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se of this articlé is to reduce the proba- |
bility that I will be asked at a dinner party, yet
again, why the United States ranks near the bot-
tom in international comparisons of science and math/
ematics achievement. The question is likely to receive
even more attention in the context of the fourth
national education goal, which holds that U.S. students
will be first in mathematics and science by the year
2000.

Ever since international comparisons of science and
mathematics test scores began in the 1960s, Americans
have believed the myth that U.S. students are out-
classed by those in other nations. Yet, after almost
three decades of apparent failures on international
tests, we have somehow managed to maintain a level of
productivity in science and engineering that, by many
measures of performance, is overwhelming.

The fact is that international comparisons of test
scores are highly misleading indicators of the quality of
a nation’s education system or the expertise of its stu-
dents. An emphasis on such comparisons is misleading
for two reasons:

¢ the rankings of nations are biased by serious
methodological problems; and

¢ the preoccupation with the single criterion of test
scores as the primary indicator of achievement in sci-
ence and mathematics—even if methodologically
sound—deflects public policy away from far more
important issues.

Methodological Problems

The rankings of nations in international test compar-
isons are meaningless because it is not feasible to con-
trol for the major societal differences among nations.
The fact is that we do not know what the rankings
would be if the comparisons were sound.

The first set of international comparisons, conduct-
ed by the International Association for the Evaluation
of Educational Achievement (IEA) in the 1960s and
early 1970s, did not take into account the percentage of
the age group actually enrolled in upper-secondary
school. These attendance rates are much higher in the
United States than in most other countries. At the time
the tests were administered, only about 20 percent of
the age group in Europe attended upper-secondary
school—the highest-achieving 20 percent—compared
with 80 percent of the age group in the United States.
Thus, the IEA assessments compared the average score
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of more than three-fourths of the age group in the
United States with the average score of the top 9 per-
cent of the students in West Germany, the top 13 per-
centin the Netherlands, and the top 45 percent in Swe-
den.! Itis not surprising that U.S. students did not do
well in these comparisons.

Of course, this type of sampling problem is not limit-
ed to international comparisons. To a considerable
extent, the well-publicized decline in scores on the
Scholastic Aptitude Test (SAT) resulted from the fact
that more students took the SAT and attended college,
and not from a decline in the quality of the educational
experience. The relative rankings of states on average
SAT scores are also a reflection of the proportion of
students who take the test. The states with the highest
proportions of students taking the SAT tend to have
the lowest average SAT scores.? Indeed, one way to
increase a state’s average SAT score would be to dis-
courage students from applying to colleges that require
the test!

International comparisons of
test scores are highly
misleading indicators of the
quality of a nation’s
education system or the
expertise of its students.

While more recent IEA assessments have tried to
deal with the sampling problem by testing only those
twelfthgrade students who are in an academic track
and waking mathematics or advanced science, these
changes do not solve the problem.

Consider, for example, the results for Japan and
Hong Kong in the most recent mathematics assess-
ment® The assessment ranks Japan first in a multina-
tional comparison of eighthgrade mathematics, with
Hong Kong in the middle of the rankings. By the
twelfth grade, when only 8 percent of Hong Kong's
young people are taking mathematics (compared with

12 percent in Japan), Hong Kong comes in first and
Japan second. The reality is that Hong Kong's schools
are not dramatically better in the twelfth grade than in
the eighth; the changed rank is simply a matter of
extreme student selectivity in Flong Kong.

Similarly, in eighth-grade comparisons, Hungary
ranks near the top on international tests. However,
Hungary enrolls 50 percent of its students—more than
any other country—in twelfth-grade mathematics
courses. Not surprisingly, by the twelfth grade, Hun-
gary ranks among the bottom countries. Are Hungari-
an high schools that much worse than Hungarian mid-
dle schools? Or does the normal pattern—more
students, lower scores—explain the results?

British Columbia also has a high proportion (30 per-
cent) of its students taking twelfthgrade mathematics.
The students scored quite high in three-fourths of the
eighthgrade tests. They scored at or near the bottom
by the time they got to the twelfth grade.

By contrast, Fngland/Wales, where only 6 percent of
the students take twelfth-grade mathematics, ranks
among the top countries in the twelfth-grade compar-
isons—a significant improvement over its rank in the
bottom half in most of the cighth-grade comparisons.
Did the schools improve, or is it more likely that
greater selectivity simply resulted in higher average test
scores for those relatively few students who take mathe-
matics in the twelfth grade? :

Israel, which also has only 6 percent of its students in
twelfth-grade mathematics classes, is an exception to
the pattern. Israeli students rank approximately the
same (in the middle of the distribution) in both the
eighth- and twelfth-grade comparisons.

The comparative rankings of the nations also reflect
differences in curricula across countries. In the IEA
assessment, for example, U.S. students who took calcu-
lus which is included on the test met or exceeded the
international average. Not surprisingly, those who did
not study calculus scored well below the average. In
most other countries in the assessment, virtually all
advanced mathematics smdents take calculus. In the
United States, however, only about one-fifth of students
taking twelfth-grade mathematics study calculus.

Clearly there is room for debate about whether a
higher proportion of U.S. tweifthgrade mathematics
students should take calculus, but this issue cannot be
resolved by examining the results of international com-
parisons. If we think it wise to teach calculus to a larger



proportion of twelfthgraders, let us do so after an anak
ysis of the issue on its merits—Who would teach it?
What course would it displace? Are students who take
calculus for the first time in college at a disadvan-
tage’—and not on the basis of the lower test scores of
students who have never taken the subject.

The International Assessment of Educational Progress

In addition to the assessments conducted by the [EA,
the Educational Testing Service initiated the Interna-
tional Assessment of Educational Progress (IAEP) in
1988.4 This assessment, which tested 13year-olds in
mathematics and science, placed the United States last
among the participating countries. But because of the
small sample size and acknowledged methodological
problems, the assessment was labeled a
“pilot"—although this label has not been reflected in
public rhetoric about the findings.

Only a few countries participated in the assessment
Ireland, Korea, the United Kingdom, the United Sates,
and Spain, along with some Canadian provinces that
were further subdivided according to language group.
[ will not try to unravel all the sampling problems, but
some deficiencies are particularly strikirig.

For example, we do not know the representativeness
of the samples in each country with respect to socioeco-
nomic status or geographic location. Thus, when the
endre United States is compared with individual Cana-
dian provinces, we do not know whether any differences
in scores might be attributed to differences in the quali-
ty of education or to differences in the socioeconomic
status of the students tested. When only the largest of
several language groups in Spain is represented in the
comparisons, we do not know enough about the corre-
lation between language, geographic location, and
socioeconomic status in Spain to interpret the findings.
Similarly, when the Inner London Educational Authori-
ty chooses not to participate in the assessment, we do
not know how its exclusion affects the representative-
ness of the ample of British students actually tested.

The reports on the assessment do not provide these
data. The general public understandably concludes
that differences in rankings reflect differences in the
quality of education across entire nations. Yet it is Jjust
as likely that a large portion of the difference is
accounted for by artifacts of sampling.

TheIAEPpilothasbeengradycxpandedandam
rently includes 20 countries that are conducting assess-
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ments during 1990-1991. The Soviet Union has been
added to the list, as have several developing countries,
including Brazil, China, and Mozambique.

With the introduction of many additional countries,
the sampling problems become even more trouble-
some. My concern is that the comparisons will be seri-
ously biased because only the most prosperous regions
or the most elite schools and students will be sampled
in some of the participating countries. The findings
will be no more useful to a developing country strug-
gling to maintin an appropriate balance in the alloca-
tion of its scarce educational resources than they will be
to the countries that rank poorly because their samples
are more representative of the entire population. The
citizens of each of the participating countries deserve
clear information about how to interpret the findings.
mcyannotbee:pectedtomvicwdaeﬁneprhtmax
tells them that, because of *“technical” difficulties, they
should not really believe what they have just read.

However, the issue is not the statistical expertise
needed to design a strong sampling plan, but practical
considerations that make implementation extremely
difficult. There are logistical problems in administer-
ing a standardized test across vast areas and remote
regions of such countries as China and the Soviet
Union. Reliable data are not available on which to base
a national sample that reflects the entire population.
Political realities make it difficult to include very poor
regions or those that have a tenuous relationship with
the central government. Many decisions made for
practical reasons—e.g., to include only Mandarin-
speaking students in China or Russian-speaking stu-
dents in the Soviet Union—strongly bias the samples
toward the most elite regions or schools. Moreover,
countries are likely to differ in the criteria they set for
excluding regions, schools, students within schools, or
ethnic and language groups. All of these factors will
significandy affect the countries’ rankings.

The problem is compounded by differences in the
percentage of low-income students actually enrolled in
school in the various countries. We know from many
studies that there is a high intercorrelation between
family income, family educational level, and student
achievement. Therefore, countries with substantial
proportions of low-income students taking the test tend
1o score lower than countries with less poverty or than
those whose low-income students are not tested simply
because they are not in school Significant differences
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in the incidence of poverty—even among industrial-
ized countries—will affect the relative performance of
countries in international comparisons. However, the
daveloping countries, which have the highest incidence
of poverty, also tend to have the most elitist school sys-
tems and the highest proportions of their students out
of school and therefore not tested. Thus, the scores of
developing countries on international comparisons are
inflated because only a small proportion of their stu-
aent population is tested, as compared with the broad-
er testing in more affluent countries.

Indeed, many students in some developing countries
have left school by the eighth grade—the main grade
included in the assessment. While dama specifically for
the eighth grade are not available, we do know, for
example, that in Brazil only 39 percent of the sec-
ondary school age group (defined as approximately
ages 12 through 17) is in school; in China, the percent-
age is 43 percent; in Mozambique, it is only 5 percent’
Thus, even if the students still in school in eighth grade
were accurately reflected in the sample, the results
would be seriously biased by the exclusion of the sub-
stantial proportion of the age group no longer in
school and therefore not tested.

China illustrates the sampling problems. Like many
other developing countries with scarce resources,
China has a highly elitist education system that provides
advanced mathematcs and science instruction to only
a very small proportion of its students. The majority of
Chinese young people have never studied the material
covered by the assessment and are unlikely to be repre-
sented in the sample taking the test.

With a low level of resources to spend overall, China
has chosen to concentrate on “key schools” that pro-
vide a high-quality education to very few selected st
dents. These key schools receive the highest concentra-
tion of resources, including the best teachers, many of
whom are university graduates. For the large majority
of students, however, the average per-pupil expenditure
is well under $100 per year, and it is common for teach-
ers to have only an elementaryschool education. The
problem is compounded by vast differences between
urban and rural areas.® A comparative assessment,
therefore, is meaningless if the test is given only in
selected schools. An oversampling of elite schools in
China will distort the results in the same way as would a
U.S. sample composed primarily of students from the
Bronx High School of Science.

In short, the results are likely to provide little infor-
mation about the quality of education in any country.
Instead, they will simply reflect a combination of sam-
pling artifacts and the practical difficulties of imple-
menting a broad and high-quality assessment.

Prognosis for Future Studles

Some observers have argued that forthcoming stud-
ies will do a better job of addressing the problems than
previous studies have. Perhaps. But the evidence sug-
gests the contrary.

For nearly three decades, statisticians have worked
on the methodological problems of international
assessment. They have not been able to solve
them—not because they were unable to develop ele-
gant statstical designs, but because it was unrealistic to
attempt to implement these designs in the real world.
It is smply not a statistical problem. Itisa problem of
trying to compare highly diverse societies and educa-
tion systems.

Consider, for example, the implications of the follow-
ing practices for international assessments:

* Some countries exclude from the testing signifi-
cant numbers of low-achieving schools and schools in
which the curriculum is considered inadequate.

* In other countries, many students who are in
industrial apprenticeship programs do not participate
in the test comparisons.

® Several countries track students for all subjects in
separate classrooms or separate schools as early as 11
years of age. We do not know which students are repre-
sented in the test comparisons.

* In some countries, students take courses almost
exclusively in their field of specialization after age 16.
Therefore, high school students who are tested in sci-
ence and mathematics have studied essentially ony sci-
ence and mathematics from age 16 on. These students
are compared with students in comprehensive schools
in other nations.

® There are large differences among nations in the
criteria used to assign students to academic and voca-
tional tracks, the relative emphasis placed on public
and private education, and the relative weight given to
various subjects. Clearly, each nation also differs in the
way all this plays out with respect to students’ language,
sodial class, ethnidcity, race, religion, or immigration sta-
tus. We simply do not have the data to understand how



these societal differences affect the international
comparisons: who is—or is not—tested and what their
educadonal experiences have been. We are not even
able to describe clearly the various countries’ education
systems—let alone devise an appropriate sampling
design that would enable us to look at the outcomes of
those systems and “rank” them, or determine whether
differences in the quality of education account for dif-
ferences in test scores.

* The protlems are compounded in developing
countries, where scarce resources make it possible to
provide a high-quality education to relatively few, highly
selected students and where a large proportion of stu-
dents have left school by the time the tests are adminis-
tered.

Given the difficulties, it is not surprising that our
studies are flawed and that we have not yet developed a
high-quality design for future studies. In my view, it
would clearly be inadvisable to undertake the “heroic”
measures that would be needed even to begin to
address the methodological problems. Would our chil-
dren’s education improve if we established rigid inter-
national controls on each nation’s sampling design or
attempted to locate out-of-school (or homeless) chil-
dren and test them on science and mathematics? And
even if we did so, what is the chance that the test score

differences could be attributed to the quality of each -

naton’s education system? Yet that is the primary ratio-
nale for conducting the studies in the first place.

Beyond Test Comparisons

Let us assume, however, that the methodological dif-
ficulties are resolved and that the test results accurately
portray the relative rankings of the participating coun-
tries. Let us also assume that the questons are a rea-
sonable measure of mastery of the subject marter—also
a highly controversial issue. We are still left with the
matter of whether the test scores are a useful measure
of those things that are most important to us—or to
other nations—in the fields of science and engineering
education. [ would suggest that even a methodological-
ly sound study of test performance does not address far
more important issues with respect to science and engi-
neering education, nor does test performance neces-
sarily correlate with these other matters. Indeed, our
preoccupation with test comparisons may lead us to
implement “solutions” that are counterproductive to
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the long-term improvement of science and engineer-
ing education. The comparisons clearly do not reflect
the breadth of a nation’s accomplishments or address
its real problems.

For example, how productive is the United States in
basic and applied research? What does the market-
place say about the research opportunities in our inst-
tutions of higher learning? Where are students from
many other countries taking their advanced degrees in

The developing countries
tend to have the most elitist
school systems and the
highest proportions of their
students out of school and
therefore not tested.

science and engineering? What are our accomplish-
ments and failures in making major technological
advances? Are we successful in trning our scientific
and techinological advances into products that are com-
petitive.in the international marketplace? Are science
and chﬁineering fields attracting high-achieving stu-
dents?. Is there a shortage of students or faculty mem-
bers in science and engineering? Are we making
progress in attracting women and minorities to science
and engineering? Does the teaching environment in
our schools and colleges encourage students to
select—and continue to study—science and mathemar-
ics? Does the educational experience give students
whodono(nnjorindlaeﬁeldsammnhgfulundeb
standing of key scientific issues and methods? Do we
provide the general student population with an oppor-
tunity to gain the skills needed to be competitive and
productive in the workplace? Are we maintaining the
technical expertise of the work force?
'Iheanswastodwlequaﬁmsmmixed,butd\ey
are far more meaningful measures of our national
accomplishments and problems than are international
comparisons of test scores. More important, they focus
on policy matters that most need attention. While a
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full analysis of such questions is clearly beyond the
scope of this article, the discussion below suggests a few
examples of the data that might be used to assess our
status in science and engineering.

Consider, for example, what the United States pro-
duces in basic and applied research as measured by the
number of scientific publications. In 1986 U.S, publica-
tions in science and engineering accounted for more
than a third of the world’s technical publicatons, a fig-
ure that has remained approximately the same since
1973. The next highest-ranking nations are the United
Kingdom, Japan, and the Soviet Union, at about 8 per-
cent each.”

A further measure of our accomplishments in scien-
tfic research is the high enrollment of foreign students
in U.S. universities. Indeed, it is generally acknowl
edged that no other nation’s system of higher educa-
tion offers the breadth and quality of the research
opportunities available to students in U.S. institutions.8

Our success in turning U.S. scientific and technologi-
cal advances into marketable products is questionable.
However, that matter relates less to science education
or test scores than to far more subte factors: the global
economy, the lack of incentives for industry to invest in
long-term product development, financial incentives
that lead to offshore manufacturing, licensing prac-
tices, the links between academic scientific research
and industrial competitiveness, and the emphasis
placed on military at the expense of civilian research.

Another indicator of the future strength or weakness
of U.S. scientific research is our success in attracting
and retaining highly qualified students of science and
engineering. Our record in this area i mixed: bache-
lor’s degrees in engineering showed large increases
between 1977 and 1987; degrees in the physical sci-
ences declined.? Yet an emphasis on test performance
provides little information about the nature of the
problem or about the factors that influence students’
choices. For example, an analysis of mathematics
scores on the SAT shows that there is no shortage of
highly qualified students. The scores of top students
have actually risen in recent years. In 1977 the 90th
percentile score was 628; in 1986 it had risen to 642,10
And US students continue to excel in competitions
that reward excellence in independent research, such
as the Westinghouse Science Talent Search.

'Itistruedminrecmtym:amﬂerpropordon of
students chose to major in physics or mathematics. But

that has nothing to do with any lack of proficiency in
these fields. These students are simply aware of projec-
tions that show that the physical sciences (with the
exception of materials science) are not expected to be
highgrowth fields in the 1990s.!! And they are not
unaware of the fact that other fields, such as engineer-
ing, business, and law, are more finandally rewarding.
They too want to pay off their student loans!

The fact is that students who do choose to enter sci-
ence and engineering fields continue to rank weli
above the national average on academic measures. Stu-
dents in the physical sciences, mathematics, engineer-
ing, and the biological sciences rank particularly high
with regard to both SAT scores and class standing.!2

The most difficult challenge
may not be improving the
quality of education for
science and engineering
majors, but providing a
better education for other
students in a world that
requires ever-greater
technological skills.

Will we have “enough” scientists and engineers?
Somemlympredictshorugabuedondedinam
student interest in certain fields and on the smaller
numbers of students now passing through the educa-
tion system. Othenconchxdethatmyshomgadm
do occur are part of the normal operation of the labor
market and will be remedied over time. In engineer-
ing—one of the few professional fields in which the
undergraduate degree is the basic educational require-
ment for good job opportunities—students have been
highly responsive to the labor market. Bachelor’s
degrees in engineering awarded to U.S. dtizens and



permanent residents rose from approximately 46,000
in 1977 to 85,000 in 1987.!* Economic studies over the
past 30 years generally support the assumption that the
labor market for scientists and engineers does make
the necessary adjustments, although there may be tem-
porary spot shortages because of the time needed to
complete the educational process.!4

There is evidence of shortages of precollege and col-
lege faculty members in certain technical fields and in
cerain regions of the country. At the precollege level,
we know that teachers are often assigned to science and
mathematics classes for which they have not been
specifically trained. Moreover, the number of new
graduates prepared to teach in these fields has
declined. Although efforts to raise standards and to
recruit more teachers appear to be making some differ-
ence, the basic fact remains: students who graduate
with science degrees have job opportunities in fields
that are considerably more lucrative than teaching.!5

Faculty shortages in higher education are also
caused, in part, by the lack of finandal incentives for
engineers and computer scientists to consider careers
in academe. Many students choose not to enroll in a
costly and time-consuming doctoral program that leads
to a relatively low-paying university position when pri-
vate industry offers greater finandal rewards and does
not generally require a doctorate. Science and engi-
neering graduate programs have also faced some
strong competition from such fields as investment
banking, where the rewards can be greater still.!8
Indeed, shortages of doctoral degree candidates in
engineering, physics, and mathematics exist for the
same reason that shortages of Ph.D. faculty members
exist in business schools: incomes are higher outside
academe.

Women and minorities continue to be seriously
underrepresented in science and engineering. While
women have made large gains, they still account for
only a small proportion of physicists and engineers.
They are also less likely than men to hold senior posi-
tons in universities or in industry. Minority students
have made gains in engineering over the past decade,
but their numbers still remain small. In some fields,
such as the physical sciences, their representation is
extremely low. Minorities are also seriously underrepre-
sented in faculty positions in all fields.!?

Many of the factors that contribute to this underrep-
resen@aton have litde to do with the quality of educa-
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ton. They include, for example, the effects of poverty
and discrimination, the increasing costs of higher edu-
cation, and the decline in the real value of student
financial aid. These are important policy issues that
need to be addressed. And while none of these prob-
lems will be easily solved, we do know that they cannot
be alleviated by administering yet another round of
standardized tests.

We also have evidence—although most of it is still
anecdotal—that the teaching environment makes an
important difference in student achievement and per-
sistence in science and engineering. Interest has been
growing in redesigning courses to give greater empha-
sis to major scientific concepts, scientific issues in the
context of public policy, research methodology,
and—in the case of mathematics—statistics and prob-
lem solving.!® However, an emphasis on standardized,
multiplechoice tests—which has increased even apart
from the international assessments—is likely to have a
deleterious effect on the quality of teaching and on the
curriculum. These tests, which generally deal with iso-
lated facts, are inconsistent with the kind of curriculum
changes that would increase students’ knowledge of
key issues and perhaps their motivation to study science
and engineering. [ suggest that curriculum changes
that will increase the emphasis on key scientific con-
cepts are highly unlikely until teachers are freed from
the pressure of rote examinations on material so limit-
ed that it can be measured by multiple<choice items
across countries.!?

[ believe that the most difficult challenge may not be
improving the quality of education for science and
engineering majors, but providing a better education
for other students—who represent the large majori-
ty—in a world that requires evergreater technological
skills. U.S. sodiety will grow increasingly polarized if a
significant proportion of our population lacks the skills
needed to compete for jobs that provide a reasonable
income. The number of traditional manufacturing
jobs requiring less than a high school education has
declined in large northeastern and midwestern cities.
Although innerdity residents with higher levels of edu-
cation have access to new job opportunities in high-
technology or information industries, those with less
education often remain unemployed or find jobs only
in low-paying occupations.® And because poverty cor-
relates so highly with educational problems, these prob-
lems are likely to be exacerbated over the years if cur-
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rent trends continue.

Expenditures on education also greatly favor the
most affluent regions, schools, and students. The fact
is that low-income and minority students, on average,
have less opportunity to study science and mathematics
than do other students. They have less access to the
most qualified teachers, to adequate facilities and
equipment for learning science and mathematics, and
to the types of curricula and instructional strategies
considered particularly effective with all students.2!

= = -

It is quite true that difficult challenges confront the
American education system. But the public perception
that the United States is falling behind in science and
mathematics, embodied in the fourth national goal for
education, is based on a narrow criterion that has seri-
ous methodological deficiencies. The risk is not simply
that we will underestimate our accomplishments. Of far
greater importance is the likelihood that too narrow a
definition of the problem may lead us to implement
“solutions” that are at best trivial and may be counter-
productive to addressing far more important matters.

Clearly, we have problems in science and mathemat-
ics education. But the bottom line is not so grim as the
current rhetoric would have us believe, nor are the
problems identified by that rhetoric the ones that are
most troublesome to the welfare and productivity of
the society as a whole. Let’s focus our attention on the
difficult public policy issues to be addressed rather than
on comparisons and rankings. .
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