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enormous number of children. USDA is launch-
ing an initiative to bring more basic science con-
tent into 4-H programs, involving such modern
areas relevant to agricultural research as biotech-
nology and remote sensing. (See box 6-C.) They
have received a small amount of funding from
NSF to develop innovative science programs
within 4-H. USDA also has many informal out-
reach and career programs. The Agricultural Re-
search Service is the home for USDA’s summer
research apprentice program, which supports
about 200 students each summer.

Within the Department of the Interior, the U.S.
Geological Survey has extensive and well-orga-
nized elementary and secondary education pro-
grams. They also sponsor summer jobs for geol-
ogy teachers. Other branches of the Department
of the Interior have educational programs, mostly
informal outreach. Much of the work of the In-
terior lends itself to summer internships for
students.
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RETHINKING THE FEDERAL ROLE IN
MATHEMATICS AND SCIENCE EDUCATION

In thinking of any policy problem, it is useful
to identify what goals a system is intended to
meet, what alternative actions need to be weighed,
and how those actions can be implemented to ful-
fill system goals. In the case of elementary and
secondary mathematics and science education, it
is the last of these that is the most difficult. What
needs to be done is much more obvious than de-
termining how it is to be done. The Federal Gov-
ernment is historically at least one step removed
from those who have the most direct influence on
teaching and learning-families, teachers, schools,
and students. The Federal Government can and
does provide incentives and support for some ac-
tions rather than others; rethinking the mecha-
nisms of Federal support affects the larger issue
of the division of roles nationally in education.

Mathematics and science education are part of
a much larger set of issues with national dimen-
sions; all, however, are built from the ground up:
neighborhood schools, locally elected school
boards, and State governments. The tension be-
tween national and local priorities has a long his-
tory, but is ultimately an essential part of the
American system of participatory democracy.
Reconciling national and local visions should be

regarded as the job of educational policymaking,
not an obstacle in its way.

Today, a new phase of Federal interest in edu-
cation is developing. It is based on the need to
train a better quality work force as well as the
need to ensure equity of educational provision to
all young Americans. The heightened importance
of these needs will require change in several areas,
including organizational arrangements in schools
and school districts, the upgrading of the teacher
work force, and, ultimately, new spending. The
real cost of elementary and secondary education
is already rising. More important, the need to im-
prove mathematics and science course offerings,
introduce more experimental work in classrooms,
extend informal learning opportunities, and fuel
enrichment programs both in and out of school
cannot be met by improvements in the existing
system alone. In particular, greater use will be
made of both individual and collective learning
styles in class and out.

The special challenge to formal mathematics
and science education is its ability to command
adequate, but not excessive, attention relative to
the vast number of other issues that arise in
elementary and secondary education.
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Appendix A

Major Nationally Representative Databases
on K-12 Mathematics and Science
Education and Students

Longitudinal
1972-86 (continuing)’

National Longitudinal Study (National Center for
Education Statistics, Department of Education). The
cohort studied is 23,451 high school seniors (1972), en-
rolled in a total of 1,318 high schools. Followups were
conducted in 1973-74, 1974-75, 1976-77, and 1979-80.
A fifth followup was conducted on a subsample in
1986. In each followup, data were collected on high
school experiences, background, opinions and atti-
tudes, and life plans. Participants were subjected to
a battery of achievement tests only in the first survey.

1980- Present

High School and Beyond Survey (Center for Statis-
tics, Office of Educational Research and Improvement,
Department of Education). This survey contains two
cohorts, starting in 1980. The first is a sample of 30,000
high school sophomores, and the second a sample of
28,000 high school seniors. These cohorts were en-
rolled in 1,015 public and private schools and are sam-
pled every 2 years. The purpose of the survey is “. . .
to observe the educational and occupational plans and
activities of young people as they pass through the . . .
system and take on their adult roles. ” The 1980 and
1982 surveys consist of a questionnaire (on attitudes,
educational plans, family background, socioeconomic
status data, and activities outside of school) and cog-
nitive tests. The tests were developed by the Educa-
tional Testing Service and were intended to measure
cognitive growth in three domains: verbal, mathe-

‘Dates refer to time of data collection. Post-1986 databases currently un-
der construction and subject solely to primary analysis are excluded. For ti-
tles of ongoing database projects supported by the National Science Founda-
tion, see Summary of Active Awards, Sudies and Analysis Program
(Washington, DC: March 1988).

‘General note on the two SUIVeYS in this category: although they are in-
tended to be similar and comparable, they differ. High School and Beyond
includes data from parents and teachers, as well as from high school tran-
scripts (allowing relationships between course-takings, achievement, and des-
tinations to be estimated). The definition of “Hispanic” has also changed be-
tween the two studies, affecting comparisons of minority performance, The
low response rate to the National Longitudinal Study limits its usefulness.
The 1988 National Educational Longitudinal Study will reduce such limi-
tations,

matics, and science. The most recent followup data
were released in 1988. No achievement tests were
administered in the 1986 surveys.

Cross-Sectional

Various Years

National Assessment of Educational Progress
(NAEp) (formerl,administered by the Education
Commission of the States and now by Educational
Testing Service, Inc. (ETS)). NAEP is a congression-
ally mandated program, funded by the Office of Edu-
cational Research and Improvement of the Department
of Education, that assesses national achievement in
education, including science and mathematics.’ETS
now refers to it as “The Nation’s Report Card. ” The
most recent science and mathematics assessments were
in 1985-86 (published in June 1988); previous assess-
ments were in 1981-82, 1977-78, 1972-73, and, for sci-
ence only, 1969-70. Each science test measured both
science attitudes and achievement. The 1981-82 and
1985-86 assessments addressed attitudes to science in
more detail than before and the 1985-86 assessment,
for the first time, asked for background information
on science experiences out of school and on what is
being taught in science classrooms. In 1985-86, teachers
were also asked to provide information on their train-
ing and experience, instructional methods, and their
intended curriculum. To conduct the assessment,
NAEP identifies a stratified probability sample of
schools and tests students in three age groups: 9, 13,
and 17. Anywhere between 60,000 and 90,000 students
take NAEP tests, although any given test item is taken
only by 2,600 individuals. (ETS terms the technique
“Balanced Incomplete Block Spiraling.”) After assum-
ing responsibilit, for NAEP, ETS introduced a degree
of cohort matching into its assessment design.‘Co-

‘The National Assessment of Educational Progress was initiated in 1969.

Note that the 1981-82 science assessment was not funded by the Department
of Education or conducted by the Educational Testing Service, but through
a special grant from the National Science Foundation to the University of
Minnesota.

“The purpose of cohort matching is to improve the confidence that can be
placed in conclusions about changes in student achievement through time.
The matching will work by applying the same sampling technique to 9-year-

(continued on next page)
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hort matching has not been applied to assessments be-
fore 1985, which limits the ability of NAEP to sup-
port conclusions about improvements or declines in
science and mathematics achievement over time.

1977 and 1985

National Surveys of Science and Mathematics Edu-
cation, sponsored by the National Science Foundation
and conducted by Iris Weiss of Research Triangle In-
stitute. The survey requested science and mathematics
course offerings and enrollment (by race, ethnicity,
and sex), science facilities and equipment, instructional
techniques used, and teacher training. All data were
self-reported. The 1985 survey covered 425 schools,
public and private, including 6,000 teachers, and was
stratified by grades: K-3, 3-6, 7-9, and 10-12. The sur-
vey was published in November 1987. The data do not
address achievement.

1985

Survey of High School Teachers and Course Offer-
ings, conducted by the National Science Teachers
Association (NSTA). The survey was based on an
“Official U.S. Registry of Teachers” maintained by
NSTA, which is intended to list all science teachers
of grades 7-12. All private and public secondary school
principals were asked to name all their science teachers
and the number of classes of each type of science that
the teachers will teach during the coming school year.
A stratified random sample of 2,211 high schools was
culled from 26,000 responses, derived in turn from a
total pool of 48,427 forms mailed. Stratification was
by seven ranges of school size, three grade structures
(K-12, 7-12, and either 9-12 or 10-12), and by public
or private status. Data have been used by NSTA to
estimate the number of sections of each type of sci-
ence course taught, the number of high schools that
offer either no physics, chemistry, or biology courses,
the number of teachers teaching “in-field” and “out-
of-field, ” and the teaching load of average physics, bi-
ology, and chemistry teachers.

Annually

The American Freshman, conducted by the Coop-
erative Institutional Research Program (CIRP), Univer-
sity of California at Los Angeles (UCLA). CIRP and
UCLA’s Higher Education Research Institute annually
survey incoming freshmen in full-time study in colleges
and universities. Some longitudinal followup studies

(continued from previous page)

olds in 1985-86 as will be applied to 13-year-olds in 1989-90 and 17-year-
olds in 1993-94. The individuals tested will not be identical, however.

are attempted to track students 2 and 4 years after col-
lege entry. All incoming freshmen are surveyed and

the data are stratified by type of college, public or pri-
vate control, and the “selectivity level” of the institu-

tion. The survey instrument solicits data on high

school background, including Scholastic Aptitude Test

or American College Testing program score and grade

point average, intended major and educational desti-

nation, career intentions, financial arrangements, and

attitudes.

Cross-Sectional and International®
1980-82

Second International Mathematics Study (SIMS)
(U.S. Co-ordinator: College of Education, University
of Illinois at Urbana-Champaign. Published as The Un-
derachieving Curriculum, January 1987). Data were
collected in 1980-82 and covered 20 countries. The
U.S. survey covered 500 classrooms in 2 populations:
grades eight and those completing secondary school
and taking a large number of mathematics courses (de-
fined as 12th graders taking college preparatory math-
ematics). Both SIMS and the Second International Sci-
ence Study (S1SS) focused on three stages of the
educational process: the intended curriculum (what is
in the textbooks), the implemented curriculum (what
the teacher actually does in class and how), and the
attained curriculum (what the students learned). The
intended curriculum is based on a content analysis of
textbooks, while the implemented curriculum was
measured by asking teachers to complete question-
naires. The attained curriculum was tested by multiple-
choice achievement tests. SIMS attempted to study the
relationship between what happens in schools and
what students learn, so the achievement batteries were
administered twice: once at the beginning and once at
the end of each school year.

1983 and 1986

Second International Science Study (U.S. Coordi-
nator: Teachers College, Columbia University). SISS,
similarly to SIMS, attempted to address what it termed
the “intended, “ “translated,” and “achieved” curricula
for science instruction in 25 countries. SISS studied

‘The following two studies were conducted under the aegis of the Inter-
national Association for the Evaluation of Educational Achievement, a non-
governmental association of educational researchers. The first international
science study was in 1970 and the first international mathematics study was
in 1964. Both the second mathematics and science studies are “deeply” strati-
fied probability samples of different types of schools, made under interna-
tionally agreed on and applied guidelines. The processing and interpretation
of results have been hampered by lack of funding and of a central location
for performing the necessary work.
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both public and private schools, and surveyed a total
of 2,000 U.S. students, broken into four populations:
grade 5; grade 9; grade 12 taking second-year physics,
chemistry, and biology; and grade 12 taking no sci-
ence (1983 only’). In the United States, 125 schools
were surveyed and the tests addressed science achieve-
ment, attitudes, “a science learning inventory, ” and
a word knowledge test. Background data on the school
and about teachers were also requested. Some items
common with the First International Science Study
were included; at grade 5, there were 26 such items,
and at grade 9, there were 33. Both grades five and
nine showed an improvement over performance in
1970. Results from the two grade 12 populations in

‘Data for 1983 are suspect due to only a 30 percent response rate.

the United States have not been published. Data from
other countries are still being processed in Stockholm,
funded by the Swedish Ministry of Education and the
Bank of Sweden. The 1986 survey addressed process
skills and content, as well as teacher activities and

other factors in the school environment that might af-
fect achievement. Data were collected from students,

science teachers, and school administrators. Process
and achievement skills were tested for both grades five

and nine. Achievement was be tested in these groups:
I0th grade biology, 11th grade chemistry, and 12th

grade students with more than 1 year of study in one

or more of physics, chemistry, or biology. Technical

aspects of this survey, including data collection but
not instrument design, were contracted to the Research

Triangle Institute.



Appendix B

Mathematics and Science Education In
Japan, Great Britain, and the Soviet Union

During recent years, a steady stream of international
comparisons of elementary and secondary education
has painted an increasingly bleak picture of the defi-
ciencies of American mathematics and science educa-
tion. Depressing comparisons with teaching practices
in Japan, Taiwan, Hong Kong, and South Korea have
been seized on by many of those pressing for the
United States to address its crumbling competitiveness.
The source of competitive advantage is often referred
to as “human resources” or “human capital”’—skilled,
talented, and flexible workers. For example, a recent
commentary noted that international comparisons of
mathematics education “ . . . typically depict Korean
10-year-olds working out the Four-Color-Map Prob-
lem in their heads while Americans of the same age
struggle to do double-digit multiplication without
removing their socks. ™

Problems in Making International
Comparisons

While international comparisons do point to signif-
icant differences in mathematics and science course
offerings, curricula, and teaching, it is important to
bear in mind two major problems in any sort of policy-
oriented comparisons among cultures and countries:

. developing a sufficiently accurate explanation of

the causes of observed differences, which are very
often rooted in what are, to the outsider, opaque
cultural and social differences in the roles of fam-
ilies, business, the State, law, and education; and
hence

= determining what aspects of other systems could

readily be appropriated and transferred across
cultures and societies, and which would be fool-
ish or even counterproductive to consider trans-
ferring.

For example, the United States could adopt a na-
tional curriculum, but such a move would be resisted
strongly by many policymakers. Such a move would
threaten the fragile compacts between national and lo-
cal autonomy stipulated in the Federal as well as State
constitutions. Further, a “national curriculum” would
likely consist of little more than a lowest common

‘Edward B. Fiske, “Behind Americans’ problems With Math, A Question
of Social Attitudes, ” New York Times, June 15, 1988, p. B8.
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denominator of topics defined by special interest
groups and argued out line by line in highly partisan
congressional debates. Rather than providing models
to be emulated, the ultimate value of doing interna-
tional comparisons may be to provide a kind of “mir-
ror” in which to examine and better understand the
reasons for well-entrenched, culturally rooted Amer-
ican educational practices and policies.

On an analytical level, it is difficult to make sound
international comparisons in education unless studies
are designed to compare “like with like” and to col-
lect enough data to build a picture of overall educa-
tional capacity—teachers, students, and schools—in
each country. In considering the high school students’
exposure to mathematics and science, for example, it
is important to note that the American school system
is designed to retain all students to age 18 (and actu-
ally succeeds in enrolling about three-quarters of this
group), whereas schools in other countries typically
enroll a much more select group of students in the 14-
to 18-year-old range.

These caveats aside, it is generally agreed that the
American education system devotes relatively less time
to mathematics and science education compared with
other countries; estimates are that American students
spend only one-third to one-half as much time on
learning science as their peers in Japan, China, the
U. S. S. R, the Federal Republic of Germany, and the
German Democratic Republic.” Significant differences
in the mathematical progress of children in selected cit-
ies in the United States, Taiwan, and the People’s
Republic of China have been found from the elemen-
tary grades. Japanese kindergarten children already
surpass American children in their understanding of
mathematical concepts.’ It is evident that differences
are across the entire educational system of each nation.

Japan

The country with which commentators most enjoy
making international comparisons of mathematics and
science education is Japan.’ Japanese children study

°F. James Rutherford et al., Science Education in Global Perspective: Les-
sons From Five Countries (Washington, DC: American Association for the
Advancement of Science, 1985).

‘Harold W. Stevenson et a., “Mathematics Achievement of Chinese, Jap-
anese, and American Children, ” Science, vol. 231, Feb. 14, 1986, pp. 693-699.

‘The following is based largely on William K. Cummings, “Japan’s Sci-
ence and Engineering Pipeline: Structure, Policies, and Trends, ” OTA con-
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far more mathematics and science than American chil-
dren, and more of them emerge from schools with a
greater degree of scientific and technological literacy
than do American children. Japanese institutions of
higher education can draw from an exceptionally well-
qualified crop of students. In addition, many go on
to science and engineering majors; it is estimated that,
in proportion to its population, Japan produces as
many scientists and twice as many engineers as does
the United States.

Japanese education resides within the cultural milieu
of Japan. A well-known recent study explored the im-
portance of families in mathematics education. While
Japanese families considered poor performance in
mathematics to be a consequence of lack of effort,
American families more often attributed success to in-
nate ability, despite poor teaching.’

Japanese students typically attend school for 240
days per year (compared with 190 in the United
States), because they work a half day on Saturdays.
It is believed that they spend a greater proportion of
class time on academic activities. ’

In elementar, schools, the science curriculum in-
cludes matter and energy, living things and their envi-
ronments, and the Earth and the universe. These
themes are often reinforced by educational television
programs broadcast by the Japan Broadcasting Asso-
ciation and coordinated with the curriculum.’Stu-
dents often go on field trips with their school. It is
widel, reported that Japanese mathematics and science
curricula demand more from their students than those
in the United States: Japanese students simply cover
more ground. Although Japanese and American ele-
mentary school students spend a similar amount of
time on mathematics and science, from six to eight
periods per week, the time is far more intensively used
in Japanese schools.

tractor report, October 1987 See also U.S. Study of Education in Japan, Jap-
anese Education Today, OR 87-500 (Washington, DC: U.S. Department of
Education, January 1987); John Walsh, “LJ. S,-Japan Study Aim Is Education
Reform, ™ science, vol. 235, Jan 16, 1987, pp. 274-275; Debra Viadero, “Ja-
pan and U.S. Release Assessments of Each Other’s Education Systems, ” Edu-
cation Week, Jan. 14, 1987, pp. 9, 19; Willard J. Jacobson et al., Analyses
and Comparisons of Science Curricula in Japan and the United States, Sec-
ond IEA Science Study (New York, NY, Columbia University Teacher’s Col-
lege, 1986); and Wayne Riddle, Congressional Research Service. “Public Sec-
ondary Education Systems m England, France, Japan, the Soviet Union, the
United States, and West Germany: A Comparative Analysis, ” EPW 84-770,
Issue Brief, 1984, pp. 16-21,

‘Stevenson et al., op. cit., footnote 3, p. 697; U.S. Study of Education in
Japan, op. cit, footnote 4, p 3.

"The amount of time spent on a subject is one, somewhat crude, indica-
tor of the amount of learning in that subject. But the amount of learnin,also
depends on the efficienc, of that learning, which depends in part on the qualit
of teaching methods employed and, in the elementar, years, the links with
other subjects Learnin,in mathematics and science by elementary, school
children depends in part on their reading and writing abilities.

"Tomoyuki Nogami et al , “Science Education in Japan—A Comparison
With the U.S " mimeo prepared for the National Science Teachers Associa-
tion 35th National Convent lon, Mar. 27, 1987, pp. 2-3

Research data suggest that there is less variation
among students in mathematics and science learning
than in the United States. In part that is because Japa-
nese elementary schools are not grouped or tracked
by ability, and the use of mixed-abilit,cooperative
learning groups, orhan, is very common. But it is also
due to the assumption that everyone can and must be
competent in these subjects. A recent book notes that:

It is simply taken for granted . . . that every child must

attain at the very minimum “functional mathematics, ”

that is, the ability to perform mathematical calcula-
tions in order to accomplish requirements successfull,

at home or work.’

Japanese lower secondar,schools, which cover
grades seven to nine, are similar to American junior
high schools, but have few or no electives, Students
are required to wear uniforms and adopt a more seri-
ous and disciplined approach to work than the had
in elementary schools, There is still no sorting by abil-
ity, although the use of cooperative learning groups
is rare. Upon completion of lower secondar,schools,
at the end of ninth grade, all students have taken some
elementary geometry, trigonometry, algebra, and
probability and statistics. They have devoted between
6 to 8 out of 30 weekly class periods to mathematics
and science. In science, students take a variety of gen-
eral science topics, including biology, chemistry,
physics, and earth science. Teachers specialize in a sub-
ject area and teach only that area. The pressure to get
into a good upper secondar,school leads students in
lower secondary schools to be highly competitive and
neurotic, and the consequent pressure to succeed is
often cited as a cause of teenage suicide. Many stu-
dents attend out-of-school juku, which are coaching
lessons that prepare them for examinations for entry
to upper secondar,schools, mostly concentrating on
English and mathematics.

The final 3 years of school, upper secondary school,
are quite different from the preceding 9. Entry to this
level is on the basis of lower secondary school records
and common entrance examinations administered by
the local prefecture; schools can be highly selective,
and there is considerable variation in the courses that
students take. Attendance at upper secondary schools
is voluntary, and tuition is charged. About 90 percent
of young people attend them. Typically, several up-
per secondary schools serve students within a given
neighborhood and there is a clear ranking of prestige
among them. Some upper secondar,schools special-
ize in academic-preparatory programs and other voca-
tional programs; only about 30 percent offer both pro-
grams. * While the post-war reforms at first embraced

“Benjamin Duke, The Japanese School: Lessons for Industrial America
(Westport, CT: Praeger Special Stud] es, 1986), p. 82.
°U S. Study of Education in Japan, op cit., footnote 4, p.41.
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the neighborhood comprehensive high school princi-
ple, parents often lobbied officials to send their chil-
dren to the better neighborhood schools and upper sec-
ondary schools now are definitely not equal.

Within Japanese upper secondary schools, students
select a given course of classes, and it is very difficult
to change course or take classes outside those speci-
fied for that course. There are few or no electives.
Typically, academic-general and vocational-special-
ized courses are offered, although both often have
common coursework in the first year. Within the aca-
demic-general course there is often a branch at the end
of the first year of upper secondary school, at which
point those planning science and engineering majors
are separated from those planning arts majors. Stu-
dents are often further sorted by ability levels within
each course. About two-thirds of the students take
academic-general courses, one-quarter take vocational
courses, and the remainder enter specialized colleges
of technology or training schools, or enter the work
force directly.

Those planning science and engineering majors take
a total of 102 credits over 3 years, of which 18 are in
mathematics and 16 are in science; these credits include
calculus, physics, chemistry, and biology. In grade 10,
students spend 10 out of 34 hours per week in mathe-
matics and science courses, rising to 14 and 18 hours
in grades 11 and 12, respectively. In grade 12, the
science-bound take 5 hours per week of integral and
differential calculus as well as both physics and chemis-
try. In total, one-half of those in academic high schools
are in science courses. Nevertheless, the core courses
required for both the arts and the vocational-special-
ized courses are sufficiently demanding in mathematics
and science that some students who have taken these
courses can still compete for entry to college science
and engineering programs. The uniformity of classes
means that Japanese students have no equivalent of
the advanced placement examirlations, and must all
start with freshman mathematics science programs at
college. The upper secondary school curriculum is very
demanding, and some students fall behind and lose in-
terest. The net effect is that, while the proportion of
22-year-olds that receive baccalaureates in the United
States and Japan is about the same (23 to 24 percent),
about one-quarter of these in Japan are in natural sci-
ence and engineering as compared to 15 percent in the
United States.

Japanese public upper secondary schools are com-
plemented by a number of private upper secondary
schools, in part because only a limited number of pub-
lic schools were built after the war and the education
in lower grades was emphasized. About one-quarter
of upper secondary schools are private. While some

of these schools are highly selective, others enroll those
who failed to qualify for the limited number of places
in the public sector. Public schools generally carry
more prestige.

For the college-bound, the upper secondary years
are extremely demanding as students prepare to take
college entrance tests, In the Japanese system, there
is well-defined ranking of higher education institutions
and a student’s decision to enroll in a particular insti-
tution will have, through contacts with students and
professors, a great effect on his or her later career, job
prospects, and life. The college education that students
receive is relatively unchallenging. The great compe-
tition to enroll in the “right” university has created
pressure for a very intensive academic curriculum and
the extensive use of examinations to sort and prepare
students for college entrance in the upper secondary
school years. Students often take both the nationally
administered First Stage Standardized Achievement
Examination and examinations set by the particular
university to which they are applying, These exami-
nations test only factual recall and include no testing
of skills with experiments and the process of construc-
tion of new scientific knowledge. In preparing for the
examinations, students often enroll in yobiko which
are similar to the juku at lower secondary level.

In many ways, it is ironic that the Japanese school
system does so well in mathematics and science
whereas the American system has problems, because
Japan’s schools were reorganized along American lines.
The ultimate aim was to democratize and demilitarize
Japan during the post-war American occupation.
Japan’s schools have also made good use of curricula
and instructional material developed in America. Jap-
anese schools are run by about 50 prefectural-level
school boards and 500 local school boards which, un-
like many of their American counterparts, are filled
by people appointed from above rather than elected.
The national Ministry of Education, Science, and Cul-
ture (monbusho) prescribes curricula, approves text-
books, provides guidance and funding, and regulates
private schools. The prefectural boards of education
appoint a prefectural superintendent of education,
operate those schools which are established by the
prefectures (primarily upper secondary schools),
license and appoint teachers, and provide guidance and
funding to municipalities. Municipal boards operate
municipal schools, choose which textbooks to use from
those approved by monbusho, and make recommen-
dations about the appointment and dismissal of
teachers to the prefectural board.

The cost of education is shared by the various tiers
of government and, at later stages, by parents directly,
The Japanese government pays about half of the cost,
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including some subsidies to private schools. Special
budget equalizing regulations direct the central gov-
ernment to augment the spending of poorer districts
up to a minimum level; there still remains a 60 per-
cent variation in average per pupil expenditure among
school districts. There is a uniform national pay scale
for teachers, with a modest starting salary and steady
annual increments that can triple a teacher’s income
after 20 years of service. Overall salaries are competi-
tive with other occupations, and teaching is an attrac-
tive job; there are normally at least enough applicants
for teaching positions, even in mathematics and sci-
ences. Teaching remains one of the limited number of
professional occupations that are readily available to
women, but most teach only in elementary schools;
only 18 percent of teachers in upper secondary schools
are female. Most teachers have degrees in single aca-
demic disciplines other than education, although sub-
stantial numbers have no degree at all. Each prefec-
ture and large city has an education center for its
teachers, which provides inservice training and con-
ducts educational research.

Curricula, in principle, are controlled by local
school boards, but the central Ministry of Education
sets standards in a “National Course of Study” and
approves textbooks. In practice, it is believed that there
is considerable uniformity of curricula. Curricula em-
phasize mastery of key subjects, such as mathematics
and science, and make few concessions to individual
learning styles, predilections, and idiosyncrasies. It is
a belief in Japanese culture that creativity is only pos-
sible once fundamentals are mastered.

Just as Americans admire the uniformity and ex-
cellence of the Japanese system, many Japanese are
searching for ways to make their system less mono-
lithic and competitive, and more respectful of individ-
ual creativity, particularly as the country is now stress-
ing the development of a basic research capability.”
Japanese students are schooled to master factual ma-
terial rather than analysis, investigation, or critical
thinking. Teacher lectures from textbooks are very
common, although considerable use is also made of
laboratory work in science.”Similar programs of
educational reform analysis and activity exist in Japan
and the United States; the United States program is
often taken as a model .12 The Prime Minister’s Na-
tional Council on Education Reform called in Septem-
ber 1987 for the school system to put more emphasis

*The Japanese parallel to the U.S. Study of Education report is Japanese
Study Group, Japan-United States Cooperative Study on Education, “Educa-
tional Reforms in Japan, ” mimeo, January 1987, which studied aspects of U.S.
educational reform that might translate to Japan, especially the transition
between secondary and higher education.

“U.S. Study of Education in Japan, op. cit., footnote 4, p. 34.

“Ibid., pp. 63-67; and Walsh, op.cit, footnote 4.

on diversity and creativity, but the council has been
split by internal controversy over the shape of possi-
ble reforms. It is believed that these calls may lead
some prefectures to combine lower and upper second-
ary schools and to put a reduced emphasis on examina-
tion-based sorting. '3

Great Britain

Most observers of Great Britain’s system of mathe-
matics and science education have concluded that it
is very good for those who plan college study in sci-
ence and engineering, but comparatively weak for the
rest.” Students, by international standards, specialize
at a very early age, and are offered few opportunities
to shift interests. Preparation for examinations, which
are externally set and assessed, is the dominant activ-
ity for those college-bound, Enrollment in higher edu-
cation institutions is restricted both by financial mech-
anisms and fairly strict entry requirements, and the
proportion of British 18- to 22-year-olds that enroll
in college may be the smallest in any developed nation.

Like the United States, comparatively little science
is taught in British elementary schools and there are
few teachers qualified or motivated in the subjects. The
emphasis instead is on mathematics. Most students
begin science classes in one or more of the fields of
physics, chemistry, and biology in the sixth grade,
and continue them to the end of eighth grade. In
grades 9 and 10, students choose a limited menu of
courses to specialize in for the purposes of taking na-
tionally administered school-leaving examinations
(now known as the General Certificate of Secondary
Education) at the end of 10th grade. Those college-
bound in science and engineering might take six to
eight subject exams, of which three or four are in math-
ematics and science subjects. Enrollment in grades 11
and 12 is voluntary, and is normally restricted to those
preparing for nationally administered college entrance
examinations (known as Advanced-level, or A-level)
examinations. At this stage, students normally special-
ize in only two or three subjects, which tend to be re-
lated to each other, although proposals have often
been made to expand this number in the interests of
giving college students a “broader education. ” In these
grades, the science- and engineering-bound can take
only mathematics and science subjects, if they choose.

Entry to colleges and universities in Great Britain
is granted on the basis of grades and the number of
passes awarded in the A-level examinations, and most

“David Swinbanks, “Reform Urged for ‘Hellish’ Japanese Education Sys-
tern, ” Nature, vol. 326, Apr. 16, 1987, p. 634.

“See Joan Brown et al., science in Schools (Philadelphia, PA: Open
University Press, 1986).
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institutions make offers to students conditional upon
their achievement of certain grades. A minimum of
two passes in two subjects at A-level is normally re-
quired, and entitles the student to free tuition and ac-
cess to a grant program for living expenses while at
the university.

The Soviet Union

In many ways, the mathematics and science educa-
tion system in the Soviet Union is similar to the Amer-
ican and British systems.”Each is a very uneven svs-
tem, geared primarily to training those who will
become professional scientists and engineers. The bulk
of the school population learns relatively little and is
left largely alienated from science and engineering. The
extremes in the Soviet Union, however, are quite dis-
tinct. The layer of top quality students, which ranks
internationally with the best, is very thin; there is a
steep drop-off below that level.

The education system in the Soviet Union, like that
in the United States, Great Britain, and Japan, is un-
dergoing reforms. The impetus for these reforms is the
new national desire to improve the efficiency of in-
dustry.

Soviet elementary and secondary education is split
into three phases:

. primary or elementary education, grades 1-3

. “incomplete” secondary education, grades 4-8;

and

. “complete” secondary education, grades 9 and 10.
Most students complete eighth grade, normally
achieved at age 15, and then choose among several
different paths. Some continue in general education
secondary schools and are most likely to enter higher
education, while others enter the work force but con-
tinue their secondary education via evening or cor-
respondence courses. Higher education is open to stu-
dents from each of these routes, but most college
students come from those who enrolled full time in
general education secondary schools. A third path af-
ter eighth grade is to enroll in a technical or vocational
school. These schools are primarily intended to train
future skilled workers and technicians. For the most
talented students, there are a number of specialized
schools, often residential, some of which specialize in
mathematics and science,

Entry to higher education in the Soviet Union is
competitive, with an approximate oversupply of sec-
ondary school graduates of between two and three
times the number of higher education places available.

“The following is based on Harley Balzer, “Soviet Science and Engineer-
ing Education and Work Force Policies: Recent Trends, ” OTA contractor re-
port, September 1987.

Admission to higher education institutions is primar-
ily by means of examinations. Political considerations
are often important, and students who participate in
extracurricular social service activity, such as agricul-
tural work, are often given some preference in admis-
sions and award of stipends. Although only about 20
percent of students go on to higher education, about
half of these are in science and engineering, with the
effect that a larger proportion of each birth cohort
graduates in sciences and engineering than in the
United States.

Reforms in progress include a requirement for stu-
dents to begin full-time education a year earlier, at age
6 rather than age 7. The extra year will allow time for
study of additional subjects such as labor education
and computer science. At the moment, computers are
very rarely used in classrooms, but their use has be-
come a national priority. All students will have re-
quired courses in information science, but it is likely
that many of these classes will be taught without hard-
ware. To improve the skills of the work force, all stu-
dents in general secondary education learn manual la-
bor skills, even those who go on to higher education.
The current phase of curriculum reform is designed to
introduce less demanding, but more comprehensive,
curricula in many subjects, including mathematics and
science. This last step is ironic, because the intensity
of the traditional mathematics and science curriculum
is often praised by American commentators. More
money is being allocated to education; teachers’ sala-
ries are being increased and merit pay arrangements
are being introduced.

Under the reforms, closer links are being forged with
both higher education institutions and local firms and
enterprises. All schools are being paired with neigh-
borhood factories and businesses: enterprises will be
required to provide financial and material assistance
to schools and hope to receive better trained work-
ers, Many higher education institutions are signing
agreements with secondary schools, under which col-
lege faculty will assist in secondary school teaching.
Students will be given access to research facilities at
colleges, and the colleges will admit a specified num-
ber of students to higher education. Research labora-
tories are also being encouraged to participate in such
agreements. So far, 30 of about 900 higher education
institutions have signed agreements of this kind. While
reforms of this kind should improve the quality of edu-
cation of future scientists and engineers, they will force
students to specialize at a younger age, often 15 or 16,
than has been the case.

As a further part of the Soviet reform program,
more students will be encouraged to enter technically
oriented vocational programs in grades 9and 10 rather
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than general education secondary programs. Although
the training these students receive is supposed to be
equivalent to that in general education secondary pro-
grams, this step will probably reduce the already over-
subscribed pool of qualified high school graduates
planning to enter higher education. College entry
standards have also been tightened during the last 8
years, except in fields such as computer science, and
biology, which have been targeted for expansion.

Conclusions

While mathematics and science education in other
countries contains many features to be admired, in-
cluding the commitment to these subjects, the emphasis
on academic learning, and the geographical equaliza-

tion of learning opportunities, each system contains

some features that disturb many American educators.
They include unswerving allegiance to the mastery of
facts rather than creativity and individual expression

and the extensive use of lectures. Other unappealing

features are the limited number of women teaching in
upper secondary schools, the central control over

many aspects of teaching, and the teaching of science

and technology literacy to a select few rather than the

full cohort of students. Above all, many other coun-

tries have a greater degree of centralization in educa-

tional decisionmaking than exists in the United States.
Schools and school districts need to identify practices

that are transferable, but also need to be extremely

cautious of the cultural and social assumptions under-
lying some of these practices.



Appendix C

OTA Survey of the National Association
for Research in Science Teaching

The National Association for Research in Science
Teaching (NARST) is an organization of university re-
searchers in mathematics and science education. In
June 1987, OTA mailed questionnaires to the Amer-
ican membership of NARST, asking for their opinions
on a range of current and past Federal programs de-
signed to improve precollege mathematics and science
education. Of 500 questionnaires mailed out in this in-
formal, one-shot survey, 135 were returned for a re-
sponse rate of just over 30 percent.

The survey was designed to give OTA a general im-
pression of the opinions held by individuals knowl-
edgeable about previous Federal efforts in this area.
NARST includes many active participants and evalu-
ators of previous Federal mathematics and science edu-
cation programs; their responses provided valuable,
often first-hand, accounts of programs such as Na-
tional Science Foundation (NSF) summer institutes and
curriculum development programs. Respondents also
had extensive familiarity with other local, State, and
NSF-sponsored programs that are listed below. OTA
recognizes that the members of NARST are neither
representative of the broad population of researchers
and teacher educators in mathematics and science edu-
cation, nor are the responses statistically representa-
tive of the entire NARST membership.

OTA solicited opinions on the effectiveness of the
following programs:

+ grants for equipment and supplies under the Na-

tional Defense Education Act (NDEA) of 195s;

+ NSF summer institutes and other inservice train-

ing for teachers;

+ NSF summer institutes for students and other re-

search participation programs for students;

« NSF-funded new curriculum programs;

+ assistance for magnet schools for racial desegre-

gation purposes;

+ funds allocated through Title Il of the Education

for Economic Security Act of 1984; and

- support for informal science education, including

educational television and science and technology
centers.

Of these programs, NSF teacher institutes, research
participation for students, and curriculum develop-
ment programs received the highest ratings. Many re-
spondents thought that significant lessons had been
learned from the teacher institutes and curriculum de-
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velopment programs, such as the need to ensure that
participating teachers are given followup training and
that training covers both subject knowledge and ideas
for teaching mathematics and science in real-life situ-
ations. Magnet school programs were the least highly
rated, although less than one-half of the respondents
cited these programs at all.

OTA also asked respondents to identify other Fed-
eral programs that they thought had had a positive
effect on mathematics and science education. These
nominations provide a fairly comprehensive overview
of the kinds of Federal programs that have been at-
tempted since passage of the NDEA:

NSF-funded Institutes for Science and Mathe-
matics Supervisors;

« funds for Research on Teaching and Learning of
Science and Mathematics;

+ NSF-funded Chautauqua Institutes for Teachers;

+ the Department of Education’s National Diffusion
Network for the dissemination of effective cur-
ricula materials;

+ Programs for Metric Education;

+ the Department of Education’s Fund for the Im-
provement of Post-Secondary Education;’

« Presidential Awards for Teaching Excellence in
Mathematics and Science;

« the National Assessment of Educational Progress,
funded by the Department of Education;

+ NSF’s Project SERAPHIM;

+ the National Aeronautics and Space Administra-
tion’s program for sending astronauts and scien-
tists to schools, and a similar program funded by
NSF;

+ the Clearinghouse for Research in Science, Math-
ematics, and Environmental Education that is part
of the ERIC system;

+ National Sea Grant College Marine Education
Activities;

« the Department of Energy’s Honors Science Pro-
gram; and

« NSF’s program of Resource Centers for Science
and Engineering.

‘Despite its name, this source has funded some precollege programs, such
as the Family Math series of books and materials from t-he- EQUALS pro-
gram at the Lawrence Hall of Science, University of California at Berkeley.
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Several respondents made noteworthy observations and administrators if improvement is to be last-
regarding: ing and meaningful;

. the importance of educating guidance counselors,
principals, and school board members about the
problems of science education, particularly to
convey that science is a collection of facts as well
as a way of exploring and examining the world,
and that the interest of many students in science
needs to be developed,;

. the diminutive size of Federal mathematics and

science education programs in relation to the size

of the problems;
. the fact that past programs have not done a good

job at distinguishing between programs for train-
ing future scientists and engineers and programs

for boosting technological literacy. NSF programs
have often been aimed at the former, and have
made too great a use of working scientists who
have limited appreciation of the culture of schools
and the need to involve parents, school boards,

the need for ongoing training and support for pro-
grams, once mounted. In many cases, programs
have attempted too much too quickly, and have
failed to follow through, allowing the status quo
to be reasserted,;

the increased use of science specialists and con-
sultants to be shared among schools or even
school districts;

the need for more emphasis on elementar, math-
ematics and science education, where the battle
is won or lost, rather than on secondary educa-
tion when too many deficiencies are already ir-
revocable; and

the recognition that good teachers are an abso-
lute precondition to improvements in other areas,
such as curriculum, equipment, and testing. Sci-
ence and mathematics teacher education programs
at universities need to be updated and fortified.



Appendix D
Contractor Reports

Full copies of contractor reports prepared for this project are available through the
National Technical Information Service (NTIS), either by mail (U.S. Department of Com-
merce, National Technical Information Service, Springfield, VA 22161) or by calling them
directly at (703) 487-4650.

Elementary and Secondary Education (NTIS order number PB 88-177 WI/AS)
1. “Images of Science: Factors Affecting the Choice of Science as a Career, ” Robert
E. Fullilove, 111, University of California at Berkeley
2. “ldentifying Potential Scientists and Engineers: An Analysis of the High School-
College Transition, ” Valerie E. Lee, University of Michigan

International Comparisons (NTIS order number PB 88-277 969/AS)
1. “Japan’s Science and Engineering Pipeline: Structure, Policies, and Trends, ” Wil-
liam K. Cummings, Harvard University
2. “Soviet Science and Engineering Education and Work Force Policies: Recent Trends, ”
Harley Balzer, Georgetown University

14
6 U.S. GOVERNMENT PRINTING OFFICE : 1988 0 - 89-136:0QL3



