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T here has recently been great concern 
about the quality of precollege educa- 
tion in science and mathematics in the 

United States and other countries. Evalua- 
tion of the state of education as well as pol- 
icy options requires data on the practices 
and results of national education systems. 
The goal of the Third International Mathe- 
matics and Science Study (TIMSS) was to 
provide such data. It included an analysis 
of the education systems of over 40 coun- 
tries, including textbooks and several 
achievement tests. The admittedly complex 
results of such a multifaceted study ( I )  
have received considerable publicity and 
some criticism. Some have questioned 
whether TIMSS can even be used to inform 
policies related to science and mathematics 
education (2). Here we summarize some of 
the results (3-8), argue that many of the 

cia1 curriculum documents and textbooks as 
well as surveys of students, teachers, school 
officials, and national officials (3). The goal 
was to develop a map of the structure of 
each national education system, both to in- 
form study of that system and to guide sam- 
pling for achievement testing. A referee 
monitored sampling designs and implemen- 
tations, and significant deviations were in- 
dicated in reported results. 

The use of adjacent grades in the 
thirdifourth- and seventhleighth-grade 
populations allowed the estimation of dif- 
ferences between cross-section samples of 
grade pairs, which is a fair surrogate for 
gains that might have been measured by a 
true longitudinal design. 

Some Results of TIMSS 
The TIMSS results show a decline in the 

findings are robust, and discuss the impli- relative standing of U.S. students from 
cations for education policy. fourth to eighth grade in both mathematics 

Dimensions of TIMSS 
The TIMSS study was wide-ranging, with 
many facets. Cross-national comparative 
achievement testing was done in each par- 
ticipating country in science and mathe- 
matics. Testing was done for the two adja- 
cent grades containing the most 9-year- 
olds (hereafter referred to as third and 
fourth grades, as was the case in the Unit- 
ed States), the two containing the most 13- 
year-olds (hereafter, seventh and eighth 
grades), and the final year of secondary 
school. The latter population included a 
sample of the entire population of students 
in the final year of secondary school who 
tool< science and mathematics general 
knowledge tests. It also included a special- 
ized sample of those in their final year 
who had taken advanced courses in either 
mathematics or science (or both): that is, 

and science, as compared to those in other 
countries. In science, U.S. third- and 
fourth-grade students were near the top of 
participating countries, whereas U.S. sev- 
enth- and eighth-grade students placed just 
above the cross-national average. In math- 
ematics, the drop was from above the 
cross-national average to below it. 

To relate achievement results more di- 
rectly to curricular emphases, around 20 
sub-areas were defined from the test items 
in each of mathematics and science for 
these two pairs of grades. Sub-areas 
where U.S. students did score somewhat 
better (for example, earth science, frac- 
tions, and decimals) corresponded to top- 
ics that received more extensive emphasis 
and coverage as revealed by the curricu- 
lum document and textbook analyses. The 
lower U.S. seventh- and eighth-grade 
scores for mathematics, compared to third- 

only physics for science and the appropri- and fourth-grade scores, were true not on- 
ate advanced mathematics course (a mix- ly globally but also across most of the 20 
ture of precalculus and calculus in the sub-areas in mathematics. Use of paired 
United States). grades also allowed single-grade "differ- 

Although this has received less atten- ence scores" to be computed. In the United 
tion, TIMSS also included analysis of offi- States, in both science and mathematics, 
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and teaching data. U.S. curricula, as an ag- 
gregate, consistently covered more topics 
than did the curricula of virtually all other 
TIMSS countries. The U.S. mathematics 
and science textbooks included more too- 
ics and were the largest (literally) among 
those of the TIMSS countries. U.S. teach- 
ers covered more topics than those of most 
other TIMSS countries. They spent little 
time on most topics. For example, the only 
topic to receive more than 19 class periods 
of instruction in eighth grade was common 
fractions, a topic typically finished in ear- 
lier grades in many high-achieving TIMSS 
countries. 

There was a close match between cur- 
ricular differences and achievement differ- 
ences. At fourth grade, only one nation 
(Korea) outperformed U.S. students on the 
total science score. When examined in de- 
tail, however, U.S. students' performance 
was weakest in all four areas related to 
physics and physical science. Similar 
weaknesses held at eighth grade. These re- 
sults suggest that no serious foundation in 
physics was provided through the first 8 
years, as compared to that provided by 
other TIMSS countries. Direct data on cur- 
ricular emphases (for example, whether at- 
tention was to be focused on physical sci- 
ence topics) and textbook content (for ex- 
ample, pages devoted to physical science 
topics), as well as teacher reports of time 
spent covering physical science topics, 
support this suggestion (7, 8). 

Similarly, in geometry the relative per- 
formance of U.S. students was much lower 
by the seventh and eighth grades than it 
was in the third and fourth grades (see the 
table). Analvses of documents and text- 
books showed that U.S. treatment of ge- 
ometry was comparatively weak after 
fourth grade [little focus on geometry in 
official curricula and few textbook pages 
devoted to it (and those only to simple as- 
pects of geometry such as naming poly- 
gons)] (6, 8). 

Other aspects of mathematics and sci- 
ence curricula were also consistent with the 
pattern of results from third to eighth 
grade. The U.S. curriculum appears not on- 
ly to have been unfocused but highly repet- 
itive, lacking coherence, and providing lit- 
tle rigorous intellectual challenge during 
the middle years, particularly when com- 
pared to those of other TIMSS countries (4, 
8). Children in most TIMSS nations began 
the study of algebra, geometry, physics, 
and chemistry during fifth through eighth 
grades. In contrast, U.S. students continued 
studying elementary arithmetic and science 
as late as eighth grade. 

In addition, out of almost 40 areas in 
mathematics and science combined and at 
fourth and eighth grades, the United States 
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was the only nation not to show differ- effect of schooling in mathematics and sci- 
ences from one adjacent grade to the next ence, even if the interpretation of those in- 
that would rank it in the top quartile of dications is not as straightforward. 
countries in at least one area (8). This pat- The end-of-secondary populations were 
tern echoes the U.S. pattern of dividing at- designed for a yield study of what comes 
tention among many topics. The cumula- out of the pipeline of precollege education 
tive effect of such small gains is seen in in mathematics and the sciences. It was 
the consistent decline of U.S. rankings. never assumed that the students would be 

Most recent criticisms of TIMSS results similar in age, years of schooling, or in per- 
have focused on the end-of-secondary- cent of age cohort still in school. Were 
school results. These included a general those the criteria, then the end-of-secondary 
knowledge test for mathematics and science results would be of questionable use (9).  
designed to draw on knowledge at about the However, from a policy perspective it 
eighth-grade level in all countries. These re- seems worthwhile to compare the yield of 
sults showed still lower comparative rank- national educational systems. What is 
ings of U.S. students in both mathematics known at the end of secondary school is 
and science, which given the relatively av- relevant to establishing policies to enhance 
erage to poor stanhng at eighth grade and international economic competitiveness. 
the general pattern of many U.S. students These data are thus useful as one indicator 
not continuing to study science or mathe- of comparative strengths and weakness that 
matics should hardly be surprising. can help to inform policy discussions. 
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