% %0
? Russian Federation 71 (2.4) 48% B. 100
Sweden 74 (1.6) 71% O\
Switzerland 79 (1.8) 82% ¢
Countries Not Satisfying Guidelines for Sample D. 1000
Participation Rates (See Appendix B for Details): £ Xofel
Australia 71 (2.9) 68%
? Austria 78 (2.2) 76%
Canada 73 (2.3) 70%
France 80 (2.0) 84%
Iceland 75 (1.5) 55%
! ltaly 71 (2.3) 52%
Norway 72 (1.4) 84%
United States 68 (1.3) 63%

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

' Germany | 7423 | 75%

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

Denmark 75 (1.5) 58%
? Netherlands 84 (1.5) 78%
Slovenia 75 (2.4) 88%
South Africa 45 (2.5) 49%
International Average
Percent Correct 71(0.5)

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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1EL] (SR AMathematics Literacy

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

Count Percent Example 2
ountr

. CaiEs Number of defective light bulbs.
2 Cyprus 52 (3.5) 48%

Czech Republic 63 (2.8) 78% From a batch of 3000 light bulbs, 100 were selected at random and tested. If 5
Hungary e | o o e e b g o i, b ey e
" New Zealand 77 (1.8) 70% A 15
* Russian Federation 57 (2.4) 48% B 6

Sweden 77 (1.3) 71%

Switzerland 72 (2.3) 82% @ 0
Countries Not Satisfying Guidelines for Sample D. 300
Participation Rates (See Appendix B for Details):

Australia 74 (2.4) 68% SN o
? Austria 73 (2.2) 76%

Canada 70 (2.6) 70%

France 73 (1.9) 84%

Iceland 68 (1.5) 55%

! ltaly 60 (2.6) 52%

Norway 67 (1.5) 84%

United States 62 (1.8) 63%

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

" Germany | 66(33) |  75%

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

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

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

* See Appendix A for characteristics of the students sampled.

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

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

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

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

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

c Percent Example 3, Part A
ountry
S e Kelly/Maximum speed of car.
2 Cyprus 54 (3.4) 48%
Czech Republic 66 (2.1) 78% o . . .
% Kelly went for a drive in her car. During the drive, a cat ran in front of the car.
Hungary 56 (1.4) 65% Kelly slammed on the brakes and missed the cat.
* Lithuania 61 (3.0) 43%
_New Zealand 91 (L7) 70% Slightly shaken; Kelly decided to return home by a shorter route. The graph
. . 1gntly s en, Kelly decided to return home Dy a shorter route. € grap!
* Russian Federation 62 (2.8) 48% below is a record of the car’s speed during the drive.
Sweden 85 (1.0) 71%
Switzerland 75 (2.6) 82% )] | Kelly's drive
Countries Not Satisfying Guidelines for Sample ‘1
Participation Rates (See Appendix B for Details): 60 1
Australia 88 (1.5) 68% 48
? Austria 84 (1.7) 76% 36
Speed
Canada 80 (2.7) 70% () 4
France 71 (3.0) 84%
Iceland 74 (1.4) 55% 12
" ltaly 62(3.0) 52% %.00 9:03 9:06 9:09 9:12
Norway 78 (1.4) 84% ' ' " Time ' '
United States 85 (1.0) 63%
gunz ies Wgh Lé”)flplg Otve;j )STUde”t Sampling a)  What was the maximum speed of the car during the drive?
ee Appendix B for Details):
' Germany | 74(15) |  75% & O
Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Detalils):
Denmark 78 (1.2) 58% b)  What time was it when Kelly slammed on the brakes to avoid the cat?
2 Netherlands 91 (1.6) 78%
Slovenia 80 (2.0) 88% q : O 7'
South Africa 60 (3.1) 49%
International Average
Percent Correct 74095

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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1L SR Mathematics Literacy (Continued)

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

c Percent Example 3, Part B
ountry
CaiEs! Kelly/Time slammed on brakes.
2 Cyprus 33(2.9) 48%
Czech Republic 47 (2.3) 78% Kelly went for a drive in her car. During the drive, a cat ran in front of the car.
Hungary . 65% Kelly slammed on the brakes and missed the cat.
* Lithuania 47 (3.0) 43%
" New Zealand 74 (2.0) 70% Slightly shaken, Kelly decided to return home by a shorter route. The graph
2 Russian Federation 46 (2.2) 48% below is a record of the car’s speed during the drive.
Sweden 69 (1.7) 71% Kelly's drive
Switzerland 62 (2.7) 82% 72 |
Countries Not Satisfying Guidelines for Sample 60
Participation Rates (See Appendix B for Details): "
Australia 68 (3.3) 68%
2 Austria 65 (2.4) 76% Speed 0
Canada 67 (2.6) 70% (km/h) 24
France 65 (2.9) 84% 12 2
Iceland 63 (1.7) 55% 0
B Italy 47 (2_6) 52% 9:00 9:03 9:06 9:09 9:12
Norway 65 (1.6) 84% Time
United States 67 (1.4) 63%
Countries with Unapproved Student Sampling a)  What was the maximum speed of the car during the drive?
(See Appendix B for Details): (O O
' Germany [ 6202 |  75%
Countries With Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):
Denmark 67 (1.9) 58% b)  What time was it when Kelly slammed on the brakes to avoid the cat?
2 Netherlands 83 (1.9) 78% q{ O ?
Slovenia 62 (2.7) 88% '
South Africa 19 (3.2) 49%
International Average
Percent Correct 59(0.5)

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Adash (-) indicates data are not available. Internationally comparable data are unavailable for Hungary on Example Item 3B.
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ELI R IMathematics Literacy

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

Percent  Percent Example 4
Country Partially Fully
Correct Correct Data from two graphs.
2 Cyprus 16 (1.1) 25 (1.5) 48%
Czech RepUb“C 10 (1'1) 39 (4'6) 78% The graphs give information about sales of CDs and other sound recording
Hungary 15(0.7) 46 (1.2) 65% media in Zedland. Zeds are the monetary units used in Zedland.
* Lithuania 13(1.2) 45 (2.4) 43%
" New Zealand 22 (1-6) 38 (1-8) 70% Value of various sound recording media sold in Zedland (millions of zeds)
* Russian Federation 15 (1.4) 37 (2.2) 48%
800 ; 800
Sweden 8(0.7) 64(L5) | 71% o e reconss o
Switzerland 14 (1.2) 60(1.9) | 82% S e S — [
Countries Not Satisfying Guidelines for Sample g 500 B 500
Participation Rates (See Appendix B for Details): § —
Australia 21 (1.4) 45 (2.7) 68% é zzz N N sy e ZZZ
? Austria 19 (1.4) 50 (2.3) 76% g e o e
200 200
Canada 17 (1.5) 50 (1.7) 70% | = ——
France 12 (1.3) 56 (2.4) | 84% 10 9
0 0
Iceland 17 (1.0) 56 (1.3) 55% 1987 1988 1989 1990 1991 1992
1 0,
:Ilaly i? 83; gg gg; 2‘21;) CD sales according to age in 1992
orway . . o
United States 23 (1.0) 21(1.2) | 63% PShyeay 02988
Countries with Unapproved Student Sampling
(See Appendix B for Details): 40-49 year:
" Germany [ 133 | 4723 | 75% P ss0yea 1218 years
Countries With Unapproved Sampling Procedures and o
Low Participation Rates (See Appendix B for Details):
With the aid of both graphs calculate how much money was spent by 12-19
, Denhma|rk g 12 20'8; 62 51'3; 58% year olds on CDs in 1992. Show your work.
Netherlands 17 (1.2 61 (2.0 78%
212 =0
Slovenia 37 (3.2) 23 (2.5) 88% 1% ‘{ 715= 7735 715
South Africa 7 (1.2) 8(19) | 49% 127507 7%2@“'
International Average
Percent Correct 17(03) 4409

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Percent Correct for Example Item 5
Final Year of Secondary School*

1EL] (SR B Mathematics Literacy

Count Percent Example 5
ountry Correct
Increase volume cube-shaped carton.
2 Cyprus - - 48%
Czech Republic 21 (3.6) 78% ) ) )
Brighto soap powder is packed in cube-shaped cartons. A carton measures
Hungary 24 (13) 65% 10 cm on each side.
* Lithuania 29 (3.6) 43%
" New Zealand 36 (2_ 4) 70% 'fge compalmy decides to increase the length of each edge of the carton by
er cent.
* Russian Federation 30 (2.7) 48% P
Sweden 41 (1-6) 71% How much does the volume increase?
Switzerland 42 (2.6) 82%
Countries Not Satisfying Guidelines for Sample AT 10cm®
Participation Rates (See Appendix B for Details): B a4
Australia 30 (3.1) 68% ,
> Austria 33(2.7) 76% ‘e \ ki
Canada 29 (1.8) 70% 331 cm?
France 31(2.4) 84%
Iceland 42 (1.8) 55%
ltaly 27 (2.4) 52%
Norway 25 (1.6) 84%
United States 17 (1.4) 63%

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

" Germany | 2524 | 75%

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

Denmark 41 (2.1) 58%
? Netherlands 50 (2.4) 78%
Slovenia 42 (3.4) 88%
South Africa 6 (1.7) 49%
International Average
Percent Correct 3105

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Adash (-) indicates data are not available. Internationally comparable data are unavailable for Cyprus on Example Item 5.
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Percent Correct for Example Item 6
Final Year of Secondary School*

1EL) (SRR Mathematics Literacy

Percent  Percent Example 6
Country Partially Fully
Correct Correct Graph with robberies per year.
2 Cyprus 13 (2.2) 5(1.7) 48%
Czech Republic 26 (2.1) 6(1.2) 78% ATV reporter showed this graph and said:
Hungary 25(1.0) 4 (0.7) 65%
* Lithuania 17 (2.6) 2(0.4) 43% “There’s been a huge increase in the number of robberies this year.”
" New Zealand 38 (3.2) 33(3.2) 70%
? Russian Federation 13(1.8) 7(1.8) 48%
Sweden 29 (1.8) 37 (2.2) 71%
Switzerland 27 (2.2) 23 (1.5) 82% 520 1 this year
Countries Not Satisfying Guidelines for Sample number 515 4
Participation Rates (See Appendix B for Details): of
Australia 39 (2.3) 26(28) | 68% peryear 510 styenr
? Austria 28 (2.4) 19 (2.4) 76% X
Canada 35 (2.6) 23(1.5) 70%
France 25 (2.7) 22 (2.3) 84%
Iceland 25 (1.4) 38(1.9) 55%
! ltaly 13 (1.9) 12 (2.1) 52%
Norway 24(1.3) 34(1.4) 84% Do you consider the reporter’s statement to be a reasonable interpretation of
United States 41 (1.8) 14 (1.3) 63% the graph? Briefly explain.

Countries with Unapproved Student Sampling Vi %% 't m e { ,\va/g’é
i i AL oo

(See Appendix B for Details):

T Germany [ 2628 | 2024 | 75% pulalion: b 1, 7/%/ deease

fi

Countries With Unapproved Sampling Procedures and el
Low Participation Rates (See Appendix B for Details): % 22 WUJ/ oo Wf%ﬁé
Denmark 25 (1.7) 26 (1.9) 58% WW’M Lee g F
2 /ZZU/N/ ,us a
Netherlands 27 (2.0) 30 (2.6) 78% Ww
Slovenia 31(2.1) 6 (1.4) 88% treane iy wolfericy
South Africa 12 (2.1) 3 (1.0) 49%
International Average 26 (0.5) 19 (0.4)

Percent Correct

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

* See Appendix A for characteristics of the students sampled.

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

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

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

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

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

Percent Percent Example 7
Country Partially Fully TCI
Correct Correct Draw graph relating height and age.
2 Cyprus 18 (2.3) 8 (1.2) 48%
Czech Republic 23(1.1) 15 (1.6) 78% ) ) o
Hungary 2707) | 2609 | 6% e o
! Lithuania 21(1.2) 13 (1.3) 43% sure to label your graph, and include a realistic scale on each axis.
" New Zealand 33 (1.8) 25(1.5) | 70% Heveht g, Fae
? Russian Federation 24 (1.7) 11 (1.1) 48%
Sweden 29 (1.4) 19 (1.1) 71% b >
Switzerland 29 (1.4) 25 (1.5) 82% Heicht },
gour]t’n’es' Not Satisfying Guide/in_es for Samp{e . (‘F 4 q -
articipation Rates (See Appendix B for Details): ,;
Australia 41 (2.3) 14 (2.1) 68%
2 Austria 21(1.6) 13 (1.5) 76% 2
Canada 44 (1.6) 22 (1.3) 70%
France 34 (1.9) 24 (1.5) 84% o 4y 2 b 20 W 78 32
Iceland 34 (1.0 25(1.1 55%
"ltaly 22 21.6; 13 21.63 52% Aqe (\/e“""\
Norway 27 (1.1) 41(1.3) | 84%
United States 30 (1.6) 11 (0.8) 63%

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

' Germany | 30024 | 2008 | 75%

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

Denmark 31(1.3) 28 (1.2) 58%
2 Netherlands 32 (1.6) 23 (1.3) 78%
Slovenia 33(2.4) 12 (1.8) 88%
South Africa 11 (2.0) 3(0.8) 49%
International Average
Percent Correct 28(0.4) 190.3)

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

* See Appendix A for characteristics of the students sampled.

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

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

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

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

Example 6

Graph with robberies per year.
Example 7

Draw graph relating height and age. Scale Value = 681

International Average Percent Correct = 19%

Scale Value = 685 D17

International Average Percent Correct = 19%

Al10

Example 4

Data from two graphs.
Example 5

Increase volume cube-shaped carton.
Scale Value = 573

International Average Percent Correct = 44%

Scale Value = 646
International Average Percent Correct = 31%

A08

D1z Example 2

Number of defective light bulbs.

Example 3B

Kelly/Time slammed on brakes. Scale Value = 478

International Average Percent Correct = 66%

D14

Scale Value =512
International Average Percent Correct = 59%

D158 Example 1

250

Calories in food portion.

Example 3A

Kelly/Maximum speed of car. Scale Value = 451

International Average Percent Correct = 71%

Scale Value = 435 D07

International Average Percent Correct = 74%

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

D15A

* See Appendix A for characteristics of students sampled.

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

3
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WHAT ARE SOME EXAMPLES OF PERFORMANCE IN SCIENCE LITERACY?

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

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

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

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

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

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

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

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

The item difficulty map for the science literacy items is shown in Figure 3.2. The

results indicate that students had the most difficulty recognizing the application o
physical science principles to practical situations.
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/2

1ELI BRI Science Literacy

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

Percent

7 Correct
2 Cyprus 84 (2.5) 48%
Czech Republic 92 (1.1) 78%
Hungary 85 (1.0) 65%
* Lithuania 88 (1.6) 43%
" New Zealand 86 (3.4) 70%
* Russian Federation 88 (1.2) 48%
Sweden 90 (1.1) 71%
Switzerland 91 (1.2) 82%

Countries Not Satisfying Guidelines for Sample
Participation Rates (See Appendix B for Details):

Australia 89 (2.2) 68%
? Austria 91 (1.3) 76%
Canada 91 (1.1) 70%
France 87 (1.6) 84%
Iceland 87 (1.2) 55%
! ltaly 82 (2.0) 52%
Norway 93 (0.8) 84%
United States 81 (1.8) 63%

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

" Germany | 87(16) |  75%

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

Denmark 93 (1.0) 58%
? Netherlands 89 (1.4) 78%
Slovenia 90 (1.3) 88%
South Africa 55 (2.8) 49%
International Average
Percent Correct 8704

Example 1

Nutrition of vegetables.

It is often claimed that “cooked vegetables are not as nutritious as the same
kinds of vegetables uncooked.” What could be done to find out if this state-
ment is true?

A.  Compare the weight of the vegetables before and after they are cooked.
B.  Compare the colour of the cooked and uncooked vegetables.
C.  Test the acidity of the water in which the vegetables are cooked.

Compare the vitamin content of the cooked and uncooked vegetables.

* See Appendix A for characteristics of the students sampled.

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

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

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

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

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

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

Percent Example 2
Country
correct Effects of CFCs.
2 Cyprus 82 (1.8) 48%
Czech RepUinC 92 (0'9) 78% CFCs (chlorofluorocarbons) revolutionized personal and industrial life for 30
Hungary 68 (0.9) 65% years. They were the coolant in refrigerators and the propellants in aerosols,
: H pressure packs and fire extinguishers. There are now very strong international
i Lithuania 68 (2.4) 43% moves to stop the use of these substances because
New Zealand 79 (1.6) 70%
* Russian Federation 66 (2.4) 48% A. they are chemically inert.
Swgden 93(0.7) 1% B.  they contribute to the greenhouse effect.
Switzerland 73 (1.6) 82%
Countries Not Satisfying Guidelines for Sample €. theyare poisonous to humans.
Participation Rates (See Appendix B for Details): @ they destroy the ozone layer.
Australia 69 (1.5) 68%
? Austria 76 (1.8) 76%
Canada 84 (1.1) 70%
France 86 (1.2) 84%
Iceland 93 (0.7) 55%
ltaly 78 (1.8) 52%
Norway 82 (1.0) 84%
United States 77 (1.1) 63%

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

" Germany | 66(22) |  75%

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

Denmark 83 (1.0) 58%
? Netherlands 89 (1.0) 78%
Slovenia 71 (2.4) 88%
South Africa 39 (3.3) 49%
International Average
Percent Correct 704

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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1ELIER A DI Science Literacy

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

c Percent Example 3
ountry
CaiEs José's influenza.
2 Cyprus 20 (3.2) 48%
Czech Republic 67(2.8) 8% José caught influenza. Write down one way he could have caught it.
Hungary 68 (1.2) 65%
* Lithuania 55 (2.2) 43% . « -
' New Zealand 74 (2.7) 70% ,«/ a W o achysl %?*D g/
* Russian Federation 76 (2.1) 48%
Sweden 88 (1.1) 71% M % . . .
Switzerland 78 (2.0) 82% fo Az M‘W on Arom
Countries Not Satisfying Guidelines for Sample ”Wv .
Patrticipation Rates (See Appendix B for Details): M 7 4 4% %}m ,
Australia 61 (3.3) 68%
? Austria 81 (1.7) 76%
Canada 64 (2.0) 70%
France 68 (2.8) 84%
Iceland 91 (1.2) 55%
! ltaly 52 (2.6) 52%
Norway 88 (1.1) 84%
United States 59 (2.1) 63%

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

" Germany | 66(28) |  75%

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

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

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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1IELIER R Rl Science Literacy

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

c Percent Example 4
ountry
CaiEs Impact of stone and tennis ball.
2 Cyprus 26 (3.7) 48%
Czech Republic 62 (2.9) 78% The sketch below shows two windows. The left window has been cracked by
Hungary 54 (1.3) 65% a flying stone. A tennis ball, with the same mass and speed as the stone,
! Lithuania 37 (2.4) 43% strikes the adjacent, similar window, but does not crack it.
" New Zealand 76 (1.8) 70%
* Russian Federation 35(2.1) 48%
Sweden 67 (1.6) 71%
Switzerland 61 (2.0) 82%
Countries Not Satisfying Guidelines for Sample
Participation Rates (See Appendix B for Details):

Australia 72 (2.2) 68%
? Austria 64 (2.4) 76% What is one important reason why the impact of the stone cracks the window
Canada 67 (1.9) 70% but the impact of the tennis ball does not?
France 48 (2.8) 84% _ A Y
Iceland 73 (1.9) 55% T L Yewrs ‘/)CL\\ a as GwWoor @ W oHo\o tade
! ltaly 44 (2.3) 52% ﬂm b osome Jeway Whew ¥ ks e pwdodd,
Norway 66 (1.5) 84% )
United States 54 (1.5) 63% But ¥ vode 15 gl and Jost hits w T
Countries with Unapproved Student Sampling )
(See Appendix B for Details): o\ Lorce,
' Germany | 657 | 75%

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

Denmark 70 (2.1) 58%
? Netherlands 66 (2.5) 78%
Slovenia 56 (3.0) 88%
South Africa 38 (3.6) 49%
International Average
Percent Correct 5705

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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1ELI SRR A Science Literacy

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

Percent Percent Example 5
Country Partially Fully
Correct Correct Pressure of heels on floor.
2 Cyprus 12 (1.3) 45 (2.1) 48%
Czech Republic 22(2.8) 28 (3.8) 78% Some high heeled shoes are claimed to damage floors. The base diameter of
Hungary 20 (0.7) 47 (1.2) 65% these very high heels is about 0.5 cm and of ordinary heels about 3 cm.
! Lithuania 24 (1.7) 21 (1.4) 43% Briefly explain why the very high heels may cause damage to floors.
* New Zealand 23(1.8) 45 (2.3) 70% . . .
2 Russian Federation 22 (1.5) 31(2.1) 48% O Hur OhO@A ‘h we- o widen b“;ﬁe/
Sweden 24 (1.1) 47 (1.7) 71% No wakler e 8120, Hro goormeive
- SWlt'zerII\:-mc; — 22{(1.82) / 48 (1.6) 82% = wll\oe dkg\’h bi ded Gl ﬁ’l/ko tgl
ountries Not Satisfying Guidelines for Sample | °
Participation Rates (See Appendix B for Details): ’\’C\(Xj&' W M Thw ore ). l"f’ l"
Australia 17 (1.2) 53(36) | 68% will - awe L the wemht of « pioon
2 1 0, <
Austria 17 (1.3) 51(20) | 76% Con(utroded 4o Hhat | PT‘ Codin .
Canada 18 (1.5) 511.7) | 70% & Mo
France 12 (1.6) 36(13) | 84% §1¢40.
Iceland 22(0.7) 56 (0.9) 55%
! taly 9 (1.1) 45 (2.3) 52%
Norway 22(0.9) 50 (1.5) 84%
United States 18 (0.8) 24 (1.3) 63%

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

! Germany | 1307 | 5224 | 75%

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

Denmark 25 (1.5) 39 (1.8) 58%
? Netherlands 23 (1.5) 55 (1.8) 78%
Slovenia 51 (2.8) 20 (2.2) 88%
South Africa 9 (1.2) 10 (2.2) 49%
International Average
Percent Correct 20(03) 41(05)

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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1ELI SRR B Science Literacy

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

Count Percent Example 6
ountry
Souee Nuclear energy source.

2 Cyprus 29 (1.6) 48%
Czech RepUinC 38 (1'9) 78% Nuclear energy can be generated by fission or fusion. Fusion is not currently
Hungary 41 (1, 1) 65% being used in reactors as an energy source. Why is this?

* Lithuania 45 (2.9) 43% A ,o

t New Zealand 37 ( 1.9) 70% A.  The scientific principles on which fusion is based are not yet known.

2 Russian Federation 50 (2.0) 48% The technological processes for using fusion safely are not developed.
Sweden 54 (l'l) 1% C.  The necessary raw materials are not readily available.
Switzerland 42 (1.6) 82%

. L . D.  Waste products from the fusion process are too dangerous.
Countries Not Satisfying Guidelines for Sample )3 2 &

Participation Rates (See Appendix B for Details):

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

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

" Germany | 4426) | 75%

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

Denmark 51 (1.6) 58%
? Netherlands 41 (1.4) 78%
Slovenia 29 (2.1) 88%
South Africa 26 (1.3) 49%
International Average
Percent Correct 40(04)

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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1IELI SRR EY Science Literacy

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

Count Percent Example 7
ountr
‘ Correct Electrical energy and lamp.
2 Cyprus 13(3.1) 48%
Czech Republic 23 (4.0) 78% Electrical energy is used to power a lamp.
Hungary 16 (1.1) 65%
* Lithuania 12 (1.5) 43%
 New Zealand 24 (2.2) 70% Is the amount of light energy produced more than, less than, or the same as the
2 Russian Federation 18 (2.1) 48% amount of electrical energy used?
Sweden 31(2.0) 71% The amount of light energy produced is
Switzerland 27 (2.3) 82%
Countries Not Satisfying Guidelines for Sample — more than
Participation Rates (See Appendix B for Details): /
Australia 26 (2.7) 68% Y less than (check one)
? Austria 21 (2.4) 76% thé same as
Canada 23(1.8) 70% T
France 19 (2.1) 84% the amount of electrical energy used.
Iceland 20(16) 55% Give a reason to support your answer.
! ltaly 16 (1.8) 52% '
Norway 19 (1.5) 84% Bc caval  the ﬁ { y
United States 11 (1.3) 63% 1(791

Countries with Unapproved Student Sampling W f/

(See Appendix B for Details): g /%// W
r

" Germany | 2322 | 75% i f ﬁ

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

Denmark 20 (L5) 58% - e W‘77 M’(“f .
2 Netherlands 42 (2.3) 78% W,

Slovenia 35 (3.5) 88%
South Africa 5 (1.4) 49%
International Average

Percent Correct 21(05)

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

* See Appendix A for characteristics of the students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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International Difficulty Map for Science Literacy Example Items

Final Year of Secondary School*

Example 6

Nuclear energy source.

Scale Value = 619
International Average Percent Correct = 40%

A01

Example 4

Impact of stone and tennis ball.

Scale Value = 528
International Average Percent Correct = 57%

D02

Effects of CFCs.

Scale Value = 417
International Average Percent Correct = 77%

A02

* See Appendix A for characteristics of students sampled.

SOURCE: IEAThird International Mathematics and Science Sjudy (TIMSS), 1995-96.

Example 7

Electrical energy and lamp.

Scale Value = 727
International Average Percent Correct = 21%

D04

Example 5

Pressure of heels on floor.

Scale Value = 596
International Average Percent Correct = 41%

A07

Example 3

José's influenza.

Scale Value = 475
International Average Percent Correct = 68%

D03

Nutrition of vegetables.

Scale Value = 337
International Average Percent Correct = 87%

D01

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

of providing a correct response.
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Chapter 4

CONTEXTS FOR MATHEMATICS AND SCIENCE
LITERACY ACHIEVEMENT

To provide an educational context for interpreting the results for mathematics and

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

Several of the questions presented in this chapter concern students’ acaden
preparation and their plans for future education. Because students’ attitudes
towards mathematics and science and their perceptions of success in these subije
are closely related to each other and to achievement, results are also described
several questions in these domains. In an effort to explore the degree to which f
students’ home and social environments foster academic development, some of t
guestions presented herein concern the availability of educational resources in

home. Since the optimal use of calculators and computers by students learni
mathematics and science remains an area of debate, several questions on this

are included. Another group of questions examines whether or not students typica
spend their out-of-school time in ways that support their academic performand
Finally, since a secure and supportive school environment is generally acceptec
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a prerequisite for effective learning, results for several questions about students’

experiences in school are presented.

WHAT ARE SECONDARY SCHOOL STUDENTS’ EDUCATIONAL EXPERIENCES
AND PLANS?

In many countries, students in the upper secondary grades either choose or are

assigned to educational programs or tracks that reflect their abilities and interes
The program to which a student is assigned often largely determines that stude
future educational and career prospects. Even in countries with comprehensiv
systems, students have some latitude in choosing between more and less demar
course options. While it is very informative to compare the achievement of studen
across different educational programs within a country, it is quite difficult to define
international categories that are comparable across countries. Although countri¢
vary widely in the way upper secondary education is organized, four broad categori
can be distinguished to which most programs may be assigned — academic, techni
vocational, and general.

While none of the TIMSS countries had programs that fit into all four categories
most included national options that distinguished between academic and vocatior]
programs. The percentage of students in each of the four program types is prese
in Table 4.1 for each country, together with mean achievement in mathematics &

ts.
nt's
e
ding
ts

2S
es
cal,

al
nted
and

4



CHAPTER 4

Ble——

science literacy. The source of the data varied across countries: in 12 countries, the
data are based on students’ responses to questions about their educational track or
program, while in the other 9 countries, they are based on school tracking information.

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

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

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

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

Country

Academic

Program

Technical
Program

Vocational
Program

General
Education
Program

Mean Mean Mean Mean

Stuens. | Achieve- | FGUETL! | Achieve- | Foiiies | Achieve- | oo | Achieve-
Australia 54 (2.4) | 561(8.8) -- - - 10 (1.1) | 466(13.5)] 36 (2.1) | 497 (11.9)
Austria 23(1.9) | 565(8.5) | 22(1.3) | 569(8.3) | 55(2.4) | 482(5.9) -- --
Canada 77 (1.6) | 538(3.3) -- -- 7(0.6) | 497(8.3) | 16 (1.4) | 485(7.7)
Cyprus 89(0.7) | 452(2.5) | 11 (0.7) | 408(8.8) .- -- -- - -
Czech Republic 14 (2.0) | 582(7.2) | 29(5.5) | 523(10.8)| 57 (6.5) | 427 (5.4) -- --
Denmark 56 (2.9) | 550(3.5) - - -- 44 (2.9) | 499(6.2) -- --
France 54 (3.5) | 534(6.7) | 34(4.5) | 486(5.0) | 12(3.2) | 435(6.7) -- --
Germany 26(3.2) | 567(4.1) | 11 (4.9) | 502(20.9)| 63(5.0) | 466(7.2) -- --
Hungary 27(1.3) | 530(5.5) | 35(1.2) | 504(5.4) | 39(1.1) | 416(3.4) -- --
Iceland 82 (0.6) | 551(1.5) - - - - 18 (0.6) | 516 (4.9) - - - -
Italy 38(2.4) | 501(8.4) | 37(2.0) | 481(6.6) | 25(2.4) @ 426(12.2) - - --
Lithuania 74 (3.8) | 475(5.4) - - - - 26 (3.8) | 437(16.3)| - - --
Netherlands 43 (1.5) | 612(9.9) -- -- 57 (1.5) | 519(5.3) -- --
New Zealand 100(0.0) | 525(4.7) - - - - - - - - - - - -
Norway 57 (2.5) | 560 (4.5) - - - - 43 (2.5) | 503 (6.3) - - - -
Russian Federation | 100 (0.0) | 476 (5.8) - - - - - - - - - - - -
Slovenia 67 (4.1) | 547(7.3) | 24 (2.9) | 469(7.1) 9(3.2) | 408(10.5) - - --
South Africa 100 (0.0) | 352(9.3) - - - - - - - - - - - -
Sweden 66 (2.7) | 587 (4.8) -- -- 34 (2.7) | 500 (4.6) -- --
Switzerland 23(1.5) | 607 (3.9) .- - - 69 (1.5) | 506 (6.5) 7 (1.9) | 530(13.8)
United States 55 (1.4) | 504 (3.7) - - - - 12(0.9) | 410(4.4) | 33(1.4) | 444(3.7)

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

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

* See Appendix A for characteristics of the students sampled.

Source of data varies across countries:

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

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

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

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

Adash (-) indicates the program category is not included for that country.
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Figure 4.1

Definitions of National Options Included in the International Categories for Students’” Educational Programs*

Mathematics and Science Literacy
Final Year of Secondary School*

Australia Austria
Academic: Full academic

Academic: Academic (AHS)
(preparation for university)

Vocational: Intermediate
vocational/technical school (BMS)
or apprenticeship program (BS)

General: Part academic/part
general

Canada Cyprus Denmark

Czech Republic

Academic: University/college  Academic: Lyceum (math/science,
preparation program (general  classical, economics,

or with specialization in math, commercial/secretarial, and foreign
science, or both) language tracks)

Academic: Gymnasium (general
program or program specializing in
mathematics, physical science,
natural science, computer science,
humanities, or foreign language)

Academic: Gymnasia

General: Other general

I Vocational: Vocational training
graduation program

center or secondary school without
maturita.

France

Academic: Lycees Serie S (scientific),
L (literacy), or ES (economic and
social)

Vocational: Long or short
vocational/professional degree
program (Baccalaureat
professionnels, BAC, or Brevet
d'etudes professionnels, BEP)

Germany Hungary

Academic: Gymnasia or Academic: General academic

comprehensive schools (GS, IGS)

Vocational: Apprenticeship
(Berufsschulen) or full-time
vocational programs
(Berufsfachschulen)

Vocational: Vocational trade
schools (trade, merchant, or
agricultural)

Iceland Italy Lithuania Netherlands
Academic: Academic programs Academic: Classical schools
in gymnasia or comprehensive (classics, languages, teaching,
schools (general or with and sciences) or art schools
specialization in mathematics,

science, arts, or language)

Academic: Academic or senior
general schools (VWO or HAVO)

Academic: Gymnasia or general
school

Vocational: Vocational schools

New Zealand

Academic: General .
academic/comprehensive education

Norway

Academic: Academic programs
(general or math/science
specialization)

Academic: General and specialized
programs (mathematics science,
humanities, foreign languages, etc.)
in general secondary schools and
gymnasiums

Slovenia Sweden

Academic: Gymnasia (matura
program)

Academic: General Academic: General academic

academic/comprehensive education  programs (with specialization in
math/physics; social science and
economics; and humanities)

Academic: Gymnasia programs
(specialization in science,
languages, economics) or matura-
level preparation for teacher training

Vocational: 3- or 4-year vocational
program

General: Intermediate diploma
school (Diplommittelschule)

United States

Academic: College preparatory
program (high percentage of college-
preparatory courses)

General: General academic program
(combining general academic and
vocational coursework)

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

T Educational program or track options were defined by each country to conform to their national systems. The options included in each international reporting category are shown to aid in the interpretation of Table 4.1.

* See Appendix A for characteristics of the students sampled.
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Technical programs include technically or professionally oriented programs provide
either in separate technical schools or in higher-level technical/vocational tracks with
general academic or technical/vocational schools. These programs are usually of
higher level than many vocational/occupational programs and, in several countrig

are comparable to the general academic program both in duration and in preparing

students for a final exam or for entry into university or an equivalent institution of

higher education. The technical tracks, however, focus more on specialized courses

required for specific professions than the more general academic tracks. The
technical programs category is included only for countries with clearly defined
separate national options for technical schools or tracks that are differentiated from
both general academic programs and primarily vocational/occupational tracks.

Vocational programs include vocationally or occupationally oriented programs
provided either in separate vocational schools or in specific vocational programs

CHAPTEHR

within general or comprehensive schools. The focus of these programs is, in general,
more practical than that of the general academic programs, typically preparing students

for immediate employment after completion of their upper secondary education

nd

terminating with a certificate, vocational license, or diploma. In many countries, there
are clearly defined vocational schools or tracks that are differentiated from the general
academic tracks. In other countries with more comprehensive schools, the vocational
option refers more to a general program with a focus on vocationally oriented courses

than on a formal vocational school or track. The type and duration of vocationa
programs vary both across and within countries, terminating in nearly all countrie
after grade 10, 11, 12, or 13. The national options included in the vocational progr

category cover a broad range of programs including both full- and part-time progra
in vocational/technical/trade schools and apprenticeship programs in industry an
business. A large number of occupational programs are offered, including many i
skilled-trades, business, and applied science/engineering. Depending on the progr
students may continue their education after completing a vocational program. In sg
countries, the vocational programs category includes some vocational progra
terminating with a diploma that may lead directly to university, such as the Baccalaur

professionnel in France. In others, however, students continuing their education after

completing vocational programs may attend other tertiary institutions for higher-leve
vocational training or further upper secondary education.

General programs include any other program or track options not included in th
academic, technical, or vocational categories. Only four countries have options in t
category: general schools in Switzerland, and the general programs (not fully p

university) in comprehensive schools in Australia, Canada, and the United States.

One of the consequences of the differentiation in programs and courses that i
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characteristic of upper secondary education is that students often have the option to

discontinue the study of mathematics and science. Table 4.2 presents students’ re[
on whether or not they were taking mathematics in the final year of secondary schg
together with mean achievement on the mathematics literacy test. In most of th
countries, a high proportion of final-year students was still enrolled in mathematiq
class. In nine countries (Australia, Cyprus, the Czech Republic, France, Hunga
Italy, Lithuania, the Russian Federation, and Slovenia), 85% or more of student
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CHAPTER 4

Students’ Reports on Currently Taking Mathematics — Mathematics Literacy

Final Year of Secondary School*

Percent of Students LitMe‘re:gyMA%mg\r/gaﬁgigﬁt Percent of Students Limsggylﬂgm:\%arggﬁt
Australia 87 (2.2) 534 (8.3) 13 (2.2) 465 (15.5)
Austria 74 (3.6) 526 (5.7) 26 (3.6) 503 (12.0)
Canada 54 (2.6) 541 (3.6) 46 (2.6) 496 (3.8)
" Cyprus 100 (0.0) 446 (2.4) 0 (0.0) ~~
Czech Republic 95 (2.1) 465 (12.9) 5(2.1) 493 (22.9)
Denmark 78 (2.4) 568 (4.1) 22 (2.4) 481 (5.0)
France 100 (0.0) 524 (5.2) 0 (0.0) ~~
Germany - - - - - - - -
Hungary 100 (0.0) 484 (3.2) 0 (0.0) ~~
Iceland 65 (1.0) 551 (2.6) 35 (1.0) 506 (4.8)
Italy 88 (3.3) 480 (5.3) 12 (3.3) 450 (17.2)
Lithuania 90 (2.1) 473 (5.1) 10 (2.1) 434 (22.0)
Netherlands 60 (2.6) 601 (6.2) 40 (2.6) 498 (7.7)
New Zealand 73(1.8) 545 (4.4) 27 (1.8) 461 (5.2)
Norway 68 (2.5) 542 (4.8) 32 (2.5) 500 (5.8)
! Russian Federation 100(0.1) 471(6.1) 0(0.1) ~~
Slovenia 95 (2.7) 519 (8.2) 5(2.7) 407 (17.4)
South Africa 69 (2.9) 372(11.5) 31(2.9) 328 (3.1)
Sweden 70 (2.0) 578 (5.2) 30 (2.0) 494 (4.8)
Switzerland 61 (3.2) 561 (4.0) 39(3.2) 513(8.9)
United States 66 (1.9) 477 (3.6) 34 (1.9) 436 (3.3)

SOURCE:

* See Appendix A for characteristics of the students sampled.

1 Vocational schools excluded (see Table B.4).

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

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

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

Adash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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reported that they were currently taking mathematics. In contrast, countries where
many as one-third of final-year students reported that they were not currently takin

mathematics included Canada, Iceland, the Netherlands, Switzerland, and the

United States.

In general, the students no longer taking mathematics performed less well in math-
ematics literacy than those who were still studying the subject. Differences were
particularly pronounced in Australia, Denmark, the Netherlands, New Zealand,
Slovenia, and Sweden, where the achievement gap between those taking and n
taking mathematics exceeded 50 scale-score points, which is half of a standard
deviation on the international mathematics literacy scale.

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

In upper secondary school, science typically is not taught as a single subject; rat
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subjects such as physics, chemistry, biology, and earth science are taught as separate

subjects, and students may have the option to take one or more (or perhaps none)

them. In TIMSS, final-year students were asked to indicate which of the science

subjects (physics, chemistry, biology, earth science, or other science) they wel
currently taking. The results are summarized in Table 4.4. Compared with mathemat
higher percentages of students in most countries reported that they were taking
science subject at the time of testing. Half or more of the students in the Czech
Republic, Denmark, Norway, Sweden, and Switzerland, reported that they were

of

ot

taking science, and nearly half of the final-year students so reported in Canada and

the United States. Countries where the majority of students reported that they we
taking two or more science subjects included Austria, Cyprus, France, Lithuanig
the Russian Federation, and South Africa.

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

Compared with mathematics, somewhat fewer countries exhibited substantial
differences in the percentages of males and females currently taking science clag
(Table 4.5). In only four countries — France, the Netherlands, Sweden, and Switzerla
— were the differences in the percentages not taking any science greater than 10
Of these, France, the Netherlands, and Sweden had higher percentages of fema
not taking science, while in Switzerland a higher percentage of males reporte
taking no science.
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CHAPTER 4

Table 4.3

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

Females

Country

Australia 85(2.9)| 523(8.8) | 15(2.9)| 455(11.4) 89 (2.8)| 550(9.4) | 11 (2.8)] 483(40.8)
Austria 75(4.8)| 511(5.7) | 25(4.8)| 482(14.2) 72(35)| 551(8.7) | 28(3.5)| 533(10.8)
Canada 50 (2.8)| 525(4.7) | 50(2.8)| 483(6.0) 60(3.0)| 557(4.1) | 40(3.0)| 514(5.5)
Cyprus 100 (0.0) | 439 (3.7) 00.0)| ~~ 100 (0.0) | 456 (4.9) 0(0.0) ~-~
Czech Republic 93(3.3)| 440(17.3)| 7(3.3)| 486 (22.5) 97(1.6)| 488(11.7)| 3(1.6)| 508 (41.0)
Denmark 69 (2.9)| 546(4.6) | 31(2.9)| 475(4.6) 88(1.8)| 589(5.6) | 12(1.8)| 498(10.5)
France 100 (0.0) | 506 (5.4) 00.0)| ~~ 100 (0.0) | 544 (5.7) 0(0.0) ~~
Germany - - - - - - - - - - - - - - - -
Hungary 100 (0.0) | 481 (4.7) 00.0)| ~~ 100 (0.0) | 486 (4.9) 0(0.0) ~~
Iceland 60 (1.7)| 529(2.8) | 40(1.7)| 492(4.5) 70 (1.3)| 572(3.9) | 30(1.3)| 526(7.7)
Italy 91(3.3)| 469 (5.5) 9(3.3)| 414(24.6) 84 (4.4)| 494(8.3) | 16 (4.4)| 472(14.4)
Lithuania 90 (2.4)| 465(6.2) | 10(2.4)| 430(30.7) 91(3.9)| 489 (6.9) 9(3.9)| 444 (11.0)
Netherlands 48 (2.6)| 593(85) | 52(2.6)| 476(7.8) 71(3.9)| 606(6.4) | 29(3.9)| 534(11.5)
New Zealand 66 (2.6)| 534(6.2) | 34(2.6)| 456(6.9) 80 (2.1)| 554(6.3) | 20(2.1)| 470(6.8)
Norway 63(3.0)| 512(6.1) | 37(3.0)| 483(5.9) 73(2.7)| 568(65) | 27(2.7)| 522(7.5)
Russian Federation | 100(0.0)| 461 (6.6) 00.0)]| ~-~ 100(0.1) | 488 (6.6) 001 ~-~
Slovenia 95 (3.1)| 495 (7.6) 5(3.1)| 376(4.2) 94(3.3)| 543(13.1)| 6(3.3)| 429(10.0)
South Africa 67 (3.5)| 363(15.1)| 33(3.5)| 325(4.1) 71(3.0)| 381(12.3)| 29(3.0)| 331(4.4)
Sweden 68(2.2)| 555(4.1) | 32(2.2)| 485(5.6) 72(2.8)| 601(7.6) | 28(2.8)| 504(6.4)
Switzerland 63 (4.5)| 538(5.8) | 37(4.5)| 498 (14.0) 60 (3.4)| 579(5.5) | 40(3.4)| 524(9.7)
United States 63 (2.4)| 472(45) | 37(2.4)| 433(4.6) 70(1.9)| 481(4.7) | 30(1.9)| 440(4.3)

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
A dash (-) indicates data are not available.
Atilde (~) indicates insufficient data to report achievement.
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Students’ Reports on Currently Taking Sciencet — Science Literacy
Final Year of Secondary School*

Three or More

. One Science Two Science .
No Science Sl Sl Science
Country Courses
Mean Mean Mean Mean
Percent of Science Percent of Science Percent of Science Percent of Science
Students Literacy Students Literacy Students Literacy Students Literacy
Achievement Achievement Achievement Achievement
Australia 27 (3.6) 469 (10.2) | 36(1.4) | 528(10.3)| 30(2.8) | 578(11.6) 7 (1.3) | 602(15.5)
Austria 12 (1.7) 478 (8.3) 26 (2.3) | 498(10.8)| 24 (2.4) | 532(8.4) 38(3.3) | 552(8.1)
Canada 45 (2.2) 508 (3.9) 34 (2.0) | 543(5.4) 15(1.3) | 575(8.6) 6 (0.6) | 585 (6.0)
Cyprus 0 (0.0) ~~ 3(0.6) | 390(23.0)| 77 (1.3) | 438(3.6) 20 (1.5) | 496(8.5)
Czech Republic 66 (5.7) 469 (10.0) | 18(3.7) | 490(13.9) 6 (1.6) | 530(21.7)| 11 (1.5) | 589 (5.4)
Denmark r 58(2.3) 487 (4.6) 26 (1.4) | 552 (4.4) 13(1.6) | 571(8.6) 3(0.6) | 564 (12.1)
France 35(2.4) 452 (5.4) 11 (2.6) | 461(8.2) 12 (1.7) | 490(12.9) | 42(3.0) | 523 (4.8)
Germany X X X X X X X X X X X X X X X X
Hungary 22 (1.9) 446 (4.7) 36 (2.4) | 459(5.3) 32(1.6) | 492(5.4) 9 (0.7) | 509 (7.5)
Iceland 37 (1.2) 526 (2.5) 30(1.5) | 541(4.1) 15(1.1) | 586 (4.7) 18 (0.8) | 597 (3.1)
Italy 19 (2.8) 448 (8.8) 32 (2.5) | 465(7.8) 30 (2.7) | 492(6.4) 20 (2.5) | 500(14.2)
Lithuania 12 (2.4) 434 (18.8) 8 (2.8) | 435(11.8) 6 (1.3) | 454(7.1) 75 (3.4) | 470(5.6)
Netherlands 43 (3.3) 509 (5.8) 24 (2.7) | 567 (7.7) 20 (2.0) | 597 (7.7) 13(2.6) | 642(16.0)
New Zealand 32(1.6) 478 (6.9) 34 (1.7) | 521(6.6) 25(1.1) | 581(5.2) 9(1.1) | 617(9.3)
Norway 63 (2.7) 519(3.9) 23 (2.1) | 568(6.1) 13 (1.6) | 633(10.4) 1(0.2) ~~
Russian Federation 0(0.1) ~~ 1(0.4) ~~ 2 (0.5) ~~ 98 (0.7) | 483(5.8)
Slovenia 16 (2.8) 480(10.8) | 47 (3.0) | 510(8.1) 23 (2.4) | 547(8.6) 14 (3.0) | 571(22.4)
South Africa 8 (1.1) 353(13.6) | 22 (2.1) | 323(10.8)| 27 (2.4) | 363(15.7)| 43(3.0) | 367 (14.0)
Sweden 57 (2.0) 529 (3.2) 22 (1.7) | 567(10.3) 6 (0.7) | 605(11.8) | 15(1.8) | 658(6.4)
Switzerland 50 (2.6) 489 (6.3) 23(1.9) | 545(7.7) 16 (1.3) | 574(9.3) 11 (1.8) | 580(13.3)
United States 47 (1.7) 456 (3.5) 46 (1.6) | 505 (4.6) 6 (0.8) | 537(13.5) 1(0.1) ~ ~

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

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
An "X" indicates data available for <50% students.
Atilde (~) indicates insufficient data to report achievement.
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Table 4.5

Students’ Reports on Currently Taking Science by Gender* — Science Literacy

Final Year of Secondary School*

Country

Females

Australia 72 (3.7)| 540(8.5) 28 (3.7) | 459(7.4) 74 (4.4)| 577 (11.0) | 26 (4.4)| 484(17.7)
Austria 88 (2.7) | 508 (5.6) 12 (2.7) | 468(10.2) 88(1.9)| 567(8.6) 12 (1.9)| 495(11.0)
Canada 53 (3.7)| 543(5.8) 47 (3.7) | 493(6.5) 58(2.8)| 571(5.5) 42 (2.8) | 528(4.4)
Cyprus 100 (0.0) | 437(3.5) 0 (0.0) ~~ 100(0.0) | 461(6.2) 0 (0.0) ~~
Czech Republic 32(8.9)| 509(16.5)| 68(8.9)| 442(12.0) 37 (5.5)| 543(14.8)| 63(5.5)| 495(10.6)
Denmark 39(2.8) | 539(5.9) 61 (2.8) | 472(4.4) |r 47(3.5)| 578(6.5) 53 (3.5)| 508 (6.5)
France 56 (2.8) | 493(4.9) 44 (2.8) | 438(5.1) 75(2.9)| 518(7.4) 25(2.9)| 481(10.3)
Germany X X X X X X X X X X X X X X X X
Hungary 76 (2.4) | 464 (5.3) 24 (2.4)| 434(5.2) 80 (2.7)| 492(5.1) 20 (2.7)| 460(7.2)
Iceland 66 (1.8) | 544 (2.5) 34(1.8) | 508(3.4) 61 (1.5)| 595(3.4) 39(1.5)| 545(4.5)
Italy 79 (3.7)| 468(6.2) 21(3.7)| 431(8.3) 83 (2.7)| 502(7.7) 17 (2.7)| 473(9.3)
Lithuania 88 (2.2) | 454(6.2) 12 (2.2) | 426 (27.6) 87 (4.8)| 487(7.1) 13 (4.8)| 449(9.6)
Netherlands 50 (4.9)| 579(10.1)| 50 (4.9)| 485(5.6) 63(3.9)| 607(7.7) 37(3.9)| 539(7.6)
New Zealand 66 (2.3)| 538(5.4) 34(2.3)| 474(9.0) 70(2.1)| 573(8.2) 30(2.1)| 482(10.4)
Norway 34 (3.3)| 553(8.1) 66 (3.3) | 496 (4.0) 40 (3.5)| 626(10.8)| 60(3.5)| 545(5.5)
Russian Federation 100 (0.0) | 464 (6.7) 0 (0.0) ~~ 100(0.1) | 511 (5.9) 0 (0.1) ~~
Slovenia 85 (3.4) | 503(6.6) 15(3.4) | 460(8.3) 83(3.7)| 558(10.7) 17 (3.7)| 498(21.1)
South Africa 92 (1.6) | 337(14.3) 8 (1.6) | 354(15.0) 92 (1.3)| 375(12.6) 8(1.3)| 352(17.1)
Sweden 35(2.2)| 569(6.4) 65 (2.2) | 518(3.2) 51(2.5)| 629(7.8) 49 (2.5) | 545(5.0)
Switzerland 57 (3.4)| 537(10.0)| 43(3.4)| 457(6.8) 44 (3.7)| 588(8.4) 56 (3.7) | 509 (7.5)
United States 52 (1.9) | 495(4.7) 48 (1.9) | 445(4.9) 53(2.3)| 520(5.9) 47 (2.3) | 468 (4.3)

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

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

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

An "r" indicates a 70-84% student response rate.

An "x" indicates data available for <50% students.

Atilde (~) indicates insufficient data to report achievement.
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The relationship between choice of program in secondary school and later educational

goals may be seen in Table 4.6. Because of the difficulty in establishing consistent
definitions of university and vocational/technical programs across countries, Figure 42
provides additional information on national adaptations of the educational categories

for some countries. In particular, the university category was defined by some countries

to include both university and other technically or professionally oriented degre
programs at equivalent institutions of higher education, while in other countries it
included university only.

D

More students in countries with well-developed vocational or technical programs fin

secondary school plan to continue in such programs at a tertiary level, while in countfies
with more general educational systems greater percentages plan to attend university

or an equivalent institution of higher education. Nearly one-fourth or more of finalt

year students in Austria, the Czech Republic, France, the Netherlands, Norway, the

Russian Federation, and Switzerland plan to pursue further education through

vocational or technical programs. Countries where the majority of students reported
planning to attend university included Australia, Canada, Cyprus, Denmark, France,

Iceland, Lithuania, New Zealand, Norway, the Russian Federation, Slovenia, South

Africa, Sweden, and the United States. As noted in Figure 4.2, the university category

included technical training for some countries. For example, the practically-oriented

program (technikon) was included in the university category for South Africa. Althoug
very high percentages of final-year students in most countries reported plans far

some form of tertiary education, one-fourth or more of these students in Austria, the

Czech Republic, Italy, and Switzerland indicated that they did not intend to continug

their education beyond secondary school. In these countries, many vocational programs

are offered that provide students with the training needed to enter the workplace

directly after completing their upper secondary schooling.

Not surprisingly, in almost all countries, the students planning to attend university

had higher average mathematics and science literacy scores than the students with

other plans after completing upper secondary schooling.

4
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Students’ Reports on Their Plans for Future Education®
Mathematics and Science Literacy
Final Year of Secondary School*

Vocationally Other Post Does Not Intend
University * Oriented Secondary to Continue
Programs 2 Education ° Education

Country

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

Students | Achievement | Students |Achievement | Students |Achievement | Students |Achievement
Australia 68 (2.2) 555 (7.3) 15 (2.3) 472 (12.6) 9 (0.9) 476 (9.4) 9 (0.9) 469 (11.3)
Austria 38(2.2) 562 (6.2) 23 (1.8) 486 (5.2) 12 (1.2) 510 (7.0) 27 (1.5) 498 (7.8)
Canada 63 (1.8) 545 (3.4) 15 (1.0) 504 (5.4) 18 (1.2) 495 (6.8) 4 (0.5) 475 (11.1)
Cyprus 62 (2.0) 473 (3.8) 10 (1.7) 434 (8.6) 11 (1.5) 403 (10.4) 17 (1.5) 398 (6.4)
Czech Republic 31(5.2) 563(7.1) 26 (4.3) 443 (8.0) 3(0.8) 417 (34.7)| 40 (2.5) 436 (5.3)
Denmark r 51(1.8) 553(3.5) 21 (2.3) 508 (6.7) 13 (1.4) 496 (6.0) 16 (1.3) 508 (7.4)
France 51 (2.4) 524 (5.5) 28 (2.7) 500 (6.7) 11 (1.1) 498 (7.8) 10 (1.7) 440 (7.5)
Germany X X X X X X X X X X X X X X X X
Hungary 36 (1.4) 525 (4.2) 21(1.1) 446 (3.2) 27 (1.1) 482 (4.5) 17 (1.1) 425 (4.3)
Iceland 65 (0.9) 559 (2.2) 16 (0.7) 528 (4.9) 12 (0.9) 500 (4.1) 7 (0.5) 514 (4.8)
Italy 44 (2.6) 502 (6.8) 8 (1.1) 474 (11.4) 16 (1.8) 460 (9.6) 32 (2.0) 452 (6.1)
Lithuania 51 (2.4) 490 (5.9) 16 (1.0) 444 (7.3) 20 (1.1) 441 (7.3) 13 (1.9) 438 (16.6)
Netherlands 17 (2.8) 645(10.7)| 47 (3.2) 564 (4.0) 14 (1.4) 520 (7.9) 22 (1.7) 508 (6.9)
New Zealand 74 (1.7) 542 (5.2) 13(1.4) 508 (9.2) 3 (0.5) 486 (12.0) 9 (1.5) 444 (11.6)
Norway 55 (1.7) 557 (4.3) 23(1.2) 532 (5.4) 11 (0.8) 507 (7.2) 11 (0.9) 486 (8.2)
Russian Federation 60 (2.0) 498 (5.7) 32(1.9) 448 (6.4) 6 (0.6) 471 (12.2) 1(0.3) ~~
Slovenia 75 (3.5) 538(7.0) 11 (1.2) 466 (11.1) 2 (0.4) ~~ 12 (2.6) 438 (17.0)
South Africa 75 (1.8) 357 (10.7) 11 (1.1) 325(11.6) 8 (0.6) 339(9.1) 6 (0.9) 390 (14.9)
Sweden 64 (1.8) 590 (4.5) 9 (0.9) 500 (7.2) 12 (0.8) 506 (5.3) 15 (1.1) 494 (5.3)
Switzerland 35 (1.7) 585 (3.7) 24 (2.1) 503 (10.6)| 10(0.7) 513 (8.3) 30 (1.7) 501 (5.1)
United States 69 (1.4) 494 (3.6) 16 (0.9) 425 (4.4) 11 (0.7) 440 (4.1) 4 (0.4) 405 (5.7)

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

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

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

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

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

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

University

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

Vocationally Oriented Programs

International Version: Vocational or technical courses at a trade or business school or
Vocational or technical subjects at a junior or community college
Australia: Apprenticeship or vocational/technical courses at trade/business school
Austria: Apprenticeship (Lehre/Berufsschule) or other occupational training (e.g. health or medical technician,
physical therapist)
Cyprus: Vocational/technical training at trade/business school or at higher technical institute
Czech Republic: Extension course
Denmark: Short commercial/technical education
France: Technical institute (BTS, DUT)
Germany: Part-time (Lehre/Berufsschule) or full-time vocational training
Greece: Vocational or teaching courses at a commercial/professional school or at a college (e.g. private or state institute of vocational
training)
Hungary: Short vocational training courses
Iceland: Less than 3 years Post secondary vocational study at university, technical school, or technical university, or vocational
study in an upper secondary vocational or business school
ltaly: Post secondary professional training
Lithuania: Vocational/argicultural high school or vocational/technical courses at trade/business school

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

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

Other

International Version: Academic courses at a junior or community college or
Other postsecondary education

Australia: Academic courses at a TAFE (technical and Italy: Short university course or other
further education) college or other Lithuania: Attend college or other
Austria: Other Netherlands: Other
Cyprus: Academic courses at college or other New Zealand: Other
Czech Republic: Other Norway: Other
Denmark: Education for public service or other Russian Federation: Special courses to prepare for university exam or other
France: Other Slovenia: Other
Germany: Other Sweden: Continuing adult education (komvux, folkhégskola) or other
Greece: Academic courses at a college or other South Africa: Academic courses at private or community college or other
Hungary: Other Switzerland: Other
Iceland: Matriculation exam or other

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

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

* See Appendix A for characteristics of the students sampled.
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WHAT ARE STUDENTS’ ATTITUDES AND PERCEPTIONS ABOUT
MATHEMATICS AND SCIENCE?

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

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

Country

Doing Well in Mathematics

Agree or Strongly
Agree

Disagree or Strongly

Disagree

Doing Well in Science

Agree or Strongly Disagree or Strongly
Agree Disagree

Australia 72(1.8) | 544(7.8) | 28(1.8) | 477(10.6)] 73(25)| 554(7.4) | 27 (25) | 470(8.7)
Austria 59 (1.9) | 533(5.6) | 41(1.9) | 501 (6.5) 77(1.5) | 532(5.4) | 23(1.5) | 494(8.1)
Canada 67(2.3) | 542(3.1) | 33(2.3) | 476(4.9) 75(15) | 548(3.0) | 25(1.5) | 489(3.4)
Cyprus 68(2.2) | 456(2.4) | 32(2.2) | 425(6.1) 61(25) | 461(4.0) | 39(2.5) | 427(6.0)
Czech Republic 55(3.1) | 487(14.9)| 45(3.1) | 441(7.8) 71(1.7) | 500(9.0) | 29(1.7) | 463(9.1)
Denmark 76 (1.0) | 566(3.4) | 24 (1.0) | 498(6.2) 72(1.1) | 535(42) | 28(1.1) | 469(5.0)
France 63(2.3) | 543(5.6) | 37(2.3) | 492(4.5) 50(1.9) | 515(5.6) | 50(1.9) | 461(5.7)
Germany X X XX XX X X X X X X X X X X
Hungary 55(1.3) | 504(3.8) | 45(1.3) | 458(3.4) 60(1.2) | 488(3.9) | 40(1.2) | 451(3.0)
Iceland 68(1.1) | 552(2.3) | 32(1.1) | 497(2.8) 79(1.2) | 564(1.8) | 21(1.2) | 509(3.4)
Italy 70(1.9) | 485(5.4) | 30(1.9) | 457(8.4) 86(1.4) | 484(5.1) | 14 (1.4) | 433(9.3)
Lithuania 54(1.2) | 488(5.8) | 46 (1.2) | 449 (6.8) 84(0.9) | 464(5.8) | 16(0.9) | 446(7.0)
Netherlands 63(1.7) | 581(5.0) | 37(1.7) | 527(5.1) 63(2.3) | 570(6.3) | 37(2.3) | 540(6.0)
New Zealand 66 (1.8) | 557(4.9) | 34(1.8) | 456 (4.5) 68(1.7) | 557(5.6) | 32(1.7) | 471(6.2)
Norway 57(1.7) | 562(4.4) | 43(1.7) | 485(4.3) 73(1.4) | 560(4.2) | 27(1.4) | 501(4.5)
Russian Federation | 58(1.8) | 494(6.8) | 42 (1.8) | 441(6.3) 78(1.4) | 489(6.2) | 22(1.4) | 457(5.8)
Slovenia 62(2.2) | 534(7.9) | 38(2.2) | 482(9.3) 67(1.6) | 530(8.5) | 33(1.6) | 499(8.9)
South Africa 58(2.7) | 367(10.0)| 42(2.7) | 353(8.8) 73(2.1) | 349(9.9) | 27(2.1) | 366(15.8)
Sweden 62(1.2) | 583(4.1) | 38(1.2) | 507 (4.7) 66 (1.5) | 586(4.7) | 34(15) | 515(4.1)
Switzerland 69 (2.1) | 560(4.6) | 31(2.1) | 506 (8.7) 66 (1.7) | 546(5.8) | 34(1.7) | 489(6.3)
United States 76(1.2) | 476(3.7) | 24(1.2) | 423(3.5) 83(0.9) | 491(35) | 17(0.9) | 440(4.7)

* See Appendix A for characteristics of the students sampled.

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

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

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

An "X" indicates data available for <50% students.
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Figure 4.3 depicts gender differences in students’ self-perceptions about their
performance in mathematics and science. The perceptions of male and female students
were quite similar in most countries, although when there were differences, it was
generally a greater percentage of males than females who agreed that they were doing
well. In Austria, Denmark, Iceland, Lithuania, the Netherlands, New Zealand, Norway,
Sweden, and Switzerland, a greater percentage of males than females agreed that
they were doing well in mathematics. In Denmark, France, the Netherlands, New
Zealand, and Sweden there was a significant gender difference favoring males in
self-perceptions about doing well in science. In the Czech Republic, however,
females had significantly higher self-perceptions about doing well in science than
did males.

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

Gender Differences in Students’ Self-Perceptions About Usually Doing Well in

Mathematics and Science
Final Year of Secondary School*

Doing Well in Science

Doing Well in Mathematics

Country Strongly , Strong| Strongly Strongl
Disagree Disagree Agree Agré’ey Disagree  Disagree Agree Agré’ey
Australia vrs
Austria ot e
Canada o [E
Cyprus i® e+
Czech Republic Pt et
Denmark o1
France |$ICH ey
Hungary w5 &t
Iceland e
Italy
Lithuania o
Netherlands o o—&
New Zealand oIS ot
Norway |oH1CH 1
Russian Federation o e
Slovenia et e
South Africa e ot
Sweden e o
Switzerland o—o} ey
United States % it
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.
|[®] =Average for Females (+2SE)
O] =Average for Males (+2SE)

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

Data are not available for Germany.
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Table 4.8 summarizes students’ responses to the question about how much they like
or dislike mathematics. In almost all countries, the majority of students reported that
they liked mathematics to some degree. Only in Austria, the Czech Republic, Hungary,
and Lithuania did more than half the students report that they disliked mathematics.
In every country, a positive relationship was observed between liking mathematics
and mathematics literacy. In every country, the average literacy scores of those who
reported liking mathematics a lot were substantially higher than the scores of those
who reported disliking it a lot.

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

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

There were striking differences across the science subjects between males’ and females’
liking of the sciences (Figure 4.5). Significant differences were rare between males
and females in their liking for earth science and in their liking for chemistry. However,

in manycountries female students reported liking biological science more than

did male students. The opposite was found in all countries for physics, where the
male students reported liking physics significantly more than did female students. In
fact, on average, the female students reported disliking physics to some degree in
nearly all countries, while the male students were more neutral in their attitude.
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Students’ Reports on How Much They Like Mathematics — Mathematics Literacy
Final Year of Secondary School*

Dislike a Lot Dislike Like a Lot

Country Mean Mean Mean Mean |

Percent of | Mathematics | Percent of |Mathematics | Percent of |Mathematics | Percent of |Mathematics

Students Literacy Students Literacy Students Literacy Students Literacy

Achievement Achievement Achievement Achievement

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

* See Appendix A for characteristics of the students sampled.

SOURCE: |EAThird International Mathematics and Science Study (TIMSS), 1995-96.

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

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

An "r" indicates a 70-84% student response rate.

An "x" indicates data available for <50% students.

A dash (-) indicates data are not available.
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Figure 4.4

Gender Differences in Liking Mathematics
Final Year of Secondary School*

Country Dislike a Lot Dislike Like Like a Lot

Australia
Austria
Canada

Cyprus
Czech Republic }
Denmark i

France

Hungary
Iceland
Italy

Lithuania

New Zealand
Norway
Russian Federation
Slovenia
South Africa
Sweden
Switzerland
United States

-

1y

L&
Ra

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

|9 = Average for Females (+2SE)

= Average for Males (+2SE)

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

Data are not available for Germany.
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Students’ Reports on How Much They Like the Sciences
Final Year of Secondary School*

Percent of Students Reporting That They "“Like" or "Like a Lot"

Country
Biological Science Chemistry Earth Science Physics

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

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

* See Appendix A for characteristics of the students sampled.

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

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

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

Biological Science

Chemistry

Country

Australia

=2 g
Austria HoH
Canada oHet ot
Cyprus gl HSH
Czech Republic or— THoh
Denmark 1St %
France Hesit g i
Hungary et 5]
Iceland B Sk
Italy o et
Lithuania S8 |
New Zealand a1 eHCH
Norway S| 1St
Russian Federation 1t 2]
Slovenia 1ot i
South Africa it
Sweden o—# 3
Switzerland o1 e
United States ot 16

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

[#{ =Average for Females (+2SE)
[O{ = Average for Males (+2SE)

T Averages exclude students reporting that they have not studied the science subjects.
* See Appendix A for characteristics of the students sampled.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
Data are not available for Germany and the Netherlands.
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CHAPTER 4

Final Year of Secondary School*

Country

Australia
Austria
Canada
Cyprus
Czech Republic
Denmark
France
Germany
Hungary
Iceland
Italy
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New Zealand
Norway
Russian Federation
Slovenia
South Africa
Sweden
Switzerland
United States

Earth Science

Physics
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[#{ =Average for Females (+2SE)
O] = Average for Males (+2SE)

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

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

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

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

Despite the different educational approaches, structures, and organizations across the
TIMSS countries, it is clear from Table 4.10 that parents’ education is positively related
to students’ mathematics and science literacy. As was the case for eighth-graders,

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

! Beaton, A.E., Mullis, LV.S., Marfin, M.O., Gonzalez, EJ., Kelly, D.L, and Smith, TA. (1996). Mathematics
Achievement in the Middle School Years: IEA's Third International Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Boston College; Beaton, A.E., Martin, M.O., Mullis, |V.S., Gonzalez, EJ., Smith, TA., and
Kelly, D.L. (19906]. Science Achievement in the Middle School Years: IEA’s Third International Mathematics
and Science Study (TIMSS). Chestnut Hill, MA: Boston College.
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Table 4.10

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

Finished Upper Finished Primary
Secondary but but Not Upper Do Not Know
Not University 2 Secondary °

Finished
University *

Country

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

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

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

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

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

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

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

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

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

as part of the secondary education system or considered as postsecondary. All of the
upper secondary tracks and any upper secondary or postsecondary vocational education
programs included as response options are combined in the second reporting category.

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

Internationally-Defined Levels:

Hungary:
Norway:
Sweden:
Switzerland:

Finished Primary School But Not Upper Secondary School

Finished Primary School or
Finished Some Secondary School

Countries with Modified Nationally-Defined Levels:
Austria:

Czech Republic:
Denmark:
France:
Germany:

Compulsory (Pfichtschulabschlu3; 9 grades)

Primary or secondary or vocational training without maturita

Basic school (Folkeskolen, Realeksamen; 9 or 10 grades)

No school, primary, or lower secondary (College, CAP)

No lower secondary (8 grades); lower secondary (Hauptschulabschluf3; 9 or 10 grades) or

Medium secondary (Fachoberschulreife, Realschulabschlul83 or Polytechnische Oberschule; 10 grades)
Some or all of general school (8 grades)

Compulsory (9 grades) or some upper secondary

Compulsory (9 grades) or started upper secondary

Compulsory (9 grades)

Internationally-Defined Levels:

Cyprus:

Denmark:

France:

Germany:

Greece:
Hungary:
Italy:
Norway:

Sweden:

Switzerland:

1 But Not University

Finished Upper Secondary School
Finished Secondary School or
Some Vocational/Technical Education After Secondary School or
Some University

Countries with Modified Nationally-Defined Levels:
Austria:

Upper secondary tracks: apprenticeship (Berufsschul-/Lehrabschluf3), medium vocational (Handelsschule,
Fachschule), higher vocational (HAK, HTL, etc.), or higher academic (Gymnasium, Realgymnasium)
Upper secondary tracks: academic or technical/vocational or
Postsecondary: finished college.
Upper secondary tracks: academic or general/vocational (gymnasium, hf, htx, hhx) or vocational training
(erhvervsfaglig uddannelse)
Postsecondary: medium-cycle higher education (mellemlang uddannselse)
Upper secondary tracks: BEP (11 grades) or baccalauréat (général, technologique or professionnel; 12 or 13 grades)
Postsecondary: 2 or 3 years university study after baccalauréat (BTS, DUT, Licence)
Upper secondary tracks: general/academic or apprenticeship/vocational training (Lehrabschluf3, Berufsfachschule,
Berufsaufbauschule)
Postsecondary: vocational schools (Fachschulabschluss)
Upper secondary: general or technical/vocational Lyceum
Postsecondary: 4-years at technical institute or some university
Upper secondary tracks: apprenticeship (3-year trade school) or final exam in secondary (4-year academic/vocational)
Upper secondary tracks: completion of secondary with maturita (classical/technical) or vocational training
Upper secondary tracks: general or vocational programs
Postsecondary: vocational training or 1-3 years study at university or technical college
Upper secondary tracks: academic or vocational (gymnasieutbildning or yrkesinriktad utbildning)
Postsecondary: less than 3 years of university studies
Upper secondary tracks: vocational (Lehre/Berufsschule), academic (gymnasium,
kantonsschule, maturitét) or teacher training (Lehrer seminar)
Postsecondary: Higher vocational/professional school (Fach- and Berufsschule)

Internationally-Defined Levels:
Countries with Modified Nationally-Defined Levels:

Finished University
Finished University

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

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

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

* See Appendix A for characteristics of the students sampled.

1 Upper secondary corresponds to ISCED level 3 tracks terminating after 11 to 13 years in most countries. (Education at a Glance, OECD,
Paris,1996).
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The number of books in the home can be an indicator of a home environment that
values literacy and the acquisition of knowledge and offers general academic support.
Table 4.11 presents final-year students’ reports about the number of books in their
homes in relation to their achievement on the TIMSS mathematics and science literacy
test. In TIMSS reports on fourth and eighth gradesas noted that in most countries

there was a consistent association between students’ reports of books in the home
and achievement: the more books in the home, the higher students’ mathematics and
science achievement. This link between books in the home and student achievement
is apparent also in the final year of secondary school, with the difference in mean
achievement between those reporting most and least books as muich stauadard
deviation (100 scale-score points) in several countries.

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

2 Mullis, 1V.S., Martin, M.O., Beaton, A.E., Gonzalez, EJ., Kelly, D.L, and Smith, TA. (1997). Mathematics
Achievement in the Primary School Years: IEA’s Third International Mathematics and Science Studly (TIMSS).
Chesinut Hill, MA: Boston College; Martin, M.O., Mullis, LV.S., Beaton, A.E., Gonzalez, EJ., Smith, TA., and
Kelly, D.L. [1997). Science Achievement in the Primary School Years: IEA’s Third International Mathematics
and Science Study (TIMSS). Chestnut Hill, MA: Boston College; Beaton, A.E., Mullis, 1.V.S., Martin, M.O.,
Gonzalez, EJ., Kelly, D.L, and Smith, T.A. [1996]. Mathematics Achievement in the Middle School Years:
IEA’s Third International Mathematics and Science Studly (TIMSS). Chestnut Hill, MA: Boston College;
Beaton, A.E., Martin, M.O., Mullis, LV.S., Gonzalez, E.J., Smith, TA., and Kelly, D.L. {1996). Science
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chesinut Hill, MA: Boston College.
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Students’ Reports on the Number of Books in the Home — Mathematics and Science Literacy
Final Year of Secondary School*

About One About Two Three or More
None or Very Few  About One Shelf Bookcase Bookcases Bookcases

(0-10 Books) (11-25 Books) (26-100 Books) (101-200 Books) (More than 200
Books)

PEGER Mean Percent Mean Percent Mean Percent Mean Percent Mean
e Achieve- of Achieve- of Achieve- of Achieve- of Achieve-
ment Students ment Students ment Students ment Students ment

Australia 2(0.4) ~~ 7 (1.3)| 466 (15.3)| 23 (1.6)| 499 (9.6) | 26 (1.5)| 528 (8.1) | 43 (2.6)| 555 (7.8)
Austria 4 (0.7)| 455(10.5)| 11 (1.0)| 480(9.5) | 33(1.5)| 507 (6.9) | 19(1.1)| 529 (6.7) | 33 (2.1)| 550 (6.8)
Canada 3(0.4)| 494 (20.7)| 10(0.8)| 502 (8.0) | 28 (1.2)| 513(6.0) | 26 (1.2)| 524 (5.1) | 33 (1.6)| 549 (3.4)
Cyprus 5(1.1)|417(14.8)| 14(1.1)| 418(8.3) | 38(2.4)| 439(5.2) | 28 (2.2)| 459(5.9) | 15 (1.6)| 481 (9.1)
Czech Republic 104 ~~ 4 (0.9)| 417 (10.4)| 28 (1.6)| 442 (7.6) | 30 (1.2)| 479 (14.0)] 37 (1.5)| 510 (13.3)
Denmark 3(0.4)| 459(12.3)|] 5(0.6)| 487 (8.9) | 24 (1.0)| 509 (6.1) | 26 (1.3)| 524 (4.5) | 41 (1.7)| 553(3.9)
France 3(0.6)| 419 (13.4)| 11 (1.2)| 465(7.4) | 37 (1.5)| 497 (5.0) | 24 (1.1)| 521 (5.7) | 26 (1.5)| 529 (7.0)
Germany 6 (0.9)| 428 (10.5)| 13 (1.2)| 440(10.6)| 26 (1.4)| 482 (6.0) | 20 (1.4)| 515(8.4) | 35(2.4)| 532 (7.5)
Hungary 1(02) ~~ 4(0.4)| 405(5.9) | 18(0.8)| 437(3.6) | 22 (0.6)| 469 (3.3) | 54 (1.2)| 501 (3.7)
Iceland 1(0.3)] ~~ 5(0.5)| 504 (10.2)| 21 (0.8)| 520 (5.0) | 24 (1.2)| 541 (3.6) | 49 (1.2)| 557 (2.2)
Italy 4 (0.7)| 417 (12.4)| 19 (1.5)| 444 (7.4) | 37 (1.8)| 476 (6.5) | 22 (1.4)| 489(5.6) | 18 (1.5)| 505 (9.6)
Lithuania 1.2 ~~ 9(0.8)|430(13.0)| 30(1.2)| 447 (6.7) | 28 (0.9)| 469 (6.0) | 33 (1.7)| 489 (6.2)
Netherlands 6 (0.8)| 514 (10.6)| 14 (1.1)| 536 (10.0) | 34 (1.3)| 548(5.5) | 21 (1.5)| 566 (7.4) | 26 (1.9)| 589 (11.6)
New Zealand 3(0.8)| 430(21.6)| 6 (0.9)| 469 (17.6)| 26 (1.6)| 508 (5.7) | 25 (1.4)| 520(7.7) | 39 (1.9)| 558 (4.6)
Norway 204 ~~ 7 (0.6)| 489 (6.8) | 22 (1.0)| 509 (4.3) | 20 (0.9)| 535(5.6) | 49 (1.4)| 557 (4.7)
Russian Federation 3(0.4)| 447(13.1)|] 9(1.0)| 434 (11.3)| 30 (2.0)| 457 (6.9) | 30(1.8)| 484 (4.6) | 29 (1.3)| 504 (6.8)
Slovenia 1(0.4)| ~~ 6 (1.0)| 468 (15.5)| 35 (2.4)| 502 (10.5)| 25 (1.8)| 522 (9.2) | 32 (2.4)| 538 (8.4)
South Africa 31(2.2)| 313(3.0) | 26 (1.6)| 338(5.1) | 21 (1.8)|372(12.0)] 10(1.2)| 410(21.2)| 12 (1.7)| 413 (22.7)
Sweden 2(0.3) ~~ 7 (0.6)| 506 (8.7) | 24 (1.1)| 535(5.0) | 23 (1.0)| 555(5.0) | 43 (1.2)| 580 (5.0)
Switzerland 6 (0.9)| 458 (9.3) | 11 (1.1)| 489(10.5)| 28 (1.7)| 522 (6.7) | 23 (1.4)| 540(6.4) | 32 (1.1)| 561 (6.4)
United States 6 (0.7)| 402 (7.0) | 12 (0.8)| 429 (4.7) | 29 (1.2)| 456 (3.5) | 20 (1.0)| 484 (4.4) | 33 (1.6)| 510(3.7)

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Atilde (~) indicates insufficient data to report achievement.



CHAPTER 4

How OFrTeN Do STUDENTS Use CALCULATORS AND COMPUTERS?

Although the issue of how calculators should be deployed by students and teachers
S0 as to maximize students’ learning remains a matter of debate, it is clear from
Table 4.12 that calculator use is now widespread among final-year students in many
countries. In most countries, more than 80% of students reported at least weekly use
of calculators, including all activities whether at home, at school, or anywhere else.
Only in the Czech Republic, Norway, and the Russian Fedemiidt0% or more

of the students report rarely or never using calculators. The frequent use of calculators
was positively related to mathematics and science literacy in all countries, with
students who reported using calculators daily performing, on average, well above
those who rarely or never used them.

Since calculator use by students in upper secondary school is very commaty in
countries, final-year students were given the option of using a calculator when complet-
ing the TIMSS tests. Table 4.13 summarizes students’ reports on how frequently they
used a calculator during the testing session. Most students made modefiage, use

for up to 10 questions) of a calculator on the mathematics and science test, although
in Italy, Lithuania, the Russian Federation, Slovenia, and South Africa, more than 30%
reported not using a calculator at all. In general, the students who reported most calcula-
tor use were also those who performed best on the test. It is not clear, however,
whether calculator use assisted performance on the test, or whether the more able
students were also those who chose to use a calculator most.

While calculator use by final-year students was widespread, these students reported
using computers much less frequently. As may be seen from Table 4.14, in seven
countries, Cyprus, the Czech Republic, Hungary, Italy, Lithuania, Norway, and South
Africa, the majority of students reported that they rarely or never use a computer. In
contrast, more than one-fourth of the students in Australia, Canada, Denmark, Iceland,
the Netherlands, New Zealand, Switzerland, and the United States reported using a
computer daily. In about half of the countries, the students who reported using a
computer most frequently were also those with the highest performance on mathematics
and science literacy, but in the rest the relationship was less regular.



CHAPTEHR

Students’ Reports on How Often They Use a Calculator at School, Home,
or Anywhere Else — Mathematics and Science Literacy
Final Year of Secondary School*

Rarely or Never Monthly

Country

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

Students |Achievement | Students |Achievement | Students |Achievement Students | Achievement
Australia 6 (0.9) 458 (14.3) 4 (0.6) 461 (13.0)] 17 (1.2) 497 (10.1) 73 (1.9) 544 (8.4)
Austria 6 (2.3) 465 (30.7) 5(0.9) 505 (13.7)| 37 (2.3) 516 (5.2) 52 (3.2) 532 (6.7)
Canada 8 (0.8) 482 (6.9) 7 (1.0) 478 (12.3)] 23 (1.4) 513(5.4) 61 (2.2) 543 (2.9)
Cyprus 8 (1.5) 405 (11.2) 7 (1.0) 422 (13.1)| 18(1.7) 437 (6.2) 66 (1.8) 457 (3.6)
Czech Republic 21(1.9) 428 (8.9) 13 (2.0) 459 (6.1) 43 (2.4) 476 (10.1) 23 (3.3) 533(11.8)
Denmark 8 (1.1) 482 (3.4) 5 (0.6) 492 (4.7) 19 (1.5) 508 (5.8) 67 (2.2) 543 (4.5)
France 4 (0.8) 471 (14.2) 7 (1.3) 468 (11.3)| 25 (1.6) 489 (5.2) 63 (2.4) 519(5.7)
Germany X X X X X X X X X X X X X X X X
Hungary 14 (0.9) 423 (4.0) 2(0.2) ~~ 16 (0.8) 453 (4.0) 68 (1.4) 496 (3.4)
Iceland 10 (1.2) 506 (6.0) 6 (0.8) 516 (7.9) 24 (0.8) 530(3.3) 59 (0.9) 557 (2.5)
Italy 12 (1.4) 436 (11.1) 7 (1.0) 460 (10.4)| 36 (2.0) 474 (5.9) 45 (2.3) 491 (7.0)
Lithuania 12 (1.6) 437 (12.4) 6 (0.5) 452 (13.3)] 31 (1.3) 455 (5.9) 50 (2.0) 480 (5.7)
Netherlands 10 (1.5) 461 (6.4) 4 (0.7) 467 (9.0) 16 (1.3) 537 (7.4) 69 (2.4) 585(5.7)
New Zealand 11 (1.1) 465 (8.9) 7 (1.0) 472 (9.5) 20 (1.7) 492 (8.3) 62 (2.1) 554 (4.0)
Norway 31(2.1) 502 (5.1) 9 (0.8) 519(7.8) 17 (1.0) 526 (5.1) 44 (2.1) 567 (5.3)
Russian Federation 22 (1.2) 453 (6.0) 8 (0.8) 466 (8.4) 31(1.6) 480 (6.3) 39 (2.1) 496 (6.2)
Slovenia 5(1.4) 424 (14.0) 4 (0.9) 472 (21.6)] 29 (1.7) 512(9.3) 62 (2.9) 528(7.9)
South Africa 14 (1.9) 317 (3.1) 8 (0.7) 314 (5.2) 14 (0.9) 338(8.7) 63 (2.3) 375(12.6)
Sweden 13 (1.0) 487 (6.1) 9 (0.7) 508 (5.1) 43 (1.5) 536 (3.7) 35(1.7) 619 (4.5)
Switzerland 5 (1.6) 471 (11.5) 2 (0.6) ~ ~ 42 (2.1) 508 (6.8) 51 (2.1) 559 (4.2)
United States 16 (1.1) 419 (4.5) 8 (0.7) 443 (6.0) 24 (1.1) 464 (4.0) 52 (1.9) 497 (3.8)

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "X" indicates data available for <50% of students.
Atilde (~) indicates insufficient data to report achievement.



CHAPTER 4

Students’ Reports on the Frequency of Calculator Use During the TIMSS Test
Mathematics and Science Literacy
Final Year of Secondary School*

Used a Used a Used a
Did Not Use a Calculator Very Calculator Calculator Quite

Calculator Little Somewhat a Lot
Country (<5 Questions) (5-10 Questions) (>10 Questions)

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

Students |Achievement | Students |Achievement | Students |Achievement | Students |Achievement
Australia 13 (2.3) | 455(14.3) 36 (1.7) | 531(9.4) 39 (2.1) | 551(6.4) 12 (1.2) 548 (7.4)
Austria 17 (3.3) | 480(12.4) 35(1.7) | 532(6.9) 40 (2.3) | 531 (5.4) 9(1.1) 536 (13.1)
Canada 12 (1.1) | 464(7.4) 35(1.4) | 529(3.9) 39 (1.1) | 537(3.0) 14 (1.1) 553 (7.0)
Cyprus 22 (1.5) | 431(6.7) 48 (2.1) | 450(5.1) 26 (1.9) | 456(6.1) 4 (0.8) 484 (14.4)
Czech Republic 13 (4.8) | 448(24.6) 39 (3.5) | 461(14.9) 41 (2.5) | 494 (12.0) 7 (1.0) 512 (15.0)
Denmark 9 (1.3) | 488(6.7) 32(1.2) | 540(3.8) 44 (1.6) | 533(4.5) 15 (1.0) 550 (5.4)
France r 13(1.8) | 475(8.3) 33(2.0) | 514(5.7) 44 (2.0) | 519(5.0) 10 (1.2) 538(8.5)
Germany r 18(2.9) | 448(14.0) 41 (2.6) | 503 (7.0) 31(2.7) | 524(5.7) 10 (1.4) 538 (14.4)
Hungary s 20(1.7) | 453(4.8) 28 (1.2) | 485(5.2) 42 (1.5) | 516 (4.2) 10 (0.6) 540 (5.5)
Iceland 24 (1.3) | 512(3.9) 29 (1.1) | 537(3.1) 37 (1.3) | 561(2.7) 10 (0.8) 579 (5.2)
Italy 31(2.2) | 451(8.7) 31(1.9) | 484(8.4) 31(2.0) | 490(6.5) 7 (0.9) 479 (9.9)
Lithuania r 38(2.2) | 442(10.7) 25(1.5) | 483(6.1) 30 (1.5) | 497(6.3) 7 (0.7) 513(9.4)
Netherlands 11 (1.8) | 479(9.4) 29 (1.7) | 560(5.4) 46 (1.8) | 572(5.9) 14 (1.0) 591 (10.9)
New Zealand 12 (1.7) | 436(8.3) 26 (1.3) | 519(8.5) 48 (1.7) | 542 (5.3) 15(1.5) 562 (5.7)
Norway 21(2.1) | 500(7.2) 26 (1.3) | 529(5.8) 40 (1.5) | 552 (4.2) 13 (0.9) 580 (6.7)
Russian Federation |r 41 (2.7) | 467 (7.0) 28 (1.5) | 483(7.1) 24 (1.6) | 496(8.1) 7 (0.9) 509 (12.1)
Slovenia r 32(4.4) | 495(15.8) 36 (2.5) | 536(9.8) 27 (2.8) | 547 (7.7) 4 (0.7) 528(19.8)
South Africa r 55(4.3) | 346(10.6) 25(2.5) | 362(10.5) 13 (1.8) | 409 (25.7) 8 (1.2) 382 (30.5)
Sweden 8 (1.1) | 486(11.1) 30 (1.1) | 554(6.6) 48 (1.2) | 565 (4.6) 15 (0.8) 575(5.0)
Switzerland 6 (1.0) | 491(11.0) 32 (1.6) | 536(6.6) 47 (1.8) | 535(4.5) 16 (1.4) 546 (10.1)
United States 29 (1.9) | 432(4.7) 35(1.2) | 479 (4.2) 31(1.3) | 498(4.1) 5 (0.6) 516 (10.1)

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate. An "s" indicates a 50-69% student report rate.



CHAPTEHR

Students’ Reports on How Often They Use a Computer at School, Home,
or Anywhere Elset - Mathematics and Science Literacy
Final Year of Secondary School*

Rarely or Never Monthly

Country

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

Students |Achievement | Students |Achievement | Students |Achievement | Students |Achievement
Australia 25 (3.5) 498 (9.7) 13 (1.0) 529 (10.2) 28 (1.4) 534 (9.5) 34 (2.9) 544 (9.4)
Austria 34 (3.4) 496 (8.9) 7 (0.7) 525 (8.3) 39 (2.7) 529 (5.7) 20 (2.6) 546 (12.2)
Canada 21(1.7) 500 (8.2) 16 (0.9) 513(6.5) 34 (1.3) 535(3.9) 28 (1.4) 544 (5.1)
Cyprus 65 (2.0) 436 (3.3) 9 (1.3) 461 (9.8) 17 (2.2) 476 (10.6) 9 (1.5) 454 (10.3)
Czech Republic 62 (3.9) 450 (8.5) 9(1.1) 483 (31.3) 20 (3.5) 524 (9.2) 9(1.1) 552 (11.4)
Denmark 18 (1.2) 501 (5.3) 14 (1.3) 528(7.2) 41 (1.6) 529 (4.1) 27 (1.5) 549 (4.5)
France 48 (2.2) 502 (6.0) 17 (1.7) 523(8.4) 25(1.4) 503 (5.3) 10 (1.3) 507 (9.5)
Germany X X X X X X X X X X X X X X X X
Hungary r 65(1.9) 471 (3.1) 4 (0.3) 478 (7.7) 19 (1.3) 500 (5.4) 12 (1.1) 525(9.3)
Iceland 19 (0.9) 505 (3.7) 15 (0.7) 533(6.5) 40 (1.0) 551 (3.4) 26 (1.0) 563 (3.4)
Italy 56 (2.2) 465 (5.4) 10 (0.8) 486 (7.9) 23(1.8) 486 (11.1) 12 (1.3) 509 (12.5)
Lithuania 69 (2.1) 460 (6.7) 8 (0.7) 471 (8.8) 19 (1.9) 481 (8.0) 4 (0.4) 482 (9.7)
Netherlands 26 (1.4) 543 (7.7) 13 (1.0) 563 (10.3) 34 (1.3) 562 (5.5) 26 (1.6) 570(7.1)
New Zealand 27 (1.8) 511 (8.3) 17 (1.6) 536 (8.2) 27 (1.5) 537 (5.4) 29 (1.7) 522 (7.2)
Norway 54 (1.9) 522 (3.8) 13 (1.1) 527 (7.4) 19 (1.1) 556 (6.4) 14 (1.1) 571(8.3)
Russian Federation 47 (2.0) 468 (7.9) 9 (0.9) 487 (9.9) 32(1.4) 483 (5.0) 12 (1.0) 504 (8.0)
Slovenia 38 (2.2) 492 (7.5) 15(1.1) 511 (9.1) 26 (1.7) 531(10.2) 21(1.7) 546 (9.3)
South Africa 81 (2.5) 345 (6.2) 6 (1.1) 415 (27.0) 7 (1.3) 436 (22.5) 6 (0.9) 420 (20.3)
Sweden 32(1.4) 518 (4.6) 18 (1.1) 549 (4.4) 31(1.2) 566 (4.4) 19 (2.2) 614 (6.8)
Switzerland 38(2.2) 501 (7.7) 9 (0.6) 556 (8.4) 24 (1.6) 549 (6.2) 28 (1.9) 550 (6.0)
United States 27 (1.1) 435 (3.9) 16 (1.1) 474 (5.9) 27 (1.2) 485 (4.2) 31(1.1) 494 (4.3)

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

T Includes both desktop units and mainframe terminals.

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
An "x" indicates data available for <50% students.



CHAPTER 4

How Do STupents SPEND THEIR OuUT-0OF-ScHOOL TIME DURING THE
ScHooL WEEK?

Even though education may be thought to be the dominant activity of students in their
final year of secondary school, young people actually spend much more of their time
outside of school. Some of this out-of-school time is spent at furthering academic
development — for example, in studying or doing homework in school subjects.
Table 4.15 presents final-year students’ reports about the amount of time they spend
in this way on a normal school day. On average, students in most countries reported
spending between two to four hours per day on homework. Less than two hours of
homework per day was reported by students in the Czech Republic, the Netherlands,
Norway, Sweden, and the United States, whereas four hours or more per day, on
average, was reported by students in Italy and South Africa. One-fourth or more of
the final-year students in Austria, the Czech Republic, the Netherlands, Norway,
Sweden, Switzerland, and the United States reported studying for less than one hour
per day.

The relationship between time spent doing homework in all subjects and students’
average mathematics and science literacy was not consistent across countries. In a few
countries, including Australia, Cyprus, Hungary, the Russian Federation, and the
United States, the relationship was approximately linear, with students reporting the
most time on homework also having the highest scores in mathematics and science
literacy. More often, the relationship was curvilinear, the highest achievement being
associated with a moderate amount of homework per day (between one and three
hours). This pattern suggests that, compared with their higher-achieving counterparts,
the lower-performing students may do less homework, whether because they simply
do not do it or because their teachers do not assign it, or more homework, perhaps
because they need to spend the extra time to keep up academically. Other, more
complicated relationships may also be seen in Table 4.15. However, in almost all of
the countries, students who reported spending two or more hours studying each day
had higher scores in mathematics and science literacy than those spending less than
one hour per day.

The amount of time students reported spending on studying or doing homework in
mathematics is shown in Table 4.16. Among students taking mathematics in their last
year of upper secondary schooling, an average of one-half to one hour of homework
was reported in nearly all countries. In only two countries, the Czech Republic and
Sweden, did students report an average of less than one-half hour per day, while only
in South Africa did they report an average of substantially more than one hour per day.
In all countries except South Africa, the majority of students reported spending less
than one hour per day on mathematics homework. Fewer than 10% of the students
reported spending three hours or more in every country except the Russian Federation
and South Africa. In most countries, students spending at least one to two hours per
day on mathematics homework had somewhat higher achievement than those spending
less, with the largest differences in Australia and Cyprus.



CHAPTER 4

Students’ Reports on the Hours Per Day Spent Studying or Doing Homework*
Mathematics and Science Literacy
Final Year of Secondary School*

At Least 1 Hour

Less T:rg:rOne But Less Than 2-3 Hours MoreHgSgn S
Country 2 Hours Average
Hours *
Australia 13 (1.6) | 489(15.8)| 20 (1.5) |527(12.6)| 22 (1.5) | 525(6.5) | 44 (2.7) | 545(9.5) 3.3(0.13)
Austria 31(2.0) |508(7.7) | 28(1.4) |533(6.8) | 20(1.8) |524(7.9) | 20(1.4) | 529(8.7) 2.0(0.07)
Canada 18 (1.2) | 505(3.3) | 31(1.7) | 527(5.9) | 21(1.4) | 540(4.7) | 30(2.0) | 537 (5.8) 2.7(0.11)
Cyprus 12 (1.6) | 414(6.4) | 20(1.6) | 441(6.8) | 28(2.1) | 444(5.4) | 40(2.1) | 465 (4.0) 3.2(0.11)
Czech Republic 39 (2.5) | 468(7.7) | 31(1.3) | 482(13.2)| 20(3.0) | 498(9.8) | 10(1.3) | 481(34.2)| 1.4(0.07)
Denmark r 13 (1.1) | 496(7.1) | 31(1.6) | 546(4.9) | 35(1.6) | 543(4.1) | 21(1.4) |543(5.1) [r 2.4(0.06)
France s 7(11) |498(11.1)| 23(1.7) |536(7.9) | 19(1.5) |521(8.4) | 52(1.9) | 523(6.1) |s 3.4(0.11)
Germany - - - - - - - - - - - - -- - - - -
Hungary 13(0.9) | 454 (4.4) | 26(0.9) | 469 (4.1) | 26(0.9) | 482(4.6) | 36(1.2) | 492 (4.2) 2.9(0.07)
Iceland 21(1.0) |547(4.3) | 37(1.2) |552(3.0) | 23(1.1) |546(4.3) | 19(1.2) |532(4.7) 2.1(0.05)
Italy 8 (1.1) | 461 (13.9)| 15(1.6) |472(7.5) | 21(1.6) | 483(7.2) | 56 (2.4) | 481(6.2) 4.0(0.14)
Lithuania 16 (1.7) | 451 (13.7)| 21 (1.1) | 469(6.3) | 21(0.9) | 473(6.4) | 41(2.0) | 471(5.5) 3.2(0.11)
Netherlands 25(2.2) | 527(8.0) | 46(1.4) |569(5.2) | 16(1.6) | 574(9.9) | 13(1.3) |572(12.6)| 1.7(0.06)
New Zealand 20(2.0) | 489(10.1)| 34 (1.9) |539(7.1) | 25(1.4) |538(5.2) | 22(1.1) | 536(5.8) 2.2 (0.06)
Norway 27(1.2) |522(5.7) | 37(1.0) |547(5.0) | 17(1.3) |556(5.8) | 19 (1.1) | 535(6.7) 1.9 (0.05)
Russian Federation 10(0.8) | 463(7.6) | 24 (1.4) | 467 (6.8) 21 (1.2) | 479(7.0) | 45(1.9) | 486 (6.0) 3.5(0.10)
Slovenia 19 (2.3) | 493 (11.7)| 36(3.0) | 541(9.8) | 23(2.1) | 508(7.8) | 22(2.2) | 527 (8.7) 2.2(0.12)
South Africa r 8(0.8) | 353(11.9)| 13(1.5) | 389(18.3)| 20(1.5) | 370(15.9)| 59 (2.2) | 360(9.2) |r 4.8(0.17)
Sweden 28(1.6) |533(5.5) | 34(1.2) |575(5.7) | 20(1.2) | 565(5.9) | 19 (1.4) | 560 (6.7) 1.9 (0.07)
Switzerland 28(1.9) | 520(6.1) | 34 (1.2) |544(8.0) | 21(1.4) |535(7.5) | 17(1.1) | 545(7.6) 2.0 (0.06)
United States 34(1.7) | 452 (3.7) | 34(1.1) | 481(4.9) | 18(0.9) | 479(5.9) | 15(1.1) | 501(7.9) 1.7 (0.06)

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

* Study time is defined as the sum of time reported spent studying or doing homework in mathematics, science, and other subjects.
* See Appendix A for characteristics of the students sampled.

1 Based on sum of responses to three questions about time spent studying or doing homework for mathematics, science, and other subjects. Categorization
and average hours based on: No time = 0; Less than 1 hour =.5; 1-2 hours =1.5; 3-5 hours = 4; More than 5 hours = 7.

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r"* indicates a 70-84% student response rate. An "s" indicates a 50-69% student response rate.
A dash (-) indicates data are not available.



CHAPTER 4

Students’ Reports on the Hours Per Day Studying or Doing Mathematics Homework
Mathematics Literacy
Final Year of Secondary School*

Hours Per Day Studying or Doing Mathematics Homework

Percen_t Not Less than One Hour ~ One to Two Hours  Three or More Hours
Country Taking Average

Mathematics Hours 2

Australia 13 (2.2) 59 (2.2) | 521(8.3) | 36(2.2) |557(10.2)| 5 (0.8) |534(13.4) 1.0(0.04)
Austria 26 (3.6) 77 (1.7) | 526 (5.8) | 19(1.6) | 533(9.4) 4 (0.8) | 502 (13.7) 0.6 (0.04)
Canada 46 (2.6) 56 (2.1) | 539(5.1) | 38(1.9) | 547 (5.0) 7 (1.0) | 526 (14.6) 1.1(0.05)
Cyprus 0 (0.0) 63 (2.1) | 435(4.3) | 29(1.8) | 471(4.8) 8(1.3) | 451 (9.0) 1.0 (0.05)
Czech Republic 5 (2.1) 92 (1.5) | 464 (13.8)] 8 (1.4) |482(17.8)] 0(©.2) | ~~ 0.4 (0.03)
Denmark 22 (2.4) 68 (2.0) | 571(4.9) | 28(1.6) | 563 (4.7) 4 (0.7) | 562 (11.9) 0.9 (0.04)
France 0 (0.0) 59 (2.3) | 517 (5.1) | 35(2.3) | 539(6.7) 5(0.7) | 505(14.7)] 1.0 (0.04)
Germany - - - - - - - - - - - - - - - -

Hungary 0 (0.0) 74 (0.9) | 480(3.2) | 24(0.8) | 496 (5.5) 2(0.2) ~~ 0.7 (0.02)
Iceland 35 (1.0) 79 (1.1) | 553(3.2) | 19 (1.1) | 542(7.0) 2(0.4) | ~-~ 0.7 (0.02)
Italy 12 (3.3) 55 (2.6) | 479 (6.3) | 40 (2.2) | 486 (7.2) 5(0.9) | 477 (11.2)| 1.0(0.05)
Lithuania 10 (2.1) 67 (1.8) | 472(5.8) | 29(1.7) | 480(5.2) 4 (0.5) | 484 (11.5) 0.8 (0.03)
Netherlands 40 (2.6) 82 (1.7) | 606 (6.2) | 16(1.6) |581(11.1)| 1 (0.3) ~~ 0.7 (0.03)
New Zealand 27 (1.8) 75 (1.4) | 544(6.1) | 23(1.4) | 552(5.9) 2(0.3) ~~ 0.7 (0.03)
Norway 32 (2.5) 85(1.4) |541(5.1) | 14(1.3) | 558(9.5) 1(0.3) ~ ~ 0.5 (0.03)
Russian Federation 0(0.1) 56 (2.0) | 463(5.9) | 33(1.4) |484(7.5) | 11 (1.2) | 494(8.1) 1.2 (0.06)
Slovenia 5(2.7) 72(2.7) | 521(9.4) | 25(2.6) | 518(9.5) 2 (0.6) ~~ 0.7 (0.05)
South Africa 31(2.9) 33(1.8) | 394 (17.1)| 51(1.8) |375(10.9)| 17 (1.2) | 344(7.2) 1.7 (0.05)
Sweden 30 (2.0) 90 (0.9) | 579(5.4) 9 (0.9) | 580(7.8) 1(0.2) ~~ 0.4 (0.02)
Switzerland 39(3.2) 67 (1.6) | 569 (4.9) | 28(1.3) | 550(5.6) 5(0.9) | 522(10.6) 0.9 (0.04)
United States 34 (1.9) 76 (1.5) | 475(3.8) | 22(1.5) | 486 (5.9) 2(0.2) ~ ~ 0.7 (0.02)

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

* See Appendix A for characteristics of the students sampled.

1 Percentages based on those students reporting currently taking mathematics.

2 Average hours computed based on: No time = 0; Less than 1 hour = .5; 1-2 hours =1.5; 3-5 hours = 4; More than 5 hours = 7.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Adash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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Students’ reports about doing science homework (Table 4.17) show a similar pattefn
to mathematics with respect to both the amount of homework and the relationship to

science literacy achievement. Although the average amount of science homewor

reported by students taking at least one science course is somewhat less than what
was reported by mathematics students, it is still between one-half and one hour in mpst
countries. The highest level of science homework was again reported by South African

students, with an average of one and one-half hours. As was found for mathema
most students in all countries except South Africa reported spending less than or
hour, and only a small percentage reported spending three hours or more. In mal
countries, the average science literacy achievement was highest for students study
science between one and two hours per day.

The students were also asked about other ways they could spend their time out ¢
school: watching television, playing computer games, spending time with friends,
doing jobs at home, working at a paid job, playing sports, and reading books fo
enjoyment. Their reports are summarized in Table 4.18. Socializing is clearly an
important activity for final-year students, with students in many countries devoting
up to about two and one-half hours each day to spending time with friends — abo
as much time as they devote to their studies. Watching television or videos is the n
most popular pastime, although final-year students report spending less time at t
than fourth or eighth graders. Playing computer games is much less popular, althot
students in about half of the countries report spending between 20 and 30 minuté
daily on average on this pastime. Sports also occupy an important role in student

ics,
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lives, with students in most countries reporting more than one hour each day, but this

is less than the time eighth graders reported spending on sports, perhaps reflecti
final-year students’ increased involvement in paid employment. The time spent o
leisure activities is not additive, because students do many of these activities simul
neously (e.g., talk with friends, watch television).

Whereas students in most countries reported about one hour each day, on averal
doing jobs at home, many also reported significant time working at a paid job. Ther
was a wide range across countries in this respect, from the Russian Federation, wi
students reported very little working time, to the United States, where they report
spending more than three hours a day on average in paid employment. Table 4.
presents further details, including the average mathematics and science literacy

students reporting working for different amounts of time. In about half the countries
most final-year students (more than 80%) reported working at a paid job for less th
one hour each day. However, in Australia, Canada, Iceland, the Netherlands, Ne
Zealand, Norway, and the United States, at least one-fourth of students reporte
working for three hours or more each day.
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Table 4.17

Students’ Reports on the Hours Per Day Studying or Doing Science Homework
Science Literacy
Final Year of Secondary School*

Hours Per Day Studying or Doing Science Homework

PercentNot | ooq than One Hour ~ One to Two Hours  Three or More Hours

Country Taking Average
Science Hours 2

Australia 27 (3.6) 58 (1.8) | 540(9.5) | 35(1.7) | 575(6.9) 7 (1.0) | 588(33.0) 1.0 (0.04)
Austria 12 (1.7) 87 (1.4) | 529(6.0) | 11 (1.4) | 526(13.8)] 1(0.3) ~~ 0.4 (0.03)
Canada 45 (2.2) 57 (2.1) | 554 (4.2) | 35(1.8) | 567 (6.8) 8 (0.9) | 537 (18.0) 1.1 (0.05)
Cyprus 0 (0.0) 80 (1.1) | 436(3.7) | 16(0.9) | 483(10.7)] 4 (0.6) | 552 (11.8) 0.5 (0.03)
Czech Republic 66 (5.7) 84 (2.6) | 520 (11.6)| 14 (2.3) | 571(11.5)] 3(0.5) | 583(13.6) 0.5 (0.05)
Denmark r 58 (2.3) 73 (1.8) | 555(4.7) | 25(1.6) | 570(6.1) 3 (0.6) | 565 (15.0) 0.7 (0.03)
France 5 35(2.4) 59 (2.0) | 497 (5.7) | 35(1.8) | 525(7.0) 6 (0.8) | 515(9.1) 1.0 (0.04)
Germany - - - - - - - - - - - - - - - -

Hungary 22 (1.9) 67 (1.2) | 475(3.9) | 27 (0.9) | 486 (4.9) 6 (0.6) | 497 (11.5) 0.9 (0.03)
Iceland 37 (1.2) 87 (1.0) | 566 (2.5) | 12 (1.0) | 575 (4.6) 1(0.3) ~~ 0.4 (0.01)
Italy 19 (2.8) 70 (2.8) | 487 (6.3) | 25(2.5) |482(9.7) 5 (1.2) | 462 (13.9) 0.8 (0.06)
Lithuania 12 (2.4) 69 (1.5) | 465(5.5) | 26 (1.3) | 469 (6.5) 5(0.6) | 470 (11.4) 0.8 (0.03)
Netherlands 43 (3.3) 78 (2.8) | 593(6.4) | 20(2.9) | 605(16.9)] 1(0.4) ~~ 0.7 (0.03)
New Zealand 32 (1.6) 80 (1.1) | 551(6.3) | 18(1.1) | 581 (6.6) 3 (0.5) | 553(15.3) 0.6 (0.02)
Norway 63 (2.7) 74 (2.4) | 592 (7.1) | 23(2.2) |598(10.8)] 3(0.7) | 583(23.8) 0.7 (0.05)
Russian Federation 0(0.1) 61(1.6) | 478(6.0) | 30(1.3) | 488(7.0) | 10(0.8) | 501 (8.0) 1.1 (0.04)
Slovenia 16 (2.8) 85 (2.0) | 528(8.1) | 13(1.9) | 548(8.9) 2 (0.6) ~~ 0.5(0.04)
South Africa r 8 (1.1) 47 (1.6) | 373 (15.5)| 35(1.3) | 367 (12.2)] 18(1.4) | 326(7.3) 1.5(0.05)
Sweden 57 (2.0) 81(1.9) | 599(7.4) | 17 (1.8) | 632(10.1)] 2 (0.5) ~~ 0.6 (0.03)
Switzerland 50 (2.6) 76 (2.3) | 564 (6.6) | 21 (2.3) |564(10.9)] 3(0.9) | 508(29.0) 0.7 (0.04)
United States 47 (1.7) 76 (2.1) | 505(4.3) | 21(2.1) | 517 (5.7) 2 (0.4) ~ ~ 0.7 (0.04)

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

* See Appendix A for characteristics of the students sampled.

1 Percentages based on those students reporting currently taking at least one science course (biology, chemistry, physics, earth science, or other
science).

2 Average hours based on: No time = 0; Less than 1 hour =.5; 1-2 hours =1.5; 3-5 hours = 4; More than 5 hours = 7.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate. An "s" indicates a 50-69% student response rate.
A dash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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Table 4.18

Students’ Reports on How They Spend Their Leisure Time on a Normal School Day*
Mathematics and Science Literacy
Final Year of Secondary School*

Average
Mows.  Mows.  spendng ,JVeiage - Average  Average  ‘iCiig®
Watching Playing Time with urs Doing Hours Hours Reading a
= : Jobs at Working at a Playing
Television or ~ Computer Friends Home Paid Job Sports Book for
Videos Games Outside of Enjoyment
School

Australia 1.8 (0.06) 0.3 (0.03) 1.3 (0.06) 0.8 (0.03) 1.4 (0.09) 1.1 (0.07) 0.6 (0.04)
Austria 1.5 (0.06) 0.2 (0.02) 2.3(0.08) 0.9 (0.05) 0.5 (0.04) 1.0 (0.04) 0.8 (0.02)
Canada 1.6 (0.04) 0.2 (0.01) 2.0 (0.04) 1.4 (0.11) 2.2 (0.06) 1.1(0.03) 0.7 (0.03)
Cyprus 1.6 (0.06) 0.2 (0.04) 1.4 (0.07) 0.7 (0.05) 0.6 (0.11) 0.8 (0.06) 0.4 (0.03)
Czech Republic 2.1(0.07) 0.3(0.03) 2.7(0.14) 1.1 (0.07) 1.2 (0.13) 1.3 (0.06) 0.9 (0.05)
Denmark 1.7 (0.03) 0.3(0.02) 1.9 (0.04) 0.9 (0.06) 1.5(0.08) 1.3 (0.06) 0.5(0.02)
France 1.3 (0.06) 0.2 (0.01) 1.4 (0.06) 0.9 (0.07) 0.6 (0.06) 1.0 (0.04) 0.8 (0.04)

Germany X X X X X X X X X X X X X X
Hungary 2.0 (0.04) 0.4 (0.02) 2.3(0.05) 1.5(0.04) - - 1.2 (0.03) 1.1(0.03)
Iceland 1.6 (0.04) 0.2 (0.01) 2.4 (0.04) 0.9 (0.05) 1.8 (0.07) 1.1 (0.04) 0.6 (0.02)
Italy 1.5(0.04) 0.2 (0.02) 2.3(0.09) 1.0 (0.04) 0.6 (0.08) 0.9 (0.05) 0.7 (0.03)
Lithuania 2.2(0.07) 0.3(0.02) 2.4(0.09) 1.0 (0.03) 0.8 (0.06) 0.9 (0.05) 1.1(0.03)
Netherlands 2.2 (0.07) 0.3(0.02) 2.4 (0.07) 0.8 (0.03) 1.8 (0.08) 1.3 (0.05) 0.6 (0.04)
New Zealand 2.1 (0.08) 0.2 (0.02) 1.5(0.08) 0.9 (0.03) 1.7 (0.07) 1.2 (0.06) 0.7 (0.03)
Norway 1.7 (0.04) 0.2 (0.02) 2.5(0.07) 0.8(0.03) |s 1.8(0.10) 1.2 (0.05) 0.5 (0.02)
Russian Federation 2.5(0.06) 0.4 (0.03) 2.8(0.07) 1.6 (0.06) 0.2 (0.04) 0.9 (0.04) 1.4 (0.05)
Slovenia 1.4(0.07) 0.3(0.03) 1.7 (0.10) 1.1 (0.09) 0.5 (0.06) 1.0 (0.06) 0.6 (0.03)
South Africa 1.2(0.06) |[r 0.2(0.03) 1.1 (0.06) 2.2(0.11) |r 0.9(0.07) 1.3 (0.06) 1.3(0.05)
Sweden 1.6 (0.03) 0.2 (0.02) 1.9 (0.05) 0.9 (0.03) 0.5 (0.04) 1.2 (0.04) 0.6 (0.02)
Switzerland 1.2 (0.05) 0.2 (0.02) 2.3(0.08) 1.1 (0.05) 0.6 (0.06) 1.2 (0.04) 0.6 (0.03)
United States 1.7 (0.05) 0.3(0.01) 2.3 (0.06) 1.1 (0.04) 3.1(0.07) 1.3 (0.05) 0.6 (0.03)

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

i Average hours based on: No time = 0; Less than 1 hour =.5; 1-2 hours =1.5; 3-5 hours = 4; More than 5 hours = 7.
* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate. An "s" indicates a 50-69% student report rate.
An "x" indicates data available for <50% students.
Adash (-) indicates data are not available.
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Table 4.19

Students’ Reports on the Hours Per Day Spent Working at a Paid Job
Mathematics and Science Literacy
Final Year of Secondary School*

Less Than One More Than 5
Hour 1-2 Hours 3-5 Hours Hours

Country

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

Students |Achievement | Students |Achievement | Students |Achievement | Students |Achievement
Australia 68 (2.0) 536 (9.1) 8 (1.1) 532 (8.4) 15(1.4) 516 (11.3) 10(1.3) 487 (10.0)
Austria 86 (1.5) 523 (5.3) 8 (1.3) 534 (16.8) 3(0.4) 504 (13.2) 4 (0.5) 481 (13.2)
Canada 50 (1.3) 535(3.7) 11 (0.9) 549 (6.5) 23(1.2) 517 (5.8) 16 (1.0) 498 (4.4)
Cyprus 88 (1.8) 451 (3.1) 3(0.6) 411 (18.8) 2 (0.8) ~~ 6 (1.6) 408 (11.9)
Czech Republic 72 (2.3) 486 (11.4) 9 (0.7) 481 (9.6) 8 (1.3) 451 (9.9) 10 (1.4) 439 (4.6)
Denmark 59 (1.8) 538 (3.6) 18 (1.2) 536 (4.3) 13 (0.9) 513(6.3) 10 (1.1) 487 (7.8)
France 83 (1.4) 512 (5.0) 10(1.1) 488 (5.7) 4 (0.6) 474 (14.5) 3(0.7) 463 (8.8)
Germany X X X X X X X X X X X X X X X X
Hungary - - - - - - - - - - - - - - - -
Iceland 55 (1.3) 554 (2.5) 18 (0.9) 544 (3.8) 13 (0.9) 528 (6.1) 13 (0.8) 510 (4.7)
Italy 84 (1.6) 483 (5.5) 7 (0.8) 453 (11.4) 4 (0.5) 456 (10.4) 5(1.0) 433 (11.9)
Lithuania 83(1.2) 470 (5.2) 5(0.4) 469 (12.1) 4 (0.5) 456 (13.2) 8 (0.7) 442 (12.6)
Netherlands 60 (1.6) 571 (6.5) 13(1.1) 563 (6.4) 10 (0.9) 542 (6.6) 16 (1.0) 526 (7.0)
New Zealand 53 (1.8) 530 (6.0) 20 (1.6) 536 (7.8) 16 (1.2) 521 (10.3) 11 (0.9) 492 (9.3)
Norway s 61(2.1) 552 (5.0) 12 (1.0) 544 (8.4) 11 (1.1) 517 (6.6) 16 (1.3) 515 (7.0)
Russian Federation 93(1.2) | 480(5.8) 4(0.9) | 473(17.1) 2 (0.3) i 1(0.3) i
Slovenia 89 (1.3) 521 (7.6) 5(0.7) 508 (14.5) 3(0.5) 487 (13.3) 4 (0.7) 444 (11.1)
South Africa r 82(1.5) 366 (11.0) 4 (0.5) 351(16.4) 6 (0.8) 337(10.7) 7 (0.7) 340 (11.9)
Sweden 84 (1.0) 563 (4.2) 8 (0.6) 541 (6.7) 5 (0.5) 511 (9.6) 3(0.3) 497 (16.6)
Switzerland 83 (1.3) 537 (5.8) 9 (0.9) 532 (10.9) 4 (0.6) 505 (12.0) 4(0.7) 463 (14.0)
United States 39 (1.3) 484 (5.0) 7 (0.5) 506 (6.8) 27 (1.1) 474 (4.6) 28 (1.1) 448 (4.3)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r"* indicates a 70-84% student response rate. An "s" indicates a 50-69% student report rate.
An "x" indicates data available for <50% students.
A dash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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Average mathematics and science literacy was highest among students reporting
low to moderate amount of time daily (two hours or less) working at a paid job. In
almost every country, average mathematics and science literacy was lowest amon
those who reported working for more than five hours each day. This could refle
the fact that students workimgany hours have less time available for homework, but
since mathematics and sciefliteracy as assessed by TIMSS is probably acquired

over many years, it also may be that less academically inclined students are cho

ing to place less emphasis on their studies in favor of an early start in the workplace.

Although final-year students seem to watch television less than do younger studen
it still absorbs a significant part of their leisure time (Table 4.20). In many countries
about one-third of students reported watching television for less than one hour eg
day, and about two-thirds reported between one and five hours. Only in South Afric
and Switzerland did a majority of students report watching television for less than
one hour each day. In almost every country, there was a negative relationship betw
achievement in mathematics and science literacy and the amount of time spent watc
television, with average achievement being highest among those who reported watc
television for less than one hour each day. One notable exception to this patter

South Africa, where students watching one to five hours of television per day had

the highest average literacy achievement. This may reflect the generally highg
socio-economic level of students able to watch television, since 57% of the stude
in South Africa reported watching very little television. Although only about 5% of

final-year students in each country reported watching television for more than five

hours each day, these were also the students with the lowest average mathemat
and science literacy.
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Table 4.20

Students’ Reports on the Hours Per Day Spent Watching Television or Videos
Mathematics and Science Literacy
Final Year of Secondary School*

Less Than One 1-2 Hours 3-5 Hours More Than 5
Hour Hours

Country

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

Students |Achievement | Students |Achievement | Students |Achievement | Students |Achievement
Australia 34 (2.1) 532 (11.0) 44 (2.2) 530 (8.9) 17 (1.5) 527 (7.3) 5 (0.6) 476 (10.5)
Austria 37 (2.2) 532 (8.2) 47 (1.8) 518 (5.0) 14 (1.0) 507 (6.8) 2 (0.4) ~~
Canada 38(1.1) 531(3.3) 44 (1.4) 528(3.7) 15 (1.3) 512 (5.7) 3 (0.5) 502 (12.2)
Cyprus 38(1.9) 451 (5.5) 43 (2.3) 447 (4.2) 16 (1.6) 434 (6.7) 2 (0.7) ~ ~
Czech Republic 21 (2.3) 512 (11.1) 51 (2.7) 479 (10.6) 22 (1.6) 450 (11.6) 5 (1.0) 429 (5.9)
Denmark 32 (1.4) 541 (4.4) 51 (1.3) 526 (3.5) 15(1.1) 519 (5.9) 2 (0.3) ~ ~
France 49 (2.1) 512 (5.0) 41 (1.7) 503 (6.6) 8 (0.8) 491 (9.4) 2 (0.4) ~ ~
Germany X X X X X X X X X X X X X X X X
Hungary 31(0.9) 505 (4.4) 44 (0.9) 475 (3.4) 19 (0.7) 451 (4.3) 6 (0.5) 426 (5.0)
Iceland 38(1.1) 555 (4.0) 47 (1.4) 536 (2.9) 14 (1.0) 528 (4.3) 2 (0.3) ~ ~
Italy 36 (1.4) 477 (6.8) 50 (1.6) 477 (6.3) 12 (0.9) 473 (6.9) 2 (0.4) ~ ~
Lithuania 21 (1.0) 473 (6.5) 50 (1.3) 469 (5.3) 24 (1.3) 459 (7.5) 6 (0.7) 439 (12.5)
Netherlands 19 (1.4) 569 (10.4)| 49 (1.6) 567 (5.0) 27 (1.7) 547 (5.9) 4 (0.7) 503 (14.0)
New Zealand 28 (1.4) 537 (6.1) 45 (1.6) 527 (4.9) 20 (1.4) 511 (9.7) 7(1.4) 506 (12.5)
Norway 32(1.5) 549 (5.0) 50 (1.2) 540 (4.5) 16 (1.0) 505 (5.3) 2 (0.4) ~ ~
Russian Federation 15(1.2) 490 (8.9) 46 (1.4) 482 (6.4) 31(1.4) 469 (6.5) 7 (0.8) 451 (8.9)
Slovenia 44 (2.6) 520 (9.2) 44 (2.3) 520 (8.2) 10 (1.1) 486 (14.4) 3(0.6) 484 (19.0)
South Africa 57 (2.3) 345 (8.9) 29 (2.0) 377 (12.4) 11 (1.1) 389 (17.3) 3(0.5) 342 (15.5)
Sweden 33(1.1) 576 (5.3) 51 (1.0) 554 (4.5) 15 (0.7) 526 (7.2) 1(0.2) ~ ~
Switzerland 55 (2.1) 545 (4.8) 36 (1.7) 521 (7.8) 8 (0.9) 505 (9.3) 2 (0.4) ~~
United States 40 (1.5) 483 (4.2) 39 (1.1) 473 (4.1) 15 (0.9) 458 (4.5) 5 (0.4) 424 (7.9)

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "X" indicates data available for <50% students.
Atilde (~) indicates insufficient data to report achievement.



WHAT ARE STUDENTS” NEGATIVE SCHOOL EXPERIENCES?

Although it is reasonable to expect schools to provide a secure and supportiv
environment in which students can devote their full attention to their studies, for
some students school can be a threatening or worrisome place. Students’ reports

how often they had negative experiences during their last month in school before the
TIMSS testing are summarized in Table 4.21. In almost all countries, more than 80%
of final-year students reported never having something stolen. However, more than

one-fifth of the students in New Zealand, South Africa, and the United States report
having something stolen at least once during that month.

Similarly, students reported that threats from another student are not common in upper

secondary schools around the world. In almost all countries, more than 80% ¢

[42)
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final-year students reported that they were never threatened by another student. The

exception was South Africa, where about one-fourth of the students reported beir,
threatened at least once during the past month.
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Table 4.21

Students’ Reports on How Often They Had Negative Experiences During the
Past Month in School — Mathematics and Science Literacy
Final Year of Secondary School*

Percent of Students

Had Something Stolen Was Threatened by Another Student

Country

Australia 83 (1.4) 16 (1.2) 2 (0.4) 92 (0.8) 6 (0.7) 2 (0.6)
Austria 91 (1.2) 8 (1.0) 1(0.3) 96 (0.5) 3(0.4) 1(0.3)
Canada 85 (1.0) 14 (1.0) 1(0.3) 94 (0.6) 5 (0.6) 1(0.2)
Cyprus 86 (1.9) 13(1.8) 1(0.5) 87 (1.8) 10 (1.7) 2 (0.6)
Czech Republic 82 (1.4) 16 (1.1) 2 (0.5) 93 (1.5) 5(1.2) 2 (0.5)
Denmark 94 (0.9) 5(0.8) 1(0.3) 87 (1.0) 10 (0.8) 3(0.6)
France - - - - - - - - - - - -

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

Hungary 83 (0.8) 15 (0.7) 2 (0.3) - - - - - -

Iceland 97 (0.4) 3(0.4) 0 (0.1) 98 (0.3) 1(0.1) 1(0.3)
Italy 87 (1.1) 11 (0.9) 2 (0.5) 97 (0.5) 2 (0.5) 1(0.3)
Lithuania 94 (0.5) 5(0.4) 1(0.2) 93 (0.7) 5 (0.6) 2 (0.3)
Netherlands - - - - - - - - - - - -

New Zealand 78 (1.6) 20 (1.5) 2 (0.3) 92 (0.8) 7 (0.8) 1(0.3)
Norway 92 (0.7) 8 (0.7) 0 (0.1) 97 (0.5) 3(0.4) 1(0.2)
Russian Federation 94 (0.8) 6 (0.7) 1(0.2) 94 (0.6) 5 (0.6) 1(0.2)
Slovenia 94 (1.0) 6 (0.9) 0(0.2) 93 (1.0) 5(0.7) 2 (0.4)
South Africa 62 (2.4) 29 (1.7) 8 (1.1) 77 (1.4) 18 (1.1) 6 (0.7)
Sweden 97 (0.3) 3(0.3) 0(0.1) 99 (0.2) 1(0.2) 0(0.1)
Switzerland 92 (0.8) 8 (0.8) 0(0.2) 98 (0.4) 1(0.3) 0(0.2)
United States 76 (0.9) 21 (0.9) 3(0.3) 89 (0.8) 8 (0.7) 2 (0.3)

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "x" indicates data available for <50% students.
Adash (-) indicates data are not available.
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Chapters 5 to 7 present the results for the advanced mathematics test given in

participating countries to the final-year students who had taken advanced mathemg
courses. The definition of advanced mathematics courses was left to each coun
and it varied (see Appendix A). However, as a point of reference, the studen
involved had generally taken calculus, trigonometry, higher levels of algebra o
geometry, or other advanced mathematics courses. The test questions cove

primarily the content areas of equations and functions, calculus, and geometry.

Students were permitted to use a calculator if they wished (see Chapter 7 for
student reports on calculator use).

Chapter 5 summarizes achievement on the TIMSS advanced mathematics teg
overall and by gender. Different percentages of students had taken advance
mathematics courses across the participating countries, and coverage of the en
school-leaving population varied by country, as discussed in the introduction. W
therefore also examine achievement in advanced mathematics in relation to tf
percentages of students in the school-leaving age cohort covered by the sampls
each country, and provide performance estimates for the top 10% and top 5% @
the entire school-leaving age cohort.

How DoEes PERFORMANCE COMPARE FOR THE STUDENTS TESTED IN
ADVANCED MATHEMATICS?

Table 5.1 presents the mean achievement in advanced mathematics for 16 count
participating in this portion of the testing for students in the final year of secondary
school! Countries with triangles pointing up next to their mean achievement
performed significantly above the international average: France, the Russiar
Federation, Switzerland, Cyprus, Lithuania, and Denmark. Countries with triangle

pointing down had mean achievement significantly below the international average:

the Czech Republic, Germany, Austria, and the United States.

The upper part of the table shows, in decreasing order of mean achievement, th
10 countries that were judged to have met the TIMSS requirements for testing
representative sample of the students having taken advanced mathematics,
accordance with their national definitions. While some countries had more succes
in locating these advanced students and encouraging them to participate in t
testing than they had for the entire school-leaving population, others encounterg
resistance from schools and students and failed to reach the overall participatio
rates of 75% or higher (for schools and students combined) specified in the TIMS
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! The achievement results for advanced mathematics were derived from all of the advanced mathematics
items scaled together. Chapter 6 contains scaled results for the three major content areas within advanced
mathematics. For more detailed information about the scaling methods used, see the “IRT Scaling and Data
Analysis” secfion of Appendix B.

5



CHAPTER 5

Distributions of Advanced Mathematics Achievement for Students Having Taken
Advanced Mathematics
Final Year of Secondary School*

'96-G66T ‘(SSINILL) ApmS 22UaI0S pue solewayiepy [euoieuIalul piIyL vl :304N0S

Country Mean MTCI © A\féaelge Advanced Mathematics Scale Score
France 4 557(3.9) 20% 18.2 l‘ I ‘l : 1

? Russian Federation | a 542(9.2) 2% 16.9 L : I ‘ I : 1
Switzerland Ao 533(5.0) 14% 195 ‘ I -‘ l‘ ]

2 Cyprus A 518(4.3) 9% 17.7 [ ‘ ‘ T : I ‘

! Lithuania A 516(2.6) 3% 17.9 C 1 | I— — -

" Greece . 513(6.0) 10% | 177 [ ; ;- ; I ; ; 1
Sweden e 512(4.4) 16% 18.9 [ ‘ ‘l ‘ I ‘ ‘l
Canada e 509 (4.3) 16% 18.5 I ‘ I ‘ ‘ 1
Czech Republic v 469 (11.2) 11% 18.1 [ ‘ _ I ‘ ‘ ]

" Germany v 465 (5.6) 26% 19.2  — — | I 1 ‘

Countries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix B for Details)

Australia . 525(11.6)| 16% | 17.8 ‘ ‘ T ﬂ L 1

2 Austria v 436 (7.2) 33% 19.1 L — # —1

! ltaly o 474(9.6) 14% 19.1 — — T ‘ —

United States v 442 (5.9) 14% 18.0 : —1_ i : u

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

Denmark s 522(3.4) 21% | 19.2 P = e —
Slovenia o 475(9.2) 75% 18.9 C— T —
200 250 300 350 400 450 500 550 600 650 700 750 800
I Percentiles of Performance |
5th 25th 75th 95th International Average = 501
I i || i i (Average of All Country Means)
—

Mean and Confidence Interval (+2SE)

A = Country mean significantly higher than international mean

v = Country mean significantly lower than international mean

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

* See Appendix A for characteristics of students sampled.

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

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Multiple Comparisons of Advanced Mathematics Achievement for Students Having
Taken Advanced Mathematics - Final Year of Secondary School*

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

c
RS
© %)
5 s |g
Country 3o 3 L
o o
L3 x © o > 2
cl= |23 -2 c | |8 x |20 ®»
g8 o 8|88 8|88 |8 |5 c 8 5|8
Sl | N | 5|82 S|g|8 & |¢ c | E | Q|5
T %) = %) < Q| & ) (<5 c 3 > | O = = %]
SIS 2|3 |90 | >=|=|2| 8| | T|N|O|lL& |3
L x| | x| QO30 h|0|n|= 0|0 |2 <
France ° A | o A | A | A| A| A | A | A| A| A| A| A a
Russian Federation ° o | o | o | o | o o A | A| A | A| A| A | A a
Switzerland vV | o o | o ° A | o A | A | A | A| A| A | A A
Australia ° ° ° ° ° ° ° ° ° A A A A A A
Denmark v ° ° ° ° ° ° ° ° A A A A A A "
o
Cyprus v ° [ ] [ ] [ ] [ ] [ ] [ ] [ ] A A A A A A é
Lithuania v ° v . ° ° ° ° ° A A A A A A|T
Z
Greece | Y| | o | o | o | o | o o o | A | A | A| A| a| 4|t
Sweden v v v ° ° ° ° ° ° A A A A A A %
3
Canada | Y| Y| Y |[©® | e [ e o o o A | A | A| A| A| A|F
3
Slovenia v v v v v v v v v v ° ° ° A A2
®
[ta[y v v v v v v v v v v ° ° ° ° A 2
@
Czech Republic VI V| V| V| V|V V| V| V|V e e o | o | o |3
[}
Germany | Y| Y| Y| Y | Y| Y VY |V V| V| e o o o | A i
=
United States | Y v v v v v v v v v vV | e ° ° o &
©
H ©
Austria v v v v v v v v v v v v ° v ° g

Countries are ordered by mean achievement across the heading and down the rows.

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

* See Appendix A for characteristics of the students sampled.
i Statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).
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guidelines (i.e., Australia, Austria, Italy, and the United States). Denmark and Slovenia
also had some difficulties in implementing the prescribed sampling methods. Because
clear sampling documentation was not available for Israel, Appendix D contains its
unweighted results. Appendix B provides detailed information about the sampling
for the advanced mathematics test in each country.

As explained in the Introduction, the Mathematics TIMSS Coverage Index (MTCI)
reflects the percentage of the entire school-leaving age cohort covered by the student
samples for the advanced mathematics testing. The MTCI shows the differing levels
of overall sample coverage of this cohort in each country, including omissions of
students who have left the educational system (e.g., by dropping out) and sampling
exclusions in the three countries so footnoted (the Russian Federation, Cyprus, and
Austria). In addition, the MTCI reflects the fact that a relatively small subset of the
final-year students in each country have taken the advanced mathematics courses
necessary to participate in this portion of the testing, and that the percentage of these
students also varies across countries. In general, most participating countries tested
20% or fewer of their school-leaving age cohort in advanced mathematics. Countries
with a MTCI below 10% were the Russian Federation (2%), Cyprus (9%), and
Lithuania (3%). Countries with a MTCI above 30% were Slovenia (75%) and
Austria (33%).

The average age of students gives some idea of the years of formal schooling in the
participating countries. Students of similar age, however, have not necessarily had
the same number of years of formal schooling, because of different policies regard-
ing the age for starting school and for retention. Further, the students in the TIMSS
countries have not studied the same curriculum. The reader is encouraged to consult
Appendix A, which provides further detail about the students included in the advanced
mathematics testing.

The results in Table 5.1, especially the visual representations of the performance
distributions within each country, suggest some similarity in average performance
among many of the countries, although there is variation from the top- to the bottom-
performing ones. In contrast to the overlapping performance across a number of the
countries in their mean achievement (shown by the dark boxes at the distribution
midpoints representing the 95% confidence intervals around the means), the range
in within-country performance usually was substantial (shown by the 5th and 95th
percentiles, representing the extremes of lower and higher achievément).

Figure 5.1 provides a method for comparing countries in terms of mean achievement
in advanced mathematics. It shows whether or not the differences in mean achievement
between pairs of countries are statistically signifiéselecting 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.

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

® The significance tests in Figure 5.1 are based on a Bonferroni procedure for multiple comparisons that holds
to 5% the probability of erroneously declaring the mean of one country to be different from that of another country.
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The figure shows that there were essentially two groupings of countries by average
performance. The top group, led by France, also included the Russian Federation,
Switzerland, Australia, Denmark, Cyprus, Lithuania, Greece, Sweden, and Canada.
Among these countries, the Russian Federation (2%) and Lithuania (3%) tested a

rather small percentage of their school-leaving age cohort in advanced mathemal
and Australia and Denmark did not meet the TIMSS sampling guidelines. The secd
group of countries included Slovenia, Italy, the Czech Republic, Germany, the Unit
States, and Austria. Here it should be noted that Slovenia tested three-fourths of

school-leaving age cohort, and Austria (33%) also had a comparatively higher MTC

than the other participants, as did Germany (26%).
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CHAPTER 5

How Doks PERFORMANCE IN ADVANCED MATHEMATICS COMPARE,
TAKING DIFFERENCES IN POPULATION COVERAGE INTO ACCOUNT?

Figure 5.2 shows the relationship between average performance and thé MTCI.
The figure reveals that the two countries testing the highest percentages of their
school-leaving age cohort (Slovenia and Austria) had lower than average performance
in advanced mathematics, but then so did some countries testing smaller percentages
of this cohort. Among those countries that performed above the international average,
many are clustered in the upper left corner of the graph. However, the MTCI for
these countries varied from 2% (the Russian Federation) to 21% (Denmark), and
there appears to be little relationship between the MTCI and performance. For example,
France, with the highest performance, also had one of the higher coverage indices,
testing 20% of its entire school-leaving age cohort in advanced mathematics.

Table 5.2 provides a way of comparing performance in advanced mathematics for
the top 10% of the school-leaving age cohort. For the 12 countries where the
students tested in advanced mathematics covered more than 10% of the school-
leaving age cohort, TIMSS computed the 90th percentile of performance. The 90th
percentile is the point on the advanced mathematics scale that divides the higher-
performing 10% of the students from the lower-performing 90%. It is used in this
table because it can be reliably estimated even when scores from some members of
the population are not available (that is, all of the students in the school-leaving age
cohort that were not tested in advanced mathematics, including those not attending
school). To compute the 90th percentile, TIMSS assumed that those students not
tested in advanced mathematics would have scored below the 90th percentile, primarily
because they had not taken courses in advanced mathematics. These percentages of
students were added to the lower tail of the performance distribution before calculating
the 90th percentile using the modified distribution. After calculating the 90th
percentile, TIMSS then computed the mean achievement of the top 10% of the
students. Because the students tested in Greece only covered 10% of the school-
leaving age cohort, the data reflect the mean performance of all the students tested.

Figure 5.3 provides the country comparison information for the mean performance
of the top 10% of the students in the school-leaving age cohort. Selecting a country
of interest and reading across the table, a triangle pointing up indicates significantly
higher performance than the country listed across the top, a dot indicates no significant
difference, and a triangle pointing down indicates significantly lower performance.
As shown in the figure, Slovenia and France had significantly higher performance
in advanced mathematics for the top 10% of their students than other participating
countries. In particular, this analysis offers an interesting view of performance for
Slovenia, the country that educates three-fourths of its entire school-leaving age
cohort in advanced mathematics. Even though Slovenia had difficulties in imple-
menting the sampling guidelines, the results suggest high performance for the top
end of the distribution. Similarly, France followed all of the sampling guidelines

“ The relationship between advanced mathematics achievement and the MTCI has a correlation coefficient of — 0.37.
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Figure 5.2

Mean Advanced Mathematics Achievement by TIMSS Coverage Index for Students Having
Taken Advanced Mathematics
Final Year of Secondary School*

International

> Mean

SOURCE: IEAThird International
Mathematics and Science
Study (TIMSS), 1995-96.
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* See Appendix A for characteristics of students sampled.

100

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

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).
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Advanced Mathematics Achievement for the Top 10 Percent® of All Students in
the School-Leaving Age Cohort*

Mean
Achievement of
Country 90 ™ Percentile bz @ 0w Mathematics TCI
Students
(Above 90 "
Percentile)
France 558 (5.5) 612 (2.3) 20%
Switzerland 483 (7.6) 575(3.9) 14%
Canada 473 (3.9) 567 (4.0) 16%
Sweden 487 (6.0) 564 (3.2) 16%
" Germany 489 (5.5) 550 (2.4) 26%
" Greece - - 513 (6.0) 10%
Czech Republic 343(11.3) 485 (9.9) 11%
Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 496 (11.6) 589 (5.9) 16%
2 Austria 487 (3.8) 537 (4.1) 33%
! ltaly 432(7.7) 520 (7.0) 14%
United States 383 (6.8) 485 (6.1) 14%
Countries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 526 (7.0) 582 (2.4) 21%
Slovenia 577 (8.3) 629 (6.0) 75%
International Average 478 (2.0) 554 (1.5)

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

©@To compute the 90t percentile, TIMSS assumed that the students in the school-leaving age cohort not tested would have scored below
the 90t percentile and added them to the lower tail of the distribution.

* See Appendix A for characteristics of students sampled.

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

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

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

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

Adash (-) indicates data are not available. Because the students tested in Greece covered 10% of the school-leaving age cohort, the
90t percentile could not be estimated with precision.

Less than 10% of the students in the Russian Federation, Lithuania, and Cyprus took the advanced mathematics test.
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Multiple Comparisons of Advanced Mathematics Achievement of the Top 10 Percent®
of All Students in the School-Leaving Age Cohort*

Instructions: Read across the row for a country to compare performance with the countries listed in the heading of the chart. The symbols
indicate whether the mean achievement of the country in the row is significantly lower than that of the comparison country, significantly higher
than that of the comparison country, or if there is no statistically significant difference between the two countries."
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(0]
2 S E I © c 2 © o ) r
c () T (0] ]
@ 5] 8 g e ] S c = 8 3 S
= = ] I = c 4] = ] > o = )
2 o 3 9] = 5] = (o] 3 ] p S N
0 L < Q n O (] QO < = O] =) O
Slovenia ° A A A A A A A A A A A
France ° A A A A A A A A A A A
Australia v \ ° ° A A A A A A A A
Denmark v v ° ° A A A A A A A A
]
Switzerland v v ° o o ° A A A A A A |2
i
Canada v v v v . . A A A A A A | T
Z
2
Sweden v v v v o o A A A A A A |32
5
Germany v v v v v v v . A A A A |2
=
8
[}
Austria v v v v v v v . . A A A ]
Italy v v v v v v v v ° ° A A o
g
Greece v v v v v v v v v . A o §
3
United States v v v v v v v v v v v ° z
n
2
Czech Republic v v v v v v v v v v ° ° 5
o

Countries are ordered by mean achievement across the heading and down the rows.

significantly higher than difference from comparison significantly lower than

El Mean achievement No statistically significant El Mean achievement
comparison country country comparison country

@10 compute the 90" percentile, TIMSS assumed that the students in the school-leaving age cohort not tested would have scored below the 90"
percentile and added them to the lower tail of the distribution.

* See Appendix A for characteristics of students sampled.

* Statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).
Less than 10% of the students in the Russian Federation, Lithuania, and Cyprus took the advanced mathematics test.
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and also has a relatively high MTCI (20%). It appears that having higher percentages
of students enrolled in advanced mathematics courses need not have a negative
impact on the performance of the top students in that group.

Australia, Denmark, and Switzerland performed similarly to each other, and Australia
and Denmark performed better than all of the other patrticipating countries except
Slovenia and France. However, Australia and Denmark had some difficulties in
achieving high participation rates. Canada and Sweden performed about the same
as Switzerland. The top 10% of the school-leaving age cohort in Germany and
Austria performed similarly, but below Canada, Sweden, and Switzerland. For
Germany and Austria, which had comparatively large coverage indices, this represents
an improvement in relative position from the results presented in Figure 5.1 for the
full samples of final-year advanced mathematics students. The students in Italy
performed about the same as those in Austria, and in turn, the students in Greece
performedabout the same as those in Italy. The United States and the Czech Republic
performed below the other countries; however, a large sampling error in the Czech
Republic resulted in no significant difference between its performance and that of Greece.
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Table 5.3 and Figure 5.4 present the corresponding information for the 14 countr
where the students tested in advanced mathematics covered 5% of the schog
leaving age cohort (all except the Russian Federation and Lithuania). Figure 5
reveals that performance rankings by mean achievement of the top 5% of the stude|
tended to be similar, but not identical, to those found for the top débest-
ingly, from the top-performing countries on down through the list of participants,
the differences from one country to the next were often quite negligible. For the top
5%, Slovenia, France, and Australia had the best performance, with Switzerlan
performing at a level similar to that of France and Australia. Next, Canada an
Denmark performed similarly to Switzerland, and in turn, Sweden performed
similarly to Canada and Denmark. Greece had the next highest level of performanct
followed by Germany and Cyprus, who performed similarly to Greece, and then by
Austria, Italy, and the Czech Republic, who all performed similarly to Germany and
Cyprus as well as to each other. The United States had significantly lower mea
achievement than the other participating countries except Italy and the Czech Repul

Despite the small difference from one country to the next, however, spanning acr
all the participating TIMSS countries, the performance difference from the top
performing to the bottom-performing countries was substantial (approximately 10
points, or one standard deviation on the TIMSS advanced mathematics scale). |
also interesting to note that the mean achievement internationally for the top 109
the advanced mathematics students was 554, which increased to 601 for the top
For the lower-performing countries, mean achievement in advanced mathemati
for the top 5% of the final-year students more closely resembled the international
mean at the 10% level.
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Advanced Mathematics Achievement for the Top 5 Percent® of All Students in the
School-Leaving Age Cohort*

Mean
Achievement of
Country 95 " Percentile A 1D 20 31 Mathematics TCI
Students
(Above 95
Percentile)

France 603 (6.3) 645 (3.0) 20%

Switzerland 559 (7.1) 629 (4.7) 14%

Canada 554 (4.0) 620 (4.0) 16%

Sweden 553 (5.1) 608 (4.0) 16%
' Greece 521(6.7) 592 (4.2) 10%
* Germany 540 (5.9) 586 (2.6) 26%
2 Cyprus 508 (7.5) 577 (3.9) 9%

Czech Republic 466 (15.5) 558 (10.8) 11%
Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)

Australia 576 (12.0) 643 (6.0) 16%
2 Austria 527 (7.0) 570 (5.2) 33%
! Italy 507 (9.1) 569 (8.3) 14%

United States 470 (7.4) 543 (3.7) 14%
Countries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)

Denmark 574 (7.3) 616 (3.3) 21%

Slovenia 618 (8.6) 664 (6.5) 75%

International Average 541(2.2) 601 (1.5)

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

@10 compute the 95t percentile, TIMSS assumed that the students in the school-leaving age cohort not tested would have scored below
the 95t percentile and added them to the lower tail of the distribution.

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Less than 5% of the students in the Russian Federation and Lithuania took the advanced mathematics test.
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Multiple Comparisons of Advanced Mathematics Achievement of the Top 5 Percent®
of All Students in the School-Leaving Age Cohort*

Instructions: Read across the row for a country to compare performance with the countries listed in the heading of the chart. The symbols
indicate whether the mean achievement of the country in the row is significantly lower than that of the comparison country, significantly higher
than that of the comparison country, or if there is no statistically significant difference between the two countries."
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E
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24

Countries are ordered by mean achievement across the heading and down the rows.

Mean achievement No statistically significant Mean achievement
El significantly higher than D difference from comparison El significantly lower than
comparison country country comparison country

@To compute the 95th percentile, TIMSS assumed that the students in the school-leaving age cohort not tested would have scored below
the 95th percentile and added them to the lower tail of the distribution.

* See Appendix A for characteristics of students sampled.

i Statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).
Less than 5% of the students in the Russian Federation and Lithuania took the advanced mathematics test.

5



CHAPTER 5

How DoEes PERFORMANCE IN ADVANCED MATHEMATICS COMPARE BY
GENDER?

Table 5.4 presents the differences in achievement by gender. The table shows mean
achievement in advanced mathematics separately for males and females for each
country, as well as the difference between the means. The graphic representation of
the gender difference, shown by the bar for each country, shows that the direction of
the difference favored males in every country, and that the difference usually was
statistically significant (indicated by a darkened bar). The gender differences were
not statistically significant in Greece, Cyprus, Australia, Italy, and Slovenia. Especially
large gender differences in relation to the international average difference of 37
scale-score points were found in the Czech Republic and Austria (80 points or more).

Table 5.4 also shows, by gender, the percentages of upper secondary school students
who have taken advanced mathematics courses. The results reveal that many more
(at least 20%) males than females have taken advanced mathematics in Greece,
Cyprus, Sweden, France, Italy, and Denmark. More males than females have also
taken advanced mathematics in several other countries, although the differences are
not as large (Australia 10%, Switzerland 8%, and Canada 6%). The percentages are
nearly identical in Lithuania, the Russian Federation, the United States, and Slovenia.
In contrast, more females than males have taken advanced mathematics courses in
three of the participating countries — Germany (14%), the Czech Republic (18%),
and Austria (24%).

The TIMSS data on gender differences in taking advanced mathematics courses raise
several serious questions. For example, why do so many more males than females
take advanced mathematics in some countries? Even when females have taken
advanced mathematics, why is their achievement significantly lower than that of
males? The question of why males have higher achievement than females even when
they have taken the same mathematics courses has been investigated to some extent,
with one finding being that teachers seem to provide more encouragement to males.
For example, teachers tend to call on male students more frequently and praise them
more for their responses. The TIMSS data suggest that, internationally, we need more
encouragement for females to take advanced mathematics courses in some countries,
and more support for them in all countries once they are taking these courses.

> Fennema, E. and leder, G.C. (Eds.). [1990). Mathematics and Gender. New York: Teachers College Press.
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Gender Differences in Advanced Mathematics Achievement for Students Having Taken
Advanced Mathematics
Final Year of Secondary School*

Females .
Country Difference MTCI Gender Difference
Percent of Mean Percent of Mean
Students Achievement Students Achievement
: Greece 69 (2.1) | 516(6.6) | 31(2.1) | 505(10.2)| 11 (12.1)| 10% Fomales - Vales
Cyprus 61(1.6) | 524(4.4) | 39(1.6) | 509(6.4) | 15(7.8) 9% Score ] Score
Sweden 69 (3.4) | 519(5.9) | 31(3.4) | 496(5.2) | 23(7.9) | 16% Higher Higher
France 63(2.0) | 567(5.1) | 37(2.0) | 543(5.1) | 23(7.2) 20%
* Germany 43(2.4) | 484(6.5) | 57 (2.4) | 452(6.6) | 32(9.2) | 26%
Canada 53 (1.6) | 528(6.4) | 47 (1.6) | 489(4.4) | 39(7.7) | 16%
! Lithuania 51(1.9) | 542(3.7) | 49(1.9) | 490(5.6) | 51(6.7) 3%
2 Russian Federation| 52 (2.4) | 568(9.7) | 48 (2.4) | 515(10.2)| 53(14.1) 2%
Switzerland 54 (2.4) | 559 (5.6) | 46 (2.4) | 503(5.7) | 56 (8.0) 14%

Czech Republic 41 (2.5) | 524(13.0)| 59 (2.5) | 432(8.9) 92 (15.7) | 11%
|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)

Australia 55(5.5) | 531(11.4)| 45(5.5) | 517(15.1)| 14 (18.9)| 16%
2 Austria 38 (4.1) | 486(7.3) 62 (4.1) | 406 (8.6) 80 (11.2) | 33%
! ltaly 61 (3.8) | 484(10.6)| 39(3.8) | 460(14.1)| 24 (17.7)| 14%
United States 51(2.6) | 457 (7.8) 49 (2.6) | 426(7.1) 31(10.5) | 14%
|Countries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 63 (1.8) | 529 (4.4) 37(1.8) | 510(4.6) 19 (6.3) 21% ;
Slovenia 50 (4.2) | 484(11.5)| 50 (4.2) | 464 (11.0)| 20 (15.9)| 75%
120 80 40 0 40 80 120
International Averages
Males Females Difference - Gender difference statistically significant at .05 level.
519 482 37 D Gender difference not statistically significant.

(Averages of All Country Means)

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

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some differences may appear inconsistent.
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How WELL DID STUDENTS HAVING TAKEN ADVANCED MATHEMATICS
PERFORM IN MATHEMATICS AND SCIENCE LITERACY?

Table 5.5 contains the results on the mathematics and science literacy portion of the
testing for students who had taken advanced mathematics. Because the students tested
in literacy represented all students in their final year of secondary school, students
who had taken advanced mathematics courses were necessarily included as part of the
overall population. In 13 of the countries that participated in the literacy testing, it was
possible to identify the students eligible for participation in the advanced mathematics
testing and compute their literacy achieventent.

The results show that in every country students having taken advanced mathematics
courses outperformed the overall population of final-year students in mathematics and
science literacy. Interestingly, across the participating countries, the average difference
was 70 points on the combined mathematics and science literacy test and also 70
points for the mathematics portion of the literacy test. Particularly large differences
(more than 100 points, or a standard deviation on the literacy scales) were found in
the Czech Republic and Sweden for both the composite mathematics and science
literacy scale and the mathematics literacy scale. Understandably, the smallest
differences were found in Slovenia, where a large percentage of the final-year student
population has taken advanced mathematics.

© In addition, some students who had taken both advanced mathematics and physics courses were tested on
part of the mathematics and science literacy test. Thus, it was also possible to esfimate mathematics literacy,
science literacy, and a composite mathematics and science literacy score for these students.
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Comparison Between All Students in Their Final Year of Secondary School and
Final-Year Students Having Taken Advanced Mathematics in Mathematics and
Science Literacy

Mean Achievement

Mathematics and Science
Literacy

Mathematics Literacy

Country Overall Mathematics
TCI TClI
Canada 526 (2.6) 587 (3.7) 519 (2.8) 588 (3.3) 70% 16%
2 Cyprus 447 (2.5) 521 (6.1) 446 (2.5) 516 (6.5) 48% 9%
Czech Republic 476 (10.5) 582 (7.2) 466 (12.3) 573(7.8) 78% 11%
France 505 (4.9) 572 (5.0) 523(5.1) 592 (5.6) 84% 20%
" Germany 496 (5.4) 565 (4.1) 495 (5.9) 562 (4.4) 75% 26%
Sweden 555 (4.3) 664 (3.7) 552 (4.3) 661 (3.8) 71% 16%
Switzerland 531(5.4) 618 (4.2) 540 (5.8) 619 (4.5) 82% 14%
|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 525 (9.5) 604 (8.1) 522 (9.3) 606 (7.6) 68% 16%
? Austria 519 (5.4) 567 (5.9) 518 (5.3) 564 (6.1) 76% 33%
! ltaly 475 (5.3) 521 (9.5) 476 (5.5) 519 (10.4) 52% 14%
United States 471 (3.1) 554 (5.2) 461 (3.2) 551(5.1) 63% 14%
|Countries With Unapproved Sampling Procedures and Low Patrticipation Rates (See Appendix B for Details)
Denmark 528 (3.2) 594 (2.9) 547 (3.3) 613 (3.0) 58% 21%
Slovenia 514 (8.2) 531 (7.1) 512 (8.3) 530 (6.7) 88% 75%
International Average 505 (1.6) 575 (1.6) 506 (1.7) 576 (1.7)

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

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

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

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

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

The procedures used by Lithuania, the Russian Federation, and Denmark do not permit estimating literacy achievement for students taking
advanced mathematics. Greece did not test the population of all students in their final year of secondary school.






Chapter 6

CHAPTER

ACHIEVEMENT IN ADVANCED MATHEMATICS
CONTENT AREAS

Recognizing that important curricular differences exist between and withintries

is an important aspect of IEA studies, and TIMSS sought to measure achievem¢
in different areas of advanced mathematics, which would be useful in relating achie
ment tocurriculum. After much deliberation, the advanced mathematics test was
designed to enable reporting by three content arelhsse three content areas are:

* Numbers, equations, and functions
* Calculus
» Geometry

The advanced mathematics test also included several items dealing with probabil
and statistics and several in the area of validation and structure. The results f¢
these items were included in the scaling of the overall results, but there were to
few items in these two categories to develop separate sulbistheektter part of

this chapter contains further information about the types of items within the advance
mathematics test, including six example items and the percentage of correct
responses on those items for each of the participating TIMSS countries.

How DoEes PERFORMANCE COMPARE ACROSS CONTENT AREAS?

As discussed in Chapter 5, there were differences in achievement among the par
pating countries on the TIMSS advanced mathematics test. Given that the test \
designed to include items from different curricular areas, it is important to examin
whether the participating countries have particular strengths and weaknesses in t
achievement in these areas.

Table 6.1 provides the subscale scores for the three major content areas in
advanced mathematics test. As indicated, the international averages for each of t
subscales were arbitrarily set to be S®fowever, within those constraints the
performance of each country was allowed to vary above or below the mean. Som
times countries that did well on the overall advanced mathematics test generally

2Nt
ve-

ity
D

ad

tici-
vas

D

heir

did well in the three content areas for which there are separate results, and those that

did poorly overall also tended to do so in each of the content areas. For exampl
the French students who performed above the international average overall als

e,
D

! See the "Test Development” section of Appendix B for more information about the process used to develop

the TIMSS tests. Appendix C provides an analysis of the match between the test and curriculum in the
TIMSS countries and the effect of this match on the results.

N}

See the "IRT Scaling and Data Analysis” section of Appendix B for more details about the procedures used
to obtain the subscales for the advanced mathematics content areas. However, the results for the three
content area scales within advanced mathematics were the result of a separate multidimensional scaling
effort.

w

Final revisions of the data resulted in international averages of 501 for some of the advanced mathematics
scales.

6
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Table 6.1

Achievement in Advanced Mathematics Content Areas for Students Having Taken
Advanced Mathematics
Final Year of Secondary School*

Advanced Mathematics Content Areas
Mean Achievement Scale Scores

Countr
‘ ngggg{%ggd Calculus Geometry
(17 items) (15 items) (23 items)
Canada 16% ¢ 512(3.9) ¢ 503(3.6) e 499(3.8)
2 Cyprus 9% e 510(5.7) 4 561(5.2) s 517(4.9)
Czech Republic 11% v 460 (11.7) v 446 (9.7) o 494(9.8)
France 20% s 548(4.1) 4 560(3.0) s 544(3.8)
" Germany 26% v 457 (5.0) v 454 (4.4) o 487(5.5)
" Greece 10% a4 539(7.2) a2 538(7.3) e 498 (8.7)
* Lithuania 3% 4 547(2.8) e« 498(2.5) 4 515(2.8)
? Russian Federation 2% a4 555(8.8) 4 537(9.1) s 548(9.2)
Sweden 16% s 523(4.7) v 480(4.4) o 492(4.4)
Switzerland 14% o 514(5.2) e 512(5.7) A 547 (4.2)
|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 16% e 517(9.4) e 530(11.7) e 496 (12.5)
? Austria 33% v 412(7.4) v 439(6.5) v 462(7.9)
*ltaly 14% v 460(9.2) e« 520(10.4) e 480(9.5)
United States 14% v 459 (5.3) v 450 (4.1) v 424(5.1)
|Countries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 21% e 504(2.7) ¢ 508(3.3) 4 527(3.1)
Slovenia 75% o 491(9.9) v 471 (6.6) v 476 (7.6)
International Average 501 (1.7) 501 (1.7) 500 (1.8)

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

A = Country average significantly higher than the international average for the scale
e = No significant difference between country average and international average for the scale

v = Country average significantly lower than the international average for the scale

* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Desired Population does not cover all of International Desired Population (see Table B.4).

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may
appear inconsistent.
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performed above the international average in each of the three content areas. Most
countries, however, showed particular strengths or weaknesses. Sweden performed
above the international average in numbers and equations, below the internatignal
average in calculus, and about at the international average in geometry. Switzerland
performed above the international average in geometry, but only at the international
average in numbers and equations and in calculus.

Figure 6.1 presents a visual profile of performance in the advanced mathematics corjtent
areas in each country. In this profile, the comparison is with the country’s overall mean
achievement, so that regardless of the performance of the country relative to that of
other participants, particular strengths and weaknesses within the country can be
identified. The horizontal line indicates each country’s overall average achievemeant

in advanced mathematics, and the three darkened boxes indicate the 95% confidence
intervals around the mean achievement in each of the three major content areas| If
the darkened box is below the line, then the country performed significantly less well
in that content area than it did overall. Similarly, if the darkened box is above the line,
then the country performed significantly better in that content area than it did overall.

The results in Figure 6.1 reveal that students in Cyprus performed relatively less well
in numbers and equations and relatively better in calculus than they did on the advarjced
mathematics test as a whole. Students in the Czech Republic performed better|in
geometry than overall, and those in France had a relative strength in calculus. Studepts
in Germany did relatively better in geometry and relatively worse in calculus than
they did overall. Whereas the Greek students had a relative weakness in geometry,
the Swiss students were particularly strong in that area. Students in both Lithuanja
and Sweden showed relative strength in numbers and equations, but had more diffi-
culty in calculus than they did overall. Achievement in both Austria and Denmar
was relatively lower in numbers and equations, and relatively higher in geometry.
Students in Italy had relatively lower achievement in numbers and equations, an
relatively higher achievement in calculus. Compared to their overall mean achieve-

ment, students in the United States performed better in numbers and equations and
worse in geometry. For Australia, Canada, the Russian Federation, and Slovenia,

performance in the individual content areas was not significantly different from thei
overall advanced mathematics scores.

Table 6.2 shows a number of statistically significant gender differences in achievement
by content areas, all favoring males rather than females. Five countries, howevar,
showed no significant differences — Cyprus, Greece, Australia, Italy, and Slovenia.
Countries showing no significant gender differences in achievement in one or tw
content areas included France, Sweden, the United States, and Denmark in numbers

and equations, Sweden and the United States in calculus, and Germany and Denmark
in geometry.

Considering the eighth-grade TIMSS results where the gender differences that did exist
tended to favor boys, some of the gender differences in advanced mathematics for
the final-year students might have been anticipated. Still, the eighth-grade results

indicated few statistically significant differences by content area. For example, th
gender differences in achievement were minimal in fractions and number sense as

6
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Profiles of Performance in Advanced Mathematics Content Areas for Students Having Taken
Advanced Mathematics
Final Year of Secondary School*
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* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
! National Desired Population does not cover all of International Desired Population (see Table B.4).

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

Profiles of Performance in Advanced Mathematics Content Areas for Students Having Taken
Advanced Mathematics
Final Year of Secondary School*

Country

Country

Geometry

Numbers and
Equations

Numbers and
Equations
Calculus
Geometry
Calculus

Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details):

80 80
40 40

Australia 16% 0 J . r *ltaly 14% 0
-40 -40

-80 -80
80 80
40 40
> Austria 33% 0 S = United States 14% o 1 =
-40 - -40 =
-80 -80

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

80 80
40 40
Denmark 21% 0 = Slovenia 75% 0 ]
i = O o
-40 -40
-80 -80

SOURCE: |EA Third International Mathematics and Science Study (TIMSS), 1995-96.
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* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
! National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
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Achievement in Advanced Mathematics Content Areas by Gender for Students Having Taken
Advanced Mathematics
Final Year of Secondary School*

Advanced Mathematics Content Areas
Mean Achievement Scale Scores

Country Numbers and Equations Calculus Geometry
(17 items) (15 items) (23 items)

Canada 16% 496 (4.5) Ao 526 (5.6) 484 (4.9) Ao 521(5.5) 482 (4.6) Ao 516(5.3)
2 Cyprus 9% 497 (7.0) 518 (6.5) 562 (8.0) 559 (5.0) 512 (8.5) 520 (5.2)

Czech Republic 11% 427 (10.5) | o 510(11.3) 417 (8.3) A 488(11.0) 461 (7.2) A 543(12.1)

France 20% 544 (3.9) 551(5.4) 544 (4.1) A 569 (4.3) 529 (4.8) A 555(5.7)

" Germany 26% 446 (5.1) A 475(6.2) 442 (5.2) A 471(5.6) 480 (5.6) 498 (7.0)

" Greece 10% 537 (10.4) 540 (9.1) 536 (12.0) 540 (8.2) 485 (15.4) 505 (7.5)

* Lithuania 3% 526 (5.4) A 568(3.0) 478 (4.8) A 518(4.3) 491 (5.8) A 539(3.6)

? Russian Federation 2% 533(9.8) Ao 576(9.6) 512(10.9) | o 560(8.9) 525(10.5) | & 570(8.9)

Sweden 16% 511 (5.6) 529 (6.4) 472 (4.9) 484 (6.0) 476 (5.1) A 500 (5.5)

Switzerland 14% 488 (5.7) A 536(5.7) 486 (6.2) A 536 (6.8) 522 (5.9) A 569 (3.8)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)

Australia 16% 511 (11.2) 523(9.9) 525(12.2) 533(13.6) 485 (13.8) 505 (14.1)
? Austria 33% 385(9.3) A 455(6.2) 412 (7.3) A 486 (6.9) 433 (9.6) A 509 (7.7)
*ltaly 14% 441 (14.1) 472 (10.6) 521 (13.5) 520 (11.4) 472 (14.5) 485 (10.4)

United States 14% 447 (6.9) 470 (6.1) 439 (6.1) 460 (5.3) 408 (7.0) A 439(5.8)

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

Denmark 21% 498 (3.5) 507 (3.6) 491 (5.4) A 517 (4.3) 519 (4.0) 531(4.2)

Slovenia 75% 480 (10.8) 503 (13.0) 463 (7.9) 479 (8.2) 469 (8.9) 482 (9.6)
International Average 485 (2.1) A 516 (2.0) 487 (2.0) A 515(1.9) 484 (2.2) A 517(2.0)

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

A = Difference from other gender statistically significant at .05 level, adjusted for multiple comparisons

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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well as in geometry. In algebra, while no differences in performance by gender wer
statistically significant, if anything girls may have had a slight edge. At the eighth

D

grade, the greatest differences in performance by gender were found in measurement,

where boys had higher achievement than girls in a number of coudntries.

WHAT ARE SOME EXAMPLES OF PERFORMANCE IN ADVANCED
MATHEMATICS?

This section presents six example items from the advanced mathematics test, two

from each of the three content areas. The performance results on each item are preg
for each of the TIMSS countries, and the average across countriespscalsted.
Theexample items were chosen to illustrate the topics covered within each conte
area, the range of item formats used, and the range of difficulty.

Example Item 1, presented in Table 6.3, involves solving an algebraic inequality.

On average across countries, almost three-fourths (73%) of the students having tal
courses in advanced mathematics selected the correct answer. More than 80%
students in Cyprus, the Czech Republic, France, Greece, Lithuania, and the Rus
Federation answered this question correctly.

Example Item 2 is a geometry item involving coordinates and geometric propertig
There are several approaches to solving this problem. For example, students cot
have determined that the slopes of lines PQ and QR are negative reciprocals, &
therefore are perpendicular lines creating a right angle at PQR. Students also may h
plotted the triangle and either applied the Pythagorean theorem to determine the ans
or simply looked at their plots. The results in Table 6.4 reveal substantial variatio
in performance across countries. For example, 70% or more of the students answe

correctly in Lithuania, the Russian Federation, and Denmark. In contrast, fewer than

half answered correctly in the Czech Republic, Greece, Australia, and the United Sta

Even greater differences in performance across countries were found on Exam
Item 3, assessing students’ understanding of combinations. Essentially, students nee
to recognize that the problem involved determining how many combinations wou
occur from 11 examination questions taken 9 at a time, and that the choice involvir
the first two questions meant that the entire set of combinations for the remainin
guestions would occur twice. As shown in Table 6.5, 78% of the students in Fran
answered this question correctly, compared with fewer than 40% in Germany, th
Russian Federation, Italy, the United States, and Denmark.

In Example Item 4, students needed to understand that the first derivative is used
tell whether a function is increasing or decreasing, and the second derivative is used
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indicate the concavity of a function. On average, 45% of the students across partjci-

pating countries selected the function for which the first derivative is positive whe

N

4 Beaton, A.E, Mullis, 1V.S., Martin, M.O., Gonzalez, EJ., Kelly, D.L, and Smith, TA. [1996]. Mathematics
Achievement in the Middle School Years: IEA’s Third International Mathematics and Science Study (TIMSS).
Chestnut Hill, MA: Bosfon College.
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x = 0 and negative when x = 1, and for which the graph of the function is always
concave down (second derivative always negative). Students in Sweden had the best
performance (61% correct).

Example Item 5, in which students needed to demonstrate their understanding of the
integral, proved to be even more difficult. To answer the item correctly, students had

to understand that if a curve lies above the x-axis, the integral represents the area under
the curve, and if the curve lies below the x-axis, the integral represents the negative
of the area between the curve and the x-axis. Thirty-five percent of students interna-
tionally selected the correct response, on average. The highest percentage correct was
in Cyprus (51%), followed by Sweden (48%).

To solve Example Item 6, students had to use their visualization skills to recognize
an application of the Pythagorean theorem. Essentially, as shown in the example
response, students needed to represent the surface of the rod as a rectangle, draw the
congruent segments indicating the string, calculate the length of one string segment
using the Pythagorean theorem, and multiply that result by 4 for each of the segments.
Most of the students responding correctly used this approach, although a handful used
variations (e.g., half of surface represented as a rectangle using eight congruent
segments). Students receiving partial credit used the general approach, but made
numerical errors in calculating the length of string. Students in all participating
countries found this problem very difficult. Only 10%, on average, provided a fully
correct response, with another 2%, on average, receiving partial credit. Swedish
students had the best performance, with 24% providing fully correct responses.

Figure 6.2 is a graphic representation of the relationship between performance on
the TIMSS international mathematics scale and on the six example items from the
advanced mathematics tégtchievement on each example item is indicated both by

the average percentage of fully correct responses across all countries and by the interna-
tional advanced mathematics scale value, or item difficulty level. Since the scale was
based on the performance of students in all countries, the international scale values
apply to all countries. As can be seen, the advanced mathematics test was quite
difficult for students in a number of countries. Students achieving below the inter-
national average were unlikely to provide fully correct responses to many of the
example items. Still, a less difficult test would have been too easy for the top 5% of
the students in some countries. For example, average achievement for the top 5% of the
students in Australia, France, and Slovenia ranged from 643 to 664. These students
were likely to have answered all but the most difficult items correctly.

° The three-digit item label shown in the lower right comer of the box locating each example item on the item
difficulty map refers to the original item identification number used in the student test booklets.
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Percent Correct for Example Item 1 for Students Having Taken Advanced Mathematics

Final Year of Secondary School*

Country

Percent
Correct

CHAPTEHR

Example 1

Values of X for an inequality.

Content Category:
Numbers, Equations and Functions

Canada 68 (2.4) 16%
2 Cyprus 81(3.4) 9%
Czech Republic 84 (4.4) 11%
France 85 (2.1) 20%
" Germany 56 (2.6) 26%
" Greece 83 (4.0) 10%
* Lithuania 96 (0.7) 3%
* Russian Federation 86 (2.9) 2%
Sweden 58 (3.8) 16%
Switzerland 69 (3.7) 14%
Countries Not Satisfying Guidelines for Sample
Participation Rates (See Appendix B for Details):
Australia 68 (5.3) 16%
? Austria 43 (4.1) 33%
! ltaly 73 (5.7) 14%
United States 68 (2.3) 14%

Countries with Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Detalils):

Percent Correct

Denmark 78 (2.4) 21%
Slovenia 71 (3.9) 75%
International Average 73(0.9)

What are all values of x for which the inequality 5x + % <-2x —% is true?

A x<——
3
C x20
D. xzz
3
E 122
3

* See Appendix A for characteristics of students sampled.

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

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

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

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

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

6



CHAPTER 6

1EL Y Advanced Mathematics

Percent Correct for Example Item 2 for Students Having Taken Advanced Mathematics
Final Year of Secondary School*

Example 2

Country Percent Vertices right angle triangle.
Correct

Content Category:

Geometry
Canada 52 (2.0) 16%

* Cyprus 51(4.3) 9% The vertices of the triangle PQR are the points P(1, 2), Q(4, 6) and R(- 4, 12).
Czech Republic 48 (3.5) 11% Which one of the following statements about triangle PQR is true?
France 64 (2.9) 20%

+ Germany 51 (28) 26% A.  PQRis aright triangle with the right angle ZP.

" Greece 36 (4.2) 10% % PQR is a right triangle with the right angle ZQ.

* Lithuania 70 (3.3) 3% C.  PQRis aright triangle with the right angle ZR.

? Russian Federation 70 (3.9) 2%

Sweden 60 (2.8) 16% D. PQRis not aright triangle.
Switzerland 62 (3.2) 14%

Countries Not Satisfying Guidelines for Sample
Patrticipation Rates (See Appendix B for Details):

Australia 46 (4.1) 16%
? Austria 52 (4.2) 33%
! taly 55 (6.7) 14%

United States 47 (4.6) 14%

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

Denmark 71 (2.5) 21%
Slovenia 54 (3.1) 75%
International Average 55 (0.9)

Percent Correct

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

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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1EL) 9 Advanced Mathematics

Percent Correct for Example Item 3 for Students Having Taken Advanced Mathematics
Final Year of Secondary School*

Example 3
Percent Contributions of examination
Country Correct question choices.
Content Category:
Numbers, Equations and Functions
Canada 50 (2.7) 16%

’ Cyprus 63 (4'7) 9% An examination consists of 13 questions. A student must answer only one of
Czech RepUb"C 42 (3'5) 11% the first two questions and only nine of the remaining ones. How many
France 78 (37) 20% choices of questions does the student have?

' Germany 35 (2.8) 26%

" Greece 46 (3.7) 10% A NG, =286

* Lithuania 47 (2.9) 3% B. 'C,=165

? Russian Federation 32(3.1) 2% % 2x1C,= 110
Sweden 46 (3.6) 16%

Switzerland 57 (3.5) 14% D 2x"P,=220
Countries Not Satisfying Guidelines for Sample E.  some other number
Patrticipation Rates (See Appendix B for Details):

Australia 70 (4.8) 16%

? Austria 40 (3.7) 33%

! ltaly 27 (5.3) 14%

United States 36 (2.6) 14%

Countries with Unapproved Sampling Procedures and

Low Participation Rates (See Appendix B for Details):
Denmark 39 (2.9) 21%
Slovenia 51 (3.6) 75%
ptemational average |47 (09)

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

* See Appendix A for characteristics of students sampled.

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

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

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

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

Example 4
Country Percent Derivatives.
Correct Content Category:
Calculus
Canada 47 (3.1) 16%

? Cyprus 36 (5.0) 9% ‘Which of the following graphs has these features:
Czech Republic 39 (3.5) 11% f(0)>0, f(1)<0,and f”(x)is always negative?
France 52 (2.7) 20% ’ B y c )

" Germany 38 (2.5) 26% B

' Greece 37(5.2) 10% l J

! Lithuania 43 (2.9) 3% /ﬂ] * Tt o

? Russian Federation 48 (4.0) 2%

Sweden 61 (4.8) 16% D. y E. y
Switzerland 45 (4.0) 14% “_J

Countries Not Satisfying Guidelines for Sample N Ny

Participation Rates (See Appendix B for Details): | N I
Australia 52 (4.0) 6% '

? Austria 42 (4.2) 33%

! ltaly 42 (7.6) 14%

United States 47 (4.5) 14%

Countries with Unapproved Sampling Procedures and

Low Participation Rates (See Appendix B for Details):
Denmark 49 (3.0) 21%
Slovenia 39 (3.7) 75%

International Average
Percent Correct 4501

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

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Percent Correct for Example Item 5 for Students Having Taken Advanced Mathematics
Final Year of Secondary School*

Example 5
Country Percent Graph of y = f(x).
Correct Content Category:
Calculus

Canada 28 (2.8) 16% v
2 Cyprus 51 (4.3) 9% A

Czech Republic 25 (4.0) 11% .

France 39 (2.8) 20% Y
" Germany 26 (2.7) 26% a S,
" Greece 32 (6.0) 10% 0 b N
! Lithuania 31 (2.6) 3% S
? Russian Federation 43 (3.8) 2%

Sweden 48 (3.4) 16%

Switzerland 44 (4.1) 14% This figure shows the graph pf=f (x).
Countries Not Satisfying Guidelines for Sample S, is the area enclosed by theaxis,x = a andy =f (x);
Participation Rates (See Appendix B for Details): S, is the area enclosed by theaxis,x = b andy =f (x);

Australia 35 (3.4) 6% wherea<band0<SS,
2 Austria 19 (3.0) 33% The value o]':f(x)dx is
! ltaly 42 (7.6) 14%

United States 27 (2.1) 14% A S +§
Countries with Unapproved Sampling Procedures and B _
Low Participation Rates (See Appendix B for Details): - S-S

Denmark 39 (2.9) 21% @ $-§

i 0,

Slovenia 25 (3.6) 75% D. [si-Sy

International Average 1

Percent Correct 35(1.0) E 3G+

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

* See Appendix A for characteristics of students sampled.

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

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

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

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

Percent  Percent Example 6
Country Partially Fully MTCI Length of string around rod.
Correct Correct Content Category:
Geometry
Canada 1(0.3) 12 (1.6) 16%

2 Cyprus 2(1.3) 0(0.0) 9% Astn‘ng'is wound symmetrically a:c'mndacircular rod. Thelsu‘ing goes ex-
Czech Republic 4(1.3) 8 (2.0) 11% laecltllg);:itsuil;sc:‘r:)und the rod. The circumference of the rod is 4 cm and its
France 2 (1.0) 4 (1.6) 20%

" Germany 1(0.5) 8 (1.9) 26% o o o

" Greece 1(0.9) 5 (2.0) 10%

* Lithuania 1(0.6) 18 (2.3) 3%

? Russian Federation 2(1.1) 12 (2.7) 2%

Sweden 1(0.5) 24 (4.0) 16%
Switzerland 1 (0.6) 17 (3.7) 14%

Countries Not Satisfying Guidelines for Sample Find the length of the string. Show all your work.

Participation Rates (See Appendix B for Details):

Australia 1 (0.9) 14 (3.1) 16% ol x= 4
2 Austria 2(1.2) 9(26) | 33% e 1
! ltaly 3(2.3) 6 (3.5) 14% K= 1Zem - Sepy
United States 0 (0.2) 4 (0.9) 14% > - 4om
. . . a
l(_?ountrles' v'wth'Unapproved Sampling 'Procedures gncf X % f’ ’gr; IRt )
ow Participation Rates (See Appendix B for Details): = Y= 16+ 9 = 25 cu
Denmark 2(0.8) 121 | 21% Y =5Tm Yo s Sem 4= 20
Slovenia 1 (0.6) 5 (1.3) 75%
International Average
Percent Correct 203 10(0.6)

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

* See Appendix A for characteristics of students sampled.

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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International Difficulty Map for Advanced Mathematics Example Items for Students
Having Taken Advanced Mathematics
Final Year of Secondary School*

Example 5

Example 6 Graph of y = f(x).

Length of string around rod.

Scale Value = 658

International Average Percent Correct = 35%
Scale Value = 752

International Average Percent Correct = 10% LOo7

K14

Example 3

Contributions of examination
question choices.

Example 4

Derivatives.

Scale Value = 582

International Average Percent Correct = 47%

Scale Value = 601
International Average Percent Correct = 45%

LO4

K05

Example 2

Vertices right angle triangle. 250

Scale Value = 547
International Average Percent Correct = 55%

Example 1

hlues of X for an inequality.

Scale Value = 444
International Average Percent Correct = 73%

K07 LO1

SOURCE: IEAThird International Mathematics and Science Study (TIMSS), 1995-96.
<

* See Appendix A for characteristics of students sampled.

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






CHAPTER

Chapter 7

CONTEXTS FOR ADVANCED MATHEMATICS ACHIEVEMENT

This chapter focuses on the instructional experiences of students having taken
advanced mathematics: the amount of mathematics instruction and homework they
receive each week, the kinds of activities in which they engage in mathematics class,
and their use of calculators and computers. This chapter also presents advanc¢ed
mathematics students’ reports on the educational level of their parents, and describes
students’ own plans for future study and employment.

WHAT ARE THE INSTRUCTIONAL PRACTICES IN ADVANCED MATHEMATICS
CLASSES?

As shown in Table 7.1, the amount of instructional time per week reported by
students taking advanced mathematics in their final year varied considerably acrgss
countries. Although the majority of students in many TIMSS countries reported
receiving from three to five hours of mathematics instruction each week, in Austria
and Sweden more than 60% of the students had less than three hours each week,
and in Australia, Canada, Cyprus, France, Greece, and the Russian Federation, the

majority of students had five hours or more. In some countries, courses are scheduled

by semesters rather than full years, so some students who had studied advanged

mathematics prior to their final year or during the first semester might not have
been taking a mathematics class at the time they completed the TIMSS question-
naire. About 20% of the students in Austria and Canada as well as 8% in the
United States reported that they were not currently taking mathematics.

For students taking mathematics, there was considerable variation across countries
in the relationship between mathematics achievement and amount of weekly
instruction. Although the most common was a curvilinear relationship, with the
highest achievement associated with the middle amounts of instruction reported
by students, sometimes the students receiving five hours or more of weekly matht
ematics instruction were those with the highest average achievement.

Table 7.2 reveals that the amount of homework assigned to final-year students taking
advanced mathematics also varies considerably from country to country. At one
extreme, more than 40% of the students in the Czech Republic and Sweden repornted
that they were assigned mathematics homework less than once a week, while fat
the other extreme, more than 80% of the students in Australia, Canada, Cyprus,
Greece, Lithuania, the Russian Federation, and the United States reported having
homework assigned three or more times a week. Although the relationship betwegn
amount of homework assigned and mathematics achievement was not consistent
across countries, in about half of them average achievement was highest among
students who reported that mathematics homework was assigned three or more
times a week.
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Table 7.1

Advanced Mathematics Students’ Reports on the Amount of Mathematics Instruction
They Are Currently Receiving Each Week — Advanced Mathematics
Final Year of Secondary School*

] ] n
Not Currently Amount of Mathematics Instruction Per Week

Taking 3to Less Than 4 4 to Less Than 5

Mathematics Less Than 3 Hours Hours Hours 5 Hours or More

Country

Australia 0(.1)| ~~ 104)| ~~ 16 (3.3) | 455 (17.3)| 17 (2.4) | 469 (24.5) | 66 (3.8) | 557 (9.7)
Austria 21 (3.2) | 405(18.6)| 73 (3.7) | 437 (8.6) 6 (2.8) | 488(32.7)|] 7 (2.3)|490(19.6)| 14 (2.5)|438(12.9)
Canada 19 (1.4) | 491 (10.0)] 4 (0.9) | 497 (18.3)| 14 (2.1)|481(6.7) | 15(2.3)|539(10.9)| 67 (2.6) | 516 (4.6)
Cyprus 0(0.0)| ~~ 106) ~~ 1(05)] ~~ 1(04)] ~~ 97 (0.9) | 520 (4.5)
Czech Republic 0(0.0)| ~~ 48 (5.2) | 416 (8.4) | 37 (4.3)| 485(8.6) | 10(2.0) | 565 (22.9) 5 (1.8) | 648(31.4)
2 Denmark 103 ~~ 0(0.0)| ~~ 100 (0.0) | 523 (3.5) 0(0.0)| ~~ 0(0.0)| ~~
France 0(0.0)| ~~ 104)| ~~ 1(0.3)] ~~ 20.6)| ~~ 97 (0.7) | 559 (3.9)
Germany - - - - - - - - - - - - - - - - - - - -
Greece 0(0.0)| ~~ 0(0.0)| ~~ 0(.0)| ~~ 0(.0)| ~~ 100 (0.0) | 515(5.9)
Italy 0(0.0)| ~~ 46 (6.1) | 475 (17.8)| 29 (7.8) | 473 (15.9)| 19(7.4) | 475(9.4) 5 (1.7) | 465 (30.4)
Lithuania 0(0.2)| ~~ 0(0.1)| ~~ 15(1.3) | 528 (5.2) | 64 (1.5) | 523 (4.1) 20 (1.3) | 488(6.3)
Russian Federation 0(.1)| ~~ 14 (3.1) | 448 (19.8)] 8 (2.1) | 505(17.6)| 24 (4.4)|537(14.9)| 54 (4.4)|573(10.1)
Slovenia 0(0.0)| ~~ 20(3.2)|390(8.9) | 77(3.3)|498(8.7) 3(1.1) | 465 (30.6) 0(0.2)| ~~
Sweden 212 ~~ 64 (5.7) | 513 (4.8) | 29(5.1) | 522(9.3) 6 (1.3) | 503 (17.5) 104)| ~~
Switzerland 104)| ~~ 16 (4.2) | 504 (11.6)| 63 (4.3) | 520 (6.3) 8 (1.4) | 594 (8.1) 12 (1.6) | 607 (11.6)
United States 8 (1.3) | 390 (16.5)| 7 (0.8) | 413(12.9)| 36 (4.4) | 460 (9.5) | 46 (4.2) | 447(8.1) 12 (1.1) | 445 (8.4)

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

* See Appendix A for characteristics of the students sampled.

1 percentages based only on those students reporting that they are currently taking mathematics. Hours of instruction computed from lessons per week and
minutes per lesson.

2 Data for Denmark obtained from ministry.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Adash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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Table 7.2

Advanced Mathematics Students’ Reports on How Often They Are Assigned Mathematics
Homework — Advanced Mathematics
Final Year of Secondary School*

How Often Mathematics Homework Is Assigned  *

Not Currently

Taking Less Than Once Once or Twice 3 or More Times

Mathematics a Week a Week a Week
Country

Australia 0 (0.1) ~~ 5(1.4) | 525(25.1) 8(1.1) | 529(21.8)| 87(2.0) | 525(12.4)
Austria 21(3.2) | 405(18.6) | 11 (2.7) | 415(27.9)| 47(3.8) | 442(7.1) 41(4.1) | 464(8.3)
Canada 19 (1.4) | 491(10.0) 5(1.1) | 562(28.5)| 11 (1.7) | 522(13.0)| 84(2.6) | 510(4.4)
Cyprus 0 (0.0) ~~ 1(0.5) ~~ 1(0.5) ~ ~ 98 (0.8) | 519 (4.2)
Czech Republic 0 (0.0) ~ ~ 41(5.0) | 455(15.3)| 37(3.3) | 472(13.3)| 21(3.4) | 491(15.2)
Denmark 1(0.3) ~~ 3(0.6) | 507(22.8)| 32(2.4) | 520(5.5) 65 (2.6) | 526 (4.1)
France 0 (0.0) ~~ 16 (2.2) | 568(7.4) 23(2.2) | 547(5.6) 61 (2.4) | 559(3.8)
Germany - - - - - - - - - - - - - - - -
Greece 0 (0.0) ~~ 7 (2.0) | 505(39.3) 6 (1.5) | 527(23.0)| 87(2.6) | 515(6.9)
Italy 0 (0.0) ~~ 10 (2.4) | 468(18.7)| 21(2.8) | 465(15.6)| 69 (4.3) | 478(9.7)
Lithuania 0(0.2) ~~ 8(0.7) | 554(12.0) 9(1.4) | 524(10.7)| 83(15) | 512(3.7)
Russian Federation 0 (0.2) ~~ 2 (1.0 ~~ 9(1.9) | 528(32.2)| 89(2.2) | 541(8.1)
Slovenia 0 (0.0) ~~ 20(3.2) | 451(17.6)| 23(2.7) | 446(14.6)| 57 (4.7) | 495(8.9)
Sweden 2(1.2) ~~ 46 (4.2) | 521(7.4) 51 (4.3) | 507 (6.0) 4(0.8) | 488(11.5)
Switzerland 1(0.4) ~~ 17 (3.2) | 533(10.0)| 44(3.3) | 529(5.7) 40 (4.2) | 541(9.9)
United States 8 (1.3) | 390(16.5) 3(0.7) | 410(34.0) 7(1.2) | 409(13.3)| 90(1.5) | 453(5.8)

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

* See Appendix A for characteristics of the students sampled.

1 percentages based only on those students reporting that they are currently taking mathematics.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Adash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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To examine instructional activities in their classrooms, advanced mathematics
students were asked how often they are asked to do reasoning tasks, apply mathematics
to everyday problems, solve equations, apply models to data, and use computers to
do exercises or solve problems. Reasoning tasks appear to be universally required in
mathematics class (see Table 7.3), with almost all students in all countries reporting
such tasks in at least some lessons. In almost every country, the students with the
highest achievement were those that reported engaging in reasoning tasks most
frequently.

Applying mathematics to everyday problems happens less frequently in mathematics
classes in most of the TIMSS countries (see Table 7.4). One-third or more of the
students in Austria, the Czech Republic, France, Germany, Greece, Italy, Lithuania,
Sweden, and Switzerland reported that they are never or almost never asked to do
this. However, more than one-third of the students in Australia, Canada, and the
United States reported that they apply mathematics to everyday problems in most
or all lessons. In almost every country, the relationship between mathematics
achievement and frequency of applying mathematics to everyday problems was
curvilinear, with the highest average achievement occurring among those applying
mathematics to everyday problems in some or most lessons. This may reflect a
tendency by instructors to spend more time on concrete applications with the less
advanced students.

Algebra is an essential component of mathematics in upper secondary school, and
students in every country reported that they are often asked to solve equations in
mathematics class (see Table 7.5). Countries where this activity was reported to be
most frequent included Australia, Canada, Cyprus, Germany, and the United States.
In these countries, 50% or more of the advanced mathematics students reported being
asked to solve equations in every lesson. Spending time working on equations is also
an indicator of high achievement in mathematics; in almost every country, the final-
year students with the highest average achievement were those who reported spending
the most time solving equations.

In contrast, students in most countries reported that they are asked to apply models
to data only in some lessons, or never (Table 7.6). This activity was reportedly least
common in Austria, the Czech Republic, and Denmark. Countries where mathematics
classes were reported to include modeling data most frequently included Cyprus,
France, Greece, Italy, Sweden, and the United States, where upwards of 30% of
students reported this activity in most or all lessons. There was no consistent
relationship between mathematics achievement and reported frequency of applying
models to data.

Final-year advanced mathematics students reported that the use of computers to do
exercises or solve problems in mathematics class is comparatively rare. In eight
countries, Austria, Canada, the Czech Republic, France, Germany, Lithuania, the
Russian Federation, and Switzerland, 80% or more of the students reported never
or almost never using computers in mathematics classes (see Table 7.7). Only in
Cyprus and Slovenia did more than 20% of students report using a computer in most
or all mathematics lessons. There was no consistent relationship between computer
use in mathematics class and mathematics achievement.
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Table 7.3

Advanced Mathematics Students’ Reports on How Often They Are Asked to Do
Reasoning Tasks in Their Mathematics Lessons' — Advanced Mathematics
Final Year of Secondary School*

Never or Almost

N Some Lessons Most Lessons Every Lesson

Country

Australia 1 (0.6) ~~ 15 (2.4) | 511 (15.2)| 51(2.5) | 517(12.5)| 34 (3.5) | 544 (14.4)
Austria r 4(0.7) | 405(30.0)] 30(2.8) | 440(10.9)| 49 (2.7) | 452(7.9) 17 (1.9) | 444 (10.1)
Canada 001 | =~-~ 15 (0.8) | 490 (8.8) 53 (1.4) | 506 (4.7) 32(1.3) | 525(7.3)
Cyprus 100 | ~-~ 8 (1.4) | 490(16.0)| 40(2.2) | 509 (6.0) 52 (2.0) | 531(6.0)
Czech Republic 0 (0.0) ~ ~ 11 (1.3) | 422(10.3)| 56 (2.5) | 465 (8.2) 34 (2.7) | 491(20.1)
Denmark 2 (0.5) ~~ 17 (1.4) | 508 (6.9) 59 (1.3) | 524 (4.6) 23(1.2) | 531(5.8)
France 002 | =~-~ 10 (1.0) | 542(7.3) | 56(1.5) | 561(5.4) | 33(1.4) | 558(4.5)
Germany 1(0.3) ~~ 18 (1.4) | 459 (11.3) | 49 (1.9) | 467 (5.4) 31(1.2) | 470(6.3)
Greece 00.3) | ~-~ 4(1.1) | 477(33.8)| 37(1.9) | 481(10.5)| 59(2.3) | 540(6.5)
Italy 2 (0.6) ~ ~ 19 (2.3) | 442(13.1)| 47(3.6) | 470(11.3) | 33(4.0) | 501 (12.8)
Lithuania 1 (0.3) ~~ 18 (1.6) | 494 (6.8) 60 (1.8) | 518(4.7) 21(1.7) | 531(7.9)
Russian Federation 1 (0.4) ~~ 23(2.1) | 486(7.8) 48 (1.6) | 544(10.6)| 27(2.2) | 590(9.8)
Slovenia 5(0.8) | 391(15.2)| 42(1.9) | 459(8.7) | 43(1.9) | 490(9.7) | 10(1.3) | 520(17.3)
Sweden 0(0.0) | ~~ 12 (1.1) | 498(12.8)| 51(2.3) | 507(4.5) | 37(2.2) | 523(6.8)
Switzerland 001) | =~-~ 13(1.3) | 495(5.1) | 55(1.3) | 533(5.4) | 32(1.4) | 549(8.3)
United States 001 | ~-~ 11 (0.9) | 403 (12.4)| 46 (1.5) | 435(5.6) | 43(1.7) | 464(6.3)

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

1 Based on most frequent response for: explain reasoning behind an idea; represent and analyze relationship using tables, charts, or graphs;
work on problems for which there is no immediately obvious method solution; and write equations to represent relationships.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.

7
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Table 7.4

Advanced Mathematics Students’ Reports on How Often They Are Asked to Apply
Mathematics to Everyday Problems in Their Mathematics Lessons — Advanced Mathematics
Final Year of Secondary School*

Never or Almost
Never

Some Lessons Most Lessons Every Lesson
Country

Mean Mean Mean Mean

Studene. | Achieve- | 'GUEIET | Achieve- | PGS | Achieve- | FGIETST | Achieve-
Australia 11 (1.6) | 508(20.0)| 42(2.3) | 532(12.9)| 35(2.5) | 523(11.7) | 12(1.7) | 524 (19.5)
Austria r 33(3.4) | 426(9.3) 46 (3.0) | 456(8.2) 16 (1.6) | 463(9.9) 5(1.3) | 403(30.7)
Canada 14 (1.0) | 484(10.5)| 48(1.1) | 513(4.9) 26 (1.1) | 522(5.9) 11 (0.8) | 492(8.2)
Cyprus 28(2.7) | 515(6.5) | 52(2.4) | 525(6.8) 15 (2.0) | 510(12.5) 5(1.2) | 498(15.2)
Czech Republic 38 (3.0) | 449(14.3)| 54 (2.9) | 483(9.2) 8(0.8) | 462(16.2) 0(0.2) ~ ~
Denmark 27(1.8) | 513(5.3) | 52(1.6) | 529 (4.6) 20 (1.5) | 525(6.5) 2 (0.4) ~~
France 34 (1.7) | 556(4.9) 50 (1.4) | 564(5.5) 10 (1.1) | 546(9.4) 6 (0.7) | 536(10.7)
Germany 45(2.8) | 451(6.6) | 44(2.5) | 482(5.7) 9 (1.2) | 473(7.7) 2 (0.5) ~~
Greece 34 (2.5) | 512(8.9) 54 (2.0) | 520(7.3) 9 (1.3) | 513(19.3) 3(0.8) | 469 (27.5)
Italy 67 (3.5) | 472(7.9) | 26(2.9) | 483(16.7) 5(1.2) | 465(21.1) 3(0.7) | 417(17.7)
Lithuania 46 (1.8) | 511 (4.2) 40 (1.7) | 521(5.8) 11 (1.1) | 525(8.6) 3(0.8) | 529(17.9)
Russian Federation 23(1.3) | 531(9.8) 58 (1.4) | 549(9.9) 15(1.1) | 538(11.2) 4 (0.5) | 531(37.4)
Slovenia 25(1.8) | 448(9.2) 56 (2.4) | 487(9.9) 16 (1.2) | 478(11.6) 3(0.5) | 472(12.6)
Sweden 36 (2.7) | 498(6.5) 53 (2.5) | 524(6.5) 10 (1.2) | 503(14.1) 1(0.4) ~~
Switzerland 43 (2.4) | 514(6.5) 49 (2.3) | 545(6.3) 7(0.9) | 573(13.2) 1(0.4) ~~
United States 15 (1.4) | 438(13.1)| 42 (1.3) | 449(7.6) 27 (1.4) | 447 (5.3) 16 (1.1) | 427(7.9)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.
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Table 7.5

Advanced Mathematics Students’ Reports on How Often They Are Asked to Solve
Equations in Their Mathematics Lessons — Advanced Mathematics
Final Year of Secondary School*

Country

Never or Almost
Never

Some Lessons

Most Lessons

Every Lesson

Australia 208) | ~-~ 9(1.1) | 488(16.6)| 39(3.1) | 529(14.8)| 50(2.9) | 530(12.8)
Austria 7(1.7) | 371(15.2)| 26 (2.6) | 438(7.5) 50 (3.5) | 449(9.1) 17 (2.1) | 475 (11.5)
Canada 1(0.2) -~ 9 (0.7) | 490(8.2) 37 (1.5) | 506 (5.5) 53 (1.3) | 517(5.8)
Cyprus 2 (0.5) ~~ 10 (1.4) | 491(14.9)| 38(1.9) | 509 (8.1) 50(2.2) | 534(7.2)
Czech Republic 0(02)| ~-~ 36 (1.8) | 456 (10.4)| 46(1.8) | 475(11.3)| 17(1.8) | 482(23.0)
Denmark 2 (0.6) ~~ 17 (1.5) | 511 (7.7) 58 (1.8) | 524 (4.1) 23(1.5) | 531(5.6)
France 1(04)| ~-~ 21(14) | 549(55) | 52(1.7) | 560(4.7) | 25(1.3) | 559 (5.0)
Germany 1(0.2) ~~ 12 (1.5) | 458(6.8) 37(1.5) | 463(6.3) 51(2.3) | 472(6.2)
Greece 1 (0.5) ~~ 14 (1.9) | 467 (17.5)| 40(2.4) | 514(8.0) 46 (2.8) | 533(7.6)
Italy 2 (0.6) ~~ 20(2.6) | 451(11.5)| 38(2.9) | 464 (11.0) | 40(3.3) | 500 (13.6)
Lithuania 102 | -~- 10 (1.4) | 499(12.7)| 57(1.9) | 512(6.0) | 33(1.8) | 528(5.8)
Russian Federation 0 (0.2) ~~ 10 (1.4) | 484(13.7)| 49(1.8) | 530(9.2) 41 (2.6) | 570(9.5)
Slovenia 204) | ~-~ 26 (1.9) | 446(12.7)| 49(2.0) | 480(9.2) | 24(1.9) | 502(10.4)
Sweden 0(0.2) ~~ 13(1.4) | 494(11.1) | 52(1.4) | 505 (5.1) 35(1.9) | 531(6.5)
Switzerland 2(06) | ~~ 18 (1.5) | 510(5.4) | 54(1.9) | 529(5.8) | 26(1.6) | 561(10.2)
United States 0(0.1) ~ ~ 6(0.8) | 415(12.8)| 28(1.2) | 437(6.2) 66 (1.2) | 450(5.8)

* See Appendix A for characteristics of the students sampled.

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

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

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

An "r" indicates a 70-84% student response rate.

Atilde (~) indicates insufficient data to report achievement.
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Table 7.6

Advanced Mathematics Students’ Reports on How Often They Are Asked to Apply
Models to Data in Their Mathematics Lessons — Advanced Mathematics
Final Year of Secondary School*

Never or Almost

Never Some Lessons Most Lessons Every Lesson

Country

Percent of Agf](ie:vne- Percent of Amﬁ:‘vl_ Percent of Am‘iegza- Percent of Agﬂf&l_

Students P Students P Students R Students Tt
Australia 24 (3.2) | 514(15.8)| 51(3.4) | 529(10.9) 22(3.2) | 532(20.2) 3(0.9) | 513(34.0)
Austria r 60(2.5) | 441(8.2) 29 (2.5) | 449(9.6) 9(1.1) | 473(12.4) 2(0.7) ~ =~
Canada 30 (1.7) | 488(5.7) 43 (1.7) | 513(5.4) 20 (1.5) | 524(6.0) 7 (0.6) | 543(15.6)
Cyprus 18 (1.7) | 515(10.9)| 41(2.3) | 519(8.1) 25(1.9) | 521(9.7) 16 (2.0) | 522(10.6)
Czech Republic 76 (2.1) | 468 (12.8)| 22(1.9) | 475(10.6) 2 (0.5) ~ = 0(0.2) ~~
Denmark 56 (2.5) | 519(4.2) 38(2.4) | 531(4.8) 5(0.9) | 512(12.5) 1(0.3) ~~
France 10 (1.0) | 561(9.7) 39 (1.7) | 555(5.1) 37 (1.9) | 563(5.8) 14 (1.6) | 547(6.7)
Germany 43 (1.3) | 455(6.6) 38 (1.3) | 475(6.1) 14 (1.2) | 480(6.2) 5(0.6) | 466(9.4)
Greece 23(3.0) | 507 (11.1)| 42(2.3) | 513(9.5) 25(2.3) | 522(10.0) 10 (1.7) | 525(16.8)
Italy 28 (2.4) | 461(10.7)| 42(2.5) | 466 (12.3)| 20(2.2) | 497 (13.9) 10 (1.7) | 506 (30.1)
Lithuania 30(2.5) | 518(8.8) 42 (2.6) | 516(5.6) 22 (1.4) | 523(8.2) 6 (0.9) | 497(7.2)
Russian Federation 25(1.3) | 547(11.8)| 52(1.9) | 543(9.0) 20 (1.7) | 535(16.3) 4 (0.5) | 539(16.0)
Slovenia 36 (2.1) | 443(9.3) 48 (2.0) | 492(9.2) 13(1.6) | 504 (16.5) 3(0.5) | 492(19.5)
Sweden 27 (1.9) | 502(10.0)| 44 (2.0) | 519(5.6) 23 (1.5) | 508 (7.4) 7(1.3) | 525(11.2)
Switzerland 33(1.8) | 513(5.5) 41 (1.7) | 547(7.3) 21(1.6) | 536(12.5) 5(0.7) | 544(19.1)
United States 23 (1.3) | 424(9.8) 45 (1.5) | 450(7.1) 24 (1.2) | 448(5.0) 8 (0.8) | 447(9.8)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r'" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.
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Table 7.7

Advanced Mathematics Students’ Reports on How Often in Mathematics Lessons They
Are Asked to Use Computers to Solve Exercises or Problems — Advanced Mathematics
Final Year of Secondary School*

Never or Almost
Never

Some Lessons Most Lessons Every Lesson

Country
Mean Mean Mean Mean
Studente. | Achieve- | FGEETST | Achieve- | FGRETST | Achieve- | ST | Achieve-

Australia 72 (3.4) | 531(10.8)| 20(3.6) | 490(20.5) 3(1.3) | 544(16.8) 5(1.9) | 574(31.4)
Austria r 84(3.2) | 442(7.3) 14 (3.2) | 466 (15.0) 1(0.3) ~~ 1(0.4) ~~
Canada 80 (1.6) | 511 (4.7) 17 (1.6) | 504 (7.5) 2(0.4) ~~ 2(0.4) ~~
Cyprus 54 (2.2) | 522(6.0) 16 (1.7) | 506(10.2)| 20(1.9) | 518(8.9) 11 (1.3) | 516(14.4)
Czech Republic 97 (0.9) | 468(11.3) 2 (0.9) ~~ 0 (0.2) ~~ 0 (0.1) ~~
Denmark 67 (2.4) | 519(4.6) 30 (2.3) | 534(5.6) 2 (0.4) ~~ 0(0.2) ~~
France 88 (1.1) | 560(3.9) 7 (0.8) | 546(10.7) 3(0.6) | 537(13.8) 2 (0.6) ~~
Germany 89 (1.4) | 465(5.3) 8(1.2) | 491(15.3) 2(0.3) ~~ 2 (0.5) ~~
Greece 68 (2.1) | 522(7.1) 23(2.4) | 504 (15.0) 6 (1.3) | 494 (17.5) 3(0.9) | 487 (36.4)
Italy 44 (4.3) | 481 (7.7) 37 (3.5) | 477(14.6)| 11 (1.8) | 447 (22.7) 8 (2.3) | 463(20.7)
Lithuania 86 (1.2) | 510(3.5) 11 (0.9) | 557(9.3) 2(0.4) ~~ 2 (0.5) ~~
Russian Federation 83 (1.4) | 537(8.7) 14 (1.4) | 559 (13.4) 2 (0.6) ~~ 1(0.3) ~~
Slovenia 13(1.4) | 504(16.0)| 34(2.1) | 474(9.5) 38(1.9) | 471(10.3)| 15(1.5) | 462(12.6)
Sweden 79 (4.0) | 505 (5.2) 20(3.8) | 538(7.8) 1(0.4) ~~ 1(0.3) ~~
Switzerland 84 (2.6) | 525(5.2) 14 (2.1) | 577(11.1) 2(0.7) ~~ 1(0.4) ~~
United States 66 (1.9) | 443(5.8) 23 (1.7) | 446(9.4) 7 (0.5) | 451(11.5) 4 (0.5) | 434(13.8)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.
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As noted in Chapter 4, final-year students in general reported frequent calculator use
at school, home, or anywhere elBmal-year students taking advanced mathematics
used calculators even magtensively, as shown in Table 7.8. In Australia, Canada,
Cyprus, Denmark, Sweden, and the United States, more than 80% of students
reported using a calculator at least daily, and in several other countries more than half
of the students reported this levelusie. The lowest levels of calculator use among
advanced mathematics students were reported in the Czech Republic and Greece,
where about one-fourth of the students reported using a calculator once a month
or less. Similar to final-year students in general, the advanced mathematics students
with the highest average achievement were those who reported the highest level of
calculator use. In almost every country, students who reported daily calculator use
performed better on the TIMSS mathematics assessment than those who reported
less frequent use.

Since students use calculators so frequenthyany countries, final-year students

were given the option of using a calculator wheing the TIMSS tests. Table 7.9
summarizes students’ reports on how frequently they used a calculator during the
testing session. Like final-year students in genemakt of the advanced mathemat-

ics students made moderate use (for up to 10 questionsptifudator on the TIMSS

test; smaller percentages reported using a calculator quite a lot. In Greece, Italy,
Lithuania, and the Russian Federation, more than one-third of the students reported not
using a calculator at all. In general, the students who reported that they die reot
calculator on the test did not do as well as those who reported using one, although the
extent of calculator use was not consistently related to achievement in every country.



Table 7.8

CHAPTEHR

Advanced Mathematics Students’ Reports on How Often They Use a Calculator at

School, Home, or Anywhere Else — Advanced Mathematics

Final Year of Secondary School*

Country

Rarely or Never

Monthly

Mean Mean Mean Mean

“Sudente. | Achieve- | 'GUETET | Achieve- | TGRS | achieve | FIETST | Achieve-
Australia 001 ] ~-~ 0(03)] ~-~ 7 (1.6) | 496(36.9)| 93(1.8) | 527(11.3)
Austria 4(1.4) | 389(32.3)] 3(0.7) | 391(30.4)| 33(2.5) | 427(10.0)| 60(2.6) | 447(7.6)
Canada 104)| ~-~ 1(0.2) -~ 11 (1.2) | 487(10.3)| 87 (1.5) | 513(4.2)
Cyprus 2(0.7) ~~ 1 (0.4) ~~ 9 (1.4) | 502(11.9) | 88(1.5) | 522(5.0)
Czech Republic 11 (2.6) | 414(13.3)| 14 (2.5) | 430(21.4) | 44(2.7) | 456(8.1) 31(3.3) | 525(13.0)
Denmark 002 | ~~ 002 | ~-~ 10 (1.1) | 510(10.8)| 89(1.2) | 525(3.9)
France 1(0.4) ~~ 2 (0.5) ~~ 19 (1.4) | 545 (6.7) 77 (1.3) | 562(3.9)
Germany 5(0.6) | 399(9.4) 4(0.6) | 396(12.0)| 33(1.8) | 451(7.0) | 57(2.1) | 486(5.9)
Greece 22(1.9) | 482(17.8)| 6(1.3) | 505(22.9)| 28(2.3) | 508(11.7) | 44 (2.9) | 538(7.6)
Italy 6 (2.1) | 432(23.3)| 4(1.2) | 432(19.7)| 37(3.1) | 473(14.0)| 53(3.1) | 483(9.6)
Lithuania 3(0.6) | 476(18.6)] 2(0.6) ~~ 19 (1.1) | 494 (5.8) 75(1.2) | 525(4.1)
Russian Federation 9(0.8) | 512(12.6) 6 (1.0) | 521(18.6) | 28(1.6) | 538(14.1)| 57 (1.9) | 551(8.1)
Slovenia 2(04) | ~-~ 3(0.7) | 468(26.3)| 28(2.0) | 466(10.0)| 67 (2.4) | 480(10.2)
Sweden 002 | ~-~ 002 | =~~ 10 (1.5) | 499 (16.4)| 89(1.6) | 514(4.2)
Switzerland 103) | ~-~ 1(0.3) -~ 27 (1.8) | 508(8.9) 72 (1.9) | 544 (4.4)
United States 3(04) | 381(17.4)| 2(05) -~ 13 (1.0) | 418(10.7)| 82 (1.5) | 452(6.0)

* See Appendix A for characteristics of the students sampled.

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

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

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

Atilde (~) indicates insufficient data to report achievement.
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Table 7.9

Advanced Mathematics Students’ Reports on the Frequency of Calculator Use During
the TIMSS Test — Advanced Mathematics
Final Year of Secondary School*

Used a Used a Used a
Did Not Use a Calculator Calculator Calculator
Calculator Very Little Somewhat Quite a Lot
Country (<5 Questions) (5-10 Questions) (>10 Questions)

Australia 10 (1.8) | 488(25.0)| 55(2.2) | 533(15.4)[ 28(1.8) | 526(12.7)| 6(1.2) | 527 (17.5)
Austria 20(2.7) | 391(16.1)| 47(2.3) | 447(9.8) | 29(2.7) | 451(6.0) 4(0.8) | 426(14.5)
Canada 7(0.7) | 478(12.8)| 59 (1.6) | 515(5.4) | 29(1.5) | 505 (5.6) 5(0.8) | 520(12.7)
Cyprus 30(2.1) | 504(8.4) | 58(24) | 525(6.0) | 10(18) | 512(17.2)| 1(04)| ~-
Czech Republic 13 (1.6) | 452(16.1) | 64(1.7) | 473(11.8)| 21(1.3) | 472(15.1)| 1(0.4) | ~~
Denmark 7(0.9) | 475(9.9) | 55(1.4) | 529(3.7) | 33(1.5) | 525(5.0) 6 (0.7) | 519(9.2)
France 13(1.6) | 547(85) | 56(2.4) | 561(4.2) | 25(1.7) | 557(6.8) 5(0.7) | 571(12.6)
Germany 15(1.6) | 414(8.0) | 58(1.7) | 479(6.0) | 23(1.0) | 478(6.3) 4(0.6) | 457 (14.2)
Greece 86 (2.2) | 509(6.6) | 13(2.0) | 539(14.6) 1(04) | ~- 002 | ~-~
Italy 38(5.1) | 468(18.9)| 47(3.6) | 485(9.6) | 13(2.8) | 466(11.2)| 2(05) | ~~
Lithuania r 40(17) | 516(4.5) | 50(2.1) | 524(7.1) 8(1.3) | 539(24.2)| 1(05) | ~~
Russian Federation |r 50(2.4) | 551(12.2) | 41(2.0) | 556(9.3) 8 (1.0) | 506 (9.9) 1(03) | ~-~
Slovenia 26 (2.4) | 435(10.1)| 64(2.4) | 492(9.8) | 10(1.3) | 479(12.1)| 1(0.4)| ~~
Sweden 3(0.7) | 474(21.0)| 39(2.0) | 509(7.3) | 46(2.1) | 515(4.9) | 11 (1.2) | 526(10.1)
Switzerland 7(0.9) | 484(12.3)| 57(1.6) | 546(5.8) | 32(1.3) | 524(5.8) 4(0.5) | 532(18.2)
United States 14 (1.6) | 388(10.6) | 55(2.0) | 443(6.1) | 26(1.8) | 459(9.8) 5(0.8) | 497 (18.0)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.
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WHAT ARE SECONDARY SCHOOL STUDENTS’ EDUCATIONAL RESOURCES
AND PLANS?

Chapter 4 describes the strong relationship between parental education and math-
ematics and science literacy among final-year students in each country. Table 7.10
presents similar information for final-year students taking advanced mathematics
Results are presented for the same three educational levels: finished university,
finished upper secondary school but not university, and finished primary school but
not upper secondary. The maodifications that were made by some countries are those
described in Figure 4.6. The clear positive relationship between parents’ educatign
and mathematics and science literacy for final-year students in general (see Table 4.6)
is also apparent in Table 7.10 for students taking advanced mathematics. The maj
difference is that the advanced mathematics students reported much higher levels of
parental education. Whereas in only five countries did as many as 30% of final-year
students in general indicate that at least one parent had finished university, among
advanced mathematics students this figure was reached in all but two countries
(Austria and Italy). More than half the advanced mathematics students in Canad
Lithuania, the Russian Federation, and the United States reported that at least one
parent had completed university.

It is clear from the discussion in Chapter 4 that although many final-year student
were planning a university career, there were also many who planned to follow [a
vocational, technical, or other postsecondary course, or to continue no further with
their education. Among final-year students taking advanced mathematics, howevgr,
the majority in every country reported that they plan to attend university, and in ten
countries — Australia, Canada, Cyprus, the Czech Republic, Greece, Lithuania, the
Russian Federation, Sweden, Switzerland, and the United States — the percentage

education. Only in Austria, Denmark, and Italy did more than 10% of students st
that intention. In most countries, the students planning to attend university had higher
average mathematics achievement than the other groups.

Students who have studied advanced mathematics in upper secondary school have

many areas for further study available to them. Table 7.12 presents students’ repprts
of their choices for further study, including mathematics, computer or information
sciences, engineering, business, health sciences or related occupations, and the sciénces.
An “other” category was provided for students whose preferred area of study was
not included. It is noteworthy that in almost half of the countries, more students
indicated that they planned to study some area other than the choices provided.

The most popular areas were business, health sciences or related occupations, and
engineering. Of the specific choices available, business was the area chosen most
often by advanced mathematics students in Austria, the Czech Republic, Denmark
Germany, Lithuania, the Russian Federation, and Slovenia, and was one of the tyo
most popular in Australia and Switzerland. Health sciences and related occupatigns




CHAPTER 7

Advanced Mathematics Students’ Reports on the Highest Level of Education of
Either Parent' — Advanced Mathematics
Final Year of Secondary School*

- Finished Upper
U';'S):PS?S a Secondary but
Not University 2

Finished Primary
but Not Upper Do Not Know
Secondary *

Country

Mean Mean Mean Mean
Studene. | Achieve | TGN Achieve- | FGEETET | Achieve- | FGRETST | Achieve-
Australia 47 (4.0) 551 (9.8) 31 (3.5) 512 (16.4) | 19(2.8) 480 (17.2) 4 (0.9) 541 (39.8)
Austria 21 (1.7) 465 (10.1) | 68 (2.5) 429 (8.5) 9 (1.3) 433 (14.4) 2 (0.8) ~~
Canada 53(2.1) 527 (5.4) 37 (1.6) 490 (4.9) 8 (0.9) 487 (10.1) 3(0.7) 508 (17.0)
Cyprus 43 (2.1) 534 (6.3) 37 (1.5) 511 (8.4) 18 (1.8) 498 (15.1) 2 (0.8) ~~
Czech Republic 49 (1.8) 493 (15.5) | 39 (1.6) 452 (10.2) | 11 (0.9) 432 (7.0) 0(0.1) ~~
Denmark 36 (1.9) 531(5.0) 55 (2.1) 520 (4.4) 7 (0.9) 510(10.0) 3(0.5) 519 (13.1)
France 31(3.3) 573 (5.0) 44 (2.5) 557 (4.1) 22 (2.5) 541 (7.1) 3(0.6) 540 (10.6)
Germany 50 (2.0) 479 (6.3) 47 (1.8) 455 (5.3) 2 (0.4) ~~ - - - -
Greece 34 (3.1) 537 (8.2) 44 (2.5) 512(9.1) 20 (2.6) 490 (14.6) 2 (0.8) ~~
Italy 16 (3.3) 531(19.0) | 52(2.1) 474 (9.7) 31 (4.0) 448 (10.9) 1 (0.6) ~ ~
Lithuania 67 (1.3) 531(3.4) 30(1.4) 486 (5.7) 2 (0.4) ~~ 1(0.5) ~~
Russian Federation 65 (2.4) 566 (7.9) 33(2.5) 500 (12.4) 1(0.4) ~~ 1(0.2) ~~
Slovenia 30 (2.2) 510(11.6) | 59 (2.1) 462 (9.5) 10 (1.0) 450 (10.0) 1(0.3) ~~
Sweden 43 (2.1) 523 (7.1) 40 (2.4) 512 (9.5) 7 (1.0) 492 (12.3) | 10(1.1) 489 (11.1)
Switzerland 34 (1.7) 539 (5.7) 61 (1.6) 531 (5.6) 4 (0.7) 528 (15.0) 2 (0.4) ~~
United States 58 (2.0) 472 (6.3) 37 (1.5) 411 (5.8) 4 (0.8) 390 (7.6) 1(0.3) ~ ~

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

T The response categories were defined by each country to conform to their own educational system and may not be strictly comparable across
countries. See Figure 4.6 for country modifications to the definitions of educational levels.

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

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

3 Finished primary or some secondary school not equivalent to completion of upper secondary.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
A dash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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Advanced Mathematics Students’ Reports on Their Plans for Future Educationt —
Advanced Mathematics
Final Year of Secondary School*

Country

University *

Vocationally
Oriented
Programs 2

Other

Postsecondary
Education °

Does Not Intend
to Continue
Education

7

Mean Mean Mean Mean
Siudene | Achieve: | FGRERT ] achieve |FGEETAT | Achieve- | FSIERET | Achieve-
Australia 94 (1.2) | 528(11.3) 2 (0.5) ~~ 2 (0.8) ~~ 1(0.8) ~~
Austria 66 (2.2) | 454(7.6) | 13(1.7) | 372(17.2)| 5(0.9) | 412(13.4)| 15(1.9) | 429(10.9)
Canada 84 (1.3) | 515(3.9) 4(0.4) | 425(0.4) | 1114 | 502(13.7)| 1(0.2 ~~
Cyprus 91 (1.4) | 522(4.7) 5(1.0) | 466(25.8)| 4(1.0)| 498(21.1)| 1(0.5) ~~
Czech Republic 93(0.7) | 475(11.5)| 5(0.7) | 375(12.2)| 1(0.3) ~~ 1 (0.4) ~~
Denmark 67 (1.6) | 537(4.6) 8(0.9) | 493(85) | 11(1.0)| 501(9.8) | 14(15) | 512(8.1)
France 76 (1.8) | 564(3.9) | 13(1.6) | 540(8.1) | 10(1.2) | 544(10.5)| 1(0.3) ~~
Germany 72(25) | 474(6.0) | 21(2.1) | 440(5.8) 3(0.6) | 486(19.6)| 4(0.6)| 448(17.0)
Greece 85(1.6) | 534(5.6) 7(11) | 40027.3)| 7(1.2) | 427(26.3)| 2(0.6) ~~
Italy 73(3.1) | 489(11.0)| 3(0.8) | 451(9.9) | 11 (2.6) | 445(14.6)| 13(1.9) | 417 (17.5)
Lithuania 90 (1.3) | 523(2.9) 3(0.8) | 445(17.2)| 7(1.1)| 464(116)| 0(0.2) ~~
Russian Federation 86(1.7) | 555(8.1) | 10(1.4) | 460(16.9)| 3(0.5) | 489(13.6)| 1(0.4) ~~
Slovenia 80(2.2) | 492(8.9) | 13(1.9) | 412(13.0)| 2(0.49) ~~ 5(0.6) | 383(12.4)
Sweden 93(1.2) | 519(4.8) 2 (0.6) ~~ 3(0.7) | 424(202)| 1(0.4) ~~
Switzerland 88(1.1) | 538(4.9) 2 (0.4) ~~ 5(0.7) | 497(11.2)| 5(0.7) | 493(15.5)
United States 93(0.9) | 448(5.3) 2 (0.5) -~ 5(0.7) | 391(9.4) 0(0.2) -~

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

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

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

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

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

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r'" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.
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Advanced Mathematics Students’ Reports on the Area They Intend to Study After
Secondary School — Advanced Mathematics
Final Year of Secondary School*

Percent of Students

Countr Health
. Mathematics (I:r?frg(%lﬂj;?iggr Engineering Business ché}g?:dor Sciences *
Sciences Occupations

Australia 3(1.2) 9(1.3) 18 (1.9) 21(3.1) 21 (2.2) 12 (1.4) 17 (2.1)
Austria r 2 (0.6) 3(1.3) 6(1.2) 17 (2.0) 13 (1.8) 10 (1.9) 48 (3.0)
Canada 3(0.5) 6 (.8) 17 (1.2) 16 (1.0) 25(1.5) 16 (1.2) 17 (0.8)
Cyprus 9(1.2) 9(1.3) 15 (2.4) 5(0.9) 27 (2.1) 16 (2.1) 19 (1.6)
Czech Republic 4(0.8) 7 (1.3) 3(0.6) 20 (1.9) 12 (1.5) 17 (1.4) 37 (4.1)
Denmark r 3(0.6) 6 (0.8) 16 (1.3) 18 (1.6) 16 (1.3) 15 (1.5) 26 (1.3)
France 12 (1.2) 6 (0.8) 14 (1.8) 6 (1.0) 19 (1.3) 29 (2.2) 13 (1.7)
Germany 2(0.3) 3(0.6) 10 (1.0) 26 (1.6) 13 (1.4) 11 (1.2) 36 (1.4)
Greece 4 (0.9) 25(2.2) 36 (2.9) 2(0.8) 1(0.5) 16 (1.9) 17 (1.9)
Italy 2(1.3) 4 (1.4) 22 (3.8) 18 (2.5) 13 (4.0 12 (3.8) 29 (2.8)
Lithuania s 2 (0.4) 13 (2.1) 4(0.8) 23(1.8) 7 (1.2) 6 (1.0) 46 (2.0)
Russian Federation 6 (1.3) 23(1.9) 9(1.1) 32(1.5) 5(0.5) 8 (1.3) 17 (1.5)
Slovenia 2 (0.4) 9(1.9) 11 (2.1) 28 (2.9) 9(1.8) 11 (1.6) 31(2.8)
Sweden 2 (0.5) 12 (2.4) 41 (2.8) 5(0.7) 10 (1.7) 16 (2.0) 14 (1.5)
Switzerland 1(0.4) 2 (0.5) 8(1.2) 17 (1.4) 17 (1.8) 14 (1.0) 42 (2.3)
United States 3(0.4) 5 (0.7) 16 (1.1) 15 (1.1) 24 (1.1) 11 (0.8) 26 (1.3)

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

* See Appendix A for characteristics of the students sampled.

L Includes biological sciences, chemistry, earth sciences, and physics.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate. An "s" indicates a 50-69% student response rate.
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represented the area of choice in Canada, Cyprus, and the United States, and were
also popular in Australia and Switzerland. Engineering was reported most often by
advanced mathematics students in Greece, Italy, and Sweden. Only in France
the most students indicate the sciences, which included biology, physics, chemisiry,
and earth science. France was also the only country where more than 10% of advanced
mathematics students chose mathematics as their future area of study. In no country
did students report computer or information sciences as the most popular choice, Qut
more than 20% of students in Greece and the Russian Federation indicated it as
their preferred area.

The results in Table 7.13 reveal substantial differences between males and females
in their plans for further study. Among students choosing engineering or computer

or information sciences, males outnumbered females by a wide margin in most
countries, while in mathematics, business, and the sciences, the numbers were more
even. Females outnumbered males in choosing health sciences and related occupatjons
in nearly all countries. Among students choosing the “other” category there were more
females than males in most countries, suggesting that many females who have taken
advanced mathematics will pursue further studies in areas unrelated to mathematics.
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Table 7.13

Advanced Mathematics Students’” Reports on the Area They Intend to Study After
Secondary School by Gender — Advanced Mathematics
Final Year of Secondary School*

Percent of Students

Computer or

Country Mathematics Information Engineering Business
Sciences
Males Females ETES Females Males Females eI Females

Australia 1(11) 4(1.7) 14 (2.5) 3(0.9) 28 (3.4) 6 (1.8) 16 (2.4) 26 (5.7)
Austria r 2 (1.0 2(0.7) 7(2.9) 1(0.6) 10 (2.3) 4(1.4) 26 (2.7) 11 (2.2)
Canada 4 (0.8) 2(0.8) 9(1.2) 2(.8) 27 (2.1) 7 (0.8) 17 (1.5) 15 (1.3)
Cyprus 6(1.8)| 1429 | 1322 5(1.8)| 21(3.3) 6 (2.1) 5 (0.9) 4(1.7)
Czech Republic 6 (1.5) 20.8) | 1727 0 (0.0) 4 (1.1) 105 | 2124 | 19(20)
Denmark r 2(0.7) 4(1.2) 10 (1.3) 1(0.6) 22 (1.7) 5(1.3) 21 (2.2) 13 (2.2)
France 12 (1.8) 12 (2.0) 9(1.3) 1(04) 21 (2.5) 4(1.1) 7(1.3) 6 (1.4)
Germany 2(0.5) 2(0.3) 5(1.2) 1(0.3) 18 (2.1) 4 (0.7) 28 (3.1) 25(1.4)
Greece 2(0.7) 10 (3.1) 28 (2.7) 17 (3.1) 36 (4.1) 35(3.4) 2(1.1) 1(0.5)
ltaly 1 (0.9) 3 (2.4) 7 (2.2) 10.7)| 34(5.9) 8(42)| 21(33)| 14(4.7)
Lithuania s 2(0.8) 2(.3)| 25(4.0) 1 (0.5) 6 (1.7) 2(0.4)| 21(24)| 25(2.8)
Russian Federation 5 (1.0) 7 (2.2) 35 (2.3) 9 (1.5) 15 (1.6) 2 (0.7) 23 (2.3) 41 (2.3)
Slovenia 2(0.5) 1(0.5) 17 (3.3) 1(1.0) 20 (3.0) 4(2.3) 25 (2.6) 31 (4.6)
Sweden 2(0.5) 2 (1.0) 16 (2.9) 1(0.6) 48 (2.8) 28 (2.9) 4 (1.0 5(1.2)
Switzerland 1(0.3) 1(0.7) 4(0.9) 0(0.0) 13 (2.0) 2(0.8) 22 (1.8) 10 (1.6)
United States 2 (0.5) 4 (0.7) 7(1.3) 2 (0.6) 26 (2.0) 6 (1.0 16 (1.5) 14 (1.1)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate. An "s" indicates a 50-69% student response rate.
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(Continued)

Advanced Mathematics Students’ Reports on the Area They Intend to Study After
Secondary School by Gender — Advanced Mathematics
Final Year of Secondary School*

Percent of Students

Health Sciences or Related Sciences *

Country Occupations

Males Females Females Females
Australia 16 (3.2) 27 (3.8) 10 (2.1) 14 (2.6) 15 (2.1) 19 (3.1)
Austria 9(21) 17 (2.7) 10 (2.8) 10 (2.2) 37(3.7) 57 (3.8)
Canada 16 (1.9) 34 (2.0) 14 (1.7) 18 (2.2) 13 (1.3) 21(1.6)
Cyprus 23 (2.5) 34 (4.0) 14 (2.7) 18 (3.5) 18 (2.1) 20 (3.5)
Czech Republic 9 (1.6) 15 (1.8) 17 (2.2) 17 (1.7) 25 (4.4) 46 (4.1)
Denmark 10 (1.1) 28 (2.6) 13 (1.5) 19 (2.7) 23(1.7) 30(2.9)
France 11 (1.5) 33(2.5) 27 (2.9) 32(2.3) 13 (1.7) 13 (1.9)
Germany 7(1.3) 17 (1.8) 11 (1.5) 10 (1.6) 28 (2.6) 41(1.1)
Greece 1 (0.6) 1 (0.6) 14 (2.2) 20 (4.7) 17 (2.2) 17 (3.8)
Italy 6 (2.4) 21 (6.4) 11 (5.0) 13 (4.7) 21 (3.4) 39 (6.7)
Lithuania 5(0.9) 10 (2.4) 7(1.5) 5(1.5) 35(2.1) 56 (3.8)
Russian Federation 2 (0.5) 8 (1.0) 7 (1.0) 8 (2.7) 12 (1.7) 24 (2.1)
Slovenia 5(1.5) 12 (2.8) 10 (2.2) 11 (2.1) 22 (2.6) 39 (3.8)
Sweden 6 (1.5) 20 (2.4) 12 (2.1) 26 (2.9) 12 (1.7) 18 (2.1)
Switzerland 12 (2.0) 22 (2.8) 18 (1.6) 11 (1.4) 31(2.3) 54 (3.5)
United States 17 (2.4) 31(1.7) 12 (1.2) 11 (1.2) 19 (1.6) 33 (2.1)

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

* See Appendix A for characteristics of the students sampled.
1 Includes biological sciences, chemistry, earth sciences, and physics.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.



CHAPTER 7

Even though not many students chose mathematics as their preferred area of study,
the majority of the students in 10 of the countries agreed that they would like a job that
involved using mathematics (see Table 7.14). Only in Austria, the Czech Republic,
Germany, Italy, Slovenia, and Switzerland did a majority of advanced mathematics
students report that they would not like such a job. In Austria, 55% of advanced
mathematics students strongly disagreed that they would like a job that involved
mathematics. Not surprisingly, high achievement in mathematics went hand in hand
with wanting a job that involved using mathematics. In every country, there was a
direct relationship between higher achievement and the strength of agreement in
wanting a job that involved using mathematics.

In general, among those agreeing that they would like a job in mathematics there were
more males than females, with more females than males disagreeing with that statement
(see Table 7.15). Since females also had lower average achievement than males, it
is unclear whether female students’ relative lack of enthusiasm for a job involving
mathematics reflects their lower average achievement, or whether the latter is partly
the result of less interest in mathematical pursuits.
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Advanced Mathematics Students’” Reports That They Would Like a Job That Involved
Using Mathematics — Advanced Mathematics
Final Year of Secondary School*

Strongly

Strongly Agree Agree Disagree Disagree

Country

Mean Mean Mean Mean
Studente. | Achieve- [T | Achieve- | FSTETET | Achieve- | FEEETT | Achieve-
Australia 8 (1.5) 580(21.6) | 50 (2.7) 545(11.8) | 30(3.2) 502 (16.6) 13 (1.4) 481 (12.6)
Austria 5(0.8) 490 (17.0) | 15(1.4) 489 (10.2) | 26 (2.2) 461 (9.8) 55 (2.7) 410 (6.9)
Canada 15(1.2) 566 (6.4) 48 (1.7) 517 (5.2) 25(1.4) 483 (6.8) 11 (0.9) 459 (9.3)
Cyprus 25 (2.5) 545 (13.0) | 42 (3.1) 520 (6.1) 21 (1.8) 502 (7.9) 12 (2.3) 496 (10.0)
Czech Republic 9 (1.5) 600 (20.0) | 23 (1.4) 529 (13.8) | 33(1.4) 456 (7.9) 35 (2.6) 411 (7.9)
Denmark 20 (1.5) 557 (6.2) 45 (1.7) 531 (4.5) 26 (1.6) 504 (5.1) 9 (0.9) 471 (7.3)
France 16 (1.3) 599 (7.1) 40 (1.7) 571(4.9) 27 (1.6) 535(6.4) 17 (1.3) 523(5.8)
Germany 10 (1.0) 532(10.0) | 22(1.0) 500 (7.4) 25(0.9) 481 (6.3) 43 (1.2) 428 (5.4)
Greece 21 (2.3) 554 (12.9) | 51(2.8) 528(8.4) 20 (2.3) 484 (9.7) 8 (1.5) 441 (21.4)
Italy 8 (1.2) 556 (16.1) | 35 (4.4) 496 (11.2) | 28 (3.2) 461 (10.5) 29 (4.4) 437 (11.2)
Lithuania 12 (1.3) 537 (8.6) 49 (2.1) 528 (3.9) 28 (1.6) 499 (5.2) 11 (1.2) 489 (7.2)
Russian Federation 16 (1.3) 574 (13.7) | 49 (1.9) 561 (8.9) 25(1.3) 507 (11.6) 9 (1.2) 487 (9.2)
Slovenia 6 (1.2) 531(20.9) | 29 (2.0) 513(10.8) | 33(1.7) 467 (9.7) 31(2.3) 438 (11.0)
Sweden 12 (1.6) 571(7.0) 47 (1.6) 532 (4.5) 30 (1.6) 483 (6.1) 10 (1.1) 441 (10.4)
Switzerland 10 (1.0) 612 (7.2) 21(1.6) 575 (6.9) 31(1.8) 529 (6.5) 38 (2.3) 493 (7.2)
United States 17 (1.1) 500 (9.1) 43 (1.3) 450 (5.3) 26 (1.4) 424 (7.6) 13 (1.3) 391 (11.2)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Table 7.15

Advanced Mathematics Students’ Reports That They Would Like a Job That Involved
Using Mathematics by Gender — Advanced Mathematics
Final Year of Secondary School*

Strongly Agree

Couniry Females Females

Australia 7(2.0) | 585(25.3)| 8(2.0) | 574(29.8)| 56(3.8) | 546(10.6)| 42(4.2) | 545(20.6)
Austria 6(1.2) | 530(17.7)| 3(0.9) | 444(23.4)| 20(2.2) | 524(14.8)| 11(1.7) | 452(12.0)
Canada 20(1.9) | 581(9.7) | 11 (1.2) | 534(14.3)| 51(3.1) | 530(7.4) | 45(2.7) | 501(5.9)
Cyprus 24 (3.4) | 560(13.8) | 27 (3.4) | 524(17.4)| 45(3.9) | 522(8.4) | 37(2.7) | 517(9.2)
Czech Republic 13(2.1) | 630(24.3)| 6(1.5) | 561(21.5)| 33(2.2) | 560(14.2)| 16(1.6) | 487 (14.7)
Denmark 22(1.9) | 565(7.9) | 17(2.3) | 539(9.0) | 49(2.3) | 534(5.0) | 39(2.3) | 525(7.4)
France 18 (1.7) | 604(8.2) | 13(2.1) | 589(9.3) | 45(2.0) | 579(5.5) | 33(3.0) | 557(6.7)
Germany 13(1.7) | 547(11.3)| 8(1.1) | 519(11.8) | 28(2.0) | 514(7.9) | 18(1.2) | 483(11.4)
Greece 20(2.2) | 575(16.9) | 23(4.4) | 511 (20.6)| 51(3.4) | 536(8.7) | 53(4.7) | 512(13.7)
Italy 10 (1.9) | 573(21.0)| 5(2.7) | 504(17.9)| 35(4.1) | 500(12.0)| 36(6.2) | 491(16.7)
Lithuania 11 (1.6) | 558(10.5) | 12(1.7) | 516(12.4)| 56 (2.0) | 552(5.1) | 42(3.2) | 496(7.7)
Russian Federation | 16 (1.3) | 611 (14.9)| 16 (2.0) | 534 (21.7)| 52(2.3) | 584(10.5)| 46(2.6) | 533(8.7)
Slovenia 7(1.3) | 531(30.0)| 5(1.4) | 530(20.5)| 35(3.0) | 523(12.7)| 23(1.8) | 498(13.6)
Sweden 13(2.0) | 575(8.3) | 11 (1.8) | 562(11.9) | 51(1.7) | 538(5.5) | 39(2.9) | 514(5.7)
Switzerland 15(2.1) | 627(10.9)| 4(0.9) | 548(14.9)| 26(1.7) | 595(8.1) | 15(2.2) | 538(10.3)
United States 22(1.6) | 514(10.8)| 12(1.4) | 475(15.7)| 48 (2.3) | 462(6.7) | 39(1.9) | 436(7.3)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.



CHAPTEHR

(Continued)

Advanced Mathematics Students’ Reports That They Would Like a Job That Involved
Using Mathematics by Gender - Advanced Mathematics
Final Year of Secondary School*

Disagree Strongly Disagree

Country Females VEES Females

Australia 28(4.6) | 513(23.0)| 32(46) | 491(17.8) 9(1.8) | 484(246)| 17(2.2) | 479(13.1)
Austria 32(3.3) | 490(10.3)| 22(27) | 433(16.2)| 41(35) | 459(85) | 64(3.0) | 391(8.0)
Canada 22(2.0) | 496(133)| 28(24) | 473(59) | 7(1.0)| 468(13.9)| 16(1.8) | 453(11.7)
Cyprus 21(25) | 512(13.1)| 21(3.0) | 487(14.7)| 10(2.6) | 498(16.2)| 15(3.3) | 493(11.3)
Czech Republic 28(1.9) | 504(95) | 36(2.1) | 431(8.2) | 26(2.9) | 458(11.4) | 41(2.8) | 392(7.5)
Denmark 21(1.6) | 506(7.4) | 35(27) | 502(62) | 8(1.1) | 476(125)| 10(1.7) | 464(8.2)
France 21(2.0) | 542(105)| 36(3.7) | 528(6.6) | 16(1.9) | 531(6.5) | 18(2.2) | 511 (12.2)
Germany 26(2.3) | 490(9.1) | 24(1.4) | 473(86) | 34(24) | 436(7.2) | 50(2.0) | 424(6.8)
Greece 20(2.9) | 472(11.1) | 18(4.4) | 517(15.6)| 9(2.0)| 429(26.9)| 6(1.8) | 487(23.2)
Italy 29(3.9) | 474(12.1)| 27(65) | 439(19.3)| 27(3.1) | 439(15.0)| 32(8.1) | 434(15.7)
Lithuania 25(2.1) | 526(8.0) | 31(2.6) | 476(65) | 7(1.6)| 498(19.8)| 15(1.6) | 484(13.2)
Russian Federation | 24 (1.9) | 532(10.2)| 27(2.3) | 485(16.4)| 8(1.4) | 494(15.7)| 11 (1.8) | 481(10.6)
Slovenia 31(2.7) | 474(146)| 35(2.3) | 460(10.8)| 27 (2.2) | 439(11.8) | 36(3.3) | 437(16.0)
Sweden 26(2.0) | 491(9.9) | 39(25) | 471(10.6)| 10(1.3) | 435(145)| 11 (1.9) | 454(13.4)
Switzerland 32(2.8) | 540(6.4) | 29(24) | 515(95) | 27(1.7) | 508(9.7) | 52(3.5) | 484(7.9)
United States 22(1.7) | 43011.0)| 31(21) | 419(89) | 9(1.0)| 404(10.7)| 17(2.0) | 385(15.5)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.5).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Chapter 8

INTERNATIONAL STUDENT ACHIEVEMENT IN PHYSICS

Chapters 8 through 10 present the results for the physics test given to the subpopulation

chosen for particular attention. Participating countries in TIMB&e physics
for detailed study because it is the branch of science most closely associated with

of students tested is examined from several perspectives, because not all coun-
tries could provide complete coverage of the entire cohort of school-leaving age
students. Comparisons are also provided by gender.

How DoEes PERFORMANCE COMPARE FOR STUDENTS TESTED IN PHYsICS?

Table 8.1 presents the mean (or average) achievement for 16 countries that partici-
pated in the physics study for students in their final year of secondary $chool.
The 11 countries shown in decreasing order of mean achievement in the uppe
part of the table were judged to have met the TIMSS requirements for testing g
representative sample of the final-year students having taken physics as described
by their national definitions of this subpopulation.

=

As explained in the Introduction, in many of the countries not all of the school-
leaving age cohort is still attending school, primarily because a number of students
have dropped out. Additionally, in many countries, only a relatively small subset
of the final-year students have taken the physics courses that would make them
eligible for the physics study. Also, some countries, like the Russian Federation
where all students in the general secondary schools take physics, defined only thoge
students having taken advanced physics courses. The proportion of the entire schgol-
leaving age cohort that participated in the physics study is indicated by the Physigs
TIMSS Coverage Index (PTCI). If the PTCI also reflects exclusion of part of th
final-year student population, the country is footnoted (i.e., Austria, Cyprus, and
the Russian Federation). Although for several countries the PTCI was approximately
15%, it varied from as little as 2% to 3% in the Russian Federation, Latvia (LSS
and Denmark to 33% in Austria and 39% in Slovenia.

1%

' The achievement results for physics were derived from all of the physics items scaled together. Chapter @
contains scaled results for the five physics content areas. See the “IRT Scaling and Data Analysis” section of
Appendix B.
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Although countries tried very hard to meet the TIMSS sampling requirements, many
encountered resistance from schools, teachers, and students, and thus did not have
the participation rates for both schools and students of 85% or higher (or a combined
rate of 75%) specified in the TIMSS guidelines. Obtaining the voluntary participa-
tion of secondary school students who are taking demanding courses is particularly
challenging because these students have many calls on their time. Beyond the problem
of inducing students to attend the testing sessions, several countries encountered
various difficulties in implementing the prescribed methods for sampling schools or
students within schools, usually because of the organization of the education system.
Because Israel did not clearly document its procedures for sampling schools, its
achievement results are presented in Appendix D. Italy’s sample size for the physics
test was very small and so its results are presented in Appendix D. A full discussion
of the sampling procedures and outcomes for each country can be found in Appendix B.

Despite the complications in sampling, the results reveal differences in average
physics achievement between the top- and bottom-performing countries, although
most countries fell somewhere in the middle ranges. Table 8.1 indicates whether the
country averages were significantly above or below the international average of 501.
In Norway, Sweden, the Russian Federation, and Denmark, the country average
wassignificantly above the international average, while in six countries, Switzerland,
Canada, France, the Czech Republic, Austria, and the United States it was significantly
below the international average. Note that the PTCI was low in Norway (8%), and
particularly in Denmark (3%), indicating that physics students in these countries are
a very select group. In addition, the sampling of physics students in Denmark did
not fully comply with the TIMSS sampling guidelines.

To illustrate the broad range of achievement both across and within countries, Table
8.1 graphically represents the distribution of student performance. 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 students in each
country performed below the 25th percentile for that country, and 75% performed
above the 25th percentile.

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

2 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 B for more details about calculating standard
errors and confidence intervals for the TIMSS statisics.
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Comparisons can be made across the means and percentiles. For example, average
performance in Norway was comparable to or even exceeded performance at the

75th percentile in the lower-performing countries such as France, the Czech Republic,
Austria, and the United States. Also, the differences between the extremes in perfar-
mance were very large within most countries.

Figure 8.1 allows comparison of overall mean achievement between cotititries.
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 taple,
a triangle pointing up indicates significantly higher performance than the country liste
across the top, a dot indicates no significant difference, and a triangle pointing down
indicates significantly lower performance. Countries shown in italics failed to
satisfy one or more guidelines for sample participation rates or student samplin
(see Appendix B for details).

In terms of average physics achievement, three clusters of countries can be identifjed.
In the first cluster, Norway and Sweden, each with many triangles pointing up, had
performance similar to each other and significantly higher average physics achieye-
ment than the other participating countries, although the Russian Federation, with a
wide confidence interval for its mean, did not differ significantly from either Sweden
or Norway. In the second cluster, there are relatively small differences from onge
country to the next, with most countries having lower mean achievement than some
countries, about the same mean achievement as some countries, and higher mean
achievement than other countries. Included in this group are Denmark, Slovenia,
Germany, Australia, Cyprus, Switzerland, Latvia (LSS), Greece, and Canada. In the
third cluster are France, the Czech Republic, Austria, and the United States. These
countries had lower average physics achievement than the other countries. Withi
this cluster, France had higher achievement than Austria and the United States, and
the Czech Republic had higher achievement than the United States. Latvia (LSS),
like the Russian Federation, had a wide confidence interval for its mean, and so its
mean was not significantly different from that of most other countries.

4 The significance fests in Figure 8.1 are based on a Bonferroni procedure for multiple comparisons that holds
to 5% the probability of erroneously declaring the mean of one country to be different from that of another
country.
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Table 8.1

Distributions of Physics Achievement for Students Having Taken Physics
Final Year of Secondary School*

" Norway Ao 581(6.5) 8% 19.0 [ ‘ I : -‘ l‘ ‘ ]
Sweden 4 573(3.9) 16% 18.9 [ ‘ I | : I ‘ ‘ ]
2 Russian Federation | a 545 (11.6) 2% 16.9 — — * —— ] ‘%
" Germany e 522(11.9) 8% 19.1 [ ‘ ‘l ‘ I ‘ ‘ 1 Q
* Cyprus e 494(5.8) 9% 17.7  m— — I : — iy
! Latvia (LSS) . 488215 3% | 180 ‘ ; I #-; ; — 3
Switzerland v 488(3.5) 14% 19.5 —— LI L ‘ 3
' Greece o 486 (5.6) 10% 17.7 5 —= L — §
Canada v 485(3.3) 14% 18.6 [ —I= | L ] z
France v 466 (3.8) 20% 18.2 I - — g
Czech Republic v 4516.2) | 119% | 181 — * — ] 5
Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details) %
Australia . 518(6.2) | 13% | 17.7 ‘ -; ;- - ‘ I ]
2 Austria v 435(6.4) 33% 19.1 [ ‘ I : -‘ I ] 2
United States v 423(3.3) 14% 18.0 C— T 1 ] ‘ 3
Countries With Unapproved Sampling Procedures and Low Patrticipation Rates (See Appendix B for Details) é
T T T T T T 2
Denmark s 534(4.2) 3% | 191 ‘ T m—r 5
Slovenia e 523 (15.5) 39% 18.8 |- : 1 H I — g
200 250 300 350 400 450 50IO 550 600 650 700 750 800
I Percentiles of Performance |
5th 25th 75th 95th International Average = 501
I 1 | 1 i (Average of All Country Means)
-

Mean and Confidence Interval (+2SE)

A = Country mean significantly higher than international mean

v = Country mean significantly lower than international mean

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

* See Appendix A for characteristics of the students sampled.

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

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

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Multiple Comparisons of Physics Achievement for Students Having Taken Physics

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

I
A
=
s L
o )
S —~
Country < s | O 3 L
w - S| o ) 8
258 8 5§ 5 93 3 e € e %o
RS ) o .3
g S| w| E| S| € Sl 28 e g B e|5|s5|3
21 9| 5 S| 6| a2 o|lcs| gl 0| B =
S| 2| 3| | R o| 3| 2B | =8| 8 N| 3|E
2|l x| ol vl o< Ol alO0O|lO0o|lL|]O|I|>D
Norway e | o A | A| A| A| A | A| A | A| A| A | A| A | a
Sweden ° ° A | A| A | A | A | A | A A | A | A | A | A
Russian Federation e | o o [ o | o | o A | A | e A | A| A | A | A | a
Denmark v A\ A} ° ° ° A A | o A A A A A A
[%2]
Slovenia | Y | Y | o | e oo | e e e e e A Al Al
(e}
Germany Y| V| e | e | o o e oo e | alalal alall
2
Australia Y| V| e | o e | o ° A | o A | A | A | Aa| A a|z
=1
Cyprus Y| V| V|V )6e e ° ° ° ° ° A | A | A | A §
: E
Switzerland V| V| V|V e ° vV | e ° ° ° A | A | A | Az
<
2
Latvia (LSS) Y| V| e | o o | o e | o ° ° e | o o | o A8
2
Greece Y| V| V| V| e ° V| e ° ° ° A | A | A | A g
g
2
Canada V| V| V|V e Y VvV )e | e | e | @ A | A a| a8
2
France v v i v|v|v|v|Vv|Vv|Vv|e v v e | A | 4|y
s
Czech Republic VI V| VY| VY| VY[V | V|V| V| N e | V| V| e e | a3
<
. w0
Austria Y| V| V| V|V V| V| V| V| |e V| V|V | e ° |2
il
©
B ©
United States vV v Vv| Vv | Vv Vv| VY| V| V| V| V| Vv 6 Vv| Vv |6e ;

Countries are ordered by mean achievement across the heading and down the rows.

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

* See Appendix A for characteristics of the students sampled.

i Statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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How Doks PERFORMANCE IN PHYSICS COMPARE, TAKING DIFFERENCES IN
PopruLATION COVERAGE INTO ACCOUNT?

Figure 8.2 shows the relationship between physics achievement and tHeMRIECI.
countries that took part in the TIMSS physics study considered that between 10%
and 20% of the school-leaving age cohort were eligible for testing. The countries
with PTCls in this range showed wide differences in average achievement, with
150 scale-score points separating the average physics scores of Sweden at the high
end from the United States at the low end. The six countries with less than 10% of
the age cohort having taken physics had average scores at or above the international
mean. Of the countries with the largest coverage indices, Slovenia was near the
international average, and Austria below it.

Table 8.2 provides another way of examining performance, regardless of whether
or not countries may have tested only their elite students. The 90th percentile is the
point on the physics scale that divides the higher-performing 10% of the students from
the lower-performing 90%. Table 8.2 shows the 90th percentile of performance for
each country, and the mean achievement for the top 10% of the students in the entire
school-leaving age cohort for each country. This analysis attempts to compare the
achievement of the best physics students in each country, regardless of the extent
to which the TIMSS test covered the entire cohort.

The 90th percentile provides a useful summary statistic on which to compare perfor-
mance across countries. It is used instead of the mean in this table because it can be
reliably estimated even when scores from some members of the population are not
available (that is, those students in the school-leaving age cohort not included in the
testing)® As shown by the PTCI, the physics students tested in most countries repre-
sented at least 10% of the school-leaving age cohort. Countries where the coverage
was less than 10% were excluded from the analysis in Table 8.2.

Notwithstanding the additional difficulties in calculating achievement for the entire
school-leaving age cohort for each country rather than for the students actually tested,
the results for the top 10% of the students in each country appear quite consistent
with those obtained from the tested students. However, the countries in Table 8.2
most likely to improve their standing were those with the largest coverage index, since
they were least likely to have tested just the elite students. That this proved to be
the case is shown in Figure 8.3. Slovenia has joined Sweden at the top of the chart,
despite having difficulties with low sampling participation and unappreaetpling
procedures. These two countries had higher average physics achievement for the
top 10% than any of the other countries. Austria also improved its relative position,
moving from the lowest-scoring cluster of countries in Figure 8.1 to the middle group
in Figure 8.3. The other countries generally maintained their standing.

* The relationship between physics achievement and the PTCI has a correlation coefficient of — 0.28.

© To compute the Q0th percentile, TIMSS assumed that those students in the schooHeaving age cohort not
tested would score below the 90th percentile, primarily because they had not taken physics. The percent-
ages of these students were added to the lower tail of the distribution before calculating the 90th percentile
using the modified distribution.



Mean Physics Achievement by TIMSS Coverage Index for Students Having Taken Physics
Final Year of Secondary School*
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" The Physics TIMSS Coverage Index (PTCI) is an estimate of the percentage of the school-leaving age cohort covered by the TIMSS final-year physics
student sample (see Appendix B for more information).

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).

Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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Physics Achievement for the Top 10 Percent® of All Students in the
School-Leaving Age Cohort*

Mean Achievement
of Top 10% of

Country 90 " Percentile Students Physics TCI
(Above 90 "
Percentile)
Sweden 549 (5.5) 630 (3.1) 16%
Switzerland 440 (4.7) 528 (3.8) 14%
Canada 433(2.7) 522 (3.1) 14%
France 465 (3.4) 518 (3.0) 20%
' Greece -- 486 (5.6) 10%
Czech Republic 355 (7.0) 464 (6.1) 11%
Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 451 (8.5) 547 (4.6) 13%
* Austria 471 (10.8) 532 (6.1) 33%
United States 394 (3.6) 451 (2.6) 14%
Countries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Slovenia 595 (15.1) 652 (13.9) 39%
International Average 462 (2.3) 533(1.9)

©@To compute the 90t percentile, TIMSS assumed that the students in the school-leaving age cohort not tested would have scored below

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

the 90t percentile and added them to the lower tail of the distribution.

* See Appendix A for characteristics of the students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Less than 10% of the students in the Russian Federation, Norway, Germany, Cyprus, Latvia (LSS), and Denmark took the physics test.
A dash (-) indicates data are not available. Because the students tested in Greece covered 10% of the school-leaving age cohort, the

90th percentile could not be estimated with precision.

Because coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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Multiple Comparisons of Physics Achievement for the Top 10 Percent® of All Students

in the School-Leaving Age Cohort*

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

Q
o %)
Country 5 3 L

o
< ) 3
-8 c 3 © 3 © o o 2

N . )
) 3 8 = 8 K o b S IS
> (5} 0 ) = c c ) b} =
KS) = S S = < © L N <
%) ()] < < n (@] Lo O @] )
Slovenia ° A A A A A A A A
Sweden ° A A A A A A A A
Australia v v ° A A A A A A
Austria v v o ° ° ° A A A
Switzerland v v v ° ° ° A A A
Canada v v v ° ° ° A A A
France v v v U o ° A A A
Greece v v v v v v v ° A
Czech Republic v v v v v v v . .
United States v v v v v v v v °

Countries are ordered by mean achievement across the heading and down the rows.

Mean achievement
significantly higher than
comparison country

No statistically significant
difference from comparison

country

[]

Mean achievement
significantly lower than
comparison country

'96-G66T '(SSINIL) APMIS 80UBIOS pue SoRewWayIe [eUONBUIBIU| PAYL VI :3OHN0S

@To compute the 90t percentile, TIMSS assumed that the students in the school-leaving age cohort not tested would have scored below

the 90" percentile and added them to the lower tail of the distribution.

* See Appendix A for characteristics of the students sampled.

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

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Less than 10% of the students in the Russian Federation, Norway, Germany, Cyprus, Latvia (LSS), and Denmark took the physics test.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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8

Physics Achievement for the Top 5 Percent® of All Students in the
School-Leaving Age Cohort*

Mean Achievement
of Top 5% of

Country 95 " Percentile Students Physics TCI
(Above 95 "
Percentile)
Sweden 619 (6.1) 678 (4.2) 16%
* Norway 557 (6.5) 640 (3.4) 8%
Switzerland 512 (7.8) 582 (3.7) 14%
* Germany 498 (16.6) 582 (6.4) 8%
Canada 510 (4.3) 574 (4.8) 14%
* Cyprus 475(8.8) 562 (5.2) 9%
' Greece 495 (6.9) 555 (3.4) 10%
France 508 (3.1) 550 (3.5) 20%
Czech Republic 448 (6.1) 520 (7.4) 11%
Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 539 (9.5) 598 (6.3) 13%
* Austria 519(9.1) 572 (7.4) 33%
United States 442 (6.2) 485 (3.2) 14%
Countries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Slovenia 641 (25.6) 689 (12.7) 39%
International Average 520(3.0) 583 (1.7)

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

@ To compute the 95t percentile, TIMSS assumed that the students in the school-leaving age cohort not tested would have
scored below the 95t percentile and added them to the lower tail of the distribution.

* See Appendix A for characteristics of the students sampled.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).

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

Less than 5% of the students in the Russian Federation, Latvia (LSS), and Denmark took the physics test.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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Multiple Comparisons of Physics Achievement for the Top 5 Percent® of All Students
in the School-Leaving Age Cohort*

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

L
s | g
° 3
Country = - g | =
T c > Y = c © x %)
IS 9 = < ) IS S ‘E 2 3 @ = o
O ° = N = I = =) O 5] D
S 9] s @ = = c @ s 8 c bt =
RS = S 3 2 [ S 3 S o < N S
) N z < n o O < O o [ O =)
Slovenia ° A A A A A A A A A A
Sweden ° A A A A A A A A A A A
Norway v v A A A A A A A A A A
Australia v v v ° ° A ° A A A A A |g
Switzerland v v v o . o o A A A A A [T
g
3
Germany v v v o ° ° ° ° A A A A |3
Canada v v v v ° ° . . A A A A §
)
Austria v v v . ° ° . ° . . A A |5
v v v v v ° ° ° . ° A A |5
Cyprus 3
2
w
Greece v v v v v v v ° ° ° A A %-
8
[%2]
France v v v v v v v . . ° A A ‘il
El
Czech Republic v v v v v v v v v v v A |G
2
United States v v v v v v v v v v v v g
2
Countries are ordered by mean achievement across the heading and down the rows.
Mean achievement No statistically significant Mean achievement
El significantly higher than difference from comparison significantly lower than
comparison country country comparison country

@To compute the 95th percentile, TIMSS assumed that the students in the school-leaving age cohort not tested would have scored below
the 95th percentile and added them to the lower tail of the distribution.

* See Appendix A for characteristics of the students sampled.

T Statistically significant at .05 level, adjusted for multiple comparisons.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Less than 5% of the students in the Russian Federation, Latvia (LSS), and Denmark took the physics test.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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A very similar pattern emerges from a consideration of the top 5% of physics students
in each country. Table 8.3 shows the 95th percentile of performance, and the mean
achievement for the top 5% of the students in the entire school-leaving age cohort,
for each country. Norway and Cyprus are included in this table, since only countries
with less than 5% coverage were excluded. As shown in Figure 8.4, Slovenia and
Sweden again have higher average physics achievement than the other countries, and
the United States has the lowest average achievement.

How DoEs PERFORMANCE IN PHYsICS COMPARE BY GENDER?

Table 8.4, which shows the differences in physics achievement by gender, reveals
that males had significantly higher achievement than females in all but one of the
participating countries. The table presents mean physics achievement separately for
males and females for each country, as well as the difference between the means. The
gender difference for each country, shown by a bar, indicates the amount of the
difference, whether the direction of difference favors females or males, and whether
the difference is statistically significant (a darkened bar). As can be seen, all of the
differences favored males rather than females, and all but one of the differences were
statistically significant. Only in Latvia (LSS) was the average physics score for males
not significantly greater than that for females, and this may be partly the result of
the larger than usual sampling error mentioned earlier.

Although the proportions of males and females taking physics were about equal in
Latvia (LSS), Canada, the Russian Federation, Switzerland, and the United States,
in several countries males outnumbered females by two or three to one. The disparity
was greatest in Denmark, where 80% of the physics students were male and only
20% female. Only in Austria and the Czech Republic were there more female than
male physics students. However, as previously observed, the difference in the propor-
tions of males and females taking science courses does not explain, of itself, the gender
differences in physics achievement. If it did, gender differences would be expected
to be less in countries with greater proportions of female physics students, and that
is not supported by the results in Table 8.4.
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Gender Differences in Physics Achievement for Students Having Taken Physics
Final Year of Secondary School*

Females .
Country Difference PTCI Gender Difference

Percent of Mean Percent of Mean
Students Achievement Students Achievement

0,
France 61(20) |478(42) | 39(2.0) [450(5.6) | 28(7.0) | 20% [reg—r = T
2 Cyprus 63 (2.5) | 509(8.9) | 37(2.5) | 470(7.1) | 40(11.4)| 9% || Score | Score
! Latvia (LSS) 51(3.7) | 509(19.0)| 49 (3.7) | 467 (22.6)| 42 (29.5)| 3% || Higher — | Higher

Canada 57(3.2) | 506(6.0) | 43(3.2) | 459(6.3) | 47(8.7) | 14%
" Norway 74(1.8) | 594(6.3) | 26(1.8) | 544(9.3) | 51(11.2) | 8%

|
|
Sweden 67(3.4) | 589(5.1) | 33(3.4) | 540(5.3) | 49(7.4) | 16%
2 Russian Federation | 54 (2.0) | 575(9.9) | 46 (2.0) | 509 (15.3)| 66 (18.2)| 2%
Czech Republic 38(2.4) | 503(8.8) | 62(2.4) | 419(3.9) | 83(9.7) | 11%
Switzerland 51(1.8) | 529(5.2) | 49 (1.8) | 446(3.6) | 83(6.3) | 14%
' Greece 68 (2.1) | 495(6.1) | 32(2.1) | 468(8.1) | 28 (10.1)| 10%
' Germany 69 (3.0) | 542(14.3)| 31(3.0) | 4799.1) | 64(17.0)| 8%
0 40 80 1

|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)

Australia 66 (3.8) | 532(6.7) 34 (3.8) | 490(8.4) | 42(10.8) 13%

? Austria 38(3.5) | 479(8.1) 62 (3.5) | 408(7.4) 71 (11.0) 33%

United States 52 (2.4) | 439(4.3) | 48(2.4) | 405(3.1) 33 (5.3) 14%
|Countries With Unapproved Sampling Procedures and Low Patrticipation Rates (See Appendix B for Details)

Denmark 80(2.3) | 542(5.2) | 20(2.3) | 500(8.1) | 42(9.6) 3%
Slovenia 72 (3.7) | 546 (16.3)| 28 (3.7) | 455 (18.7)| 91 (24.8)| 39%

120 80 40 20

International Averages
Males Females  Difference - Gender difference statistically significant at .05 level.

523 469 54 D Gender difference not statistically significant.
(Averages of All Country Means)

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

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Desired Population does not cover all of International Desired Population (see Table B.4).
2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some differences may appear inconsistent.
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How WELL DiD STUDENTS HAVING TAKEN PHYSICS PERFORM IN
MATHEMATICS AND SCIENCE LITERACY?

The PTCI provides one indicator of the percentage of a country’s school-leaving age
cohort that has taken physics, and confirms that in most of the TIMSS countries,
physics in upper secondary school is taken by only a small proportion of students.
Table 8.5 provides further information on these students by comparing their perfor-
mance on the science literacy test, and on the composite mathematics and science
literacy test, with the performance of final-year students in general. It is clear from
this table that students having taken physics generally come from the high end of
the achievement continuum. As might be expected, there was a tendency for
achievement differences to be greatest in countries where the coverage index was
least. The science literacy difference ranged from 49 in Slovenia (PTCI of 39%) to
124 in Norway (PTCI of 8%).
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Comparison Between All Students in Their Final Year of Secondary School and
Final-Year Students Having Taken Physics in Mathematics and Science Literacy

Mean Achievement

Mathematics and Science

Literacy Science Literacy

Physics
TCI

Country

Canada 526 (2.6) 594 (5.5) 532 (2.6) 596 (5.5) 70% 14%
* Cyprus 447 (2.5) 521(6.1) 448 (3.0) 526 (6.2) 48% 9%
Czech Republic 476 (10.5) 582(7.2) 487 (8.8) 591 (6.8) 78% 11%
France 505 (4.9) 572 (5.0) 487 (5.1) 553 (4.9) 84% 20%
" Germany 496 (5.4) 591 (7.3) 497 (5.1) 586 (7.5) 75% 8%
" Norway 536 (4.0) 658 (6.7) 544 (4.1) 668 (8.0) 84% 8%
Sweden 555 (4.3) 664 (3.7) 559 (4.4) 668 (4.1) 71% 16%
Switzerland 531(5.4) 618 (4.2) 523 (5.3) 617 (4.5) 82% 14%
|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 525(9.5) 610 (7.7) 527 (9.8) 610 (8.9) 68% 13%
* Austria 519 (5.4) 567 (5.9) 520 (5.6) 570 (6.2) 76% 33%
United States 471 (3.1) 548 (5.2) 480 (3.3) 553 (5.7) 63% 14%
|Countries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 528(3.2) 610 (6.7) 509 (3.6) 592 (7.3) 58% 3%
Slovenia 514 (8.2) 563 (8.0) 517 (8.2) 566 (8.7) 88% 39%
International Average 510 (1.6) 592 (1.7) 510 (1.6) 592 (1.8)

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
The procedures used by Latvia (LSS) and Russian Federation do not permit estimating literacy achievement for students taking physics.
Greece did not test the population of all students in their final year of secondary school.

Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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Chapter 9

ACHIEVEMENT IN PHYsics CONTENT AREAS

TIMSS measured achievement in different content areas of physics in order to gat
more information about what each country’s population of physics students kno
and can do than an overall physics score would provide. The physics test for fin
year students was designed to enable reporting by five content difeese are:

* Mechanics

* Electricity and magnetism

* Heat

» Wave phenomena

» Modern physics: particle, quantum and astrophysics, and relativity

This chapter summarizes student performance across countries in the five phys
content areas, and goes on to provide further information about the type of items
each area, including six example items and the percentage of correct response
those items for each TIMSS country.

How DoEes PERFORMANCE COMPARE ACROSS CONTENT AREAS?

As well as scaling the complete physics item pool to obtain an overall physics sca
TIMSS scaled each of the five content areas separately to facilitate analyses at
content level. Table 9.1 summarizes the country means and standard errors on e
content scale for each country, and also provides the Physics TIMSS Coverage Ind
The international averages of each of the subscales was arbitrarily set to’be 50

In general, countries’ performance in the physics content areas resembles thei

performance on the test overall, although few countries performed equally we
or poorly in all five areas. Among the highest performers, Norway and Sweden fe

above the international average in all five physics content areas. In contrast, Austri

and the United States performed below the international mean in all five. Ever
other country except Latvia (LSS) scored significantly above or below the intern
tional mean in at least one content area, and about at the mean in others.

Figure 9.1 graphically depicts each country’s strengths and weaknesses in the phys
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content areas compared with their average performance across all five content areas.

The harizontal line indicates each country’s overall average achievenpdysics,
and the five darkened boxes indicate the 95% confidence intangalsd the
mean achievement in each of the five content areas. If the darkened box is below
the line, then the country performed significantly less well in that content area
than it did overall. Similarly, if the darkened box is above the line, then the

! See the "Test Development” section of Appendix B for more information about the process used to develop

the TIMSS tests. Appendix C provides an analysis of the match between the test and curriculum in the
different TIMSS countries and the effect of this match on the TIMSS results.

2 Final revisions of the data resulted in infernational averages of 501 for some of the physics scales.
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CHAPTER 9

Table 9.1

Achievement in Physics Content Areas for Students Having Taken Physics
Final Year of Secondary School*

Physics Content Areas
Mean Achievement Scale Scores

Modern Physics:

Country o Particle,
Mechanics  EerCtan Phenomena  Quantum and
and Relativity
(16 items) (16 items) (9 items) (10 items) (14 items)
Canada 14% v 473(3.6) v 485(3.7) o 508 (4.2) v 488(3.2) o 494(2.7)

2 Cyprus 9% 2 530(6.6) ¢ 502(6.3) v 476 (6.7) ¢ 507(6.5) v 434(5.2)
Czech Republic 11% v 469 (6.0) v 465 (5.5) o 488(4.7) v 447 (5.4) v 453(4.9)
France 20% v 457 (4.3) o 494 (4.1) e 491 (3.4) v 463(3.6) v 474(3.4)

" Germany 8% e 495(9.4) e 512(9.9) o 496 (6.4) a4 530(10.3) a 545(13.1)

" Greece 10% e 514(6.5) e 520(6.6) o 481(7.2) v 453(5.3) v 447 (4.9)

! Latvia (LSS) 3% o 489(18.1) | o 485(17.4)| e 504(21.4) | o 498(17.6) e 488(19.0)

" Norway 8% s 572(6.4) 2 565(6.2) 2 536(4.3) a2 560(5.4) 2 576(5.3)

2 Russian Federation 2% 4 537(9.3) 4 549(9.2) 4 530(10.4) | « 515(9.4) 4 542(9.9)
Sweden 16% s 563(4.0) 4 570(3.3) 4 522(4.3) Ao 560(4.7) a4 560(3.5)
Switzerland 14% v 482 (3.5) v 480 (4.5) o 509 (3.6) o 498(3.1) v 488 (3.8)

|Countries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix B for Details)
Australia 13% e 507(6.1) o 512(4.4) 4 517(4.3) e 519(6.9) 2 521(5.8)

2 Austria 33% v 420(4.9) v 432(6.3) v 445 (5.6) v 468(7.3) 480 (6.0)
United States 14% v 420(2.8) v 420(3.0) v 477 (3.0) v 451(2.2) 456 (2.5)

ICountn'es With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 3% 4 529(4.9) ¢ 513(3.8) e 512(4.3) a2 537(5.5) s 544(4.9)
Slovenia 39% A 552(17.3)| o 509(14.6) | « 521(10.4) | « 514(11.5) « 511 (15.1)
;”v‘g:gg‘e'"”a' 501 (2.1) 501 (2.0) 501 (2.0) 500 (1.9) 501 (2.1)

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

A = Country average significantly higher than the international average for the scale
e = No significant difference between country average and international average for the scale

v = Country average significantly lower than the international average for the scale

202

* See Appendix A for characteristics of the students sampled.

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

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

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

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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country performed significantly better in that content area than it did overall. Mos
countries did relatively better in some areas and less well in others. Students in Cang
performed relatively less well in mechanics and relatively better in heat than the
did on the physics test as a whole. In Cyprus, students performed better in mechar
and wave phenomena, and less well in modern physics. Students in the Czech Repy
performed relatively better in heat, and relatively less well in wave phenomena th
they did on the test overall. French students performed relatively better in electrig
and magnetism and heat, and relatively less well in mechanics and in wave phenom
whereas students in Germany performed relatively less well in heat. Students in Gre
performed better in mechanics and electricity and magnetism, and less well in wa
phenomena and modern physics. Whereas students in Norway and Sweden, b
countries with high average performance on the physics test, had a relative weakn
in heat, students in Switzerland had a relative strength in this area. Students in Norw
performed relatively better in modern physics, whereas students in Sweden di
relatively better in electricity and magnetism. Students in Switzerland had relativel
lower achievement in mechanics and electricity and magnetism. Austrian student
showed relative strengths in wave phenomena and modern physics, and relativ
weakness in mechanics. Students in Denmark also had relatively higher achievem
in modern physics, but relatively lower achievement in electricity and magnetism
and heat. Compared with their overall mean achievement, students in the United Sta
performed better in heat, wave phenomena, and modern physics, and less well
mechanics, and electricity and magnetism. For Latvia (LSS), the Russian Federatid

Australia, and Slovenia, performance in the individual content areas was not signifi-

cantly different from their overall physics scores.

It was evident from Chapter 8 that male students outperformed female students ¢
the overall physics test in all countries but one. Table 9.2 provides further informati
on this issue by presenting gender differences for each country on each physics cont
area scale. The international average for males was significantly higher than tf
average for females on each of the content area scales, with the difference betwg¢
males and females ranging from 31 scale points in electricity and magnetism to 5
scale point in mechanics. Significant gender differences favoring males were fou
in more countries in the areas of mechanics (15 countries), wave phenomena
(11 countries), and modern physics (12 countries) than in electricity and magnetis
(8 countries) or heat (7 countries). Apart from Latvia (LSS), which showed no
significant gender differences on any content scale, the countries with significa
gender differences on the fewest content scales were Cyprus, Greece, and Denn
Significant gender differences on all five content scales were shown in the Czech
Republic, Switzerland, and Austria.
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CHAPTER 9

Profiles of Performance in Physics Content Areas for Students Having Taken Physics
Final Year of Secondary School*
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* See Appendix A for characteristics of students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvia Speaking School only.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Desired Population does not cover all of International Desired Population (see Table B.4).
2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
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SIS R | (Continued)

Profiles of Performance in Physics Content Areas for Students Having Taken Physics
Final Year of Secondary School*
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* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
! National Desired Population does not cover all of International Desired Population (see Table B.4).

2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
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Achievement in Physics Content Areas by Gender for Students Having Taken Physics
Final Year of Secondary School*

Physics Content Areas
Mean Achievement Scale Scores

Country Mechanics Electricity and Magnetism Heat

(16 items) (16 items) (9 items)

Canada 14% 440 (5.7) A 499 (6.6) 468 (6.5) 497 (6.2) 492 (8.1) 520 (5.2)
2 Cyprus 9% 496 (10.3) | o 551(9.6) 494 (7.4) 507 (8.5) 461 (11.2) 484 (9.8)
Czech Republic 11% 440 (4.8) A 514(8.4) 443 (3.3) A 501(8.7) 472 (4.5) A 513(6.6)
France 20% 437 (5.5) A 470(5.6) 491 (5.2) 495 (4.2) 487 (5.7) 496 (4.0)
" Germany 8% 453 (10.6) | o 515(9.6) 491 (7.7) 522 (12.1) 461 (10.6) | o 513(6.3)
" Greece 10% 489 (7.2) A 525(7.0) 515(11.0) 522 (6.5) 460 (10.5) 490 (8.1)
! Latvia (LSS) 3% 468 (19.8) 509 (15.2) 474 (18.4) 496 (16.8) 484 (23.4) 523(17.8)
" Norway 8% 523(9.0) A 589(6.1) 549 (10.0) 570 (6.2) 511 (7.0) A 545(4.4)
? Russian Federation 2% 507 (12.3) | o 563 (7.4) 519 (12.9) | & 575(7.7) 501 (14.8) | o 555(7.5)
Sweden 16% 517 (4.4) A 586 (4.6) 551 (4.7) A 579(4.8) 507 (5.3) 529 (5.8)
Switzerland 14% 444 (3.5) A 519(5.3) 452 (4.5) A 507(7.1) 480 (5.7) A 538(4.3)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 13% 474 (6.8) A 524(7.8) 488 (8.3) A 525(6.7) 503 (6.2) 524 (5.0)
2 Austria 33% 399 (6.3) A 459 (6.6) 409 (6.9) A 468(9.1) 420 (6.8) A 485(8.0)
United States 14% 393 (2.8) A 446 (3.5) 409 (3.6) A 430(3.5) 474 (2.7) 480 (4.2)
|Countries With Unapproved Sampling Procedures and Low Participation Rates (See Appendix B for Details)
Denmark 3% 483(10.2) | o 540(5.5) 498 (7.8) 515 (4.5) 487 (9.6) 517 (5.3)
Slovenia 39% 487 (21.7) | o 576 (17.5) 470 (13.8) 522 (16.6) 470(18.7) | o 538(13.1)
International Average 466 (2.6) A 524(2.2) 483 (2.3) A 514(2.2) 479 (2.7) A 516(2.0)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

A = Difference from other gender statistically significant at .05 level, adjusted for multiple comparisons

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Desired Population does not cover all of International Desired Population (see Table B.4).
2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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(Continued)

Achievement in Physics Content Areas by Gender for Students Having Taken Physics
Final Year of Secondary School*

Physics Content Areas
Mean Achievement Scale Scores

Modern Physics: Particle,

Country Wave Phenomena Quantum and Astrophysics,
and Relativity

(10 items) (14 items)

Canada 14% 476 (6.4) 497 (4.3) 471 (5.1) Ao 513(6.0)
2 Cyprus 9% 486 (8.4) 519 (10.4) 411 (9.9) A 450(7.7)
Czech Republic 11% 419 (4.9) A 491(7.2) 425 (4.6) A 498 (6.9)
France 20% 448 (4.6) A 475(5.6) 457 (4.1) A 485(4.3)
" Germany 8% 485(10.1) | a 551(12.7) 508 (13.5) 561 (15.3)
" Greece 10% 444 (7.2) 457 (7.4) 426 (5.7) A 456 (6.4)
! Latvia (LSS) 3% 480 (16.2) 515 (17.3) 470 (20.8) 505 (16.6)
" Norway 8% 519 (10.2) A 575(4.9) 549 (9.9) Ao 585(5.0)
? Russian Federation 2% 487 (12.4) | o 539(7.9) 520(13.9) 561 (7.9)
Sweden 16% 528 (5.9) Ao 576(6.1) 538 (6.2) A 570(3.3)
Switzerland 14% 460 (4.4) A 533(4.8) 457 (4.4) A 519(5.8)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix B for Details)
Australia 13% 498 (7.2) 529 (9.0) 497 (7.8) Ao 533(6.7)
? Austria 33% 444 (9.7) A 506 (7.3) 465 (6.1) Ao 505(9.9)
United States 14% 442 (3.0) A 460 (2.6) 446 (2.3) A 466 (3.6)
ICountries With Unapproved Sampling Procedures and Low Patrticipation Rates (See Appendix B for Details)
Denmark 3% 493 (10.0) | o 547(6.3) 529 (7.4) 546 (6.0)
Slovenia 39% 446 (13.4) | o 538(11.9) 458 (14.1) | o 528(18.7)
International Average 472 (2.3) A 519(2.2) 477 (2.4) A 518(2.3)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

A = Difference from other gender statistically significant at .05 level, adjusted for multiple comparisons

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Desired Population does not cover all of International Desired Population (see Table B.4).
2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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WHAT ARE SOME EXAMPLES OF PERFORMANCE IN PHYSICS?

This section presents six example items from the physics test, including the performance
on each item for each TIMSS country. The example items were chosen to illustrate
the topics covered within each content area and to show the range of difficulty.
Example Item 1, presented in Table 9.3, requires students to indicate why boiling a
small volume of water produces a large volume of steam. On average across countries,
about two-thirds of the students having taken courses in physics selected the correct
answer to this question, demonstrating an understanding of the relationship between
the increased volume and the relative distance between water molecules in the liquid
and gaseous states. Three-fourths or more of the students in Norway, Sweden,
Australia, Denmark, and Slovenia answered this question correctly.

Example Item 2, from modern physics, asked students to apply their knowledge of
special relativity to determine the length of a spaceship traveling at close to the speed
of light as seen by a stationary observer. In order to solve this problem, students
needed to correctly apply the mathematical equation for relativistic length contraction
(L=L(1-V/c?)™). As shown in Table 9.4, fewer than half of the students on average
internationally responded correctly. There was considerable variation in performance
across countries, with the proportion of students responding correctly ranging from
about one-fourth to nearly three-fourths. More than 60% of the students in Norway,
the Russian Federation, and Sweden answered this item correctly. An additional
20% of students internationally selected option A, indicating some knowledge that
the length of the moving spaceship would appear contracted relative to its length at
rest, but made an incorrect calculation by omitting the square-root operation.

Example Item 3, from wave phenomena, proved more difficult for students interna-
tionally. This item required an understanding of the refraction of light as it passes
through a semicircular glass block into air. As presented in Table 9.5, about 37% of
the students internationally, on average, correctly identified the direction in which the
refracted ray of light would travel after leaving the glass block. The highest performance
was in Norway, the Russian Federation, and Sweden, where slightly more than half
of the students chose the correct answer; the lowest performance was in Greece,
where fewer than 20% chose the correct answer. Internationally, about one-fourth of
the students, on average, selected option C, showing the refracted beam that would
occur if the ray of light were traveling from air into glass rather than glass into air.
The selection of this option indicates some understanding of refraction at a glass/air
interface but an incorrect application to the problem presented.

Example Item 4, from the content area electricity and magnetism, was also difficult
for most students. Students were provided with a diagram representing electrons
moving at a given velocity and entering a perpendicular uniform electric field, and
were asked to identify the path taken by the electrons in the electric field. About
one-third of students on average identified the correct path, showing deflection of
the electron away from the negative charge and toward the positive charge in the
electric field (see Table 9.6). The highest performance was in France, Norway, and
Sweden, where the majority of students chose the correct answer, and the lowest
was in the Czech Republic, Austria, and the United States, each with less than 15%
correct. Another third of students internationally selected the incorrect option B,
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showing deflection of the electron in the opposite direction, toward the negative charg
In fact, this was the most frequent response chosen in several countries. This resp
indicates some understanding that the path of the electrons will be deflected in
electric field but a misinterpretation of the direction of negative and positive charge
as shown by the electric field vector in the diagram.

Example Item 5, from mechanics, was quite difficult for students in most countrie
In this item, students were shown a pictorial representation of an amusement park

in which a rider is pressed against the wall of a rotating cylinder. As seen in Table 9.

only 20% of the students on average could correctly identify the three real force
acting on the rider. The wall exerts a centripetal force inward toward the center th
keeps the rider moving in a circular path, while two balanced vertical forces (grav
tational and frictional) keep the rider stationary with respect to the wall. Cyprus w|
the only country where as many as half of the students identified the correct ansy
The item was most difficult for students in the Czech Republic, Germany, and Austrig
where fewer than 10% of the students selected the correct response. Internations
more than half of the students selected option B, indicating the commonly held
misconception that centrifugal force resulting from rotation pushes the rider outwar
from the center.

The final example, Item 6, was a free-response item from modern physics relatec
the Rutherford scattering experiment. Students were asked to explain why most

stream of alpha particles directed at a very thin sheet of gold will pass through

Table 9.8 presents the percentage of students in each country that provided parti
and fully correct answers. A fully correct response to this item required the stude
to explain that alpha particles may be scattered or deflected only by interacting w
the nuclei in the gold atoms, and that the distance between the gold nuclei (diam
of a gold atom) is very large compared to the diameter of the nucleus or of an alg
particle. Although on average only 10% of students internationally provided fully
correct answers, a further 14% provided at least a partially correct response refereng
the general idea of relative size or empty space within the gold atom. The highe
percentages of fully correct answers were from Germany and Slovenia (more tf
20%). In more than half of the countries, however, 25% or more of the students recei
partial or full credit, and in Germany, Norway, and Australia, the proportion of student
with partial or full credit was more than one-third.

Figure 9.2 shows the relationship between performance on the TIMSS internatior
physics scale and achievement on the six example items from the physidhtest.
international achievement on each example item is indicated both by the avera
percentage of fully correct responses across all countries, and by the internatio
physics scale value, or item difficulty level. Since the scale was based on the performa
of students in all countries, the international scale values apply to all countries. 4
illustrated by the example items, the physics test was relatively difficult for studer
in a number of countries. Students achieving below the international average w
unlikely to provide fully correct responses to many of the items.
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® The three-digit item label shown in the lower right corner of the box locating each example item on the item
difficulty map refers to the original item identification number used in the student test booklets.
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Table 9.3 [)\Hi{&3

Percent Correct for Example Item 1 for Students Having Taken Physics
Final Year of Secondary School*

Example 1

Country Percent Volume of steam.

Correct Content Category:
Heat
Canada 73 (3.0)
2 Cyprus 54 (4-5) 9% When a small volume of water is boiled, a large volume of steam is produced.
Czech Republic 39 (3.0) 11% Why?
France 50 (3.0) 20% \ )
0 ° The molecules are further apart in steam than in water.
" Germany 64 (5.7) 8%
" Greece 62 (5_2) 10% B.  Water molecules expand when heated and make the molecules bigger
! Latvia (LSS) 43 (8.3) 3% than the water molecules.
u Norway 81 (2, 1) 8% C.  The change from water to steam causes the number of molecules to
2 Russian Federation 68 (5.0) 2% ferefk
Sweden 83 (2.8) 16% D.  Atmospheric pressure works more on water molecules than on steam
Switzerland 66 (3.8) 14% molecules.
Countries Not Satisfying Guidelines for Sample E.  Water molecules repel each other when heated.
Participation Rates (See Appendix B for Details):
Australia 80 (3.4) 13%
? Austria 40 (4.8) 33%
United States 60 (2.3) 14%
Countries with Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):
Denmark 79 (3.2) 3%
Slovenia 89 (3.1) 39%
International Average
Percent Correct 64(11)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Desired Population does not cover all of International Desired Population (see Table B.4).
2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Table 9.4 [)\Hi{&

Percent Correct for Example Item 2 for Students Having Taken Physics
Final Year of Secondary School*

Example 2
Country Percent Length of spaceship in flight.

Correct Content Category:
Modern Physics: Particle, Quantum and Astrophysics, and Relativity
Canada 47 (3.5) 14%
2 Cyprus 25 (4.0) 9% )
i A spaceship passes an observer at a speed of 0.9 c. The observer knows that
Czech Republlc 53 (3.4) 11% the length of the spaceship, measured at rest before it took off, was 100 m.
France 25 (3.1) 20%
* Germ any 45 ( 4'5) 8% What is the length of the spaceship in flight as seen by the observer?
" Greece 28 (4.4) 10% DN
/ m
* Latvia (LSS) 55 (4.8) 3%
" Norway 67 (2.8) 8% @ 44 m
? Russian Federation 62 (5.1) 2% C. 229m
Sweden 73 (3.4) 16%
Switzerland 35 (3.8) 14% D- 526m

Countries Not Satisfying Guidelines for Sample
Participation Rates (See Appendix B for Details):

Australia 36 (5.3) 13%
? Austria 32 (3.6) 33%
United States 34 (2.3) 14%

Countries with Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Detalils):

Denmark 38 (4.5) 3%
Slovenia 56 (6.3) 39%
International Average 44 (1.0)

Percent Correct

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Desired Population does not cover all of International Desired Population (see Table B.4).
2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Table 9.5 [i)\Hi{&3

Percent Correct for Example Item 3 for Students Having Taken Physics
Final Year of Secondary School*

Country

Percent

Example 3
Direction refracted ray of light.

Content Category:
Wave Phenomena

Correct
Canada 42 (3.6) 14%
2 Cyprus 47 (6.2) 9%
Czech Republic 34 (4.0) 11%
France 24 (2.6) 20%
" Germany 40 (4.6) 8%
" Greece 18 (3.5) 10%
! Latvia (LSS) 41 (6.0) 3%
" Norway 52 (2.9) 8%
? Russian Federation 51 (3.0) 2%
Sweden 53 (5.6) 16%
Switzerland 34 (4.3) 14%
Countries Not Satisfying Guidelines for Sample
Participation Rates (See Appendix B for Details):
Australia 42 (4.9) 13%
? Austria 29 (4.2) 33%
United States 27 (2.8) 14%

Countries with Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Detalils):

Percent Correct

Denmark 32 (3.8) 3%
Slovenia 30 (5.7) 39%
International Average 37 (1.1)

This item refers to the following diagram.

A ray of light passes from P to Q through a semicircular glass block in air.

‘Which arrow shows the direction in which the refracted ray of light would
travel after leaving Q?

B. 2
cC 3
D. 4
E. 5

* See Appendix A for characteristics of the students sampled.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

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

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

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

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

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

Percent Correct for Example Item 4 for Students Having Taken Physics
Final Year of Secondary School*

Percent
Correct

Country

Example 4

Path of electrons in electric field.

Content Category:
Electricity & Magnetism

Canada 17 (2.1) 14%
2 Cyprus 24 (4.3) 9%
Czech Republic 12 (2.2) 11%
France 54 (4.4) 20%
" Germany 35 (5.1) 8%
" Greece 49 (5.9) 10%
! Latvia (LSS) 23 (8.6) 3%
" Norway 50 (3.4) 8%
? Russian Federation 32 (3.3) 2%
Sweden 52 (3.6) 16%
Switzerland 30 (3.7) 14%
Countries Not Satisfying Guidelines for Sample
Participation Rates (See Appendix B for Details):
Australia 25 (6.3) 13%
? Austria 11 (2.7) 33%
United States 12 (1.6) 14%
Countries with Unapproved Sampling Procedures and
Low Participation Rates (See Appendix B for Details):
Denmark 41 (4.8) 3%
Slovenia 40 (7.5) 39%
International Average 32(1.2)

Percent Correct

Electrons enter a uniform electric fiefdwith a velocityv as shown in the
figure. The velocity is perpendicular to the electric fieid

Vo \\\
/ N
PR VN
Which one of the dashed paths (I, II, 111, IV or V) best represents the path of

the electrons in the electric field?

A
B I
c.oom
v
E Vv

* See Appendix A for characteristics of the students sampled.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

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

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

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

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

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

9



CHAPTER 9

1L A Physics

Percent Correct for Example Item 5 for Students Having Taken Physics
Final Year of Secondary School*

Example 5

Percent Direction of forces in
Country Correct amusement park ride.

Content Category:

X Mechanitk .
Canada 21 (2.7) 14%
2 Cyprus 51 (4.3) 9% ! ) . )
. The figure below shows a special sort of amusement park ride. As the ride
Czech Republic 8 (4.3) 11% starts to rotate about its central vertical axis the floor drops slowly but the rider
does not. The rider is pressed against the rough inside wall of the rotating
France 14 (2 ’ 2) 20% cylinder and remains at rest with respect to the wall. The rider’s feet are not in
" Germany 9 (3.0) 8% contact with the floor.
" Greece 20 (3.0) 10%
! Latvia (LSS) 18 (5.7) 3%
' Norway 29 (3.4) 8%
? Russian Federation 13(3.1) 2%
Sweden 28 (3.3) 16%
Switzerland 15 (3.7) 14%

Countries Not Satisfying Guidelines for Sample

Participation Rates (See Appendix B for Details): ‘Which one of the following diagrams best represents the real forces acting on

the rider?
Australia 27 (4.9) 13%
? Austria 5(1.4) 33% B.
United States 15 (2.2) 14%

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

AL
f”

Denmark 23 (3.7) 3%
Slovenia 22 (6.0) 39% c )
International Average 20 (0.9) %

Percent Correct

<=

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Desired Population does not cover all of International Desired Population (see Table B.4).
2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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IELI R Physics

Percent Correct for Example Item 6 for Students Having Taken Physics
Final Year of Secondary School*

Example 6

Percent  Percent
Country Partially Fully PTCI Alpha particles passing through gold.

Correct  Correct Content Category:
Modern Physics: Particle, Quantum and Astrophysics, and Relativity

Canada 19 (32) 12 (26) 14% A stream of alpha particles is directed at a thin sheet of gold 80 atoms thick.
2 Cyprus 18 (2.4) 7 (2.4) 9%

Czech Republic 7 (20) 1 (08) 11% Explain why most of the alpha particles pass through the sheet.

France 11 (2.0) 5 (1.8) 20% Mest a—{f‘»o»paﬁ'du #wu?h tHhe sheet  becaust,
' niand

Germany 11 (3.8) 24 (4.2) 8% of the Sive of the aépha /ww'cﬁv- )WW@L/D e
' Greece 4 (1.8) 2(0.7) 10% pilects i very dmadl.besanse Hiare @ vaot amount
! Latvia (LSS) 11 (3.2) 8 (2.2) 3% ob spae fef the nuclevdand the electnona
* Norway 23(3.1) 17 (2.6) 8% srbitia /‘P/ Hiore 44 It OF room érm}aha /arhdw
? Russian Federation 8 (2.0) 17 (3.1) 2% to 5{144/7/7 /MA #hf”"‘fk

Sweden 23 (3.9) 7 (2.1) 16% e

Switzerland 15 (2.4) 13 (1.9) 14%
Countries Not Satisfying Guidelines for Sample
Participation Rates (See Appendix B for Details): &L ) N

— = whis diskence 14 yrat

Australia 29 (4.4) 8 (3.2) 13% | = A nte sloha /,a,m_‘,
2 Austria 17 (3.3) 5 (1.5) 33% " Ny) mf”" ooy

United States 11 (1.7) 2 (0.7) 14% ed ]

y ; 2. Jo

Countries with Unapproved Sampling Procedures and . e ol rlm /’Wh‘h'“ hit. fe- 7 é[//
Low Participation Rates (See Appendix B for Details): Euen i F pome O{ I de /{ ot 0/7[ with an an &; ) buf s

Denmark 8 (1.7) 7(2.2) 3% W nl{ofum ) fw7 wou 7

i 0,

Slovenia 4(1.9) 21 (6.7) 39% V W Hmjl‘ .

International Average

Percent Correct 140.7) 10(0.7)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix B for details).
1 National Desired Population does not cover all of International Desired Population (see Table B.4).
2 National Defined Population covers less than 90 percent of National Desired Population (see Table B.4).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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International Difficulty Map for Physics Example Items for Students Having

Taken Physics

Final Year of Secondary School*

Example 6

Alpha particles passing through gold.

Scale Value = 805
International Average Percent Correct = 10%

G18

Example 4

Path of electrons in electric field.

Scale Value = 711
International Average Percent Correct = 32%

Ho8

Example 2

Length of spaceship in flight.

Scale Value = 619
International Average Percent Correct = 44%

HO5

* See Appendix A for characteristics of students sampled.

250

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

Example 5

Direction of forces in
amusement park ride.

Scale Value = 802
International Average Percent Correct = 20%

G09

Example 3

Direction refracted ray of light.

Scale Value = 664
International Average Percent Correct = 37%

G05

Example 1

Volume of steam.

Scale Value = 502
International Average Percent Correct = 64%

G02

Note: Items are shown at the point on the TIMSS physics scale where students with that level of proficiency had a 65 percent probability of

providing a correct response.
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Chapter 10

CONTEXTS FOR PHYSICS ACHIEVEMENT

Physics is often considered to be among the most demanding of the sciences, and,
because of its reliance on mathematical models and methods, the science magst
closely allied to mathematics. The students who take courses in physics at the end
of upper secondary school are frequently also those who take advanced mathematics
at that time. In countries with clearly defined tracks at the upper secondary leve|,
the mathematics and physics tracks are often one and the same. This chapter foguses
on the instructional experiences of final-year physics students, including the amount
of instruction and homework they receive each week, the kinds of activities they
engage in in physics class, and their use of calculators. In addition, this chapter
presents physics students’ reports on the educational level of their parents, andjon
their plans for future study.

WHAT ARE THE INSTRUCTIONAL PRACTICES IN PHYSICS CLASSES?

The amount of physics instruction received by students in physics classes in their
final year varied considerably across countries, but in general was less than five hours
per week (see Table 10.1). Students in Australia, the Russian Federation, and the
United States mostly reported between three and five hours of physics instruction
per week, while in Canada, about half of the students then taking physics reported
having five hours or more of physics instruction each week. In Cyprus, Denmark,
Greece, and Norway, almost all physics students reported between three and four
hours of instruction per week, whereas less than three hours was the norm fo
students in the Czech Republic, Germany, Latvia (LSS), Sweden, and Switzerland.

Significant percentages of students who met the TIMSS definition for a physics
student in Austria, Canada, Slovenia, Switzerland, and the United States reported
that they were not taking physics at the time of testing. For example, in Switzerland
and other European countries, physics instruction is distributed across three to four
years of secondary education (e.g., two lessons a week for three years). In the
United States, physics can be taken before the final year of school. Also, in some

countries, courses are scheduled by semesters rather than full years. Thus, there
are several reasons why students may have completed their physics instruction
before the TIMSS testing. Further it should be noted that such different instructional
arrangements for secondary school physics also will influence the results in Tahle
10.1. The relationship between physics achievement and amount of instruction also
varied across countries; the most common was a curvilinear relationship, with the
highest achievement associated with between three and five hours of instruction.

The assignment of homework to final-year physics students is also something that
varies considerably from country to country, as may be seen in Table 10.2. On ¢ne
hand, most students taking physics in Austria, the Czech Republic, Latvia (LSS),
and Slovenia reported that they were assigned physics homework less than on¢e a
week, while on the other, most students in Australia, Canada, Cyprus, Greece,
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Table 10.1

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

Amount of Physics Instruction Per Week *

Not Currently
Taking Physics

3to Less Than 4 4to Less Than 5

Hours Hours 5 Hours or More

Country Less Than 3 Hours

Australia 2(06)| ~~ 1(06)| ~~ 39 (4.9)] 507 (9.5) | 46 (5.4) | 530(9.1) |13 (2.1) | 551 (10.0)
Austria 44(26) | 413(75) | - - .- .- .- .- .- .- --
Canada 31(2.2) | 463(5.3) | 4(0.8) | 465 (18.6)| 22(3.0)| 507 (9.7) | 23(3.0) | 516 (13.1) [52(3.6) | 487 (5.2)
Cyprus 0(0.0)| ~~ 1(0.4) ~~ 92(1.6)| 496 (6.6) | 3 (1.1) | 483(17.9)| 5(1.0) | 464 (28.9)
Czech Republic r 9(3.9) | 436(11.9)| 81 (3.1) | 448(6.0) | 17 (2.9)|529(22.9)| 1(0.6) | ~ ~ 0(0.4) | ~-~
2Denmark r 0(0.0) | ~~ 00.0)| ~~ 100(0.0) | 535(5.0) | 0(0.0) | ~~ 000) | -~
France 00| ~-~ - - - - - - - - - - - - - - - -
Germany 8 (4.1) | 421 (20.5)[ 52 (5.2) | 489(8.1) | 42(5.0)|580(8.6) | 6(1.5) | 558(10.6)| 1(05) | ~~
Greece r 0(00)| ~~ 0(0.0)| ~~ 100 (0.0) | 492(5.8) | 0(0.0) | ~~ 000) | ~-~
Latvia (LSS) 211 ~~ 53(7.6) | 453 (11.2)| 10 (5.4) | 599 (27.1)| 33 (5.0) | 501 (14.2) | 5(3.8) | 494 (12.6)
Norway 0(0.2) | ~-~ 0(02) | ~~ 98 (0.5) | 585(6.3) | 0(0.0) | ~~ 104) | ~-~
Russian Federation 001 ~~ 22(3.9) | 485 (21.7)| 23(3.9)| 527 (15.5)| 44 (5.3) | 569 (12.4) | 11 (2.7) | 610 (14.7)
Slovenia 17 (4.0) | 394 (9.5) | 42 (8.8) | 527 (15.0)| 53 (8.3)|567(17.4)| 3(1.2) |578(135.2)| 2 (05) | ~ ~
Sweden 001 | ~~ 65(3.5) | 579(4.3) | 26(3.2)|568(7.5) | 7 (15) |569(19.1)| 2(05) | ~~
Switzerland 22(3.9) | 452(8.4) |72 (4.2) | 485(5.5) | 24 (4.1)|535(10.4)| 3(0.8) | 544(13.7)| 0(0.1) | ~~
United States 23(2.3) | 421(5.1) | 9(0.8) | 396(6.8) | 26(4.9)| 429(8.3) | 49 (4.6) | 425(5.7) |17 (2.9) | 423(3.5)

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

* See Appendix A for characteristics of the students sampled.

1 percentages based only on those students reporting that they are currently taking physics. Hours of instruction computed from lessons per week and minutes
per lesson.

2 Data for Denmark obtained from ministry.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
A dash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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Norway, the Russian Federation, and the United States reported physics homew
assignments three or more times a week. No clear relationship between amoun
homework assigned and physics achievement was evident across countries.
several countries the highest achievement was associated with a modest amoun
homework; possibly in these countries homework is primarily a remedial device
assigned to those who need it.

To provide information about instructional practices, students were asked how
often in their physics lessons they are asked to do reasoning tasks, apply scien
to everyday problems, conduct laboratory experiments, and use computers to d
exercises or solve problems. As shown in Table 10.3, virtually all students in evef
country except Austria reported being asked to do reasoning tasks in at least son
lessons. Whereas the students in advanced mathematics classes who reported ¢
reasoning tasks most frequently were those with the highest achievement, the
relationship between physics achievement and frequency of doing reasoning tasks w
not consistent; only in a few countries was the average achievement highest amg
those asked to do such tasks every day.

Students reported that applying science to everyday problems is a frequent activ

in physics classes. As may be seen in Table 10.4, most students in every country

reported that they are asked to do this in some or most lessons. The practice W
reportedly least common in Sweden, where 30% of physics students reported tha
they were never, or almost never, asked in class to apply science to everyday
problems. This approach to physics instruction was most common in the United
States, where 23% of the physics students reported being asked to apply scien
to everyday problems during every lesson. In many countries, the relationship
between physics achievement and frequency of applying science to everyday
problems was curvilinear, with the highest average achievement shown by those
applying science to everyday problems in some or most lessons.

Although experimentation is the cornerstone of at least some branches of phys
and might be expected to play a central role in physics classes for students in t
final year of upper secondary school, students’ reports indicate a wide range

approaches (see Table 10.5). In Austria, Germany, and Greece, the majority of t
students reported that they never or almost never conduct laboratory experime
whereas one-fourth or more of the students in Canada, Cyprus, Denmark, Fran
Switzerland, and the United States reported conducting experiments in most or
lessons. In about half of the countries, the majority of students reported conducti
experiments in some lessons. There was no consistent relationship between frequé
of conducting laboratory experiments in class and physics achievement.

The use of computers to do exercises or solve problems is reportedly no more comn
in physics classes than in advanced mathematics classes. In eight countries, Austr
Austria, the Czech Republic, Latvia (LSS), Norway, the Russian Federation, Swedg¢
and Switzerland, 80% or more of the students reported never or almost never us
computers in physics classes (see Table 10.6). Only in Cyprus and Slovenia dig

more than 20% of the physics students report using a computer in every lessor.

There was no consistent relationship between computer use in class and physicg
achievement.
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Table 10.2

Physics Students’ Reports on How Often They Are Assigned Physics Homework
Physics
Final Year of Secondary School*

How Often Physics Homework Is Assigned *

Not Currently . .
Taking Physics Less Than Once a Once or Twice a 3 or More Times a

(07]¥]4113Y Week Week Week

Australia 2(0.6)| ~~ 12 (2.8) |529(14.5)| 27(2.6) |525(10.6)| 60 (3.8) |518(7.7)
Austria 44 (2.6) | 413(7.5) | 97 (1.2) |450(9.1) 3(1.2) |454(21.7)| 0(0.3) ~~
Canada 31(2.2)| 463 (5.3) 6 (1.3) |535(16.0)| 25(3.1) |514(9.1) 68 (3.9) |487(4.9)
Cyprus 0(.0)| ~~ 2 (0.5) ~~ 6 (1.1) |508(24.9)| 92(1.0) |493(6.9)
Czech Republic r 9(3.9)|436(11.9)| 84 (2.5) |459(7.9) 15 (2.4) |480(12.2) 1(0.4) ~ ~
Denmark r 0(.0)] ~~ 7 (1.4) |531(13.4)| 45(3.0) |525(7.3) | 48(3.4) |545(8.4)
France 0(0.0)| ~~ - - - - - - - - - - - -
Germany 8 (4.1)| 421 (20.5)| 41 (4.7) |507(13.4)| 40 (3.3) |538(6.7) 18 (3.3) |579(15.6)
Greece 0(.0)| ~~ 8(1.9) |465(20.5)| 10(1.4) |488(17.0)| 82(2.2) | 496 (5.6)
Latvia (LSS) 2(11)| ~~ 53(4.8) |482(23.0)| 30(3.4) |497(20.2)| 17 (3.3) |473(16.9)
Norway 0(0.2)| ~~ 10(2.1) |595(20.8) | 15(2.6) |589(7.8) 75(3.6) |581(6.9)
Russian Federation 0(.1)] ~-~ 6(1.1) |554(22.8)| 20(2.6) |541(24.2)| 74(2.9) |546(12.6)
Slovenia 17 (4.0) | 394(9.5) | 67 (4.6) |559(15.3)| 29(4.1) |535(20.2) 3(1.1) | 506 (37.6)
Sweden 0(.1)| ~~ 33(3.8) | 569(7.2) 64 (3.8) | 577 (4.9) 3(0.9) |551(18.5)
Switzerland 22(3.9)|452(8.4) | 41(3.1) |475(7.4) | 51(2.9) |514(6.0) 7(1.2) |529(15.3)
United States 23(2.3)| 421(5.1) | 13(2.2) | 418(7.6) 36 (2.3) | 422 (4.6) 51 (2.7) | 425(4.8)

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

* See Appendix A for characteristics of the students sampled.

1 Percentages based only on those students reporting that they are currently taking physics.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
A dash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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Physics Students’ Reports on How Often They Are Asked to Do Reasoning Tasks
in Their Physics Lessonst — Physics
Final Year of Secondary School*

Never or Almost

Never Some Lessons Most Lessons Every Lesson

Australia 0(0.3) | ~-~ 22 (1.6) | 504(10.8)| 57 (2.8) | 531(9.4) | 21(2.1) | 514(9.2)
Austria 15(3.3) | 418(25.5)| 42(3.4) | 445(10.9)| 33(3.3) | 467(10.1)| 11 (2.0) | 466 (11.8)
Canada 102 | ~-~ 16 (1.0) | 495(10.6) | 56 (2.1) | 496(6.6) | 28(2.0) | 501(5.7)
Cyprus 1 (0.5) ~~ 8 (1.5) | 498(30.0)| 42(2.3) | 499(10.6)| 49(2.8) | 490(6.3)
Czech Republic r 0.1 ~-~ 16 (1.7) | 440(9.9) | 53(3.2) | 466(11.2) | 31(3.5) | 473(7.6)
Denmark r 2(0.7) ~~ 23(2.9) | 515(7.4) 65 (2.9) | 538(6.6) 11 (1.6) | 557 (14.1)
France 1 (0.4) ~~ 14 (1.2) | 459(6.4) 52 (1.6) | 470(4.7) 33(1.4) | 465(4.6)
Germany 102 | ~-~ 19 (1.5) | 506 (13.7)| 57 (2.1) | 541(9.5) | 23(2.3) | 535(16.6)
Greece 1(04) | ~~ 8 (1.5) | 463(10.6)| 45(2.7) | 492(7.7) | 46(3.2) | 500(7.6)
Latvia (LSS) 3(0.9) | 482(36.7)| 52(3.3) | 476(20.2) | 41(3.4) | 495(21.3)| 5(0.9) | 490(15.9)
Norway 1(03) | ~~ 48 (1.9) | 571(8.6) | 45(2.0) | 596 (6.3) 6 (0.8) | 594 (16.7)
Russian Federation 1(0.3) ~~ 26 (2.3) | 517(11.6) | 54 (1.8) | 551(12.7)| 19(1.5) | 568 (16.8)
Slovenia 2 (0.8) ~~ 43 (4.3) | 546(26.5) | 43(4.1) | 552(11.6) | 12(1.6) | 577 (12.9)
Sweden 002 | =~~ 26 (1.9) | 576(8.9) | 58(2.1) | 571(4.2) | 16(1.6) | 581(8.2)
Switzerland 2 (0.5) ~~ 16 (1.4) | 480(15.3)| 57 (2.1) | 504 (7.0) 26 (2.4) | 506(7.2)
United States 1(0.2) ~ ~ 13 (1.2) | 428(7.1) 50 (1.8) | 424 (4.6) 36 (1.8) | 420(4.1)

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

T Based on most frequent response for: explain reasoning behind an idea; represent and analyze relationships using tables, charts, or
graphs; work on problems for which there is no immediately obvious method solution; write equations to represent relationships; and
put events or objects in order and give a reason for their organization. Percentages based only on those students reporting that they
are currently taking physics.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r'" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.

221



CHAPTER 10

222

Physics Students’ Reports on How Often They Are Asked to Apply Science to Everyday
Problems in Their Physics Lessons* — Physics
Final Year of Secondary School*

Never or Almost

Never Some Lessons Most Lessons Every Lesson

Countr Percent of Mean M_ean M_ean Mean

) Suders | scove: | (NS | acneve: | SRS | omeve | GRS | acheve
Australia 7 (1.4) | 493(16.6)| 40(3.2) | 514(9.0) | 38(3.4) | 536(8.8) | 14(18) | 521(12.4)
Austria 25(2.8) | 436(14.6)| 40(3.8) | 461(7.8) | 26(2.9) | 459(13.6)| 9 (2.6) | 422(18.6)
Canada 8(0.8) | 451(17.1)| 35(1.8) | 504(7.8) | 39(2.4) | 498(47) | 17 (2.5) | 501(10.4)
Cyprus 14(16) | 491(25.1)| 41(2.3) | 489(9.7) | 35(25) | 505(7.9) | 11 (15 | 480(21.0)
Czech Republic r 13(1.4) | 448(10.6)| 49(2.0) | 461(85) | 31(17) | 470(0.8) 7 (2.5) | 478(16.3)
Denmark r 10(L5) | 497 (12.3)| 40(2.7) | 531(7.5) | 45(2.7) | 544(7.1) 6 (1.3) | 540(22.4)
France 16 (1.2) | 449(7.6) | 44(1.1) | 473(46) | 30(1.3) | 469(5.7) | 10(1.1) | 463(8.0)
Germany 16 (2.0) | 519(11.1)| 57 (2.4) | 52910.7)| 22(18) | 551(15.4)| 5(0.9) | 523(21.2)
Greece 22(2.4) | 485(115)| 51(2.9) | 488(8.4) | 20(2.2) | 505(9.0) 7 (1.4) | 514(13.8)
Latvia (LSS) 29(3.6) | 485(21.0)| 55(4.1) | 484(21.0)| 12(1.3) | 480(19.2)| 3(0.8) | 472(19.2)
Norway 26 (1.6) | 565(7.6) | 57(L.6) | 588(7.2) | 16(L.0) | 597 (8.8) 1(04) | -~
Russian Federation 22(2.0) | 522(14.8)| 50(15) | 546(13.6)| 25(2.0) | 562(10.3)| 3(0.6) | 555(24.3)
Slovenia 15(2.4) | 513(18.3)| 52(2.8) | 554(155)| 28(2.4) | 565(20.9)| 5(1.2) | 560(19.8)
Sweden 30(1.9) | 564(8.6) | 54(1.7) | 577(4.4) | 14(13) | 577(101)| 206)| ~-~
Switzerland 16(1.3) | 464(11.2)| 49(15) | 504(7.1) | 31(18) | 508(6.4) | 4(0.8) | 522(21.7)
United States 6(0.9) | 412(7.0) | 31@4) | 42247 | 407 | 42142) | 23(2.1) | 430(6.6)

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

T Percentages based only on those students reporting that they are currently taking physics.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.
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Physics Students’ Reports on How Often They Are Asked to Conduct Laboratory
Experiments in Their Physics Lessonst — Physics
Final Year of Secondary School*

Never or AlImost
IN[E\VET

Some Lessons Most Lessons Every Lesson

Countr Mean Mean Mean Mean
’ e | Achieve- | Feertal | achieve- | FEreemtol | achieve- | Feertol | achive-
Australia 12 (1.7) | 508(16.0)| 80(2.2) | 523(6.0) 8(1.9) | 524(28.3) 0 (0.3) ~~
Austria 52 (4.8) | 434(10.6)| 33(4.3) | 465(10.8)| 10(1.9) | 476(25.2) 6 (4.0) | 469 (21.1)
Canada 8 (1.1) | 496(11.9)| 65(2.5) | 493(7.5) 24 (2.8) | 506 (15.4) 3(0.4) | 504(12.5)
Cyprus 7 (1.1) | 541(36.1)| 68(2.2) | 489(7.5) 19(1.9) | 487(12.1) 6 (1.1) | 513(32.4)
Czech Republic r 33(2.9) | 449(9.0) 58 (3.1) | 470(9.1) 8 (1.4) | 480(14.5) 1(0.8) ~ ~
Denmark r 4(12) | 505(20.3)| 48(3.0) | 537 (6.8) 48 (3.2) | 535(7.6) 0 (0.0) ~~
France 5(1.0) | 449(14.9)| 62(2.1) | 471(3.9) 30 (2.3) | 464(5.6) 3(0.5) | 446(8.8)
Germany 62 (3.2) | 515(9.6) 33(3.2) | 556 (16.8) 4 (1.2) | 551(21.6) 1(0.4) ~~
Greece 78 (2.7) | 500 (5.7) 17 (2.3) | 468(13.0) 4 (1.2) | 453(29.6) 2 (0.6) ~ =~
Latvia (LSS) 17 (3.6) | 450(27.4)| 77(3.2) | 489 (16.6) 6 (1.4) | 512(28.5) 0 (0.2) ~ ~
Norway 3(0.9) | 583(23.2)| 93(1.6) | 584(6.3) 4 (0.9) | 575(19.9) 0 (0.3) ~~
Russian Federation 9 (1.6) | 539(13.3)| 72(1.9) | 545(13.9) 18 (1.7) | 544 (13.4) 2 (0.3) ~~
Slovenia 14 (2.9) | 532(23.3)| 68(3.9) | 560(18.6)| 16 (3.4) | 531(14.9) 2(0.9) ~~
Sweden 4 (1.0) | 581(20.6)| 79(1.8) | 576(4.4) 16 (1.4) | 562(6.5) 1(0.7) ~ =~
Switzerland 31(4.4) | 477(10.8)| 36(2.1) | 512(6.9) 28 (2.9) | 507 (8.6) 5(1.7) | 503 (15.4)
United States 4 (0.6) | 410(11.2)| 49(2.6) | 425(4.1) 37 (2.2) | 423(5.3) 10(1.1) | 414(6.9)

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

T Percentages based only on those students reporting that they are currently taking physics.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate. A tilde (~) indicates insufficient data to report achievement.
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As discussed in Chapter 7, calculators are used very frequently by final-year advanced
mathematics students. A similar situation is shown in Table 10.7 for peysasnts.

In Australia, Canada, Cyprus, Denmark, France, Norway, Slovenia, and Sweden,
80% or more of the students reported using a calculator at least daily, and in several
other countries more than half of the students reported this level of use. The lowest
levels of calculator use among physics students were reported in the Czech Republic
and Greece, where about one-fourth of the students reported using a calculator once
a month or less. Like final-year students in general and students of advanced math-
ematics, the students with the highest average physics achievement were those who
reported the highest level of calculator use in most countries. Although the relationship
was less pronounced than for students having taken advanced mathematics, in
countries students who reported daily calculator use performed better on the TIMSS
physics test than those who reported less frequent use.

Like the advanced mathematics students, and final-year students in general, physics
students also were given the option of using a calculator when completing the TIMSS
tests. As shown in Table 10.8, during the testing session physics students reported
using a calculator slightly less than did advanced mathematics students. However,
most physics students in every country made moderate use (for up to ten questions)
of a calculator on the TIMSS test. In Austria, Greece, Latvia (LSS), and the Russian
Federation, more than one-third of the students reported not using a calculator at
all. The extent of calculator use was not consistently related to achievement in every
country, but physics students who reported that they did not use a calculator on the
test did less well than those who reported using one.
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Physics Students’ Reports on How Often in Physics Lessons They Are Asked to Use
Computers to Solve Exercises or Problems* — Physics
Final Year of Secondary School*

Never or AlImost
Never

Some Lessons

Most Lessons

Every Lesson

Country Mean Mean Mean Mean
Studene. | Achieve- | FSTERET | Achieve- | GRS | Achieve- | FGRETET | Achieve-

Australia 80 (3.5) | 518(6.0) | 16(3.5) | 528(16.3)| 3(1.1) | 573(30.1)| 1(05)| ~~
Austria 87(3.0) | 441(9.0) | 82 | s11(17.7)| 3@ | 542202)| 2(06) | -~
Canada 72(3.0) | 501(6.4) | 20(2.8) @ 488(9.0) 6(L9) | 485(436)| 1(4)| -~
Cyprus 54(2.8) | 509(6.5) | 9(2.1) | 455(25.5)| 15(1.8) | 479(15.2)| 22 (2.3) | 481(14.2)
Czech Republic 91 (17) | 462(8.3) 7(15) | 481(19.0)| 1(04) | ~-~ 1(08) | ~-~
Denmark 46 (3.3) | 534(7.3) | 42(2.2) | 540(7.3) | 12(2.0) | 528(126)] 0(0.2) | -~
France 69 (2.7) | 468(4.5) | 25(2.3) | 465(5.3) 4 (1.0) | 466 (9.9) 1(04) | ~-~
Germany 77(3.1) | 519(9.0) | 20@3.0) | 575(14.9)| 3(0.9) | 553(22.1)| 1(06) | ~-~
Greece 63(3.0) | 499(6.3) | 22(2.3) | 482(9.8) | 11(15) | 468(16.7)| 4 (1.3) | 507 (23.0)
Latvia (LSS) 88 (1.6) | 480(17.4)| 9(1.5) | 522(32.0)| 3(0.6) | 464(26.8)| 0(03)| ~-~
Norway 88(25) | 583(6.5) | 11 (2.4) | 603(19.6)| 1(04)| ~~- 1(06)| ~-~
Russian Federation 83(2.1) | 542(10.2)| 12(1.5) | 577(29.9)| 3(1.0) | 533(30.3)| 1(04)| ~~
Slovenia 13(1.9) | 567 (12.4)| 21(2.4) | 559 (17.7)| 44 (3.0) | 551(22.7)| 22(2.2) | 535(15.4)
Sweden 83(2.6) | 571(4.3) | 17(2.5) | 585(7.4) 002 | ~-~ 002 | -~-
Switzerland 80(3.0) | 489(6.2) | 17(25) | s545(120)| 207 | -~ 002 | -~-
United States 58 (4.5) | 418(4.2) | 30(3.6) | 431(5.6) 8 (L7) | 425(8.7) 4(15) | 435(22.7)

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

T Percentages based only on those students reporting that they are currently taking physics.

* See Appendix A for characteristics of the students sampled.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).

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

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

An "r" indicates a 70-84% student response rate.

Atilde (~) indicates insufficient data to report achievement.
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Table 10.7

Physics Students’ Reports on How Often They Use a Calculator at School, Home,
or Anywhere Else — Physics
Final Year of Secondary School*

Rarely or Never Monthly

Country Mean Mean Mean Mean
Stugenty | Achieve- | FGIETET | Achieve- | FGRET" | Achieve- | TS| Achieve-
Australia 104) | ~- 002 | -~- 5(1.3) | 496 (22.5)| 94 (1.4) | 520(5.9)
Austria 4(1.1) | 394(14.8) 4(0.8) | 407(17.5)| 34(2.2) | 442(7.7) | 58(2.7) | 435(7.6)
Canada 109 | ~- 1(04)| ~-~ 10(1.3) | 483(135)| 88(1.1) | 488(3.7)
Cyprus 105 | ~- 105 | ~- 7(1.3) | 528(22.9)| 91(1.7) | 493(5.6)
Czech Republic 11 (1.5) | 417(8.3) | 14(2.2) | 429(9.4) | 44(1.9) | 442(5.2) | 31(3.1) | 487(9.4)
Denmark r 000 | ~-~ 001 | ~-~ 9 (15) | 488(13.0)| 91(1.5) | 539 (5.4)
France 2(04) | ~-~ 2(06) | ~-~ 16 (1.4) | 462(5.7) | 80(1.7) | 469 (3.8)
Germany 206) | ~-~ 003) | ~- 20(1.7) | 495(14.5)| 78 (1.8) | 531(13.1)
Greece 18 (1.8) | 457(9.9) | 7(1.1) | 452(19.8)| 26(2.1) | 482(10.7)| 49 (2.5) | 507 (5.8)
Latvia (LSS) 13(1.8) | 456(19.2)| 6(1.1) | 468(26.5)| 44 (2.0) | 487(19.9)| 38(2.4) | 500(22.7)
Norway 001 | -~- 1(04)| ~- 7(0.9) | 559(8.8) | 91(1.0) | 586 (6.4)
Russian Federation 10 (2.0) | 494(22.3)| 4 (0.7) | 532(22.8)| 30(1.4) | 537(14.5)| 57 (2.6) | 559 (11.3)
Slovenia 104) | ~-~ 1(06) | ~-~ 18 (2.1) | 513(185)| 80(2.3) | 523(16.9)
Sweden 001 | ~-~ 1(04)| ~- 11 (1.5) | 558(12.7)| 88(15) | 576(3.7)
Switzerland 1(0.3) ~~ 1(0.2) ~~ 25(2.1) | 458(5.4) 74 (2.0) | 499 (4.0)
United States 4(07) | 385(5.7) | 3(0.5) | 402(9.0) | 14(1.6) | 401(5.4) | 79(16) | 429(3.2)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.
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Physics Students” Reports on the Frequency of Calculator Use During the TIMSS Test
Physics
Final Year of Secondary School*

Used a Used a Used a
Did Not Use a Calculator Calculator Calculator
Calculator Very Little Somewhat Quite a Lot
(<5 Questions) (5-10 Questions) (>10 Questions)
Country
Australia 9 (1.7) | 448 (12.3)| 66(2.3) | 528(6.2) 23(1.9) | 514(10.0) 208 | ~-~
Austria 34 (2.7) | 421(8.3) | 49(2.3) | 440(6.8) 15 (1.6) | 456 (15.0) 1(0.4) ~~
Canada 10 (1.6) | 451 (10.3)| 61(1.8) | 479(3.8) 27 (1.6) | 507 (7.4) 3(0.4) | 548(19.9)
Cyprus 23(2.5) | 476 (10.9)| 60 (2.6) | 500 (6.4) 15 (1.9) | 510(17.5) 208) | ~-~
Czech Republic 18 (1.8) | 425(11.8)| 62 (3.1) | 449(5.3) 19 (2.1) | 485 (11.0) 104) | ~~
Denmark 11 (1.4) | 512(9.8) | 66(1.8) | 537(5.0) 21(1.8) | 541(9.4) 206)| ~~
France 17 (1.4) | 447 (4.6) | 63(1.5) | 471(4.5) 18 (1.7) | 471 (7.4) 1(04) | ~-~
Germany 17 (2.1) | 475(19.2)| 64 (2.5) | 528(12.1)| 18(2.2) | 546 (12.7) 105)| ~-~
Greece 75(2.8) | 475(6.0) | 22(2.7) | 530(9.6) 3(0.9) | 494 (32.1) 106)| ~-~
Latvia (LSS) 38 (4.5) | 471(24.2)| 49(3.3) | 490(23.0)| 11 (2.1) | 514 (15.6) 103 | ~-~
Norway 4(0.8) | 558 (17.0)| 56 (1.8) | 572(7.7) 37(1.8) | 597 (6.8) 3(0.6) | 616(18.1)
Russian Federation 36(2.8) | 543 (12.1)| 49(2.2) | 551(11.9) | 14(1.3) | 570(15.5) 1(04) | ~~
Slovenia 17 (2.2) | 476 (15.2)| 65(2.4) | 532(16.6) | 16 (1.5) | 562 (17.5) 210 | ~~
Sweden 3(0.6) | 526 (26.5)| 53 (2.6) | 562(5.1) 38 (2.5) | 588(5.8) 5(0.7) | 611 (16.6)
Switzerland 13 (1.5) | 461(8.8) | 62(1.6) | 493(3.9) 23 (1.3) | 496 (7.6) 2(.4) | ~-~
United States 19 (1.3) | 391(4.0) | 64 (1.4) | 427(3.5) 16 (1.1) | 443(4.8) 103)| ~-~

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
Atilde (~) indicates insufficient data to report achievement.
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WHAT ARE SECONDARY SCHOOL STUDENTS’ EDUCATIONAL RESOURCES
AND PLANS?

The relationship between parental education and achievement among final-year
students was described in Chapter 4 for final-year students in general, and in Chapter 7
for those students having taken advanced mathematics. The results for final-year
students having taken physics are again given for the same three educational levels:
finished university, finished upper secondary school but not university, and finished
primary school but not upper secondary school (see Table 10.9). The modifications
that some countries made in the categories are those that are described in Figure 4.6.
The clear positive relationship between parents’ education and achievement that was
described in the earlier chapters is also apparent in Table 10.9 for students having
taken physics. Physics students’ reports of level of parental education were very
similar to the reports of advanced mathematics students, with more than 30% of them
reporting that at least one parent had finished university in every country except
Austria. More than half the physics students in Canada, Germany, Latvia (LSS), the
Russian Federation, and the United States reported that at least one parent had
completed university.

Like the plans for further education of final-year students having taken advanced
mathematics, those of final-year physics students center mainly on university. The
students planning to attend university, as reported in Table 10.10, are in the majority
in every country; and in 11 countries, Australia, Canada, Cyprus, the Czech Republic,
Greece, Latvia (LSS), the Russian Federation, Slovenia, Sweden, Switzerland, and
the United States, the percentage planning a university career exceeded 80%. The
percentage of physics and mathematics students planning to attend university was
very similar in every country except Denmark and Slovenia, where greater percentages
of physics students reported plans to attend university. The percentage planning to
choose a vocationally oriented program, low among advanced mathematics students,
was even lower among physics students. Only in Norway and Germany did more
than 15% of physics students report such intentions. Very few of the physics students
reported that they did not plan to continue their education. Only in Austria and Denmark
did at least 10% of students indicate that this was their plan. In nearly every country,
the students planning to attend university had higher average physics achievement
than any other group.
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Physics Students’ Reports on the Highest Level of Education of Either Parentt
Physics
Final Year of Secondary School*

Finished Upper
Secondary but
Not University 2

Finished Primary
but Not Upper Do Not Know
Secondary 3

Finished
University *

Country Mean Mean Mean Mean
Sugenty | Achieve- | (RN | Achieve- |FGUEIET | Achieve- | FSIETST | Achieve-
Australia 42 (33) | 539(83) | 34(3.0)  511(8.1) | 19(21) | 481(9.7) | 5(L5) |533(24.8)
Austria 19(2.0) | 447(10.0)| 71(2.0) | 434(75) | 815 | 400(11.7) | 2(06) | ~~
Canada 51(1.6) | 502(4.5) | 37(1.3) | 472(47) | 7(0.8) | 481(11.0) | 6(1.1) | 444(21.8)
Cyprus 44(1.8) | 507(7.5) | 36(26) | 488(95) | 17(19) | 481(12.0) | 3(0.9) |477(23.7)
Czech Republic 48(1.9) | 469(9.1) | 41(1.8) | 440(5.7) | 1111 | 4256.1) | 0(00) | -~ -
Denmark r 36(21) | 554(9.8) | 54(2.3) | 525(4.8) | 6(L.2) | 527(20.7) | 5(1.1) |506(30.2)
France 30(2.1) | 488(4.9) | 43(2.1) | 464(4.0) | 22(2.3) | 444(8.4) | 5(0.7) | 466(12.5)
Germany 52(3.2) | 537(13.4)| 46(3.1) | 507(13.3)| 2(06) | ~~ - -
Greece 34(2.4) | 510(84) | 42(23) | 479(72) | 21(2.7) | 472(106) | 3(1.2) |449(39.0)
Latvia (LSS) 52(5.1) | 508(25.0)| 44(5.1) | 467(14.0)| 2(0.8) | ~~ 2(05) | ~-~
Norway 43(2.5) | 599(7.4) | 45(22) | 575(7.9) | 7(L1) | 559(11.8) | 5(0.8) |555(14.4)
Russian Federation 65(2.2) | 559(10.4)| 35(2.2) | 518(15.7)| 01 | -~ 002 | ~-~
Slovenia 39(3.0) | 548(235)| 53(2.1) | 507(12.9)| 8(13) | 481(15.3) | 0(0.2) | ~~
Sweden 41(2.0) | 587(6.2) | 41(2.0) | 565(7.4) | 8(16) | 571(11.1) | 9(1.3) |551(9.4)
Switzerland 34(1.4) | 490(4.9) | 59(1.8) | 489(4.7) | 5(1.0) | 473(205) | 1(04) | ~~
United States 55(2.5) | 440(3.9) | 41(2.4) | 407(41) | 3(05) | 387(6.8) | 2(03) | ~-~

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

" The response categories were defined by each country to conform to their own educational system and may not be strictly comparable across
countries. See Figure 4.5 for country modifications to the definitions of educational levels.

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

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

3 Finished primary or some secondary school not equivalent to completion of upper secondary.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
Adash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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Table 10.10

Physics Students’ Reports on Their Plans for Future Educationt — Physics
Final Year of Secondary School*

Vocationally Other Does Not Intend
University * Oriented Postsecondary to Continue

Programs 2 Education * Education

Country

Mean Mean Mean Mean

Stugeme | Achieve- | PGS | achieve- | PSR | Actieve- | FGUERET | Achieve-
Australia 89 (1.6) | 524(7.0) 4(1.0) | 460(13.4)| 2(0.8) ~~ 4 (1.3) | 455(9.4)
Austria 68(2.0) | 444(7.1) | 12(15) | 413(12.8)| 6(1.0) | 417(12.6)| 14(1.6) | 421(13.1)
Canada 82 (1.6) | 488(4.7) 5(1.2) | 462(10.3)| 12(1.8) | 485(12.6)| 1(0.9) ~~
Cyprus 91 (1.5) | 500(5.1) 6 (1.3) | 454(26.3)| 2(0.7) ~~ 1(0.7) ~~
Czech Republic 93(1.0) | 456(6.5) 5(0.7) | 396(8.9) 1(0.3) ~ ~ 2 (0.5) ~ ~
Denmark r 74(2.0) | 555(6.6) 5(1.1) | 453(15.8)| 10(1.4) | 490(13.4)| 10(1.5) | 518(15.5)
France 75(1.7) | 471(4.4) | 12(1.2) | 453(5.6) | 12(1.0) | 457(6.9) 1 (0.4) ~~
Germany 76 (5.5) | 540(9.6) 17(4.6) | 456(17.9)| 3(0.9) | 493(22.1)| 3(0.8) | 501(15.1)
Greece 86 (1.9) | 499(5.2) 5(1.3) | 430(19.7)| 8(1.2) | 432(154)| 2(0.7) ~~
Latvia (LSS) 85(1.4) | 491(21.1) 7(0.8) | 478(17.7)| 8(1.0) | 447(30.9)| 1(0.4) ~~
Norway 75(2.2) | 595 (6.4) 19(1.9) | 554(10.8)| 5(0.9) | 535(11.5) 1(0.3) ~~
Russian Federation 89(2.2) | 554(10.7) 9(1.9) | 473(24.2)| 2(0.5) ~~ 0(0.1) ~~
Slovenia 92(1.6) | 526(16.5)| 5(1.3) | 485(20.4)| 1(0.5) ~~ 1 (0.6) ~~
Sweden 92 (0.8) | 580(3.7) 3(0.7) | 503(24.8)| 4(0.6) | 508(15.2)| 2(0.5) ~~
Switzerland 90 (1.1) | 492(3.7) 2 (0.5) ~~ 4(0.5) | 454(11.5)| 4(1.0) | 465(17.5)
United States 92 (0.7) | 425(3.4) 3(0.4) | 383(6.7) 5(0.7) | 391(6.4) 0 (0.0) ~ ~

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

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

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

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

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

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate.
Atilde (~) indicates insufficient data to report achievement.
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Students who have studied physics in upper secondary school are well positione
continue their education in the sciences or in areas of scientific application. Table 10.

d to
11

presents students’ reports of their choices for study after secondary school from a range

of areas where students with advanced preparation in physics might seek furth

=18

education. The areas include physics or chemistry, biological or earth science, health
sciences or related occupations, mathematics or computer/information sciences,

engineering, and business. An “other” category was provided for students whose
preferred area of study was not included. Although choice of study area varie
considerably across countries, the most popular were engineering, mathematics

)
or

computer/information sciences, health sciences or related occupations, and busingss.

Engineering was the most popular area overall, and was the area chosen by the
physics students in Australia, Denmark, Norway, and Sweden. Health sciences
related occupations were most popular in Austria, Canada, Cyprus, France, Switzerl
and the United States. Business was the area of choice for the most students in
Czech Republic, Germany, Latvia (LSS), and the Russian Federation. Mathemat
or computer/information sciences are the most popular choice for physics studen
only in Greece and Slovenia. Neither of the science options (physics or chemistry
or biological or earth science) was the preferred choice in any country, althougd
biological or earth science was among the more popular choices in France. Relati
few physics students chose physics or chemistry as their preferred area of future
study; only in Denmark, France, Greece, and Norway did as many as 10% of studé
indicate this as their choice. In Austria, the Czech Republic, and Switzerland,
students most often reported that they planned to study some area other than the
choices provided.
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Table 10.11

Physics Students’ Reports on the Area They Intend to Study After Secondary School*
Physics
Final Year of Secondary School*

Percent of Students

Country Health Mathematics

i Biological :
Chowasy  orcanh  Stences  crCOMPUEN/ Engincerng Business  Other
Occupations Sciences
Australia 8 (1.4) 8 (1.2) 21 (2.2) 15(2.8) 27 (3.0) 8 (1.2) 12 (2.1)
Austria s 4 (1.0) 5 (1.3) 20 (1.9) 5(1.2) 8 (1.6) 15(1.8) 43 (2.7)
Canada 8 (1.0) 9 (1.3) 27 (1.5) 10 (0.7) 22 (1.9) 10 (1.3) 15 (1.0)
Cyprus 7(1.5) 5 (1.3) 25 (2.4) 19(1.8) 22 (1.7) 4(1.1) 19 (1.6)
Czech Republic 2 (0.5 14 (1.5) 13 (1.1) 12 (1.3) 3 (0.6) 20 (1.8) 37 (3.3)
Denmark r 10(1.5) 5 (1.3) 12 (1.6) 12 (1.5) 29 (2.7) 11 (1.5) 22 (2.7)
France 10 (1.3) 18 (1.8) 19 (1.3) 18(1.2) 15 (1.6) 7(1.1) 14 (1.3)
Germany 8 (1.7) 4 (0.8) 7 (1.8) 13(2.2) 18 (1.5) 26 (3.9) 24 (2.6)
Greece 13(1.9) 2 (0.9) 0 (0.3) 36 (2.1) 28 (2.1) 2 (0.9) 18 (1.8)
Latvia (LSS) 3 (0.6) 5 (0.8) 8 (1.2) 12 (1.6) 6 (0.9) 35 (2.3) 32 (2.6)
Norway 12 (1.0) 4 (0.9) 20 (1.3) 13 (1.5) 30 (1.7) 7(1.1) 15 (0.9)
Russian Federation 6 (1.0) 3(0.8) 6 (1.3) 29 (2.3) 9 (1.0) 30(1.9) 17 (1.5)
Slovenia 7 (1.6) 5(0.9) 12 (2.2) 21 (3.3) 18 (3.6) 18 (2.0) 19 (2.9)
Sweden 8 (1.2) 7 (1.1) 11 (1.9) 12 (2.2) 42 (3.6) 4 (0.7) 17 (2.1)
Switzerland 5(0.7) 7 (1.0) 18 (1.4) 4 (0.7) 8 (1.1) 14 (1.6) 46 (1.7)
United States 3 (0.6) 7 (0.7) 23 (1.5) 7 (0.7) 15 (1.3) 16 (1.2) 29 (1.9)

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

T Percentages based only on those students reporting that they intend to continue their education after secondary school.

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate. An "s" indicates a 50-69% student response rate.
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considerable differences between male and female physics students in their choice

of area for further study (see Table 10.12). Among students choosing health scieng
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or related occupations, and to a lesser extent biological or earth sciences, there were
proportionately more females than males in many countries. However, in engineering,

and in mathematics or computer/information sciences, males often outhumbere
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females by a substantial margin. As was found in the case of advanced mathematics

students, a substantially higher percentage of females than males in most countr
plan to pursue future studies in other areas not listed in Table 10.12.
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Table 10.12

Physics Students” Reports on the Area They Intend to Study After Secondary School
by Gender — Physics
Final Year of Secondary School*

Percent of Students

Mathematics or
Biological or Earth Health Sciences or Computer/
Sciences Related Occupations Information
Sciences

Physics or Chemistry

Country

Males Females WEES REINEES Males Females WEES Females

Australia 7(1.8) 9 (2.5) 6 (1.5) 10 (2.5) 14 (2.6) 34 (4.1) 19 (4.0) 8(2.3)
Austria s 5(.7) 3(1.1) 4(2.1) 5(1.5) 17 (2.4) 23(2.8) 9 (2.5) 1(0.7)
Canada 7 (1.3) 8 (1.5) 712 11(20)| 16@3)| 3929 | 14(0.9) 6 (1.0)
Cyprus 7 (2.0) 6 (1.5) 5(1.6) 5(2.1) 21(3.4) 30(3.8) 20 (2.1) 18 (3.4)
Czech Republic 4 (0.9) 1 (0.6) 11 (1.9) 16 (1.8) 11 (1.9) 14 (1.6) 23 (2.2) 4 (1.0)
Denmark r 11 (1.8) 9 (3.7) 5(1.5) 5(2.3) 8(1.9) 25 (4.0) 14 (2.0) 4 (1.5)
France 10 (1.4) 9 (1.9) 16 (2.1) 21 (2.5) 11 (1.6) 31(2.6) 22 (1.7) 11 (1.7)
Germany 8 (2.0) 73.2) 4(1.1) 4(1.3) 5 (2.6) 10 (2.6) 18 (3.0) 4 (1.6)
Greece 11 (2.2) 16 (3.3) 2(0.8) 3(1.4) 0(0.3) 1(0.5) 36 (2.6) 37 (5.2)
Latvia (LSS) 3(0.9) 2 (1.3) 4 (1.4) 6 (1.4) 5(1.6)| 11(1.6)| 18(2.3) 7 (1.1)
Norway 13 (1.2) 9 (1.5) 4 (1.1) 4(1.1) 12 (1.4) 41 (2.6) 14 (1.7) 7(2.2)
Russian Federation 9 (1.8) 3 (1.3) 3(1.3) 3(1.0) 3(0.8) 11 (2.5) 36 (2.8) 20 (2.8)
Slovenia 7 (1.5) 8 (5.0) 5(1.2) 5(2.3) 7(2.3) 24 (5.3) 26 (4.4) 10 (2.6)
Sweden 6 (1.4) 11 (1.9) 5(1.1) 13 (2.4) 4(0.9) 25 (4.0) 17 (2.9) 3(0.9)
Switzerland 7(1.2) 2(0.7) 7 (1.3) 712 10(1.4)| 25(2.4) 5(1.1) 2(0.8)
United States 5 (0.8) 2 (0.5) 7 (0.9) 8 (0.9) 16 (2.4) 31 (2.5) 10 (1.1) 4 (0.6)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate. An "s" indicates a 50-69% student response rate.
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1EL S P (Continued)

Physics Students” Reports on the Area They Intend to Study After Secondary School
by Gender — Physics
Final Year of Secondary School*

Percent of Students

Engineering Business

Country

Males REINEES Males REINEES Males REINEES

Australia 37 (4.5) 10 (3.5) 6 (1.5) 13 (2.0) 10 (2.2) 16 (3.7)
Austria 13 (3.0) 3(1.3) 20 (3.1) 11 (2.3) 30 (4.4) 53 (3.3)
Canada 33(2.9) 9(1.8) 10 (1.5) 10 (1.6) 13(1.1) 17 (1.6)
Cyprus 26 (2.7) 16 (3.4) 4 (1.6) 3(1.5) 18 (2.4) 22 (3.0)
Czech Republic 5(1.2) 2 (0.5) 20 (2.6) 20 (2.0) 27 (2.6) 43 (3.9)
Denmark 34 (3.0) 11 (3.2) 12 (2.0) 6 (2.8) 16 (2.8) 41 (6.3)
France 22 (2.8) 5(1.7) 5(1.1) 9 (1.8) 14 (1.9) 14 (1.9)
Germany 23(2.3) 7(1.5) 24 (3.4) 29 (6.3) 17 (2.6) 39 (5.7)
Greece 29 (3.0) 25 (3.9) 2(1.2) 2 (1.1) 18 (2.4) 18 (3.0)
Latvia (LSS) 11 (1.8) 1 (0.4) 35 (2.6) 34 (2.7) 25 (2.1) 39 (3.9)
Norway 33(1.7) 21 (2.6) 8 (1.5) 2 (1.4) 15 (1.0) 16 (2.5)
Russian Federation 15(1.7) 2 (0.6) 25 (2.8) 37 (2.4) 11 (1.5) 24 (2.8)
Slovenia 23 (4.4) 3(1.9) 17 (2.3) 19 (3.5) 14 (2.7) 31(5.7)
Sweden 51 (3.4) 22 (3.0) 4(0.9) 4(1.2) 14 (2.3) 23(2.3)
Switzerland 12 (1.5) 4(1.2) 24 (2.7) 4(0.8) 36 (2.6) 56 (2.5)
United States 24 (1.9) 5(0.7) 15 (1.8) 16 (1.3) 24 (1.9) 34 (2.4)

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

* See Appendix A for characteristics of the students sampled.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling (see Figure B.6).
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
An "r" indicates a 70-84% student response rate. An "s" indicates a 50-69% student response rate.
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APPENDIX A

Appendix A

STRUCTURE OF UPPER SECONDARY EDUCATION
SYSTEMS AND CHARACTERISTICS OF STUDENTS
TESTED

The countries participating in TIMSS vary greatly with respect to the nature of
their upper secondary education systems. Some countries provide comprehensjive
education to students in their final years of schools, while other countries are
highly tracked and students attend either academic, vocational, or technical schools.
Some countries fall in the middle of these extremes where students are enrolled in
academic, vocational, or technical programs of study within schools. Across countries
there are also varying definitions of academic, vocational, and technical programs
and the kind of education and training students in these programs receive.

There also are variations across and within countries with respect to the grades
representing the final year of schooling for students. In some countries, all students
in their final year of schooling are in the same grade (e.g., secondary schooling
ends for all students in Grade 12). In other countries, determining the final year|of
schooling is much more complicated because there are one or more academic tracks,
one or more vocational tracks, and apprenticeship programs. In these countries,

the final year of schooling may vary by track, with some students completing
secondary school after a two-, three-, or four-year upper secondary program
depending on the type of school or program of study. Furthermore, for vocationa
programs it is not always straightforward as to when schooling is completed.

In order to make valid comparisons of the performance of students across countfies
in mathematics and science literacy, advanced mathematics, and physics, it|is

critical that there be an understanding of which students were tested in each country,
that is, how each country defined the target population. It also is important to
understand how each upper-secondary education system is structured and how the
tested students fit into the system as a whole. In order to provide a context with
which to interpret the achievement results presented in this report, this appendix
contains a summary, provided by the National Research Coordinator of each country,
describing the structure of the upper secondary system and specifying the grades
and tracks (programs of study) in which students were tested for TIMSS. Additional
information about the education systems can be fouhgiional Contexts for
Mathematics and Science Education: An Encyclopedia of the Education Systems
Participating in TIMSS.

' Robitaille D.F. (Ed.) (1997). National Contexts for Mathematics and Science Education: An Encylopedia of
the Education Systems Participating in TIMSS. Vancouver, B.C.: Pacific Educational Press.
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AUSTRALIA
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L] Compulsory Portion of Education System
[ Grade and Track(s) Tested
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AUSTRIA

Structure of Upper Secondary System

School education is the responsibility of the individual states and territories in Australia.
Secondary education is provided for either five or six years depending on the length

of primary education in the state. Australia’s secondary schools
provide a comprehensive education, although students can focus on
academic/pre-university studies, including humanities and art,
mathematics and science, commerce, and other disciplines, or they
can focus on vocationally oriented studies.

Students Tested in Mathematics and Science Literacy

Australia tested students in the final year of secondary schoal,
Grade 12, in government, Catholic, and independent schools.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in the final year of secondary
school, Grade 12, enrolled in mathematics courses (varies across
states) preparing them for postsecondary study, and students in
Grade 12 who took such mathematics courses during Grade 11.

Physics: students in the final year of secondary school, Grade 12,
enrolled in Year 12 physics.

Structure of Upper Secondary System

Academic and vocational schools form the upper secondary schooling in Austria.
Academic secondary school (AHS) is a four-year cycle of pre-academic general
education. Students may specialize in certain areas, but generally study a whole
range of subjects. At the end of the cycle, students take a matriculation examination
(Matura) which, upon passing, enables them to enter university.

There are three variations of vocational schools in Austria. Higher-technical and
vocational (BHS) is a five-year cycle in which students study a similar academic
curriculum to that in the AHS, but also study theoretical subjects relevant to future
professions. Students train for careers in industry, trade, business, agriculture, or



AUSTRIA (CONT.)

human service occupations. The final examination is similar to theMdtGra
and enables students to continue to university or obtain certain levels of vocation
gualification. The final year of this cycle is Grade 13.

Intermediate-technical and vocational schools (BMS) are basically full-time schog
equivalent to the dual system of school and apprenticeship (see below). Thes
schools provide training in apprenticed trades and general education. The cycle i

[
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S

one to four years, but typically lasts three to four year
Successful completion results in vocational Iicensem

which are sometimes more extensive than the ones
given by the dual system. There are also higher teach
training colleges that represent an alternative route frg
the ninth year (grade) onwards.
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Intermediate
Technlcg| and Dual
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Higher Technical
and Vocational

ship)

In the system of dual vocational education — Apprentig

Vocational
Training
(Apprentice-

shipBerufsschulerfBS) — apprentices in business and

BHS BMS Polytechnic

industry receive practical vocational training at their
place of work and also attend part-time vocational |,
schoolsBerufsschulenStudents typically attend the
Berufsschul@mne day a week where some element of | 1o

General
Secondary

general education is included. The length of the cours
is from two to four years, but is three years for most 8
students. The vocational qualification licenses the L |

Primary

recipient to work in a legally defined trade. & Chraschool dlass Special

schools

Students Tested in Mathematics and Science Literacy | *

Austria tested students in their final year of academic | g 100 of -
schools (AHS), Grade 12, their final year of higher b e orage coner
technical and vocational (BHS), Grade 13, and their

. . . . [ Grade and Track(s) Tested
final year of medium technical and vocational (BMS),

L] Compulsory Portion of Education System

— N W A 00O N 0 O

Grade

Grades 10, 11, or 12, depending on the vocational

program of the student, and students in their final year of the apprenticeship (BS).

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in their final year of the academic or higher
technical track, taking courses in advanced mathematics.

Physics: students in their final year of the academic or higher technical track,
taking courses in physics.
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Structure of Upper Secondary System

Secondary education in Canada is comprehensive, although students can focus on
academic/pre-university studies or vocationally oriented studies. The first years of
secondary school are devoted to compulsory subjects, with some optional subjects
included. In the latter years, the number of compulsory subjects is reduced, permitting
students to spend more time on specialized programs that prepare them for the job
market, or to take specific courses they need to meet the entrance requirements of
the college or university of their choice. Senior high school ends in Grade 12 in all

provinces except Quebec, where it ends in Grade 11. In Ontario,
some students complete secondary schooling at the end of Grade 12,
whereas others continue for an extra year to complete the Ontario
Academic Credits (OAC) necessary for admission to university.
Students in Quebec continue from Grade 11 to either a two- or
three-year training program prior to entry into tertiary education or
the workplace.

Students Tested in Mathematics and Science Literacy

Canada tested students in Grade 12 in all provinces except Quebec
where students in Grades 13 and 14 (depending on program) were
tested. In Ontario, students completing the OAC in Grade 13 also
were tested.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in their final year in mathematics
courses preparing them for postsecondary study (varies by province),
except in Quebec where students in the two-year science program
were tested.

Physics: students in their final year in physics courses preparing
them for postsecondary study (varies by province), except in Quebec
where students in the two-year science program were tested.
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CYPRUS

Structure of Upper Secondary System

Academic schools (lycea) and technical schools form the upper secondary schooling

in Cyprus. At the lyceum, which comprises Grades 10, 11, and 12, students car
choose one of five groups of subjects — classical (arts), mathematics and science

economics, commercial/secretarial, and foreign languages.

In technical schools, also three years in duration, students can take technical courses
with particular emphasis on mathematics and science. Graduates of these programs

typically follow further studies in colleges or universities. Technical schools alsg

offer vocational programs in which students in the final year follo
. - Cyprus
a training program in industry for two days a week and attend

school for three days a week. In the vocational section, more
emphasis is given to practical skills. The aim of public technical
schools is to provide industry with technicians and craftsmen in
various specializations such as mechanical and automobile

engineering, computers, electronics, building, graphic arts, dress
making, gold smithery, shoe manufacturing, and many others
Cyprus’ private secondary schools are oriented towards commet
and vocational education and last for six years.

Students Tested in Mathematics and Science Literacy

Cyprus tested students in Grade 12 of lycea and the technica
schools. Vocational students in technical schools were not testeq
Students in the private vocational schools were not included.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in their final year in the math-
ematics/science program of study at the lyceum.

Physics: students in their final year in the mathematics/science
program of study at the lyceum.

20

Age

Technical
Private Schools

N 12
Lyceum 11
(Academic Schools) 10
9
Gymnasium 8
7
6
5
Primary 4
3
2
1
Preprimary
()
3
100% of age cohort ——> (5§

L] Compulsory Portion of Education System
[ Grade and Track(s) Tested

A-5



APPENDIX A

CzecH RepuBLIC

Structure of Upper Secondary System

There are three types of secondary schools in the Czech Republic: gymnasium,
technical, and vocational. The gymnasium is a four-, six-, or eight-year general
secondary school providing demanding academic training for higher education.

- Students are in one of three streams in the gymnasium: humanities,
Czech Republic science, or general education. Secondary technical schools, four or

20

[}

Technical | Vocational

five years in duration, provide a broad general education as well as
specialized study in a particular field (e.g., nursing, certain technical

3 areas, tourism, library science, accounting, etc.). Students successfully
completing the gymnasium or secondary technical school, and
passing the final examination (maturita), are eligible to apply to
institutions of higher education. Secondary vocational schools, two,

Gymnasium

Basic

three, four, or five years in duration, provide practical vocational
training as well as general education, with the aim to prepare students
for occupations. These professional schools specialize mostly in
engineering and technical areas.

Secondary schooling ends in different years depending on the type
of school and the course of study within school. In almost all
secondary technical school and gymnasia, students complete their

— N W A OO O N 0 O

Preprimary

education at the end of Grade 12, although a few complete their
studies in Grade 13. In vocational schools, students may end in

<(°) <——— 100% of age cohort
] Compulsory Portion of Education System | P€€N Modified to reflect an extension of basic school. Beginning in
[ Grade and Track(s) Tested 1996, Grade 9 became compulsory (until this decision was made,

Grades 10, 11, 12, or 13, depending on their type of vocation.

Grade

Since the time of the TIMSS testing (1995), the Czech system has

A6

Grade 9 was an optional grade, attended by 14% of the age cohort
in 1993/94). It means that currently all secondary technical and gymnasia students
complete their education in Grade 13 and most vocational students complete their
studies in Grade 12.

Students Tested in Mathematics and Science Literacy

The Czech Republic tested students in their final year of each type of school. In
technical schools and gymnasia, students in Grades 12 and 13 were tested. In
vocational schools, students in Grades 10, 11, 12, and 13 were tested, depending
on their vocation.

Students Tested in Advanced Mathematics and Physics
Advanced Mathematics: gymnasium students in their final year of study, Grade 12 or 13.

Physics: gymnasium students in their final year of study, Grade 12 or 13.
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DENMARK

Structure of Upper Secondary System

The general upper secondary programs are comprised of the general upper secongary

certificates Studentereksamgnthe higher preparatory exam (HF) for mature
students, the higher commercial exam (HHX), and the higher technical exam
(HTX). The first two programs are taught at the Gymnasium and the last two at

commercial and technical schools, respectively. All programs have

a duration of three years except for the HF which is two years.

aim of the first two programs is primarily to prepare students for
further studies at the tertiary level. The HHX and HTX prepare pupi
for higher education but qualify also as final vocational educatiof

Vocational upper secondary programs encompass approximatel
100 different specializations including vocational education and
training, training for social affairs and health officers, agricultural
education, and maritime education. Vocational training in Denmg
is rooted in the apprenticeship tradition, but a wide-ranging
modernization has been carried out over the past 30 years. This
modernization has taken into account the lack of capacity amon
small and medium-sized enterprises to organize and carry out st
training and reflects the need for a continuous updating of such
programs.

Students Tested in Mathematics and Science Literacy

Denmark tested students in Grade 12 of the general secondary
vocational schools. Students finishing their formal schooling afte
Folkeskole (Grade 9) were not tested.
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Preschool Class

Kindergarten
and other
childcare institutions

<——— 100% of age cohort

L] Compulsory Portion of Education System

[ Grade and Track(s) Tested
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Grade

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: mathematics and physics students in the gymnasium and
mathematics students in their final year, Grade 12, of the technical or higher

preparation tracks.

Physics: mathematics and physics students in the gymnasium and physics students

in their final year, Grade 12, of the technical track.

A-/



APPENDIX A

FRANCE

Structure of Upper Secondary System

There are two types of upper secondary schools in Friméss d’enseignement
général et technologiquer upper secondary school for Grades 10 to 12|yaées
professionnel®r vocational upper secondary school, which may end at Grade 11 or
Grade 13.

In thelycée d’enseignement général et technologigtiedents in Grades 10, 11,
and 12 are in either the general track or the technological track. In Grade 10, there
are both common areas of study and optional courses in the general and technological
tracks. All students at this level take mathematics and science courses. In Grade 11,
the different tracks are strongly differentiated, leading to corresponding types of
baccalauréatsThebaccalauréat générdias three main tracks:

“ scientific (S), literary (L), and economic and social (ES). The

eees baccalaureat technologiqueas four major tracks within it: tertiary

20 | brctes denseigment p'ﬁéi:{.iéﬂ’n”%?'f | sciences apd techqologi_es (STT), industrial sciences and_ technologies
o ocemmne | (STI), medical-social sciences (SMS), and laboratory sciences and
18 [r——— e technologies (STL). The type and amount of mathematics and
s L |E oz | science taken blycéestudents is different for each of the tracks

[ s p—— °| oA 10 within the general and technological tracks. The final year of the
- general and technological tracks is Grade 12.

Vocational Grade 10 is the first year of a program leading to the
Brevet d’études professionnellBEP) or to theCertificat
d’aptitude professionnell@CAP). Most pupils achieveBrevet
d’études professionnellewhich is granted after Grade 11. About
50 percent of students achieving this diploma decide to continue
their studies, either by joining the technological track through a
classe d’adaptationr by continuing in vocational secondary for an
additional two years to achieve thaccalauréat professionnel

4 Preprimary Their choice depends mainly on their results, but also on the area of
their studies and employment prospects wiBrevet d’études
professionnellesThebaccalauréateads directly to university studies.
The final year for a student in thgcée professionneés either
Grade 11 or Grade 13, depending on whether or not they plan to
continue their studies.

.
Lower Secondary 1o
'O
&
;
\
:

:
g
e
\3
; B
Primary o
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Age
Grade

100% of age cohort

L] Compulsory Portion of Education System
[ Grade and Track(s) Tested

Note: Compulsory schooling goes from the age of 6 until the age of 16. With some
students repeating some classes, the correspondence between age and grade
becomes theoretical.

A-8




FRANCE (CONT.)

Students Tested in Mathematics and Science Literacy

France tested students in the final year of preparation fdraitealauréat
(nonrepeaters of this final year). This included students in Grade 12 preparing for
thebaccalauréat général ou technologiqaad in Grade 13 for tHeaccalauréat

professionne(vocational). Also tested were students in the final year (nonrepeaters

of this year) of preparation for thigrevet d’études professionnel@®&EP) or the
Certificat d’aptitude professionnell€AP) who will not continue towards a
baccalauréat.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in their final year of the scientific track, Grade 12
preparing for thdaccalauréat général.

Physics: students in their final year of the scientific track, Grade 12, preparing fo
thebaccalauréat général.

-~
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APPENDIX A

GERMANY

Structure of Upper Secondary System

The upper secondary education system, Grades 11 to 13, in Germany is comprised

of two types of schools — gymnasia or comprehensive schools and vocational

schools. Education is compulsory up to age 18. In the upper grades of gymnasium,

beginning in Grade 11, students can choose specializations within a rather complicated

framework that allocates approximately one-third of instruction time to languages

and arts, one-fourth to social studies (civic education, history, religion or philosophy),
one-third to mathematics and science, and one-twelfth to sports.

Upon successful completion of the final examination at the end of

P —— Grade 12'or 13 (final year depends on the Laender) a student may

of former West Germany attend university.

g *«_ Vocational
\

1
, 12 Those students interested in vocational training have a variety of
“ *,.Fn':;;g;;; fun»nmei partime || 11 options. A dual system combines general education and theoretical
Fost Germany 10 instruction in the specific area of occupational training in part-time
schools Berufsschulg and practical training in one of over 500,000
authorized companies or businesd®stiiebg. Usually students in
the dual system attend school two days a week and work the other
three days at a company in a training program. At the company,
students are supervised and taught by accredited trainers according
to the training regulations in effect pertaining to the occupation. In
larger companies, students often receive additional instruction in
company schools. There is also a broad range of full-time vocational
schools, such dsaachgymnasienwhere students are instructed in
economic and technical fields and admission requirements for
Special university-level studies are fulfilled. Other types of schools are
Fachoberschulethat certify for further specialized scientific training
at institutions of higher education as welBesufsfachschulethat
] Compuisory Portion of Education System | - provide occupational training for careers in social and health
[ Grade and Track(s) Tested services and business.

—>

ptschule
(prevocational)

Realschule
(Intermediate School)
Hau

Comprehensives
or
Gymnasium

8 Primary

— N W A 00O NN © O

Preprimary

Grade

100% of age cohort

Students Tested in Mathematics and Science Literacy

Germany tested students in their final year in the academic track of upper secondary
education and the vocational education programs. This corresponded to Grade 13 in
the Laender of the former West Germany and to Grade 12 in the Laender of the
former East Germany.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in their final year, Grade 12 or 13 depending on
the Laender, in advanced mathematics courses (3 to 5 periods per week).

Physics: students in their final year, Grade 12 or 13, in physics courses (3to 5
periods per week).




APPENDIX A

GREECE

Structure of Upper Secondary System

The upper secondary system in Greece is a three-year program, Grades 10 to {12,

taken in the general (academig)ceum,n the multibranch, semi-comprehensive
Lyceumor in the technical-vocationayceum.Some students attend vocational and
technical schools that provide two years of education, ending at Grade 11. In the

generalLyceum students in Grades 10 and 11 take the same courses. Students in the

final grade may follow one out of four option streams in order to
prepare them for tertiary education entry examinations. The four
possible streams are science and engineering (T1), medical (T2
humanities (T3), and social science (T4). They may follow an
alternative cycle if they do not choose to continue their education
the tertiary level. In the technical-vocational and multibranch

schools, a wide range of option cycles of vocational and/or gene
education is provided.

Students Tested in Mathematics and Science Literacy

Greece participated only in the advanced testing and therefor
tested a limited portion of their final-year students inliyeeum
It tested students in Grade 12 of the general (acadeydepmas
well as students in Grade 12 of the multibrahgheumtaking
advanced courses in mathematics and/or science in preparation
university disciplines requiring mathematics and/or science.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in their final year, Grade 12, 0
the general (academityceumand of the multibranchyceum
taking advanced courses in mathematics and/or science in prepara

20

e

for university disciplines requiring mathematics.

Technical Vocational School

(1 Multi-Branch Lycea

Technical  [T1i2i T3] T4
an -

Vocational General 12
Llycea Llycea

Upper Secondary 1
10
Lower Secondary :
7
6
5
Primary 4
3
2
1
Preschool
I
S
100% of age cohort ———> g

L] Compulsory Portion of Education System
[ Grade and Track(s) Tested

Physics: students in their final year, Grade 12, of the general (acadlgogom
and of the multibranchyceumtaking advanced courses in mathematics and/or

science in preparation for university disciplines requiring physics
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HUNGARY

Structure of Upper Secondary System

The upper secondary system in Hungary consists of five types of schools: a four-year
academic secondary school (Grades 9 to 12), a four-year vocational secondary

school (Grades 9 to 12), a three-year trade school (Grades 9
to 11), and a six-year or an eight-year academic program

- (Grades 7 to 12 or 5 to 12). Academic secondary schools
offer general education and, for many students, lead to university.
18 Tt Vocational secondary schools prepare students for the work
- 12 force (often technical vocations) or, alternatively, graduates
16 118 2 - ! may enter universities that match their vocational orientation.
518! § R e WZ Trade schools and training schools emphasize practical
14 nn ¢ | knowledge and skills to train skilled workers. Students in the
&13] Upper . trade schools leave school after Grade 10 and spend their
12 » | final year in out-of-school practice.
10 General School ===~ j Students Tested in Mathematics and Science Literacy
8 Lower j Hungary tested students in their final year of academic
W secondary and vocational schools (Grade 12) and students in
6 the final in-school year of trade school (Grade 10).
4 Preprimary Students Tested in Advanced Mathematics and Physics
o < | Students were not tested in advanced mathematics or physics
< 100% of age cohort ——> (5§ in Hungary.
L] Compulsory Portion of Education System
[ Grade and Track(s) Tested

ICELAND

Structure of Upper Secondary System

After completing primary and lower secondary education in Iceland, students are
entitled to commence study at the upper secondary level regardless of their perfor-
mance in final exams at the lower secondary level. If a student’s academic standing
is lower than a prescribed minimum, he/she must begin by attending special prepa-
ratory courses in basic subjects and improve his/her standing before commencing
regular studies at the upper secondary level.

There are four main types of upper secondary schools in Iceland:

1. Grammar schools offer a four-year academic program of study leading to
matriculation §tadentsprdf i.e., higher education entrance examination.
Students who complete the course satisfactorily are entitled to apply for admis-
sion to university.

2. Industrial-vocational schools primarily offer vocational courses that prepare
students for skilled trades. They also offer studies leading to a technical
matriculation examination.
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ICELAND (CONT.)

3. Comprehensive schools provide academic courses comparable to those of the

grammar schools and vocational training comparable to that offered by indus

trial-vocational schools, as well as other specialized vocational training courses.

4. Specialized vocational schools offer training for specific vocations (Seamen’

1"}

and navigational colleges, The Fish Processing School, marine engineeripg

colleges, The Technical College of Iceland, fine arts colleges, agricultural

colleges, The Icelandic College for Pre-school Teachers, The Icelandic College

of Social Pedagogy).

A

At the upper secondary level, general academic education is m
primarily organized as a four-year course leading to matriculatio

but two-year courses are also offered. The main areas of study ¢
these two-year courses are in education, physical education, an
commerce. They are organized as part of the course leading to
matriculation (70 units of the 140 required) and students in these
shorter courses can therefore continue on to matriculation. Such
courses are usually intended as preparatory studies for other
courses within the school or at specialized vocational schools.

Traditional grammar schools and upper secondary comprehensi
schools are virtually the only schools offering education leading

matriculation. There are basically six courses of academic stud
leading to matriculation. These are studies in languages, sociolo
economics, physical education, natural sciences, and physics
Additional fine arts studies, in music, for example, may lead t
matriculation, as does a technical program offered as a follow-uf
to vocational training.

Vocational training takes place in comprehensive schools, indus
trial-vocational schools, and specialized vocational schools. Subjg
included in vocational programs of study can be grouped as gen

academic subjects, theoretical vocational subjects, and practic

ge

Upper Secondary

Comprehensive Basic School

Preschool

100% of age cohort ———>

[] Compulsory Portion of Education System

[ Grade and Track(s) Tested

— N W N O O N o O

Grade

vocational subects. The length of the courses offered varies from
one to ten semesters. Many forms of vocational training award students certification

for certain types of employment. This applies especially to study in certified trades,

but also to some other studies, such as the training of nurses aides and qualified skippers.

Students Tested in Mathematics and Science Literacy

Iceland tested students who were to graduate that year from an upper secondary

school, that is, students in Grades 12, 13, and 14.

Students Tested in Advanced Mathematics and Physics

Students were not tested in advanced mathematics or physics.
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ISRAEL

Structure of Upper Secondary System

Secondary schools provide three different tracks: academic, technical and vocational,
and agricultural. There are four school types: comprehensive (which cater to all
three tracks); technical/vocational (vocational track); general schools (academic track);

and agricultural schools (agricultural track). Programs are from 2 to
“ 4 years and end in Grade 12. Technical education offers a range of

. courses, including design, computer studies, industrial automation
studies, electronics, and telecommunications. Graduates of the
8 ( Agricultural technical track are encouraged to serve in technical units of the Israeli
5 12 defense forces to continue their studies in institutes of higher education.
" T g Academic 1
§‘§ 101 Students Tested in Mathematics and Science Literacy
2= 2
14 Junior Secondary | 8 Israel tested students in the Hebrew education system only. Students
’ 7 in their final year of secondary school, Grade 12, were tested, in all
6 three tracks.
5
10 . . .
Primary 4 Students Tested in Advanced Mathematics and Physics
3 . . .
8 ) Advanced Mathematics: students in advanced mathematics courses
. in Comprehensive and General schools.
6
Kind t . . . . .
nceparen “| Physics: students in physics courses in Comprehensive and
4 Preprimary ’J General schools.
g :
L |+——100% of age cohort &
L] Compulsory Portion of Education System
[ Grade and Track(s) Tested
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ITALY

Structure of Upper Secondary System

After finishing compulsory education and passing the junior secondary school
leaving examination, students in Italy may attend senior secondary school for an
additional three, four, or five years. Students must pay a fee to the state and to tHh
school they attend. There are four school types: classical schools, art schools,
technical schools, and vocational schools. Classical schools includeegbe
Classicq which prepares humanities students for universityltbeo Scientifico
which prepares mathematics and science students for universikystifieto
Magistralefor primary teacher education; tBeuola Magistraldor preprimary

teacher education; and the&ceo Linguisticowhich prepares
language students for university. Art schools, includind-tbeo
Artistico and thdnstituti d’Arte, train students in the visual arts and
lead to university or fine arts academies.

Technical schooldnstituti Techniciprovide a five-year program
to prepare students for professional, technical, or administrative
occupations in the agricultural, industrial, or commercial sector.
These schools give students access to university. Vocational
schools provide a three-year program to train students to becom
gualified first-level technicians. Students may study an additiona
two years atnstituti Professionaliand obtain a “professional
maturity” designation, giving access to university.

Students Tested in Mathematics and Science Literacy

Italy tested students in all types of schools in their final year of
secondary school. The final grade of school depended on the fo
of study within school type. Classical studiegeo Classico
(Grade 13)Liceo ScientificdGrade 13)jnstituto Magistrale
(Grade 12); an&cuola MagistralgdGrade 11). Artistic studies:
Liceo Artistico(Grade 12){nstituto d’art(Grade 12); an&cuola
d’art (Grade 11). Vocational studidsstituto ProfessionaléGrade

e

A

20

Age

11). Technical studiesnstituti Technici(Grade 13). Italy did not

(final year varies by
program of study)

Art (final year varies by
program of study)

"P/(Aoﬂ?ss::;)r;,ol 3
Mty 12
Technical 11
10
Q
8
Middle 7
6
5
4
Elementary 3
2
1
Preprimary
(]
e
O
<——— 100% of age cohort 1)

L] Compulsory Portion of Education System
[0 Grade and Track(s) Tested

test students in private schools.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in their final yedriodo Scientificdclassical
schools), Grade 11, 12, or 13, depending on the student’s program of study, an

Instituti Technici(technical schools), Grade 13.

Physics: students in their final yearlofeo Scientificqclassical schools), Grade
11, 12, or 13, depending on the student’s program of studynstitati Technici

(technical schools), Grade 13.
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LATVIA

Structure of Upper Secondary System

After basic education, Latvian students may attend secondary school (Grades 10 to 12),
where they enter a three-year academic program to prepare for further studies in
higher education or enter a vocational school for two to four years. In the academic
secondary program, compulsory subjects include Latvian language and literature,
mathematics, a foreign language, world history, Latvian history,

and physical education. Optional subjects include the study of a

. second foreign language, economics, geography, computer science,
physics, chemistry, biology, music, nature and society, and others.
Tested students enrolled . . .
g (gashanced physic 13 Vocational schools prepare students for independent technical work
I 12 in various fields and include technical schools, medical schools,
16 Secondary | Vocatignal R agricultural schools, teacher-training schools, and art schools.
10 . . . . . . .
0 Vocational schools include instruction in theory and practice in the
14 5 vocation of choice and some general education instruction.
i 7 . . . .
12 Basic , | Students Tested in Mathematics and Science Literacy
0 5 Latvia did not test students in mathematics and science literacy.
4
. Primary 3 Students Tested in Advanced Mathematics and Physics
2
: Advanced Mathematics: Latvia did not test students in advanced
é .
Kindergarten mathematics.
4 \s\.\‘(\o\"’\ Physics: students in Grade 12, enrolled in advanced physics
e . . . .
N courses, in Latvian-speaking academic secondary schools.
[} O
L |+——100% of age cohort S
L] Compulsory Portion of Education System
[ Grade and Track(s) Tested
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LITHUANIA

Structure of Upper Secondary System

Upper secondary education in Lithuania includes four-year gymnasia, three-year
secondary schools, and two-, three-, or four-year programs in vocational schools
The gymnasium is a four-year educational institution which offers general education

at a more advanced level than that in the secondary schools. Traditionally, gymnasia

are split into two programs: (1) humanities and (2) mathematics

A

and science. Vocational schools provide general secondary educm

and training in a profession. There are also “youth schools” for
students in basic or secondary school who are, for social reason
unable to attend general schools. The youth schools provide a 0
or two-year program after which students may reenter either the
general or vocational schools.

Students Tested in Mathematics and Science Literacy

Lithuania tested students in Grade 12 in vocational, gymnasia, a
secondary schools where Lithuanian is the language of instructig
Schools not under the authority of the Ministry of Education or th
Ministry of Science were excluded.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in their final year, Grade 12, @
the mathematics and science gymnasia and students in secondd
schools offering enhanced curriculum in mathematics.

Physics: Lithuania did not test students in physics.
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Age

1) Humanities
2) Math/Science

: Youth
g %o School
3| Secondary % i
S
£ P
E >
O
Basic
Primary
S
<
&
&
100% of age cohort ——>

] Compulsory Portion of Education System

[ Grade and Track(s) Tested
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NETHERLANDS

Structure of Upper Secondary System

Secondary education in the Netherlands is four to six years in duration. Students
may follow one of four main tracks: pre-university education (VWO); senior general
secondary education (HAVO); junior general secondary education (MAVO); or
junior secondary vocational education (VBO).

VWO is a six-year program that leads to university or colleges of higher professional
education. HAVO is a five-year program designed to prepare students for higher
professional education. MAVO is a four-year program after which students may go
on to the fourth year of HAVO, take a short or long senior secondary vocational
education course (KMBO or MBO), join an apprenticeship course (LLW), or enter
the labor market. VBO is a four-year course of prevocational education specializing
in technical, home economics, commercial, trade, and agricultural
studies. This can lead to a KMBO or MBO course, an apprenticeship

course (LLW), or the labor market. As of 1993, a common core

20

(?fvf/r)e]nff eys:cfs\i‘ ' ég w curriculum is taught in the first three grades of VBO, MAVO, HAVO,
18 | %éj’? " and VWO. The core curriculum includes 15 subjects, among which
~ [ §§“ . are mathematics, combined physics and chemistry, biology, and
16 g 5 § =~ | — | geography (including earth science). This was the structure of the
= : (_;)"-§§ 5255|538 §6 0 Netherlands’ education system at the time of testing (1995). As of
412 |58Z|5552(58%82 5 | August 1997, the MBO, KMBO, and LLW programs are designated
. 87 | °87[ 82 | , | as Senior Vocational Education, offering short and long courses on
6 a full-time or part-time basis.
5
10 Primary 4 Students Tested in Mathematics and Science Literacy
8 2 The Netherlands tested students in the final year, Grade 12, of the
. six-year VWO (pre-university) program, students in the final year,
S T - Grade 11, of the five-year HAVO (senior general secondary) program,
Kindergarten J and students in the second year, Grade 12, of a two- to four-year

MBO or KMBO (senior secondary vocational) program. These
latter students would have completed a four-year MAVO program
or a four-year VBO program after primary school before beginning
LI Compulsory Portion of Education System | - the KMBO or MBO program. Students in the LLW (apprenticeship)
[ Grade and Track(s) Tested programs were excluded.

Special Education

Grade

< |+ 100% of age cohort

Students Tested in Advanced Mathematics and Physics

The Netherlands did not test students in advanced mathematics or physics.
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NEw ZEALAND

Structure of Upper Secondary System

Education is compulsory from the ages of 6 to 16, but most children start primary
school on their fifth birthday. Students in New Zealand generally have between
12-and-a-half and 13-and-a-half years of schooling, depending on the month of the
year in which they were born. Secondary education in New Zealand is offered in
comprehensive schools from Grades 8 to 12 (Years 9 to 13 ). At the

lower secondary level, students are required to take a numbe
compulsory subjects in combination with some optional subject

The diversity of subjects from which students may choose increg
in Grades 11 and 12 (Years 12 and 4Sgnior students may also

20

be studying subjects at both senior class levels. For example " 12
student in Grade 12 may take all Grade 12 subjects, or a combing ,, i
of Grade 11 and Grade 12 subjects. Secondary ]2
There are three national awards which students may choose to st “ 8
for at secondary school, although not all students choose to particig |, 7
in national examinationsThe first, School Certificate, is the o
national award undertaken by students at the end of their third y{ o Frimiary j
of secondary schooling (Grade 10). The second award, Sixth Fo

Certificate, is undertaken by most students in their fourth year { s 2
secondary schooling (Grade 11). Both certificates can be awardg 1
in single subjects, and a candidate may enter in up to six subjec| © New Enfrhnt's Yoar [ o
one year for each award. The third award, University Bursaries _

Entrance Scholarship, is undertaken by the majority of students | * Preprimary

the end of Grade 12 (Year 13). Students may elect to sit for exar] 3
nations in up to five subjects. In addition, students who have | € < 100% of age cohort 5

completed a five-year course of study are awarded a Higher Sch L] compulsory Portion of Education System
Certificate. A student’s performance in, for example, School [ Grade and Track(s) Tested

Certificate mathematics and/or science, often determines his/her
participation in these national examinations. While participation in national exami-
nations provides an indication of subject choice, it does not, however, include the
range of non-assessed courses or school-developed courses undertaken by many
students in the senior school.

Students Tested in Mathematics and Science Literacy

New Zealand tested students in Grade 12 and students in Grade 11 who were nd
returning to school for Grade 12.

—

Students Tested in Advanced Mathematics and Physics

Students were not tested in advanced mathematics or physics.

2 Nomenclature prior to 1996: Primary school education - New Entrants to Form 2; Secondary school
education - Form 3 to Form 7. The new nomenclature for class levels was introduced at the beginning of
1996, and is based on years of aftendance af a school rather than on curriculum level.

® The three national awards are administered by the New Zealand Qualifications Authority (NZQA). A19
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NORWAY

N

Upper Secondary

General . -
(Academic] : Vocational )

o =

Lower Secondary ?
(Ungdomstrinnet) 8
7

6

5

Primary 4
(Barnetrinnet) 3

2

1

Preprimary ,—l

Grade

<+——— 100% of age cohort

L] Compulsory Portion of Education System
[ Grade and Track(s) Tested
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Structure of Upper Secondary System

Upper secondary education normally covers the 16-19 year age group or the period
from the tenth to the twelfth year of education and training, including general and
vocational education as well as apprenticeship training.

Norway

Under the system for students tested for TIMSS in 1995, general
and vocational studies existed side by side in the same school.
There were ten areas of study, namely: General (Academic) Studies;
Commercial and Clerical Subjects; Physical Education; Craft and
Aesthetic Subjects; Home Economics; Technical and Industrial
Subijects; Fishing Trade Subjects; Agricultural and Rural Subjects;
Maritime Subjects; and Social Studies and Health. The first three
areas of study, as well as the music branch within the area of study
of Aesthetic Subjects, met the requirements for admission to
universities and other higher educational institutions.

This structure was rather complicated, with a varied set of offerings
ranging from general schooling to vocational areas of study with
special one-, two-, and three-year programs for more than 200
vocational areas.

Beginning in 1994, a simple, comprehensive system for upper
secondary school was introduced. All young people between the
ages of 16 and 19 have a legal right to three years of upper secondary
education, qualifying them for an occupation and/or higher education.

The following three-year programs of study are offered: General
and Business Studies; Music, Drama, and Dance Studies; Sports
and Physical Education (all three studies qualifying for higher
education); Health and Social Studies; Arts, Crafts, and Design

Studies; Agriculture, Fishing, and Forestry Studies; Hotel, Cooking, Waiting, and
Food Processing Trades; Building and Construction Trades; Service and Technical
Building Trades; Electrical Trades; Engineering and Mechanical Trades; Chemical
and Processing Trades; Carpentry. (The last ten programs normally qualify students
for an occupation.) It has now become much easier for those with a vocational
occupation to meet the requirements for entry to higher education. The number of
courses in the second and third years are significantly reduced in the new reform.

Students Tested in Mathematics and Science Literacy

Norway tested students in Grade 12 within all areas of study.



NORWAY (CONT.)

Students Tested in Advanced Mathematics and Physics
Advanced Mathematics: Norway did not test students in advanced mathematics.

Physics: students in their final year, Grade 12, of the three-year physics course if
the General (Academic) Studies area. The three-year course in physics includes
foundation course in general science and two physics courses, normally taken in
second and third year.

RussIAN FEDERATION

Structure of Upper Secondary System

The upper secondary education system in the Russian Federation is a two- to four-y
program following compulsory education. Students in upper secondary school joi
either the general secondary program (usually 2 years) or vocational program (tw
to four years). General secondary includes general schools, schools specializing
specific disciplines, gymnasia, lycea, boarding schools, and schools for children
with special needs. There are two possibilities for vocational

—

=)

education: initial vocational education provided in so-called

APPENDIX A

a

he
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n

professional-technical schools and secondary vocational educat Russian Federation

provided in the secondary specialized educational establishmen
(SSZzY, technicums, colleges, etc.). All students in upper secong
education have mathematics and science as compulsory subjec
Graduates from both general secondary and vocational seconda

20

4
3

programs may continue their education in universities or other | |, General Vocational 2
higher educational institutions after passing the entrance examinati Secondary !
Students Tested in Mathematics and Science Literacy - .

asic
The Russian Federation tested students in the final year, Grade 2
of general secondary schools. Students in the vocational progra o .
were excluded. Eary 4

g 9?]':;2'5 35 Primary
Students Tested in Advanced Mathematics and Physics dyear 2
) . . . . primary _‘

Advanced Mathematics: students in their final year, Grade 11, in[ ©
general secondary schools in advanced mathematics courses ot Preprimary
advanced mathematics and physics courses. 4

Physics: students in their final year, Grade 11, in general second
schools in advanced physics courses or advanced mathematics
physics courses.

Age

<——— 100% of age cohort

L] Compulsory Portion of Education System
[ Grade and Track(s) Tested

11

o

— N W » O N o O

Grade
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SLOVENIA

Structure of Upper Secondary System

There are three types of secondary schools in Slovenia: the four-year gymnasium,
the four-year technical and professional school, and the two- or three-year vocational
school. Students may write an entrance examination to enter tertiary education after
completing any four-year upper secondary school. Gymnasia are in principle
comprehensive, but some offer a science-heavy curriculum while others emphasize
humanities and languages. All students must study mathematics, physics, chemistry,
biology, two foreign languages, and a social sciences program of psychology,
sociology, and philosophy. As of 1995, students sit for a five-subject externally
assessed baccalaureate examination to enter university. The exami-
m nation includes Slovenian, mathematics, a foreign language, and
two subjects chosen by the student. The technical and professional
baccalaureate features the same required subjects as the gymnasia,
12 but students choose from economics, electronics, engineering, or
1 similar subjects for the final two sessions. Vocational schools offer
‘I_‘ 10 programs from two to four years in duration, and usually involve
Vocational practical work experience as well as classroom time. All vocational

schools end with a final examination that may differ from school to
school.

Gymnasia
Technical &
Professional

Upper Grades \

Students Tested in Mathematics and Science Literacy

Students in Grade 12 in gymnasia and in technical secondary schools,
as well as students in Grade 11 in vocational schools were tested.
Students finishing vocational school in Grades 9 and 10 were not tested.

Lower Grades

— N W N 00O N o O

Students Tested in Advanced Mathematics and Physics
Preprimary

Advanced Mathematics: students in their final year of gymnasia

and technical and professional schools, Grade 12, were tested (all
take advanced mathematics).

g
Grade

100% of age cohort

[Ic Isory Portion of Education Syst . . - . .
- ompuisory Forflon of ECucation SySIEM | physics: students in their final year of gymnasia, Grade 12, taking
Grade and Track(s) Tested

the physics matura exam, were tested.

Note: Slovenia has a substantial proportion of students in each grade that are older
than the corresponding age shown on the diagram.
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SOUTH AFRICA

Structure of Upper Secondary System

Senior secondary school in South Africa covers Grades 10 to 12m
The majority of South African secondary schools are comprehensi

During the first year of senior secondary school (Grade 10),
students select six subjects, including the required English and
Afrikaans, defining the focus of their studies. Mathematics and
science are optional subjects. There are a limited number of scho
that provide commercial or technical subjects and a few that
provide specialization in the arts. Because of the previous abser
of compulsory schooling in South Africa, there is a wide range of
entry ages in South African schools, a problem compounded by
large numbers of students repeating classes and high drop-out 1

Students Tested in Mathematics and Science Literacy

Students in Grade 12 were tested in South Africa.

Students Tested in Advanced Mathematics and Physics

South Africa did not test students in advanced mathematics or
physics.

20

Age

Estimates based on
- 12
incomplete data.

Senior N Accurate 1]
S d : information

econdary snot | 10
currently

available. @

Junior Secondary 8

7

: 6

Senior Primary "‘ 5

' 4

8 3

Junior Primary '|‘ 2

1

Preprimary

Grade

<——— 100% of age cohort

L] Compulsory Portion of Education System
[ Grade and Track(s) Tested
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20

Age

SWEDEN

Finalyear students in former
and new system

AL Secondary 1
oytorsem "o 10
Q
8
7
6
Compulsory 5
4
3
2
1
N | Preprimary

Students starting at age 6
are one grade advanced.

<+——— 100% of age cohort

Grade

L] Compulsory Portion of Education System
[ Grade and Track(s) Tested
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Structure of Upper Secondary System

Since 1970, upper secondary school was divided into 47 differentliimes)(and

some 400 specialized coursepécialkursey. The duration of the lines was two or
three years2-ariga linjer and3-ariga linjer, respectively). Thirty-six of the lines

were practical/vocational, and 30 of these were of two years duration. Out of the 11

lines for students preparing for university, 5 were of two years
duration. The lines were further divided into branches or variants.
A new system of upper secondary education was implemented in
the early 1990s and was fully up and running by 1996. The new
upper secondary system in Sweden is organized into 16 national
study programs of three years duration. Students may also follow a
specially designed program or an individual program. All 16
national tracks enable students to attend university, although two
tracks, Natural Science and Social Science, are specially-geared
towards preparing students for university. All programs include eight
core subjects: Swedish, English, civics, religious education,
mathematics, general science, physical and health education, and
arts activities. At the time of TIMSS testing, some schools were
still on the former system where students were in upper secondary
for two years, while other schools had switched to the new system
of a three-year course.

Students Tested in Mathematics and Science Literacy

In schools where the new three-year upper secondary system was
implemented, students in Grade 12 were tested. In schools with the
former two- or three-year system, students in the final year, Grade
11 or 12, respectively, were tested.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in the final year, Grade 12, of the Natural Science
or Technology lines.

Physics: students in the final year, Grade 12, of the Natural Science or
Technology lines.

Note: The diagram represents the Swedish school system during the 1994-95 school
year when the system was undergoing changes.



SWITZERLAND

Structure of Upper Secondary System

Upper secondary education in Switzerland is divided into four major types that la
between 2 to 5 years, depending on the type and canton. The four types are:
Maturitatsschulglgymnasium); general education; vocational training; and teache
training. Each major track is differentiated into a number of tracks with narrower
definitions. TheMaturitatsschulas designed to prepare students for university
entrance. Typically, students enter at age 15/16, for a total of four years. The sch
leaving certificate gives them access to higher education. There are five types of
Maturitatsschule Type A (emphasis on Greek and Latin); Type B
(Latin and modern languages); Type C (mathematics and scienc

APPENDIX A

"2

pol

Type D (modern languages); and Type E (economics). S
Maturitéatsschulerare governed by federal regulation. The 20 by Carlon __ Generaln| 1 ), | 14
final grade in this type of school could be Grade 12, 12.5, or ™ Wit g 13
13, depending on the canton. o | 23 ;:; 12

_ ) _ = E Vocational ENL
General education schools provide general education to prepar 23 Training @ 10
students for certain non-university professions (such as parameq 10 9
and social fields). These programs are two or three years in durati ” i Lower Secondary 8
and comprise about 3 percent of the in-school population. The upj 2 /
secondary teacher training program is a five-year program thg , |- § | 6
begins after compulsory education and can lead to university stud % j
Vocational training is mostly in the form of apprenticeship, consistin © ki Primary 3
of two basic elements: practical training on the job in an enterpr{ E 2
(3.5 to 4 days per week), and theoretical and general instruction c A ‘
vocational school (1 to 1.5 days per week). Vocational training i| ¢ —]l Preprimary
regulated by federal law and provides recognized apprenticesh - .

L . . . Special Education
of two to four years duration in approximately 280 vocations in th 4
industrial, handicraft, and service sectors. Some students do go o
to specialized tertiary institutes in the corresponding vocational fie & < 100% of age cohort E
The final year of vocational training varies by occupation. ] Compulsory Portion of Education System
[ Grade and Track(s) Tested

Students Tested in Mathematics and Science Literacy

Students in their final year of gymnasium, general education, teacher training, an
vocational training were tested. This corresponded to Grade 11 or 12 in gymnasi
(final year depends on canto@rade 12 irthe general track; Grade 12 in the teacher-
training track; and Grade 11, 12, or 13 in vocational track (final year varies by
occupation).

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in their final year, Grade 12 or 13, of
Maturitatsschulglgymnasium), in schools and programs (A-E) with federal
recognition.

Physics: students in their final year, Grade 12 or 1Bjattiritatsschulggymna-
sium), in schools and programs (A-E) with federal recognition.

o
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20

Age

12
Senior High 1
10
Q
Junior 8
High Middle |
School
6
5
Primary 4
3
2
1
Kindergarten /
Preprimary

Grade

<+——— 100% of age cohort

] Compulsory Portion of Education System
[ Grade and Track(s) Tested
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UNITED STATES

Structure of Upper Secondary System

Secondary education in the United States is comprehensive and lasts from Grade 9
to 12 or 10 to 12. Students attend high schools that offer a wide variety of courses.
Each student chooses or is guided in the selection of an individually unique set of

courses based on their personal interests, future aspirations, or
ability. Students who choose a higher proportion of courses which
prepare them for university study are generally said to be in a college
preparatory or “academic” school program. Those who choose a
higher proportion of vocational courses are in a vocational/technical
or “vocational” school program. Those whose choice of courses
combines general academic and vocational coursework are in
general academic or “general” school programs.

Students Tested in Mathematics and Science Literacy

Students in Grade 12 were tested in the United States.

Students Tested in Advanced Mathematics and Physics

Advanced Mathematics: students in Grade 12 who had taken
Advanced Placement Calculus, Calculus, or Pre-Calculus.

Physics: students in Grade 12 who had taken Advanced Placement
Physics or Physics.
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Appendix B

OVERVIEW OF TIMSS PROCEDURES

HisTorY

TIMSS represents the continuation of a long series of studies conducted by the
International Association for the Evaluation of Educational Achievement (IEA)
Since its inception in 1959, the IEA has conducted more than 15 studies of cro
national achievement in curricular areas such as mathematics, science, langu

implemented by curricular and instructional practices. In an effort to extend wha
had been learned from previous studies and provide contextual and explanatgry
information, TIMSS was expanded beyond the already substantial task of measuting
achievement in two subject areas to include a thorough investigation of curriculum
and how it is delivered in classrooms around the world.

THe ComPONENTS OF TIMSS

Continuing the approach of previous IEA studies, TIMSS defined three conceptuyal
levels of curriculum. Théntended curiculum is composed of the mathematics
and science instructional and learning goals as defined at the system level. The
implemented curriculum is the mathematics and science curriculum as interpreted
by teachers and made available to studentsaftamed curriculum is the math-
ematics and science content that students have learned and their attitudes towards
these subjects. To aid in interpretation and comparison of results, TIMSS also
collected extensive information about the social and cultural contexts for learning,
many of which are related to variations among education systems.

' Because of the time elapsed since earlier IEA studies, curriculum and tesfing methods have undergone

many changes. TIMSS has sought to reflect the most current educational and measurement practices. The
resulting changes in items and methods as well as differences in the populations tested make comparisons
of TIMSS results with those of previous studies very difficult. The focus of TIMSS is not on measuring
achievement frends, but rather on providing up-o-date information about the current quality of education in
mathematics and science.
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Nearly 50 countries participated in one or more components of the TIMSS data
collection effort, including the curriculum analysis. To gather information about the
intended curriculum, mathematics and science specialists in each participating country
worked section by section through curriculum guides, textbooks, and other curricular
material to categorize them in accordance with detailed specifications drawn from the
TIMSS mathematics and science curriculum framewbtkgial results from this
component of TIMSS can be found in two companion volurkksiy Visions,

Many Aims: A Cross-National Investigation of Curricular Intentions in School
MathematicandMany Visions, Many Aims: A Cross-National Investigation of
Curricular Intentions in School Sciente.

To measure the attained curriculum, TIMSS tested more than half a million students
in mathematics and science at five grade levels involving the following three
populations:

Population 1.Students enrolled in the two adjacent grades that contained the
largest proportion of 9-year-old students at the time of testing (third- and fourth-
grade students in most countries).

Population 2.Students enrolled in the two adjacent grades that contained the
largest proportion of 13-year-old students at the time of testing (seventh- and eighth-
grade students in most countries).

Population 3.Students in their final year of secondary education. As an additional
option, countries could test two subgroups of these students: students having taken
advanced mathematics, and students having taken physics.

Countries participating in the study were required to test the students in the two
grades at Population 2, but could choose whether or not to participate at the other
levels. In about half of the countries testing at Populations 1 and 2, subsets of the
upper-grade students who completed the written tests also participated in a performance
assessment consisting of hands-on mathematics and science activities. The students
designed experiments, tested hypotheses, and recorded their findings. For example,
in one task, students were asked to investigate probability by repeatedly rolling a die,
applying a computational algorithm, and proposing explanations in terms of probability
for patterns that emerged. Figure B.1 shows the countries that participated in the
various components of TIMSS achievement testing.

From a broad array of questionnaires, TIMSS also collected data about how the
curriculum is implemented in classrooms, including the instructional practices used
to deliver it. The questionnaires were also used to collect information about the social
and cultural contexts for learning. Questionnaires were distributed at the country

2 Robitaille, D.F., McKnight, C., Schmidt, W., Brition, E., Raizen, S., and Nicol, C. (1993). TIMSS Monograph
No. 1: Curriculum Frameworks for Mathematics and Science. Vancouver, B.C.: Pacific Educational Press.

* Schmidt, W.H., McKnight, C.C., Valverde, G. A., Houang, R.T., and Wiley, D. E. (1997). Many Visions,
Many Aims: A Cross-National Investigation of Curricular Intentions in School Mathematics. Dordrecht, the
Netherlands: Kluwer Academic Publishers. Schmidt, W.H., Raizen, S.A., Britton, E.D., Bianchi, LJ., and Wolfe,
R.G. (1997). Many Visions, Many Aims: A Cross-National Investigation of Curricular Infentions in School
Science. Dordrecht, the Netherlands: Kluwer Academic Publishers.
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Countries Participating in Components of TIMSS Testing

Country

Argentina

Population 1

Written
Test

Peformance
Assessment

Population 2

Written
Test

Performance
Assessment

Literacy

Mathematics
& Science

Population 3

Advanced
Mathematics

Physics

Australia

Austria

Belgium (FI)

Belgium (Fr)

Bulgaria

Canada

Colombia

Cyprus

Czech Republic

Denmark

England

France

Germany

Greece

Hong Kong

Hungary

Iceland

Indonesia

Iran, Islamic Rep.

Ireland

Israel

Italy

Japan

Korea

Kuwait

Latvia

Lithuania

Mexico

Netherlands

New Zealand

Norway

Philippines

Portugal

Romania

Russian Federation

Scotland

Singapore

Slovak Republic

Slovenia

South Africa

Spain

Sweden

Switzerland

Thailand

United States

SOURCE: |EA Third International Mathematics and Science Study (TIMSS), 1995-96.
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level about decision-making and organizational features of the national education
systems. Students answered questions pertaining to their attitudes towards mathematics
and science, classroom activities, home background, and out-of-school activities. At
Populations 1 and 2, the mathematics and science teachers of sampled students
responded to questions about teaching emphasis on the topics in the curriculum
frameworks, instructional practices, textbook use, professional training and education,
and their views on mathematics and science. The heads of schools responded to
guestions about school staffing and resources, mathematics and science course
offerings, and support for teachers. In addition, a volume was compiled that describes
the education systems of the participating countries.

With its enormous array of data, TIMSS has numerous possibilities for policy-related
research, focused studies related to students’ understandings of mathematics and
science topics and processes, and integrated analyses linking the various components
of TIMSS. The initial round of reports is only the beginning of a number of research
efforts and publications aimed at increasing our understanding of how mathematics
and science education functions across countries, what affects student performance,
and how mathematics and science education can be improved.

DeveLorPING THE TIMSS Tests

The TIMSS curriculum frameworks underlying the mathematics and science tests at
all three populations were developed by groups of mathematics educators with input
from the TIMSS National Research Coordinators (NRCs). As shown in Figures B.2
and B.3, the mathematics and science curriculum frameworks each contain three
dimensions or aspects. The content aspect represents the subject matter content of
school mathematics or science. The performance expectations aspect describes, in
a non-hierarchical way, the many kinds of performance or behavior that might be
expected of students in school mathematics or science. The perspectives aspect focuses
on the development of students’ attitudes, interest, and motivation in mathematics

or science.

Three tests were developed for the TIMSS assessment of students in the final year of
secondary school: the mathematics and science literacy test; the advanced math-
ematics test; and the physics test. The tests were developed through an international
consensus involving input from experts in mathematics, science, and measurement.
The TIMSS Subject Matter Advisory Committee, including distinguished scholars
from 10 countries, ensured that the mathematics and science literacy tests represented
current conceptions of literacy in those areas, and that the advanced mathematics

B4

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

°> The complete TIMSS curriculum frameworks can be found in Robitaille, D.F, et al. (1993). TIMSS Monograph
No. 1: Curriculum Frameworks for Mathematics and Science. Vancouver, B.C.: Pacific Educational Press.
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The Three Aspects and Major Categories of the Mathematics Framework

* Numbers

* Measurement

« Geometry

* Proportionality

* Functions, relations, and equations

» Data representation, probability, and statistics

Elementary analysis
» Validation and structure

Performance Expectations

* Knowing

* Using routine procedures

Investigating and problem solving
* Mathematical reasoning

e Communicating

Perspectives

o Attitudes

e Careers

Participation

Increasing interest

Habits of mind
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The Three Aspects and Major Categories of the Science Framework

» Earth sciences

* Life sciences

» Physical sciences

e Science, technology, and mathematics
» History of science and technology

« Environmental issues

Nature of science

Science and other disciplines

Performance Expectations

* Understanding

* Theorizing, analyzing, and solving problems
* Using tools, routine procedures
 Investigating the natural world

e Communicating

Perspectives

« Attitudes
e Careers

Participation

Increasing interest

Safety
Habits of mind
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and physics tests reflected current thinking and priorities in the fields of mathematig
and physics. The items underwent an iterative development and review process, W
multiple pilot tests. Every effort was made to ensure that the items exhibited no b
towards or against particular countries, including modifying specifications in
accordance with data from the curriculum analysis component, obtaining ratings of th
items from subject matter specialists in the participating countries, and conductin
thorough statistical item analysis of data collected in the pilot testing. The final form
of the test were endorsed by the NRCs of the participating couhtnesddition,
countries had an opportunity to match the content of the advanced mathematics
physics tests to their curricula at the final year of secondary schooling, identifyi
items measuring topics not covered in their intended curriculum. The informatio
from this Test-Curriculum Matching Analysis indicates that omitting such items hg
little effect on the overall pattern of results (see Appendix C). This analysis was n
conducted for the mathematics and science literacy test; that test was designed &
general measure of mathematics and science literacy and was not intended to repre
the curriculum for students at the end of secondary school, and the students test
were not necessarily enrolled in mathematics and science courses at the time of test|

The mathematics and science literacy test was designed to test students’ gene
mathematical and scientific knowledge and understanding of mathematical and
scientific principles. The mathematics items cover number sense, including fraction
percentages, and proportionality. Algebraic sense, measurement, and estimation

APPENDIX
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also covered, as are data representation and analysis. Reasoning and social utility

were emphasized in several items. A general criterion in selecting the items was
they should involve the types of mathematics questions that could arise in real-lif
situations and that they be contextualized accordingly. Similarly, the science item
selected for use in the TIMSS literacy test were organized according to three are
of science, earth science, life science, and physical science, as well as including
reasoning and social utility component. The emphasis was on measuring how we
students can use their knowledge in addressing real-world problems having a sciel
component. The test was designed to enable reporting for mathematics literacy 4
science literacy separately as well as overall.

In order to examine how well students understand advanced mathematics conce
and can apply knowledge to solve problems, the advanced mathematics test w
developed for students in their final year of secondary school having taken advanc
mathematics. This test enabled reporting of achievement overall and in three conte
areas: numbers, equations, and functions; calculus; and geometry. In addition
items representing these three areas, the test also included items related to probak
and statistics and to validation and structure, but because there were few such it
achievement in these areas was not estimated.

that
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¢ For a full discussion of the TIMSS tests development effort, see Garden, R.A. and Orpwood, G. (19906).
"TIMSS Test Development,” in M.O. Martin and D.L. Kelly (Eds.), Third International Mathematics and Science
Study Technical Report, Volume I. Chesinut Hill, MA: Boston College; D.F. Robitaille and R.A. Garden (Eds.),
TIMSS Monograph No. 2: Research Questions and Study Design. Vancouver, B.C.: Pacific Educational Press;
and Orpwood, G. and Garden, R.A. (1998). Assessing Mathematics and Science Literacy, TIMSS Monograph
No. 4. Vancouver, B.C.: Pacific Educational Press.
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The physics test was developed for students in their final year of secondary school
who had taken physics, in order to examine how well they understand and can apply
physics principles and concepts. It enabled reporting of physics achievement overall
and in five content areas: mechanics; electricity and magnetism; heat; wave phenom-
ena; and modern physics — particle physics, quantum and astrophysics, and relativity.

Table B.1 presents the number and type of items included in the literacy test for
mathematics literacy and science literacy, and the number of score points in each
category. Tables B.2 and B.3 present information about the items on the advanced
mathematics and physics tests.

In each of the three tests, approximately one-third of the items were in the free-response
format, requiring students to generate and write their own answers. Designed to
take up about one-third of students’ response time, some free-response questions
asked for short answers while others required extended responses in which students
needed to show their work. The remaining questions were in multiple-choice format.

In scoring the tests, correct answers to most questions were worth one point.
Consistent with the approach of allotting students longer response time for constructed-
response questions than for multiple-choice questions, however, responses to some
of these questions (particularly those requiring extended responses) were evaluated
for partial credit, with a fully correct answer being awarded two or three points.
This, added to the fact that some items had two parts, means that the total number
of score points exceeds the number of test items.

The TIMSS instruments were prepared in English and translated into the other
languages used for testing. In addition, it sometimes was necessary to adapt the
international versions for cultural purposes, even in the countries that tested in English.
This process represented an enormous effort for the national centers, with many
checks along the way. The translation activity included: 1) developing guidelines
for translation and cultural adaptation, 2) translation of the tests, by two or more
independent translators in accordance with the guidelines, 3) consultation with
subject-matter experts regarding cultural adaptations to ensure that the meaning and
difficulty of items did not change, 4) verification of the quality of the translations

by professional translators from an independent translation company, 5) corrections
by the national centers in accordance with the suggestions made, 6) verification that
corrections were implemented, and 7) a series of statistical checks after the testing
to detect items that did not perform comparably across couhtries.

e —

7 More details about the translation verification procedures can be found in Mullis, 1.V.S., Kelly, D.L, and Haley,
K. (1996). “Translation Verification Procedures,” in M.O. Martin and 1.V.S. Mullis (Eds.), Third International
Mathematics and Science Study: Quality Assurance in Data Collection. Chestut Hill, MA: Boston College;
and Maxwell, B. (1996); and “Translation and Cultural Adaptation of the TIMSS Instruments,” in M.O. Martin
and D.L Kelly (Eds.), Third International Mathematics and Science Study Technical Report, Volume I. Chestnut
Hill, MA: Boston College.
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Distribution of Mathematics and Science Literacy Items by Reporting Category

Number of Number of
. Percentage of ~ Number of N'\l;n?tbelr of Short- Extended- Nugwber of
Reporting Category ltems ltems Choilcj:eul)tg;ns Answer Response Pociﬁggl
Items Items
Mathematics Literacy 58% 44 34 8 2 53
Science Literacy 42% 32 18 9 5 43
Total 100% 76 52 17 7 96

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

Distribution of Advanced Mathematics Items by Content Category

SeTa Gy Percgg:ra]lge of Nultmetr)ﬁg of Nl\llljmtki)&re?f N:Srr?ﬁt;-:)f E%gﬁgégf Nu;nclg?(re el
Choice Items ltems |tg%gse Points *
Numbers & Equations 26% 17 13 2 2 22
Calculus 23% 15 12 2 1 19
Geometry 35% 23 15 4 4 29
*Probability and Statistics 11% 7 5 2 0 8
*Validation and Structure 5% 3 2 0 1 4
Total 100% 65 47 10 8 82

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

1 In scoring the tests correct answers to most items were worth one point. However, responses to some constructed-response items were
evaluated for partial credit with a fully correct answer awarded up to two or three points. In addition, some items had two parts. Thus,

the number of score points exceeds the number of items in the test.

* Probability and Statistics and Validation and Structure were not scaled separately. However, the overall advanced mathematics scale

includes those 10 items.
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Distribution of Physics Items by Content Category

Number of

Number of

: Number of
Percentage of Number of Multiple- Extended-
I (g el Items Items Choice Response Psocigg .
Iltems Items
Mechanics 25% 16 11 4 1 19
Electricity and Magnetism 25% 16 10 3 3 21
Heat 14% 9 6 3 0 12
Wave Phenomena 15% 10 6 3 1 12
Modern Physics: Particle,
Quantum and Astrophysics, 22% 14 9 2 3 17
and Relativity
Total 100% 65 42 15 8 81

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

1 In scoring the tests correct answers to most items were worth one point. However, responses to some constructed-response items were
evaluated for partial credit with a fully correct answer awarded up to two points. In addition, some items had two parts. Thus, the number
of score points exceeds the number of items in the test. Because the percentages are rounded to the nearest whole number, the total

may appear inconsistent.



TIMSS Test DESIGN

The assessment of the final-year students was accomplished through a comple
design that included four types of test booklets (nine booklets in total) that were

distributed to students based on their academic preparation. The four types of tes

booklets below were intended to yield proficiency estimates in mathematics anc
science literacy, advanced mathematics, and physics:

» Two literacy booklets (booklets 1A and 1B) containing mathematics and
science literacy items

» Three physics booklets (booklets 2A, 2B, and 2C) containing physics items
only

» Three mathematics booklets (booklets 3A, 3B, and 3C) containing advanced
mathematics items only

» One mathematics/physics booklet (booklet 4) containing items in physics,
advanced mathematics, and mathematics and science literacy.

The TIMSS test design included 12 mutually exclusive clusters of items distribute
among the four types of test booklets in a systematic fashion. The 12 clusters g
labeled A through L. Each cluster could appear in more than one test booklet ang

a few cases, in different positions within the booklets. The items within a cluster always

appear in the same order and position.

To facilitate booklet rotation and ensure proper achievement estimates, studen
were classified as to their preparation in mathematics and physics. Each student
characterized as having taken advanced mathematics (M) or not (O), and as hay|
taken physics (P) or not (O). This two-way classification yielded four mutually
exclusive and exhaustive categories of students:

00 Students having studied neither advanced mathematics nor physics
oP Students having studied physics but not advanced mathematics
MO  Students having studied advanced mathematics but not physics

MP Students having studied both advanced mathematics and physics

The nine test booklets were rotated among students based on this classification sche
(OO0, OP, MO, MP), so that each student completed one 90-minute test booklet
Students classified as OO received either booklet 1A or 1B, the two booklets
containing items related to mathematics and science literacy. Students classified
OP received either booklet 1A or 1B, or one of the three booklets containing physic
material (2A, 2B, or 2C). Students classified as MO received either booklet 1A or
1B, or one of the three booklets containing advanced mathematics material (3A,
or 3C). Students classified as MP also received one booklet, although in this casg
could have been any one of the booklets (1A, 1B, 2A, 2B, 2C, 3A, 3B, 3C, 4).

APPENDIX
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& The design is fully documented in Adams, R. and Gonzalez, E. (1996). “Design of the TIMSS Achievement
Instruments,” in D.F. Robitaille and R.A. Garden (Eds.), TIMSS Monograph No. 2: Research Questions and
Study Design. Vancouver, B.C.: Pacific Educational Press; and Adams, R. and Gonzalez, E. [1996). “TIMSS
Test Design,” in M.O. Martin and D.L. Kelly (Eds.), Third Infernational Mathematics and Science Study

Technical Report, Volume 1. Chestnut Hill, MA: Boston College.
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AP PENDIX B

PoPULATION DEFINITION AND SAMPLING FOR STUDENTS IN THE FINAL
YEAR OF SECONDARY SCHOOL

The selection of valid and efficient samples is crucial to the quality and success of
an international comparative study such as TIMSS. The accuracy of the survey results
depends on the quality of the available sampling information and of the sampling
activities themselves. For TIMSS, NRCs worked on all phases of sampling with staff
from Statistics Canada. NRCs were trained in how to select the school and student
samples and in the use of the sampling software. In consultation with the TIMSS
sampling referee (Keith Rust, Westat, Inc.), staff from Statistics Canada reviewed
the national sampling plans, sampling data, sampling frames, and sample execution.
This documentation was used by the International Study Center in consultation with
Statistics Canada, the sampling referee, and the Technical Advisory Committee to
evaluate the quality of the samples.

The intention of the assessment of final-year students was to measure what might be
considered the “yield” of the elementary and secondary education systems of a
country with regard to mathematics and science. The international desired population,
then, was all students in the final year of secondary school. Students repeating the
final year were not part of the desired population. For each secondary education
track in a country, the final grade of the track was identified as being part of the target
population, allowing substantial coverage of students in their final year of schooling.
For example, grade 10 could be the final year of a vocational program, and grade 12
the final year of an academic program. Both of these grade/track combinations are
considered to be part of the population (but grade 10 in the academic track is not).
Appendix A provides information about the students tested in each country.



CoVERAGE OF TIMSS PoPuLATION

In a few situations where TIMSS testing of the international desired population cou

not be implemented, countries were permitted to define a national desired populatipn

APPENDIX

that did not include part of the international desired population. Exclusions could pe

based on geographic areas or language groups. Table B.4 shows differences|i

coverage between the international and national desired populations. Most participar,

achieved 100% coverage (20 out of 24). The countries with less than 100% coverage

are footnoted in tables in this report. Israel and Lithuania, as a matter of practical
needed to define their tested populations according to the structure of their schog

systems. Latvia, which participated only in the physics assessment, also limited ifs
testing to Latvian-speaking schools. Because coverage fell below 65%, the Latvian
results have been labeled Latvia (LSS), for Latvian Speaking Schools, in the tables

presenting results for the physics assessment. Italy was unable to include 4 of its
regions.

Within the national desired population, countries could define a population that

ty,

20

excluded a small percentage (less than 10%) of certain kinds of schools or students

that would be very difficult or resource-intensive to test (e.g., schools for students
with special needs, or schools that were very small or located in extremely remot|
areas). Some countries also excluded students in particular tracks or school type
These exclusions are also shown in Table B.4. The countries with particularly hig
exclusions are so footnoted in the achievement tables in the report.
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APPENDIX B

Table B.4

Coverage of TIMSS Target Population
The International Desired Population is defined as follows:
Population 3 - All students in final year of secondary school*

International Desired Population National Desired Population

Country Ccc?\fe':gée Notes on Coverage E)i:?un;ﬁ)lﬁs Notes on Exclusions

Australia 100% 5.5%

Austria 100% 18.2% Colleges and courses lasting less than 3 years

Canada 100% g.oyp | cluded

Cyprus 100% 22.0% Private and vocational schools excluded

Czech Republic 100% 6.0%

Denmark 100% 2.3%

France 100% 1.0%

Germany 100% 11.3%

Greece 100% 85.0% Only students having taken advanced mathematics
and physics included

Hungary 100% 0.2%

Iceland 100% 0.1%

Israel 74% Hebrew public education system 0.0%

Italy 70% Four regions did not participate 0.9%

Latvia (LSS) 50% Latvian speaking students 85.0% Only students having taken physics included

Lithuania 84% Lithuanian speaking students 0.0%

Netherlands 100% 21.6% Apprenticeship programs excluded

New Zealand 100% 0.0%

Norway 100% 3.8%

Russian Federation 100% 43.0% Vocational schools and non-Russian speaking
students excluded

Slovenia 100% 6.0%

South Africa 100% 0.0%

Sweden 100% 0.2%

Switzerland 100% 2.5%

United States 100% 3.7%

SOURCE: IEAThird International Mathematics and Science Study (TIMSS), 1994-95.

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.



APPENDIX

TIMSS CoVERAGE INDEX

A further difficulty in defining the desired population for the final-year assessment
is that many students drop out before the final year of any track. This is addresse
in the TIMSS final-year assessment by the calculation of a TIMSS Coverage Inde
(TCI) that quantifies the proportion of the entire school-leaving age cohort that is
covered by the TIMSS final-year sample in each country. The TCI was defined as
follows:

Total Enrollment in TIMSS Grades 1995

TCl =
(Total National Population Aged 15-19in1995)/5

Thenumeratorin this expression is the total enrollment in the grades tested by TIMSS
estimated from the weighted sample data. This estimate corresponds to the size
the population to which the TIMSS results generalize, and makes appropriate
provision for student non-response. It does not include students who are no long
attending school, or students who were excluded from the sample on grounds ¢
physical or other disability. It also does not include students who were repeating |
final grade. Because some students repeat the final year of a track, or take the fi

year in more than one track at different times, they may be in the final year of a tra¢

but, in fact, are not completing their secondary education that year. On the one har
students who are not completing their education still have the potential to gain
further knowledge in additional years of schooling, and thus will not have attainec
their full yield at the time of the TIMSS assessment. On the other hand, and of m
serious concern, the presence both of students who are repeating the final track,
of those who will repeat that track, can contribute a substantial downward bias to tk
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estimated achievement of the population. Repeating students would be represented

twice in the population, and are likely to be lower-achieving on average than thos
who do not repeat. The only practical way for TIMSS to deal with this problem wag
to exclude students who were repeating the final year. Thus, the population of fin
year students is formally defined as those students taking the final year of one tra
of the secondary system for the first time.

Thedenominatoin the expression is an estimate of the school-leaving age cohort siz¢
Since the age at which students in upper secondary may leave school varies, TIMS
estimated the size of the school-leaving age cohort by taking the average of the 4
of the 1995 age cohorts for 15, 16, 17, 18, and 19-year-olds in each country. (Al-
though the general procedure was to base the estimate on the 15-19 age group,
were exceptions in some countries. For example, in Germany, the estimate was
based on the 17-19 age group.) Tihfermation was provided by National Research
Coordinators from officigbopulation census figures in their countries. This approac
reflects the fact that students in the final year of secondary school are likely to be
almost entirely a subset of the population of 15- to 19-year-olds in most countries.
Table B.5 presents the computation of the TCI for each country.
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APPENDIX B

Table B.5

Computation of TCI: Estimated Percentage of School-Leaving Age Cohort Covered by
TIMSS Sample
Final Year of Secondary School*

Estimated Number Estimated Number Estimated Number

Estimated School-

Leaving Age = of Students of Students of Other Students TIMSS CoveraTge
Cohort Size epresented by Excluded from Not Represented Index (TCI)
Sample Sample by Sample
Country
GV (B) (®) (%) (BIA)
Australia 250,852 170,849 9,944 70,059 68%
Austria 93,168 70,721 15,682 6,765 76%
Canada 374,499 263,241 25,559 85,699 70%
Cyprus 9,464 4,535 1,279 3,650 48%
Czech Republic 177,180 137,467 8,821 30,892 78%
Denmark 65,683 37,872 872 26,939 58%
France 760,452 637,935 6,509 116,008 84%
Germany 870,857 655,916 83,514 131,427 75%
* Greece 146,400 14,668 83,119 48,613 10%
Hungary 170,524 111,281 201 59,042 65%
Iceland 4,231 2,308 2 1,921 55%
Israel - - - - -
Italy 739,268 380,834 3,459 354,975 52%
? Latvia (LSS) 33,096 979 5,548 26,569 3%
Lithuania 52,140 22,160 0 29,980 43%
Netherlands 187,087 145,916 40,293 878 78%
New Zealand 53,284 37,549 4 15,731 70%
Norway 52,180 43,806 1,747 6,627 84%
Russian Federation 2,145,918 1,031,187 777,913 336,818 48%
Slovenia 30,354 26,636 1,706 2,012 88%
South Africa 766,334 374,618 0 391,716 49%
Sweden 101,058 71,333 168 29,557 71%
Switzerland 79,547 65,174 1,671 12,702 82%
United States 3,612,800 2,278,564 88,642 1,245,594 63%

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* See Appendix A for characteristics of the students sampled.
T TIMSS Coverage Index (TCI): Estimated percentage of school-leaving age cohort covered by TIMSS sample.
1 Greece sampled only students having taken advanced mathematics and physics.
2 Latvia (LSS) sampled only students having taken physics.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
A dash (-) indicates data are not available.
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The International Study Center tried to maximize standardization across countrie
in defining the students in the final year of secondary school. However, the precis
definition of the mathematics and physics subpopulations was necessarily a consultg
process. Each country identified the group of students that it wished to compars
internationally, based on the general content of the tests and practical considerat
in sampling and administration. In order to quantify the coverage of the advancec
mathematics and physics samples and assist in interpreting the achievement res
for these students, TIMSS computed a Mathematics TIMSS Coverage Index (MTC
and a Physics TIMSS Coverage Index (PTCI). The MTCl is the overall TCI multiplied
by the percentage of the final-year sample having taken advanced mathematics,
the PTCI is the overall TCI multiplied by the percentage of the final year samplé
having taken physics. The MTCI and the PTCI are estimates of the percentage o
the entire school-leaving age cohort covered by the TIMSS sample of advance
mathematics and physics students respectively. These indices are presented in T
3 of the Introduction and in the achievement tables for advanced mathematics an
physics, respectively.
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AP PENDIX B

SAMPLES S1ZES AND PARTICIPATION RATES

Within countries, TIMSS used a two-stage sample design for the final year of
secondary school assessment, where the first stage involved sampling 120 public
and private schools in each country. Within each school, the basic approach required
countries to use random procedures to select 40 students. The actual humber of
schools and students selected depended in part on the structure of the education
system — tracked or untracked — and on where the student subpopulations were in
the system. School sample sizes for the literacy, advanced mathematics, and physics
assessments are shown in Tables B.6, B.7, and B.8, respectively. Within each sampled
school, eligible students were classified as OO, MO, OP, or MP (see TIMSS Test
Design section for descriptions of these groups), and a sample of each group was
drawn. Test booklets were assigned to students based on their classification. Student
sample sizes by assessment type are shown in Table B.9.

Countries were required to achieve a participation rate of at least 85% of both
schools and students, or a combined rate of 75% (the product of school and student
participation with or without replacement schools). Tables B.10, B.11, and B.12
present the participation rates for the mathematics and science literacy, advanced
mathematics, and physics assessments, respectively.

? The sample design for TIMSS is described in defail in Foy, P, Rust, K. and Schleicher, A., (1996). “TIMSS
Sample Design,” in M.O. Martin and D.L. Kelly (Eds.), Third International Mathematics and Science Study
Technical Report, Volume 1. Chestut Hill, MA: Boston College.



APPENTDIX

School Sample Sizes - Mathematics and Science Literacy

Final Year of Secondary School*

Number of

Number of

Number of Eligible Schools in Number of Total Number

Country Schools in Schools in Original Replacement of Schools

Original Original Sample That Schools That That

Sample Sample Participated Participated Participated
Australia 132 132 71 16 87
Austria 182 182 74 95 169
Canada 389 389 333 4 337
Cyprus 29 28 28 0 28
Czech Republic 150 150 150 0 150
Denmark 130 130 122 0 122
France 71 71 56 0 56
Germany 174 174 121 31 152
Hungary 204 204 204 0 204
Iceland 30 30 30 0 30
Israel 125 125 52 0 52
Italy 150 150 93 8 101
Lithuania 168 142 142 0 142
Netherlands 141 141 52 27 79
New Zealand 79 79 68 11 79
Norway 171 171 122 9 131
Russian Federation 175 165 159 4 163
Slovenia 172 172 79 0 79
South Africa 185 140 90 0 90
Sweden 157 157 145 0 145
Switzerland 401 401 378 5 383
United States 250 250 190 21 211

* See Appendix A for characteristics of the students sampled.

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

School Sample Sizes - Advanced Mathematics
Final Year of Secondary School*

Number of NE’IT‘bglr of gg&%‘gfg Number of Total Number
c Schools in el o0 Replacement of Schools
ountry s Schools in Original

Original Oriainal Sample That Schools That That

Sample Sg%lgﬁe vt Participated Participated
Australia 68
Austria 182 119 48 66 114
Canada 389 389 306 3 309
Cyprus 29 21 21 0 21
Czech Republic 90 90 90 0 90
Denmark 130 130 115 0 115
France 69 69 61 0 61
Germany 76 76 53 23 76
Greece 60 60 45 15 60
Israel 125 125 44 0 44
Italy 59 59 41 1 42
Lithuania 29 29 29 0 29
Russian Federation 132 117 112 1 113
Slovenia 172 159 73 0 73
Sweden 157 157 101 0 101
Switzerland 198 198 195 2 197
United States 250 250 180 19 199

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

* See Appendix A for characteristics of the students sampled.
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School Sample Sizes - Physics
Final Year of Secondary School*

Number of

Number of

Sehossin  JEluble  Schoolsin - pudBOrOl TORGETR”
Country Original Sg;%?rl]sa'ln Or|g|na_|1_|hsa?mple Schools That That
Sample Sample Participated Participated Participated
Australia 132 132 69 16 85
Austria 182 119 48 66 114
Canada 389 389 304 3 307
Cyprus 29 21 21 0 21
Czech Republic 90 90 90 0 90
Denmark 130 130 77 0 77
France 69 69 61 0 61
Germany 74 74 52 22 74
Greece 60 60 45 15 60
Israel 125 125 46 0 46
Italy 29 29 20 0 20
Latvia (LSS) 45 45 38 0 38
Norway 70 70 63 3 66
Russian Federation 132 98 83 1 84
Slovenia 172 172 52 0 52
Sweden 157 157 101 0 101
Switzerland 198 198 195 2 197
United States 250 250 184 19 203

* See Appendix A for characteristics of the students sampled.

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

Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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Student Sample Sizes
Final Year of Secondary School*

Number of
Students Number of Number of Number of Number of
Sampled in Students Students Students Students
Country Participating Withdrawn T Excluded Eligible Absent
Schools
Australia 4130 24 13 4093 1040
Austria 3693 119 21 3553 398
Canada 11782 256 476 11050 1470
Cyprus 1224 14 1 1209 38
Czech Republic 4188 43 0 4145 326
Denmark 5208 0 0 5208 672
France 4096 275 0 3821 600
Germany 6971 94 117 6760 1666
Greece 1246 261 0 985 180
Hungary 5493 265 0 5228 137
Iceland 2500 131 3 2366 663
Israel 2568 0 0 2568 29
Italy 2426 105 46 2275 192
Latvia (LSS) 780 0 6 774 66
Lithuania 4196 0 1 4195 574
Netherlands 1882 158 43 1681 211
New Zealand 2687 549 32 2106 343
Norway 4056 0 141 3915 349
Russian Federation 5356 492 44 4820 182
Slovenia 3755 36 2 3717 282
South Africa 3695 906 0 2789 32
Sweden 5362 61 135 5166 589
Switzerland 5939 230 28 5681 262
United States 14812 279 617 13916 3082

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

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
¥ Sampled students who reported that they were repeating the final year, were incorrectly classified, or were otherwise ineligible.
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1EL] R HCH (Continued)

Student Sample Sizes
Final Year of Secondary School*

Number of Participating Students

Advanced

Mathematics Physics

Country Literacy

Australia 1844 548 564
Austria 1779 599 594
Canada 4832 2381 1967
Cyprus 473 330 307
Czech Republic 1899 833 819
Denmark 2604 1278 544
France 1590 796 835
Germany 2182 2189 616
Greece 0 346 349
Hungary 5091 0 0
Iceland 1703 0 0
Israel 1045 641 541
Italy 1578 360 107
Latvia (LSS) 0 0 708
Lithuania 2887 734 0
Netherlands 1470 0 0
New Zealand 1763 0 0
Norway 2518 0 1048
Russian Federation 2289 1364 985
Slovenia 1387 1301 512
South Africa 2757 0 0
Sweden 2816 749 760
Switzerland 2976 1072 1039
United States 5371 2349 2678

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

* See Appendix A for characteristics of the students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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Table B.10

Participation Rates — Mathematics and Science Literacy
Final Year of Secondary School*

School Participation Overall Participation
School School Pa?t}gi%gggn Overall Overall
Participation Participation : Participation Participation

Before After (Weighted Before After

Country Replacement Replacement Percentage) Replacement  Replacement
(Weighted (Weighted (Weighted (Weighted
Percentage) Percentage) Percentage) Percentage)

Australia 48.8 66.2 78.1 38.1 51.8
Austria 35.9 90.9 79.7 28.6 72.5
Canada 82.2 82.6 82.7 68.0 68.3
Cyprus 100.0 100.0 98.2 98.2 98.2
Czech Republic 100.0 100.0 92.2 92.2 92.2
Denmark 54.9 54.9 88.9 48.8 48.8
France 80.3 80.3 85.6 68.7 68.7
Germany 88.7 100.0 80.1 71.0 80.1
Hungary 100.0 100.0 97.7 97.7 97.7
Iceland 100.0 100.0 73.6 73.6 73.6
Israel 48.8** 48.8** 98.3** 48.0** 48.0**
Italy 59.9 65.0 94.8 56.8 61.6
Lithuania 97.1 97.1 87.9 85.4 85.4
Netherlands 35.8 56.3 87.6 31.3 49.3
New Zealand 87.0 100.0 80.6 70.1 80.6
Norway 74.1 80.0 88.9 65.9 71.1
Russian Federation 93.0 99.3 90.9 84.6 90.3
Slovenia 45.6 45.6 92.8 42.3 42.3
South Africa 65.0 65.0 99.4 64.6 64.6
Sweden 95.3 95.3 86.5 82.4 82.4
Switzerland 87.0 89.1 95.0 82.6 84.6
United States 77.1 85.1 74.6 57.6 63.5

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

* See Appendix A for characteristics of the students sampled.
** Unweighted participation rates.
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Participation Rates — Advanced Mathematics

Final Year of Secondary School*

School Participation

Overall Participation

School School Student Overall Overall
Participation Participation Participation Participation Participation
Before After (Weighted Before After
Country Replacement Replacement Percentage) Replacement Replacement
(Weighted (Weighted (Weighted (Weighted
Percentage) Percentage) Percentage) Percentage)
Australia 47.3 63.6 86.7 40.9 55.2
Austria 36.7 95.5 84.6 31.0 80.8
Canada 84.6 85.2 90.4 76.4 76.9
Cyprus 100.0 100.0 96.0 96.0 96.0
Czech Republic 100.0 100.0 92.1 92.1 92.1
Denmark 54.9 54.9 89.2 49.0 49.0
France 89.9 89.9 86.1 77.4 77.4
Germany 78.6 100.0 77.6 61.0 77.6
Greece 76.2 100.0 86.5 65.9 86.5
Israel 48.8** 48.8** 99.6 ** 48.6** 48.6**
Italy 70.3 70.9 95.1 66.9 67.5
Lithuania 100.0 100.0 92.1 92.1 92.1
Russian Federation 97.6 99.4 96.5 94.2 95.9
Slovenia 45.6 45.6 93.0 42.4 42.4
Sweden 95.3 95.3 92.9 88.6 88.6
Switzerland 99.0 99.0 88.2 87.4 87.4
United States 75.7 84.7 79.6 60.2 67.4

* See Appendix A for characteristics of the students sampled.
** Unweighted participation rates.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.
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Table B.12

Participation Rates - Physics
Final Year of Secondary School*

School Participation Overall Participation
Student
School School Participation Overall Overall
Participation Participation (Weighted Participation Participation

Before After Percentage) Before After

Country Replacement Replacement Replacement Replacement
(Weighted (Weighted (Weighted (Weighted
Percentage) Percentage) Percentage) Percentage)

Australia 63.2 63.9 84.9 53.7 54.2
Austria 36.7 95.5 84.6 31.0 80.8
Canada 79.7 80.2 91.0 72.6 73.0
Cyprus 100.0 100.0 96.0 96.0 96.0
Czech Republic 100.0 100.0 92.1 92.1 92.1
Denmark 54.9 54.9 86.1 47.3 47.3
France 89.9 89.9 86.1 77.4 77.4
Germany 76.8 100.0 81.7 62.7 81.7
Greece 76.2 100.0 86.5 65.9 86.5
Israel 48.8** 48.8** 99.6 ** 48.6** 48.6**
Italy 69.3 69.3 96.6 67.0 67.0
Latvia (LSS) 84.4 84.4 90.8 76.6 76.6
Norway 7.7 94.3 88.0 68.4 83.0
Russian Federation 97.6 98.8 96.2 93.9 95.1
Slovenia 45.6 45.6 94.2 43.0 43.0
Sweden 95.3 95.3 92.9 88.6 88.6
Switzerland 99.0 99.0 88.2 87.4 87.4
United States 77.0 84.3 80.3 61.8 67.7

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

* See Appendix A for characteristics of the students sampled.
** Unweighted participation rates.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
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CoMPLIANCE WITH SAMPLING GUIDELINES

=4

Figures B.4, B.5, and B.6 show how countries have been grouped in tables reporting
achievement results for literacy, advanced mathematics, and physics, respectively.
Countries that complied with the TIMSS guidelines for school and student sampling,
and that achieved acceptable participation rates (see above) are shown in the first
panel. Countries that met the guidelines only after including replacement schogls
are so noted.

Countries that did not reach at least 50% school participation without the use o
replacements schools, or that failed to reach the sampling participation standard eyen
with their use, are shown in the second panel of Figures B.4-B.6. Countries that did not

meet the guidelines for student sampling are shown in the third panel, and countties
that met neither these requirements nor participation rate requirements are shown in
the bottom panel. Unweighted results for Israel are included in Appendix D because
Israel had difficulties meeting several sampling guidelines. Physics achievement results
for Italy are presented in Appendix D because the sample size was inordinately low.
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Figure B.4

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

Final Year of Secondary School*

Countries satisfying guidelines for sample participation

rates and sampling procedures

2 Cyprus " New Zealand
Czech Republic 2 Russian Federation
Hungary Sweden

* Lithuania Switzerland

Countries not satisfying guidelines for sample
participation rates

Australia Iceland
? Austria ! ltaly
Canada Norway
France United States
Countries with unapproved student sampling
" Germany

Countries with unapproved sampling procedures and low
participation rates

Denmark Slovenia
2 Netherlands South Africa

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

* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included.
1 National Desired Population does not cover all of International Desired Population.

2 National Defined Population covers less than 90 percent of National Desired Population.
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Countries Grouped for Reporting of Achievement According to Their Compliance

with Guidelines for Sample Implementation and Participation Rates

Advanced Mathematics

Final Year of Secondary School*

rates and sampling procedures

Countries not satisfying guidelines for sample

participation rates

Australia ! ltaly

Denmark Slovenia

Countries satisfying guidelines for sample participation

Canada " Greece

2 Cyprus ! Lithuania
Czech Republic ? Russian Federation
France Sweden

" Germany Switzerland

2 Austria United States

Countries with unapproved sampling procedures and low
participation rates

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

* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included.
! National Desired Population does not cover all of International Desired Population.

2 National Defined Population covers less than 90 percent of National Desired Population.
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Countries Grouped for Reporting of Achievement According to Their Compliance
with Guidelines for Sample Implementation and Participation Rates — Physics

Final Year of Secondary School*

Countries satisfying guidelines for sample participation rates

and sampling procedures

Canada ! Latvia (LSS)

2 Cyprus " Norway
Czech Republic 2 Russian Federation
France Sweden

" Germany Switzerland

" Greece

Countries not satisfying guidelines for sample

participation rates

Australia United States
2 Austria

Countries with unapproved sampling procedures and low
participation rates

Denmark Slovenia

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

* See Appendix A for characteristics of students sampled.

T Met guidelines for sample participation rates only after replacement schools were included.
1 National Desired Population does not cover all of International Desired Population.

2 National Defined Population covers less than 90 percent of National Desired Population.
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DATA COLLECTION

Each participating country was responsible for carrying out all aspects of the data
collection, using standardized procedures developed for the study. Training manuals
were developed for school coordinators and test administrators that explained
procedures for receipt and distribution of materials as well as for the activities related
to the testing sessions. The test administrator manuals covered procedures for test
security, standardized scripts to regulate test directions and timing, rules for answering
students’ questions, and steps to ensure that identification on the test booklets and
questionnaires corresponded to the information on the forms used to track students.

Each country was responsible for quality control and for describing this effort as
part of the NRC'’s documenting procedures used in the study. In addition, the TIMSS
International Study Center considered it essential to establish some method tp
monitor compliance with standardized procedures. Each NRC was asked to nomingate
a person, such as a retired school teacher, to serve as the quality control monitor for
that country, and in almost all cases the International Study Center adopted the NRC's
first suggestion. The International Study Center developed manuals for the quality
control monitors and briefed them in two-day training sessions about TIMSS, the
responsibilities of the national centers in conducting the study, and their own roles
and responsibilities.

The quality control monitors interviewed the NRCs about data collection plans and
procedures. They also selected a sample of approximately 10 schools to visit, where
they observed testing sessions and interviewed school coordifi&aoaity control

monitors observed test administration and interviewed school coordinators in 37
countries, and interviewed school coordinators or test administrators in 3 additional
countriest!

The results of the interviews indicate that, in general, NRCs were well prepared for
the data collection and, despite the heavy demands of the schedule and limited resources,
were in a position to conduct it in an efficient and professional manner. Similarly,
the TIMSS tests appeared to have been administered in compliance with internatignal
procedures, including the activities preliminary to the testing session, the activitie's
during the testing sessions, and the school-level activities related to receiving and
distributing materials from the national centers and returning them to it.

1° The results of the inferviews and observations by the quality control monitors are presented in Martin, M.O.,
Hoyle, C.D., and Gregory, K.D. (1996). “Monitoring the TIMSS Data Collection” and "Observing the
TIMSS Test Administration,” both in M.O. Martin and I.V.S. Mullis (Eds.), Third International Mathematics and
Science Study: Quality Assurance in Data Collection. Chesnut Hill, MA: Bosfon College.

"' The TIMSS quality assurance program covered all three TIMSS populations, and was not confined to the
finalyear population.
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SCORING THE FREE-RESPONSE ITEMS

Because approximately one-third of the written test time was devoted to free-response
items, TIMSS needed to develop procedures for reliably evaluating student responses
within and across countries. Scoring used two-digit codes with rubrics specific to
each item. Development of the rubrics was led by the Norwegian TIMSS national
center. The first digit designates the correctness level of the response. The second
digit, combined with the first, represents a diagnostic code used to identify specific
types of approaches, strategies, or common errors and misconceptions. Although not
emphasized in this report, analyses of responses based on the second digit should
provide insight into ways to help students better understand mathematics and
science concepts and problem-solving approaches.

To meet the goal of implementing reliable scoring procedures based on the TIMSS
rubrics, the TIMSS International Study Center prepared guides containing the rubrics
and explanations of how to implement them, together with example student responses
for the various rubrics. These guides, together with more examples of student
responses for practice in applying the rubrics, were used as the basis for an ambitious
series of regional training sessions. The sessions were designed to help representatives
of national centers who would then be responsible for training personnel in their
countries to apply the two-digit codes reliaBly.

To gather and document empirical information about the within-country agreement
among scorers, TIMSS developed a procedure whereby systematic subsamples of
approximately 10% of the students’ responses were coded independently by two
readers. Tables B.13, B.14, and B.15 show the average and range of the within-
country percentage of exact agreement between scorers on the free-response items
in the literacy test, advanced mathematics test, and physics test, respectively.
Unfortunately, lack of resources prevented several countries from providing this
information. A very high percentage of exact agreement was observed for all three
tests. For the literacy test, averages across items for the correctness score ranged
from 91% to 98% and the overall average was 95% across the 13 countries. For the
advanced mathematics test, averages across items for the correctness score ranged
from 93% to 99% with an overall average of 96% across the 10 countries. For the
physics test, averages across items for the correctness score ranged from 89% to 100%
with an overall average of 95% across the 11 countries.

B32e—

12 The procedures used in the training sessions are documented in Mullis, 1.V.S., Garden, R.A., and Jones, C.A.
[19906). “Training for Scoring the TIMSS Free-Response Items,” in M.O. Martin and D.L. Kelly (Eds.), Third
International Mathematics and Science Study Technical Report, Volume I. Chestnut Hill, MA: Boston College.
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TIMSS Within-Country Free-Response Coding Reliability Data
Mathematics and Science Literacy
Final Year of Secondary School*

Correctness Score Agreement Diagnostic Code Agreement

Average of Range of Exact Average of Range of Exact

Country Exact Percent Percent Exact Percent Percent

Agreement Agreement Agreement Agreement
Across Items Across ltems

Min Max Min Max
Australia 94 81 99 83 61 99
Canada 91 75 99 81 60 99
Czech Republic 97 84 100 91 79 100
Denmark 95 83 100 88 68 99
France 98 91 100 95 87 99
Germany 92 70 100 82 59 100
Italy 96 88 100 89 73 99
Netherlands 92 73 100 82 62 100
New Zealand 97 91 100 92 80 100
Norway 96 83 100 90 69 100
Russian Federation 98 91 100 95 88 100
Sweden 93 81 100 85 57 100
United States 93 82 100 83 69 99
AVERAGE 95 83 100 87 70 100

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

* See Appendix A for characteristics of students sampled.

Note: Percent agreement was computed separately for each item part, and each part was treated as a separate item in computing averages
and ranges.
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Table B.14

TIMSS Within-Country Free-Response Coding Reliability Data
Advanced Mathematics
Final Year of Secondary School*

Correctness Score Agreement Diagnostic Code Agreement
Meageof  RangeolBact  werageor  Rangeof Bract
Countr Exact Percent xact Percent
y Agreement Agreement Agreement Agreement
Across Items Across Items
Min Max Min Max
Australia 93 7 100 81 62 96
Canada 94 76 100 84 64 94
Czech Republic 95 87 100 87 74 97
Denmark 93 76 100 84 62 98
France 99 92 100 97 85 100
Germany 96 81 100 84 68 100
Italy 98 92 100 90 75 100
Russian Federation 98 89 100 96 89 100
Sweden 99 88 100 90 79 100
United States 96 89 100 87 65 95
AVERAGE 96 85 100 88 72 98

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

* See Appendix A for characteristics of students sampled.

Note: Percent agreement was computed separately for each item part, and each part was treated as a separate item in computing averages
and ranges.
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TIMSS Within-Country Free-Response Coding Reliability Data — Physics
Final Year of Secondary School*

Correctness Score Agreement

Diagnostic Code Agreement

Average of Range of Exact Average of Range of Exact
Country Exact Percent Percent Exact Percent Percent
Agreement Agreement Agreement Agreement
Across Items Across Iltems
Min Max Min Max
Australia 90 56 100 77 46 97
Canada 92 79 100 78 61 92
Czech Republic 99 94 100 92 76 100
Denmark 90 58 100 78 43 95
France 100 96 100 95 72 100
Germany 89 65 100 74 50 95
Italy 99 86 100 97 67 100
Norway 97 90 100 93 82 100
Russian Federation 97 88 100 92 84 100
Sweden 96 80 100 90 63 100
United States 95 84 100 84 63 97
AVERAGE 95 80 100 86 64 98

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

* See Appendix A for characteristics of students sampled.

Note: Percent agreement was computed separately for each part, and each part was treated as a separate item in computing averages

and ranges.
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To provide information about the cross-country agreement among scorers, TIMSS
conducted a special study at Population 2, where 39 scorers from 21 participating
countries evaluated common sets of students’ responses to more than half of the
free-response items. Unfortunately, resources did not allow an international reliability
study to be conducted for Population 3; however, the results of the study at Population
2 demonstrated a very high percentage of exact agreement on the correctness and
diagnostic scores. The TIMSS data from the reliability studies indicate that scoring
procedures were extremely robust for the mathematics items, especially for the
correctness score used for the analyses in this réport.

Test RELIABILITY

Table B.16 displays for each country the median KR-20 reliability coefficient for

the literacy item clusters, the advanced mathematics item clusters, and the physics
item clusters. The international median, shown in the last row of the table, is the
median of the reliability coefficients for all countries.

DATA PROCESSING

To ensure the availability of comparable, high-quality data for analysis, TIMSS took
a rigorous set of quality control steps to create the international datatidsésSs
prepared manuals and software for countries to use in entering their data so that the
information would be in a standardized international format before being forwarded
to the IEA Data Processing Center in Hamburg for creation of the international
database. Upon arrival at the Center, the data from each country underwent an
exhaustive cleaning process. This process involved several iterative steps and
procedures designed to identify, document, and correct deviations from the international
instruments, file structures, and coding schemes. It also emphasized consistency of
information within national data sets and appropriate linking among the many student,
teacher, and school data files.

Throughout the process, the data were checked and double-checked by the IEA Data
Processing Center, the International Study Center, and the national centers. The
national centers were contacted regularly and given multiple opportunities to review
the data for their countries. In conjunction with the Australian Council for Educational
Research, the TIMSS International Study Center conducted a review of item statistics
for each of the cognitive items in each of the countries to identify poorly performing
items. Six countries had one or more mathematics items deleted (in most cases, just one).
Usually the poor statistics (negative point-biserials for the key, large item-by-country
interactions, and statistics indicating lack of fit with the model) were a result of
translation, adaptation, or printing deviations.
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"* Details about the reliability studies can be found in Mullis, 1.V.S. and Smith, TA. (1996). “Quality Control
Steps for Free-Response Scoring,” in M.O. Martin and |.V.S. Mullis (Eds.), Third International Mathematics
and Science Study: Quality Assurance in Data Collection. Chestut Hill, MA: Boston College.

' These steps are defailed in Jungclaus, H. and Bruneforth, M. (1996). “Data Consistency Checking Across
Countries,” in M.O. Martin and D.L. Kelly (Eds.), Third International Mathematics and Science Study
Technical Report, Volume 1. Chestnut Hill, MA: Boston College.
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Cronbach's Alpha Reliability Coefficients?
Final Year of Secondary School*

Mathematics and Science

Country Literacy Advanced Mathematics Physics
Australia 0.79 0.82 0.64
Austria 0.75 0.72 0.63
Canada 0.77 0.78 0.66
Cyprus 0.74 0.76 0.72
Czech Republic 0.80 0.82 0.70
Denmark 0.74 0.73 0.72
France 0.72 0.71 0.51
Germany 0.79 0.76 0.76
Greece - 0.81 0.60
Hungary 0.76 - -

Iceland 0.74 - -

Israel 0.83 0.67 0.65
Italy 0.77 0.75 0.48
Latvia (LSS) - - 0.78
Lithuania 0.77 0.78 -

Netherlands 0.77 - -

New Zealand 0.79 - -

Norway 0.78 - 0.77
Russian Federation 0.77 0.85 0.80
Slovenia 0.77 0.78 0.71
South Africa 0.84 - -

Sweden 0.77 0.68 0.73
Switzerland 0.76 0.78 0.69
United States 0.80 0.77 0.50
International Median 0.78 0.77 0.70

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

! The reliability coefficient for each country is the median KR-20 reliability across clusters in each subject. The international median is the

median of the reliability coefficients for all countries.
* See Appendix A for characteristics of the students sampled.

Adash (-) indicates the data are not available.
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IRT ScALING

TIMSS used an item response theory (IRT) scaling method (Rasch model) to
summarize achievement on the three tés8caling averages students’ responses

to the subsets of items they took in a way that accounts for differences in the
difficulty of those items. An IRT approach was preferred for developing comparable
estimates of performance for all students, since within each of the three components
of the testing students answered different test items depending upon which of the
test booklets they received. The IRT analysis provides a common scale on which
performance can be compared across countries. In addition to providing a basis for
estimating mean achievement, scale-scores permit estimates of how students within
countries vary and provide information on percentiles of performance.

Because of the need for each of the three tests to achieve broad coverage within a
limited amount of student testing time, each student was administered relatively
few items within each of the subareas covered. In order to achieve reliable indices
of student proficiency in this situation, it was necessary to make use of multiple
imputation or “plausible values” methodolofyT he proficiency scale scores or
plausible values assigned to each student are actually random draws from the
estimated ability distribution of students with similar item response patterns and
background characteristics. The plausible values are intermediate values that are
used in statistical analyses to provide good estimates of parameters of student
populations. Although intended for use in place of student scores in analyses,
plausible values are designed primarily to estimate population parameters, and are
not optimal estimates of individual student proficiency.

The scaling model used in TIMSS was based on the multidimensional random
coefficients logit model. The scaling was carried out withGbaQuestoftwaré’
that was developed in part to meet the needs of TIMSS.

The item response model was fit to the data in two steps. In the first step the data
from all countries were pooled and an international calibration of the items was
undertaken using the pooled data. The data were weighted so that each country
contributed equally to the calibration process. In a second step the model was fitted
separately to the data for each country within the item parameters fixed at values
estimated in the first step.

1 See Adams, RJ., Wu, M., and Macaskill, G. (1997). “Scaling Methodology and Procedures,” in M.O.
Martin and D.L. Kelly (Eds.), Third Infernational Mathematics and Science Study Technical Report, Volume Il.
Chesinut Hill, MA: Boston College.

10 See Mislevy, RJ., Johnson, E.G., and Muraki, E. {1992). Scaling Procedures in NAEP. Journal of Educational
Statistics. 17, 131-154.

7 Wu, M.L, Adams, RJ., and Wilson, M. [1997). Conquest: Generalized ltem Response Modelling Software -
Manual. Melbourne: Australian Council for Educational Research.
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The plausible values produced by the scaling procedure were in the form of logit sco
that were on a scale that ranged generally between -3 and +3. For reporting purpo
these scores were mapped by a linear transformation onto an international scale \
a mean of 500 and a standard deviation of 100. Each country was weighted t(
contribute the same when the international mean and standard deviation were se

For the literacy test, mathematics literacy and science literacy achievement we
summarized on two separate scales, each with a mean of 500 and a standard devi
of 100. The composite results for mathematics and science literacy represent
average of the results on the mathematics and science literacy scales. The ove
results for advanced mathematics were derived by scaling all of the mathematics iter,
together, also on a scale with a mean of 500 and standard deviation of 100. In
separate multidimensional scaling, achievement on items in numbers and equati
calculus, and geometry was summarized on three separate scales, each with an
of 500 and a standard deviation of 100. Ten items from other content areas (probab
and statistics, and validation and structure) were excluded from the content are
scaling but were included in the scaling for the overall advanced mathematics tes
For the physics test, achievement was summarized on five separate scales: mecha
electricity and magnetism; heat; wave phenomena; and modern physics — parti
physics, quantum and astrophysics, and relativity, each with a mean of 500 and
standard deviation of 100. The overall results for physics were derived from &
separate scaling of all of the physics items together. In all, TIMSS conducted six
separate scaling efforts for the final year students: mathematics literacy, scienc
literacy, advanced mathematics overall, a multidimensional scaling of three conte
areas in advanced mathematics, physics overall, and a multidimensional scaling
five content areas in physics.

In order to quantify the uncertainty in the estimate of individual student proficiencie
TIMSS drew five plausible values for each student on each of the scales. The diffe
ences between the five values are an indication of the variability introduced by th
imputation process. For the TIMSS international reports, each student proficiency
statistic was computed five times, once with each plausible value, and the resultg
were averaged to get the final, published value.
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18 Although each scale was intended to have a mean of 500, final revisions fo the data for advanced
mathematics students and physics students resulted in @ mean of 501 for some scales.
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ESTIMATING SAMPLING ERROR

Because the statistics presented in this report are estimates of national performance
based on samples of students, rather than the values that could be calculated if
every student in every country had answered every question, it is important to have
measures of the degree of uncertainty of the estimates. The jackknife procedure was
used to estimate the standard error associated with each statistic presented in this
report. The standard errors presented in the report quantify the uncertainty due to
sampling variability, and also the uncertainty due to the imputation process. The use
of confidence intervals, based on the standard errors, allows inferences to be made
about the population means and proportions in a manner that reflects the uncertainty
associated with the sample estimates. An estimated sample statistic plus or minus
two standard errors represents a 95% confidence interval for the corresponding
population result.
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Appendix C

THE TEST-CURRICULUM MATCHING ANALYSIS

When comparing student achievement across countries, it is important that the
comparisons be as fair as possible. TIMSS has worked towards this goal in a numper
of ways that include providing detailed procedures for standardizing the populatio
definitions, sampling, test translation, test administration, scoring, and database
formation. Developing the TIMSS tests involved the interaction of experts in
mathematics and the sciences with representatives of the participating countries
and testing specialistsThe National Research Coordinators (NRCs) from each
country formally approved the TIMSS tests, thus accepting them as being sufficiently

depending on how each country defined the subpopulations of advanced mathemati
and physics students. To restrict test items to not only the topics common to the
curricula of all countries but also to those studied by all students in each country
would severely limit test coverage and restrict the research questions about
international differences that TIMSS is designed to examine. The TIMSS tests,
therefore, inevitably contain some items measuring topics unfamiliar to some
students in some countries.

The Test-Curriculum Matching Analysis (TCMA) was developed and conducted
to investigate the appropriateness of the TIMSS advanced mathematics test and
the TIMSS physics test for students in their final year of secondary school who
had taken these subjects. It was also intended to show how student performange in
individual countries varied when based only on the test questions that were judged
to be relevant to their own curriculuin.

To gather data about the extent to which the TIMSS advanced mathematics and
physics tests were relevant to the curriculum of the participating countries, TIM$S
asked the NRC of each country to report whether or not each item was in their
country’s intended curriculum for students having taken these subjects. The NRC
was asked to choose a person or persons very familiar with the curricula to make
the determination. Since an item might be in the curriculum for some but not all

students in a given country who had taken advanced mathematics or physics,|it

' See Appendix B for more information on the test development.

2 The TCMA was conducted for the advanced mathematics and physics assessments, but not for the
mathematics and science literacy component of the TIMSS final-year assessment.

® Because there also may be curriculum areas covered in some countries that are not covered by the TIMSS
tests, the TCMA does not provide complete information about how well the TIMSS tests cover national curricula.
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was deemed appropriate if it was in the intended curriculum for more than 50% of
the students. The NRCs had considerable flexibility in selecting items and may have
considered items inappropriate for other reasons. Thirteen countries participated in
the analysis for advanced mathematics and twelve countries in that for physics.
Tables C.1 and C.2 present the TCMA results for advanced mathematics and
physics, respectively.

The first row of Table C.1 indicates that by and large the countries considered the
advanced mathematics items to be appropriate for their students. The number of
score points represented by the selected items ranged from approximately 75%
(62 out of 82) in Sweden to 100% in Austria and the United St#tesut half of

the countries selected items representing at least 85% of the score points. Table C.1
also shows that the different sets of items countries selected for this analysis gener-
ally did not affect their relative standing on the advanced mathematics test.

The first column in Table C.1 shows the overall average percentage correct for each
country on the advanced mathematics@ste countries are presented in the order

of their overall performance, from highest to lowest. To interpret these tables, reading
across a row provides the average percentage correct for the students in that country
on the items selected by each country listed across the top of the table. For example,
France, where the average percentage correct was 57% on its own set of items, had
60% for the items selected by Australia, 58% for those selected by the Russian
Federation, 59% for those selected by Switzerland, and so forth. The column for a
country shows how each of the other countries performed on the subset of items
selected for its own students. Using the items selected by Switzerland as an example,
59% of the French students answered these items correctly, on average, 53% of the
Australian students, 54% of the Russian students, and so forth. The shaded diagonal
elements in each table show how each country performed on the subset of items that
it selected based on its own curriculum. Thus, Swiss students averaged 53% correct
on the items identified by Switzerland for this analysis.

The international averages of each country’s selected advanced mathematics items
presented across the last row of the table show that the difficulty of the items selected
by the participating countries was fairly consistent and similar to the difficulty of

the entire test, ranging from 44% to 49%. The performance of countries on the
variousitem selections did vary somewhat, but generally not significantly.

~

Of the 65 items in the advanced mathematics test, some were assigned more score points than others. In
partficular, some items had two parts, and some extended-response items were scored on a two- or three-point
scale. The tofal number of score points available for analysis was 82. The TCMA uses the score points in
order fo give the same weight to items that they received in the test scoring.

%

Note that the performance levels presented in Tables C.1 and C.2 are based on the average percentage
correct, which differs from the average scale scores presented in Chapters 5 and 8. The cost and delay of
scaling for the TCMA analyses would have been prohibitive.

o

Small differences in performance in Tables C.1 and C.2 generally are not statistically significant. The standard
errors for the estimated average percent correct statistics can found in Tables C.3 and C.4. We can say with
95% confidence that the value for the entire population will fall within the sample estimate plus or minus two
standard errors.
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Comparing the diagonal element for a country with its overall average percentage
correct shows the difference between performance on the subset of items chosel
the country and on the test as a whole. In general, where there was an increase
country’s performance on its own subset of items, it was small. The largest differenc
were in Sweden and Denmark, where the average percentages correct were 47%
49%, respectively, for all items and 52% and 54%, respectively, for their subsets of ite

Table C.2 presents the results of the TCMA for physics. The first row of the table
shows that, as in advanced mathematics, by and large the countries considered t
physics items to be appropriate for their physics students. The number of score po
represented by the items selected by each country, however, varies more than
advanced mathematics (see Table C.1), ranging from approximately 47% (38 out
81) in the Russian Federation to 100% in Austria and the United Stdadfsof the
countries, however, selected at least 85% of the score points.

The international averages for each country’s selected physics items presented ac
the last row of the table show that items selected by the participating countries w
fairly consistent in terms of difficulty, and similar to the difficulty of the entire test.
Most ranged from 33% to 37%, although the Russian Federation’s had an internatia
average of 43%.

The items countries rejected tended to be difficult for their own students, but tend
to be difficult for students in other countries as well. The analysis shows that omittir
items considered to be inappropriate tends to improve the results for that country
but also those for all other countries, so that the relative standing of countries
largely unaffected. For example, in the Russian Federation, the average percenta
correct was 42% for all physics items and 56% for its selected items, indicating tH
the latter were easier for these students than the test as a whole. The same subs
items, however, was also easier for students in other countries, as can be seen by lo
down the column for the Russian Federation and at the international average.

In general, the selection of items has no major effect on the relationship amor
countries on either the mathematics or physics tests. Countries that had substanti
higher or lower performance on the overall tests also had higher or lower relati
performance on the different sets of items selected for the TCMA. For example, i
advanced mathematics, France had the highest average percentage correct on the
as a whole and on all of the item selections, with Australia, the Russian Federatid
and Switzerland among the four highest-performing countries in almost all cases. |
physics, Slovenia, the Russian Federation, and Denmark were among the highes
performing countries on the test overall, as well as on the subset of items selecte
by each other country. Although there are some changes in the ordering of count
based on the items selected for the TCMA, most of these differences are within t
boundaries of sampling error.
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7 Similar o the advanced mathematics test, some physics items had two parts, and the extended-response
items were awarded 2 points for full credit. The total number of score points available for the 65 physics
items was 81.
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Test-Curriculum Matching Analysis Results - Advanced Mathematics
Final Year of Secondary School*
Average Percent Correct Based on Subsets of Iltems Specially Identified by Each Country as Addressing Its Curriculum (See Table C.3 for Corresponding Standard Errors)

Instructions:  Read across the row to compare that country's performance based on the test items included by each of the countries across the top.
Read down the column under a country name to compare the performance of the country down the left on the items included by the country listed on the top.
Read along the diagonal to compare performance for each different country based on its own decisions about the test items to include.

Country

Russian Federation
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Australia
Switzerland
Denmark
Slovenia
United States

France 58 (1.1) 51 60 58 59 56 61 61 56 57 57 59 58 58
Australia 52 (2.2) 51 55 51 53 50 54 55 50 52 51 53 52 52
Russian Federation 52 (1.7) 52 55 56 54 52 56 56 51 52 52 55 52 52
Switzerland 50 (0.8) 50 52 50 58] 48 54 54 48 50 49 52 50 50
Cyprus 49 (1.2) 48 51 50 50 48 52 52 47 49 48 50 49 49
Denmark 49 (0.8) 49 52 49 52 47 54 54 46 49 48 52 49 49
Sweden 47 (0.9) 47 50 46 49 45 51 52 46 47 47 50 47 47
Canada 47 (0.8) 46 49 46 49 45 51 51 46 47 46 49 47 47
Czech Republic 40 (1.9) 40 42 41 41 39 43 43 39 40 40 42 40 40
Slovenia 39 (1.7) 39 41 38 40 37 42 42 38 39 39 40 39 39
Germany 38 (1.1) 38 40 38 41 36 42 42 35 38 37 40 38 38
Austria 35 (1.2) 35 37 34 37 33 39 39 33 35 34 37 B85 35
United States 35 (1.0) 35 37 34 37 33 38 39 34 35 34 37 35 35
International Average 45 (1.3) 45 48 45 47 44 49 49 44 45 45 47 45 45

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

* See Appendix A for characteristics of the students sampled.
** Of the 65 items in the advanced mathematics test, some items had two parts and some extended-response items were scored on a multi-point scale, resulting in 82 total score points.
() Standard errors for the average percent of correct responses on all items appear in parentheses.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling procedures (see Figure B.5).

Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Test-Curriculum Matching Analysis Results - Physics
Final Year of Secondary School*
Average Percent Correct Based on Subsets of Items Specially Identified by Each Country as Addressing Its Curriculum (See Table C.4 for Corresponding Standard Errors)

Instructions:  Read across the row to compare that country's performance based on the test items included by each of the countries across the top.
Read down the column under a country name to compare the performance of the country down the left on the items included by the country listed on the top.
Read along the diagonal to compare performance for each different country based on its own decisions about the test items to include.

Country

Russian Federation

1)
=
L
=
<
<
S
=
o
=
IS)
¢}

Czech Republic

.
<
@
2
5]

Q
o
>
3
>

<

Slovenia
Denmark
Australia
Switzerland
United States

Slovenia 42 (2.5) 42 51 43 41 42 42 45 43 41 42 42 42
Russian Federation 42 (1.9) 42 56 42 41 42 42 44 42 42 43 42 42
Denmark 40 (0.9) 39 52 42 40 40 40 43 41 39 40 40 40
Germany 39 (2.0) 38 44 39 39 39 39 40 41 38 39 39 39
Australia 37 (0.9) 37 46 38 37 38 37 40 38 37 37 37 37
Cyprus 36 (0.9) 36 43 37 36 37 36 40 37 36 36 36 36
Switzerland 32 (0.6) 31 39 32 31 32 32 36 31 30 32 32 32
Canada 31 (0.6) 31 42 32 31 31 31 34 32 30 32 31 31
France 30 (0.6) 29 39 31 30 30 30 32 29 30 30 30 30
Czech Republic 28 (1.0) 27 37 28 27 27 28 31 27 26 28 28 28
Austria 25 (0.9) 24 32 25 25 25 25 28 25 23 25 25 25
United States 23 (0.5) 22 32 23 22 23 23 26 22 21 23 23 23
International Average 34 (1.1) 33 43 34 33 34 34 37 34 33 34 34 34

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

* See Appendix A for characteristics of the students sampled.
** Of the 65 items in the physics test, some items had two parts and some extended-response items were scored on a multi-point scale, resulting in 81 total score points.
() Standard errors for the average percent of correct responses on all items appear in parentheses.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling procedures (see Figure B.6).

Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Table C.3

Standard Errors for the Test-Curriculum Matching Analysis Results - Advanced Mathematics
Final Year of Secondary School*

N 3 44V

See Table C.1 for the Test-Curriculum Matching Analysis Results

Instructions:  Read across the row for the standard error for the score based on the test items included by each of the countries across the top.
Read down the column under a country name for the standard error for the score of the country down the left on the items included by the country listed on the top.
Read along the diagonal for the standard error for the score for each different country based on its own decisions about the test items to include.

Country

Russian Federation
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Australia
Switzerland
Denmark
Slovenia
United States

France 58 (11) |11 11 11 11 11 | 11 11 12 11 11 11 | 11 11
Australia 52 (22) | 22 24 24 23 23 |24 24 24 23 23 24 |22 22
Russian Federation 52 (17) | 17 17 17 17 17 | 16 16 17 17 17 17 | 17 17
Switzerland 50(08 |08 08 09 08 08 |08 08 08 08 08 09 |08 08
Cyprus 4912 |12 12 12 12 13 |12 11 13 12 12 12 |12 12
Denmark 49 (08 |08 08 08 08 08 |08 08 08 08 08 08 |07 07
Sweden 4709 |09 09 10 09 09 |09 09 10 09 09 10 |09 09
Canada 4708 |08 08 08 08 07 |08 08 07 07 08 08 |08 08
Czech Republic 4019 |20 20 20 19 20 |19 20 20 19 19 20 |19 19
Slovenia 39 (17) |17 18 17 17 17 |17 17 18 17 17 17 | 17 17
Germany 38(11) |11 11 11 12 10 | 12 11 10 11 11 11 | 11 11
Austria 3512 |12 12 12 13 11 |13 13 11 12 12 13 | 12 12
United States 35 (1.0) 10 11 10 10 10 |11 1.1 10 10 10 10 | 1.0 1.0
International Average 45(13) |13 13 13 13 13 |13 13 13 13 13 13 |13 13

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

* See Appendix A for characteristics of the students sampled.
** Of the 65 items in the advanced mathematics test, some items had two parts and some extended-response items were scored on a multi-point scale, resulting in 82 total score points.
() Standard errors for the average percent of correct responses on all items appear in parentheses.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling procedures (see Figure B.5).

Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Standard Errors for the Test-Curriculum Matching Analysis Results - Physics
Final Year of Secondary School*
See Table C.2 for the Test-Curriculum Matching Analysis Results

Instructions:  Read across the row for the standard error for the score based on the test items included by each of the countries across the top.
Read down the column under a country name for the standard error for the score of the country down the left on the items included by the country listed on the top.
Read along the diagonal for the standard error for the score for each different country based on its own decisions about the test items to include.

Country

Russian Federation
United States

1)
&
kS
=
<
<
S
=
o
=
S)
¢}

Czech Republic

-
<
@
2
5}

Q
o
S
3
>

<

Slovenia
Denmark
Australia
Switzerland

Slovenia 42 (2.5) 2.6 2.8 2.7 25 2.5 25 2.2 2.7 2.7 25 2.5 25
Russian Federation 42 (1.9) 1.9 2.0 1.9 1.9 1.9 1.9 1.7 1.8 1.9 1.9 1.9 1.9
Denmark 40 (0.9) 0.9 0.9 0.9 0.9 0.9 0.9 1.0 0.9 0.9 0.9 0.9 0.9
Germany 39 (2.0) 2.0 1.6 2.0 2.0 2.0 2.0 1.8 2.2 2.0 2.0 2.0 2.0
Australia 37 (0.9) 0.9 1.1 0.9 0.9 0.9 0.9 0.9 0.9 1.0 0.9 0.9 0.9
Cyprus 36 (0.9) 0.9 0.9 0.9 0.9 0.9 1.0 1.1 1.0 1.0 1.0 0.9 0.9
Switzerland 32 (0.6) 0.6 0.7 0.6 0.6 0.6 0.6 0.7 0.6 0.6 0.6 0.6 0.6
Canada 31 (0.6) 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
France 30 (0.6) 0.7 0.6 0.7 0.6 0.6 0.6 0.7 0.7 0.7 0.6 0.6 0.6
Czech Republic 28 (1.0) 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.0 11 1.0 1.0 1.0
Austria 25 (0.9) 0.9 1.0 0.9 0.9 0.9 0.9 1.0 1.0 0.9 0.9 0.9 0.9
United States 23 (0.5) 0.5 0.6 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.4 0.4
International Average 34 (1.1) 1.1 1.2 11 1.1 1.1 11 1.1 1.2 1.2 11 1.1 11

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

* See Appendix A for characteristics of the students sampled.
** Of the 65 items in the physics test, some items had two parts and some extended-response items were scored on a multi-point scale, resulting in 81 total score points.
() Standard errors for the average percent of correct responses on all items appear in parentheses.

Countries shown in italics did not satisfy one or more guidelines for sample participation rates or student sampling procedures (see Figure B.6).

Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Israel - Selected Achievement Results in Mathematics and Science Literacy

Unweighted Data

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

Mean Average 5th 25th 50th 75th 95th
Age Percentile Percentile Percentile Percentile Percentile
484 (12.1) 17.7 281 (19.7) 402 (13.3) 488 (12.5) 569 (16.0) 677 (13.2)
Gender Differences in Mathematics and Science Literacy Achievement for Students
in the Final Year of Secondary School*
Males Females Difference
Percent of Mean Percent of Mean
Students Achievement Students Achievement
58 (3.4) 509 (12.9) 42 (3.4) 458 (14.3) 52 (19.3)
Distributions of Mathematics Literacy Achievement for Students
in the Final Year of Secondary School*
Mean Average 5th 25th 50th 75th 95th
Age Percentile Percentile Percentile Percentile Percentile
480 (12.2) 17.7 286 (14.4) 399 (13.9) 483 (14.0) 564 (15.2) 671(9.7)
Gender Differences in Mathematics Literacy Achievement for Students
in the Final Year of Secondary School*
Males Females Difference
Percent of Mean Percent of Mean
Students Achievement Students Achievement
58 (3.4) 504 (13.7) 42 (3.4) 455 (13.4) 49 (19.1)
Distributions of Science Literacy Achievement for Students
in the Final Year of Secondary School*
Mean Average 5th 25th 50th 75th 95th
Age Percentile Percentile Percentile Percentile Percentile
487 (12.3) 17.7 263 (25.7) 402 (13.7) 492 (11.7) 580 (11.1) 697 (10.1)

Gender Differences in Science Literacy Achievement for Students
in the Final Year of Secondary School*

Males Females Difference
Percent of Mean Percent of Mean
Students Achievement Students Achievement
58 (3.4) 515(12.5) 42 (3.4) 460 (15.8) 54 (20.2)

* See Appendix A for characteristics of the students sampled.

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

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




APPENTDIX

Israel - Selected Achievement Results in Advanced Mathematics — Unweighted Data

Distributions of Advanced Mathematics Achievement for Students Having Taken
Advanced Mathematics
Final Year of Secondary School*

Mean Average 5th 25th 50th 75th 95th
Age Percentile Percentile Percentile Percentile Percentile
557 (5.3) 17.7 441(10.4) 514 (5.9) 557 (5.7) 603 (7.3) 674 (16.5)

Gender Differences in Advanced Mathematics Achievement for Students Having Taken

Advanced Mathematics
Final Year of Secondary School*

Males Females Difference
Percent of Mean Percent of Mean
Students Achievement Students Achievement
58 (3.4) 569 (6.7) 42 (3.4) 546 (4.0) 23 (7.8)

Achievement in Advanced Mathematics Content Areas for Students Having Taken
Advanced Mathematics
Final Year of Secondary School*

Numbers and
Equations Calculus Geometry
547 (4.5) 538 (4.4) 562 (5.5)

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

* See Appendix A for characteristics of the students sampled.

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

Israel - Selected Achievement Results in Physics — Unweighted Data

Distributions of Physics Achievement for Students Having Taken Physics
Final Year of Secondary School*

Mean Average 5th 25th 50th 75th 95th
Age Percentile Percentile Percentile Percentile Percentile
506 (6.4) 17.7 368 (10.3) 454 (4.2) 507 (9.7) 562 (8.4) 639 (11.4)

Gender Differences in Physics Achievement for Students Having Taken Physics
Final Year of Secondary School*

Males Females Difference
Percent of Mean Percent of Mean
Students Achievement Students Achievement
78 (1.6) 513(6.7) 22 (1.6) 482 (8.7) 31 (11.0)

Achievement in Physics Content Areas for Students Having Taken Physics

Final Year of Secondary School*

Modern Physics:
. Particle
; Electricity and Wave !
Mechanics f Heat Quantum and
Magnetism Phenomena Astrophysics,
and Relativity
548 (5.5) 557 (6.7) 478 (4.1) 444 (6.1) 476 (7.2)

* See Appendix A for characteristics of the students sampled.

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

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Italy - Selected Achievement Results in Physics (Small Sample Size)

Distributions of Physics Achievement for Students Having Taken Physics
Final Year of Secondary School*

pTCI Mean Average 5th 25th 50th 75th 95th
Age Percentile Percentile Percentile Percentile Percentile
9% 436 (10.3) 19.0 305 (21.2) 377 (11.0) 438 (21.7) 490 (12.2) 562 (14.2)

Gender Differences in Physics Achievement for Students Having Taken Physics
Final Year of Secondary School*

Males Females Difference PTCI'
Percent of Mean Percent of Mean
Students Achievement Students Achievement
51 (3.2) 461 (14.8) 49 (3.2) 410 (11.4) 51 (18.6) 9%

Achievement in Physics Content Areas for Students Having Taken Physics

Final Year of Secondary School*

Mechanics

Electricity and
Magnetism

Heat

Wave
Phenomena

Modern

Physics:

Particle,
Quantum and
Astrophysics,
and Relativity

420 (14.4)

473 (10.5)

490 (8.4)

445 (15.5)

421 (9.3)

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

* See Appendix A for characteristics of the students sampled.

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

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

Percentiles of Achievement in Mathematics and Science Literacy
Final Year of Secondary School*

Country 5"Percentile 25 "Percentile 50 "Percentile 75 "Percentile 95 "Percentile
Australia 366 (20.6) 462 (12.5) 526 (9.4) 585 (9.7) 682 (15.7)
Austria 395 (6.6) 463 (6.1) 514 (7.6) 573 (4.7) 655 (11.5)
Canada 395 (6.3) 468 (3.4) 523(3.8) 579 (5.0) 668 (4.8)
Cyprus 336 (5.8) 398 (4.3) 442 (3.0) 490 (4.0) 577 (8.8)
Czech Republic 344 (12.1) 411 (10.1) 463 (12.1) 531 (15.6) 649 (13.8)
Denmark 399 (8.2) 470 (4.9) 525 (4.1) 584 (4.7) 665 (3.9)
France 383(10.2) 455 (5.1) 503 (5.9) 556 (5.6) 630 (4.3)
Germany 351 (14.5) 435 (12.0) 494 (4.9) 555 (5.0) 643 (11.4)
Hungary 351(4.1) 416 (3.0) 469 (4.0) 531(3.4) 628(8.2)
Iceland 418 (8.7) 487 (3.4) 538 (3.7) 592 (4.0) 676 (6.9)
Italy 343(10.2) 418 (6.8) 473 (6.6) 529 (4.9) 614 (19.3)
Lithuania 332(12.1) 410 (8.5) 465 (8.5) 520 (6.7) 598 (8.7)
Netherlands 420 (7.2) 498 (8.5) 561 (7.5) 617 (6.4) 697 (8.1)
New Zealand 370(20.2) 464 (3.9) 526 (5.7) 587 (3.9) 678 (5.4)
Norway 403 (6.3) 474 (3.4) 530 (6.0) 592 (7.5) 693(9.7)
Russian Federation 350(5.1) 418 (3.9) 468 (6.5) 531(7.3) 623 (15.3)
Slovenia 378(12.9) 457 (8.7) 516 (11.0) 568 (8.0) 653(17.3)
South Africa 254 (5.7) 294 (3.4) 329 (3.6) 381 (16.2) 538 (27.0)
Sweden 413 (6.8) 490 (5.1) 549 (5.7) 615 (4.7) 716 (7.9)
Switzerland 389(8.4) 472 (9.0) 529 (5.3) 590 (7.2) 678(5.7)
United States 334(7.9) 407 (4.2) 465 (4.1) 527 (3.3) 627 (4.0)

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

* See Appendix A for characteristics of students sampled.
() Standard errors appear in parentheses.
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APPENTDIX

Percentiles of Achievement in Mathematics Literacy
Final Year of Secondary School*

Country 5"Percentile 25 "Percentile 50 "Percentile 75 "Percentile 95 "Percentile
Australia 357 (17.5) 459 (9.4) 523 (8.6) 585 (9.5) 684 (10.4)
Austria 393(9.2) 461 (7.9) 515 (6.4) 573 (6.4) 653 (8.9)
Canada 375(5.8) 457 (4.6) 516 (4.5) 579 (3.8) 674 (5.3)
Cyprus 329 (6.0) 395 (2.2) 442 (5.0) 493 (4.0) 572(3.9)
Czech Republic 328 (12.2) 394 (10.3) 450 (15.9) 530 (16.5) 648 (13.6)
Denmark 406 (8.2) 487 (5.6) 548 (6.4) 609 (4.7) 689 (6.2)
France 392 (8.6) 468 (6.3) 523 (3.7) 578 (6.9) 655 (9.9)
Germany 347 (10.5) 432 (11.3) 494 (6.7) 554 (8.9) 652 (8.0)
Hungary 343(3.8) 417 (3.1) 477 (3.8) 545 (3.5) 644 (6.6)
Iceland 393(5.3) 472 (4.0) 531 (3.0) 592 (3.2) 683 (6.6)
Italy 336 (15.3) 417 (7.5) 475 (6.3) 534 (4.6) 619 (11.7)
Lithuania 329 (8.8) 412 (9.1) 470 (7.0) 529 (8.3) 606 (5.4)
Netherlands 407 (5.7) 498 (7.1) 565 (6.1) 622 (5.2) 704 (16.0)
New Zealand 358 (7.4) 453 (7.0) 523 (6.3) 589 (5.2) 685 (6.7)
Norway 384 (7.7) 461 (6.1) 523 (4.1) 592 (4.5) 691 (6.8)
Russian Federation 342 (6.4) 410 (4.8) 464 (6.0) 528 (7.8) 622 (16.6)
Slovenia 365 (13.7) 451 (8.5) 516 (7.4) 573 (6.6) 652 (5.7)
South Africa 264 (3.2) 304 (3.8) 337 (4.9) 380 (10.4) 532 (33.7)
Sweden 396 (6.4) 483 (5.1) 546 (4.8) 620 (4.1) 722 (6.8)
Switzerland 395 (7.4) 478 (7.9) 539 (7.9) 601 (5.5) 684 (5.3)
United States 325 (4.4) 395 (3.8) 454 (4.4) 521 (6.7) 621 (7.4)

* See Appendix A for characteristics of students sampled.

() Standard errors appear in parentheses.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.
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B4

Percentiles of Achievement in Science Literacy
Final Year of Secondary School*

Country 5"Percentile 25 "Percentile 50 "Percentile 75 "Percentile 95 "Percentile
Australia 361 (14.5) 462 (12.2) 525 (8.5) 591 (13.6) 689 (4.0)
Austria 388 (5.6) 460 (8.3) 513 (7.3) 575 (9.6) 672 (23.5)
Canada 396 (7.1) 475 (5.8) 529 (3.6) 588 (3.8) 673(5.2)
Cyprus 319 (8.7) 392 (11.6) 443 (5.6) 499 (7.5) 599 (10.8)
Czech Republic 349 (9.5) 424 (9.2) 477 (11.6) 540 (12.1) 655 (12.8)
Denmark 369 (6.1) 448 (4.9) 505 (5.6) 568 (7.0) 657 (5.4)
France 358(7.9) 434 (5.4) 485 (8.4) 542 (7.9) 618 (5.6)
Germany 350 (12.2) 437 (7.4) 494 (6.7) 556 (6.3) 649 (11.1)
Hungary 342 (2.9) 410 (3.5) 463(2.2) 524 (3.7) 624 (6.1)
Iceland 429 (5.0) 497 (1.9) 545 (3.3) 598 (2.1) 680 (3.8)
Italy 339 (11.4) 417 (6.5) 470 (4.6) 528 (6.0) 624 (17.2)
Lithuania 324 (13.5) 403 (7.5) 460 (7.4) 517 (4.6) 601 (9.1)
Netherlands 421 (9.0) 498 (6.1) 556 (6.4) 616 (10.5) 702 (19.8)
New Zealand 369 (16.8) 467 (8.9) 530 (7.0) 592 (4.4) 683 (5.2)
Norway 404 (6.9) 480 (5.2) 539 (2.7) 600 (7.4) 706 (11.6)
Russian Federation 338(6.1) 418 (6.9) 476 (9.3) 541(9.2) 638 (13.7)
Slovenia 384(10.1) 459 (8.7) 514 (8.7) 571 (10.3) 662 (22.5)
South Africa 228 (4.8) 282 (4.3) 325(6.3) 390(18.2) 550 (22.1)
Sweden 420(9.4) 495 (4.3) 551 (4.2) 617 (5.5) 724(9.2)
Switzerland 375(10.6) 459 (6.9) 521 (5.0) 584 (4.9) 681 (9.2)
United States 332(8.0) 416 (4.6) 477 (3.3) 541 (4.9) 640 (8.0)

* See Appendix A for characteristics of students sampled.

() Standard errors appear in parentheses.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.
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Percentiles of Achievement in Advanced Mathematics
Final Year of Secondary School*

Country 5"Percentile 25 "Percentile 50 "Percentile 75 "Percentile 95 "Percentile
Australia 337(30.1) 456 (17.5) 530 (9.0) 597 (10.4) 692 (21.1)
Austria 283(15.2) 379 (11.4) 443(7.9) 497 (8.8) 577 (16.4)
Canada 352(7.1) 443 (5.4) 508 (4.8) 576 (7.2) 676 (10.1)
Cyprus 371(23.0) 465 (5.7) 523(10.4) 574 (5.2) 651 (15.8)
Czech Republic 320 (12.7) 399 (9.2) 454 (10.4) 524 (15.6) 665 (20.2)
Denmark 403 (5.6) 474 (3.8) 523(2.3) 572 (4.8) 643 (6.9)

France 439 (5.5) 511 (5.1) 558 (5.5) 603 (6.4) 673 (8.4)

Germany 328(9.3) 408 (8.0) 463 (5.7) 522 (5.6) 605 (6.9)

Greece 321(35.1) 454 (11.6) 521 (6.4) 585 (5.1) 668 (12.7)
Italy 314 (14.9) 419 (13.4) 477 (10.3) 534 (8.3) 622 (22.7)
Lithuania 388 (12.2) 461 (5.5) 512 (3.6) 567 (3.3) 666 (16.9)
Russian Federation 360 (9.3) 465 (9.3) 539 (12.7) 618 (9.4) 730 (22.4)
Slovenia 330(10.2) 408 (9.5) 473 (10.1) 537 (8.5) 630 (20.4)
Sweden 375(7.9) 458 (10.5) 513 (11.4) 568 (7.0) 653 (13.6)
Switzerland 401 (5.6) 473(6.2) 525 (7.9) 587 (5.9) 691 (3.4)

United States 292 (3.8) 375(7.1) 437 (6.4) 504 (6.1) 609 (8.9)

* See Appendix A for characteristics of students sampled.

() Standard errors appear in parentheses.

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

Percentiles of Achievement in Physics
Final Year of Secondary School*

Country 5"Percentile 25 "Percentile 50 "Percentile 75 "Percentile 95 "Percentile
Australia 386 (11.8) 461 (3.3) 517 (6.6) 570 (8.5) 656 (11.9)
Austria 306 (11.9) 379 (11.3) 427 (5.9) 486 (10.1) 581 (22.3)
Canada 346 (5.1) 429 (2.9) 482 (4.4) 539(7.3) 633 (14.3)
Cyprus 325(8.0) 434 (10.9) 487 (4.9) 551 (9.0) 681 (28.8)
Czech Republic 337 (4.5) 397 (6.2) 440 (6.6) 493(12.3) 605 (29.5)
Denmark 397 (8.4) 478 (4.3) 535 (5.9) 588 (6.1) 677 (15.2)
France 358(9.4) 423 (6.8) 465 (4.1) 509 (3.1) 574(8.3)
Germany 374(13.2) 458 (16.2) 519 (12.0) 580(19.1) 688 (10.1)
Greece 333(18.9) 431 (5.7) 495 (7.7) 545 (6.3) 619(8.2)
Latvia (LSS) 348(12.2) 418 (15.7) 474(19.2) 540 (36.5) 687 (31.5)
Norway 432 (6.3) 517 (11.1) 578 (6.3) 646 (7.2) 727 (6.1)
Russian Federation 368 (18.2) 468 (15.7) 544 (12.6) 619 (16.5) 722 (21.2)
Slovenia 332(11.3) 457 (15.3) 528 (21.2) 598 (14.1) 689 (36.3)
Sweden 422 (12.2) 511 (8.9) 574 (6.6) 634 (6.6) 725 (6.7)
Switzerland 353(20.6) 430 (7.6) 479 (4.7) 540 (5.2) 648(9.9)
United States 331(4.7) 384 (4.0) 420 (4.2) 458 (6.4) 520 (6.6)

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

* See Appendix A for characteristics of students sampled.
Because population coverage falls below 65%, Latvia is annotated LSS for Latvian Speaking Schools only.
() Standard errors appear in parentheses.
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Standard Deviations of Achievement in Mathematics and Science Literacy
Final Year of Secondary School*

Overall Females

Country
Standard
Deviation

Standard Standard

L Deviation Deviation

Australia 525 (9.5) 95 (4.8) 511 (9.3) 89 (5.4) 543 (10.7) 100 (5.8)
Austria 519 (5.4) 80 (3.1) 502 (5.5) 71 (3.2) 549 (7.8) 85 (4.5)
Canada 526 (2.6) 83 (1.6) 511 (3.4) 79 (1.9) 544 (3.4) 84 (2.2)
Cyprus 447 (2.5) 73 (2.3) 439 (3.0) 67 (2.9) 456 (4.9) 78 (3.9)
Czech Republic 476 (10.5) 92 (3.3) 452 (13.8) 84 (3.7) 500 (9.9) 93 (3.5)
Denmark 528 (3.2) 81 (2.3) 507 (3.7) 76 (2.5) 554 (4.5) 80 (3.0)
France 505 (4.9) 74 (2.7) 487 (4.8) 68 (2.6) 526 (5.9) 75 (3.6)
Germany 496 (5.4) 89 (3.2) 479 (8.5) 89 (4.6) 512(8.2) 86 (4.0)
Hungary 477 (3.0) 84 (2.4) 468 (4.5) 76 (2.3) 485 (4.5) 91 (3.0)
Iceland 541 (1.6) 77 (1.2) 522 (1.9) 72 (1.3) 565 (2.9) 77 (2.0)
ltaly 475 (5.3) 83 (4.0) 461 (5.7) 78 (5.0) 492 (6.9) 86 (4.8)
Lithuania 465 (5.8) 80 (3.3) 456 (7.4) 81 (3.5) 483 (6.7) 76 (3.3)
Netherlands 559 (4.9) 84 (4.0) 533 (5.9) 82 (4.7) 584 (5.5) 78 (4.2)
New Zealand 525 (4.7) 92 (2.4) 511 (5.5) 85 (3.1) 540 (5.7) 97 (3.3)
Norway 536 (4.0) 88 (2.1) 507 (4.5) 76 (2.6) 564 (5.0) 89 (3.1)
Russian Federation 476 (5.8) 83 (2.9) 462 (6.5) 81 (3.6) 499 (5.9) 81(3.3)
Slovenia 514 (8.2) 82 (4.4) 492 (7.1) 73 (3.8) 538 (12.6) 84 (8.3)
South Africa 352 (9.3) 88 (8.7) 341 (11.8) 87 (13.6) 366 (10.3) 88 (8.4)
Sweden 555 (4.3) 91 (2.2) 533 (3.6) 80 (2.2) 579 (5.8) 96 (2.8)
Switzerland 531 (5.4) 88 (2.6) 511 (7.5) 85 (2.9) 547 (6.0) 87 (3.4)
United States 471 (3.1) 89 (2.1) 462 (3.5) 85 (3.0) 479 (4.2) 93 (2.4)

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

* See Appendix A for characteristics of students sampled.
() Standard errors appear in parentheses.
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Standard Deviations of Achievement in Mathematics Literacy
Final Year of Secondary School*

Overall Females

Country

Standard Mean Standard Standard

Deviation Deviation Deviation
Australia 522(9.3) 97 (4.9) 510(9.3) 91 (5.1) 540 (10.3) 103 (6.1)
Austria 518(5.3) 80 (2.8) 503 (5.5) 73 (2.9) 545 (7.2) 82 (4.1)
Canada 519 (2.8) 90 (1.7) 504 (3.5) 87 (2.6) 537 (3.8) 91 (2.7)
Cyprus 446 (2.5) 73 (2.6) 439 (3.7) 68 (2.9) 454 (4.9) 78 (4.0)
Czech Republic 466 (12.3) 99 (3.5) 443 (16.8) 92 (3.6) 488 (11.3) 101 (4.0)
Denmark 547 (3.3) 87 (2.8) 523 (4.0) 82 (2.6) 575 (4.0) 84 (3.8)
France 523(5.1) 79 (2.8) 506 (5.3) 75 (2.8) 544 (5.6) 79 (3.6)
Germany 495 (5.9) 94 (3.2) 480 (8.8) 94 (4.5) 509 (8.7) 91 (4.4)
Hungary 483 (3.2) 92 (2.2) 481 (4.8) 85 (2.3) 485 (4.9) 99 (3.0)
Iceland 534 (2.0) 88 (1.4) 514 (2.2) 84 (1.2) 558 (3.4) 86 (2.4)
Italy 476 (5.5) 87 (3.9) 464 (6.0) 84 (5.2) 490 (7.4) 90 (5.0)
Lithuania 469 (6.1) 85 (3.5) 461 (7.7) 86 (3.6) 485 (7.3) 80 (4.2)
Netherlands 560 (4.7) 90 (3.5) 533(5.9) 90 (4.4) 585 (5.6) 82 (3.8)
New Zealand 522 (4.5) 98 (2.2) 507 (6.2) 93 (3.0) 536 (4.9) 101 (3.0)
Norway 528 (4.1) 94 (1.9) 501 (4.8) 84 (2.5) 555 (5.3) 95 (2.9)
Russian Federation 471 (6.2) 85(3.2) 460 (6.6) 84 (3.9) 488 (6.5) 86 (3.5)
Slovenia 512 (8.3) 87 (4.4) 490 (8.0) 79 (4.6) 535 (12.7) 87 (8.9)
South Africa 356 (8.3) 81 (8.5) 348 (10.8) 80 (13.3) 365 (9.3) 83(8.2)
Sweden 552 (4.3) 99 (2.3) 531(3.9) 89 (2.4) 573(5.9) 103 (3.1)
Switzerland 540 (5.8) 88 (2.5) 522 (7.4) 86 (2.9) 555 (6.4) 88 (3.6)
United States 461 (3.2) 91 (1.9) 456 (3.6) 88 (2.6) 466 (4.1) 94 (2.6)

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

* See Appendix A for characteristics of students sampled.
() Standard errors appear in parentheses.
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Standard Deviations of Achievement in Science Literacy
Final Year of Secondary School*

Overall Females WEIES

Country

Standard Mean Standard Standard

Deviation Deviation Deviation
Australia 527 (9.8) 100 (5.0) 513(9.4) 94 (5.9) 547 (11.5) 104 (5.6)
Austria 520 (5.6) 87 (3.6) 501 (5.8) 75 (3.4) 554 (8.7) 94 (5.0)
Canada 532 (2.6) 85 (1.9) 518(3.8) 80 (2.2) 550 (3.6) 86 (2.2)
Cyprus 448 (3.0) 83 (2.7) 439 (3.0) 76 (3.6) 459 (5.8) 88 (4.6)
Czech Republic 487 (8.8) 91 (3.0) 460 (11.0) 84 (3.6) 512 (8.8) 91 (3.2)
Denmark 509 (3.6) 87 (2.4) 490 (4.1) 82 (2.8) 532 (5.4) 87 (3.3)
France 487 (5.1) 79 (2.4) 468 (4.8) 71 (2.4) 508 (6.7) 81 (3.4)
Germany 497 (5.1) 91 (3.5) 478 (8.5) 91 (4.7) 514 (7.9) 87 (3.9)
Hungary 471(3.0) 86 (2.5) 455 (4.3) 78 (2.3) 484 (4.2) 91 (3.0)
Iceland 549 (1.5) 75 (1.4) 530(2.1) 69 (1.8) 572 (2.7) 76 (1.9)
Italy 475 (5.3) 87 (3.9) 458 (5.6) 81 (4.6) 495 (6.7) 89 (4.9)
Lithuania 461 (5.7) 84 (3.2) 450 (7.3) 84 (3.6) 481 (6.4) 79 (2.9)
Netherlands 558 (5.3) 86 (4.5) 532(6.2) 82 (5.2) 582 (5.7) 82 (4.9)
New Zealand 529 (5.2) 94 (3.2) 515(5.2) 87 (3.8) 543(7.1) 100 (4.7)
Norway 544 (4.1) 91 (2.5) 513 (4.5) 79 (2.7) 574 (5.1) 93 (3.6)
Russian Federation 481 (5.7) 91 (2.8) 463 (6.7) 89 (3.2) 510(5.7) 86 (3.7)
Slovenia 517 (8.2) 84 (4.7) 494 (6.4) 72 (3.4) 541 (12.7) 87 (7.8)
South Africa 349 (10.5) 100 (8.7) 333(13.0) 100 (13.5) 367 (11.5) 98 (8.5)
Sweden 559 (4.4) 91 (2.2) 534 (3.5) 79 (2.2) 585 (5.9) 95 (2.8)
Switzerland 523(5.3) 94 (2.7) 500 (7.8) 90 (3.4) 540 (6.1) 92 (3.3)
United States 480 (3.3) 94 (2.5) 469 (3.9) 89 (3.5) 492 (4.5) 98 (2.7)

* See Appendix A for characteristics of students sampled.

() Standard errors appear in parentheses.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1995-96.
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Standard Deviations of Achievement in Advanced Mathematics
Final Year of Secondary School*

Overall Females

Country

Standard Mean Standard Standard

Deviation Deviation Deviation
Australia 525 (11.6) 109 (7.9) 517 (15.1) 110 (9.3) 531(11.4) 108 (9.0)
Austria 436 (7.2) 91 (5.5) 406 (8.6) 87 (6.6) 486 (7.3) 76 (5.4)
Canada 509 (4.3) 98 (2.4) 489 (4.4) 89 (2.7) 528 (6.4) 103 (2.9)
Cyprus 518 (4.3) 85 (3.0) 509 (6.4) 77 (4.9) 524 (4.4) 90 (3.9)
Czech Republic 469 (11.2) 106 (9.3) 432 (8.9) 89 (6.4) 524 (13.0) 106 (12.0)
Denmark 522 (3.4) 73 (1.9) 510 (4.6) 68 (3.4) 529 (4.4) 76 (2.3)
France 557 (3.9) 70 (2.1) 543 (5.1) 67 (2.9) 567 (5.1) 70 (2.6)
Germany 465 (5.6) 85 (3.4) 452 (6.6) 81(3.9) 484 (6.5) 86 (4.1)
Greece 513(6.0) 105 (6.0) 505 (10.2) 88 (8.5) 516 (6.6) 111 (7.5)
Italy 474 (9.6) 95 (8.1) 460 (14.1) 95 (13.1) 484 (10.6) 94 (8.7)
Lithuania 516 (2.6) 85 (3.2) 490 (5.6) 78 (6.8) 542 (3.7) 84 (3.8)
Russian Federation 542 (9.2) 112 (5.6) 515 (10.2) 106 (8.0) 568 (9.7) 111 (4.4)
Slovenia 475 (9.2) 94 (3.8) 464 (11.0) 89 (3.5) 484 (11.5) 97 (5.4)
Sweden 512 (4.4) 86 (2.9) 496 (5.2) 78 (4.5) 519(5.9) 88 (3.6)
Switzerland 533(5.0) 90 (2.7) 503 (5.7) 77 (4.9) 559 (5.6) 93 (3.9)
United States 442 (5.9) 98 (4.1) 426 (7.1) 98 (5.6) 457 (7.8) 96 (4.8)

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

* See Appendix A for characteristics of students sampled.
() Standard errors appear in parentheses.
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Standard Deviations of Achievement in Physics
Final Year of Secondary School*

Overall Females

Country

Standard Mean Standard Standard

Deviation Deviation Deviation
Australia 518(6.2) 82 (3.6) 490 (8.4) 75 (5.3) 532(6.7) 82 (5.6)
Austria 435 (6.4) 83 (4.6) 408 (7.4) 71 (5.9) 479 (8.1) 82 (5.7)
Canada 485 (3.3) 87 (3.0) 459 (6.3) 75 (3.9) 506 (6.0) 90 (4.2)
Cyprus 494 (5.8) 105 (5.3) 470(7.1) 96 (7.9) 509 (8.9) 108 (7.9)
Czech Republic 451 (6.2) 82 (5.9) 419 (3.9) 63 (5.1) 503 (8.8) 83 (5.4)
Denmark 534 (4.2) 85 (3.9) 500 (8.1) 74 (6.8) 542 (5.2) 87 (4.4)
France 466 (3.8) 66 (3.1) 450 (5.6) 61 (3.2) 478 (4.2) 67 (4.4)
Germany 522 (11.9) 94 (5.3) 479 (9.1) 80 (5.3) 542 (14.3) 93 (6.9)
Greece 486 (5.6) 87 (3.7) 468 (8.1) 79 (6.9) 495 (6.1) 90 (5.0)
Latvia (LSS) 488 (21.5) 100 (10.6) 467 (22.6) 97 (11.4) 509 (19.0) 99 (11.5)
Norway 581 (6.5) 91 (2.5) 544 (9.3) 88 (4.5) 594 (6.3) 88 (2.5)
Russian Federation 545 (11.6) 110 (5.0) 509 (15.3) 108 (9.1) 575(9.9) 103(3.8)
Slovenia 523 (15.5) 109 (8.7) 455 (18.7) 106 (6.4) 546 (16.3) 99 (10.8)
Sweden 573(3.9) 92 (2.8) 540 (5.3) 78 (4.8) 589 (5.1) 94 (3.7)
Switzerland 488 (3.5) 88 (2.9) 446 (3.6) 69 (2.9) 529 (5.2) 86 (4.0)
United States 423 (3.3) 60 (3.2) 405 (3.1) 53 (1.8) 439 (4.3) 62 (5.0)

* See Appendix A for characteristics of students sampled.

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

() Standard errors appear in parentheses.

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