
apanesc science education is more
11 , `_- t ^ 12*JV _ _ |successful than its American coun-

tcrpart in both quality and quantits.
n Japan, more students take avanced

sciencc courses, the curriculum to bcesYc W mastered by all is more demanding, and
the average cognitive achievement of
students and the level of literacy of the
population are higher than in the Unit-
ed States. Some of this success is due to
the effectiveness of Japanese elemcntary
and secondary education overall, as well
as to specific features of Japanese sci-
ence education.

Institutions
Education in Japan is highly centralized
through the Ministry of Education, the
Mombush6, which controls textbook ap-
proval, school accreditation, teachers'
salaries, educational subsidies, and the
all-important course of study. The first
nine years of Japanese education are
compulsory and are completed by near-
ly all students. Ninety-four percent at-
tend high school, while 37 percent go
on to college or university. I The mini-
mum course content is specified in de-
tail all the way through high school, and
all students are expected to achieve
equal mastery. The course of study sets
a very high minimum, internationally
speaking.

The model of learning used by the
Japanese is "hard work plus time equals
learning." Ability is viewed as less im-
portant than hard work. The teachers'
union, Nikkyoso. acts as a counter-
weight to the Ministry of Education,
and each quells the excesses of the
other. As the articulator of progressive
values, Nikky6so has stressed "whole
person education," science for under-
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world. It has also championed equality
of educational opportunity. compcnsa-
tory aid. and minorits rights. and has
been hostile to tracking, including voca-
tional education.'

In Japan. attendance at National
Univecrsitics or the best private unie-crsi-
ties is necessary for climbing to the top
of the leadership ladder in business or
the highly respected cixil ser ice; job
entrv and advanccment arc sevcrcl% lim-
ited for those -hose losw scores on merit
exams preclude education at an elite
university. Since attendance at the right
university is fundamental to success.
"examination hell" spreads dowen into
those high schools xwith a reputation for
fostering success on examinations. Par-
ents with larger financial resources are
in a better position, therefore, to aid
their children than are those of more
modest means, as is exemplified bs
c6nin. students cramming for a scar in
order to retake entrance examinations.
and yuku. after-school cram schools,
each of which offers its oswn curricu-
lum. ' Moreover, while there is cquality
of opportunith across gender, equalits of
results extends only into junior high. 4

Classroom Procedures and Moral
Education
Equalitarianism and the examination
system have interesting effects upon the
classroom. Since neither class rank nor
grades are considered for college en-
trance, competition is not %with one's
classmates. This leads to a wzarm. fami-
listic classroom environment, particu-
larly at compulsor' levels.

Moral education plays a part in main-
taining classroom order. The formal
moral education curriculum deals pri-
marils with interpersonal ethical prob-
lems, dignit'. and self-respect, while

such duties as keeping the halls and
classrooms clean teach respect for the
building and grounds. One key to the
reduced "babysitting" responsibilities of
Japanese teachers is recognition that
time Bwasted in the classroom hinders
the capacitv of the group from doing
well on exams. Thus Bwasting time hurts
all, instead of being neutral as it is in the
U.S. where students compete against
each other. In upper primary grades.
Japanese classrooms are well-ordered.
primarily due to the internal control
students develop, not to the X igilance of
the teacher. Family emphasis on the
importance of school to later life is also
important in keeping classroom order.

Family and Education
Japanese families are strongly involved
in education. The International Associ-
ation for the Evaluation of Educational
Achievement (IEA) studv found that
family background played a moderate
role, while home processes were very
important in differences in science
learning.

Congruity bctween home and school
aids in the cooperative effort to foster
learning. In my studies, I have found
that a student's perception of his or her
parents' and siblings' interest in science
is a strong predictor of his or her o1n.
Furthermorc, in the IEA studs the asso-
ciation between liking science and
achievement in science Bwas highest in
Japan. ' Although home commitment to
science is important in both countries.
the fitting together of home and school
is better in Japan than in the U.S.-

Science Curriculum: Quantity
Several features of Japanese science
education are responsible for its success:
students get off to an early start; science

is required throughout pnriman- school
and is highly experiential or lab-orient-
ed. It is estimated that one-third of the
time in primary school is spent this -av.
The emphasis is upon deseloping posi-
tive feelings for and on encouraging an
intuitive grasp of science. During junior
high school and especially in high
school as the entrance exams loom. the
curriculum becomes more test- and
teacher-oriented. The fraction of time
in the lab shnnks to about one-eighth of
total time in class.,

Science and mathematics play a large
role in the general cumrulum as set b-
the Mlinistr of Education. Science and
arithmetic. which both begin in first
grade in Japan. occupy 27 percent of the
total primary school curriculum (1.569
45-minute penods in grades 1-6). In
junior high school, the relative fraction
of science and mathematics (23.3 per-
cent) is a similarly large portion of the
whole, since there are elective actvities
(11.1 percent), some of which mav be
science (see Figure 1).9 In junior high.
350 50-minute penods of science arc
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sor at North Carolina State Unimvrsitv.
and a Fellow at the North Carolina
Japan Center, Raleigh. North Carolina.
This article is adapted from a presenta-
tion to the National Science Founda-
tion. Apnl 13, 1983. For further infor-
mation, see "Society and Science
Education in Contemporarv Japan," a
chapter in A Challenge for American
Precollege Education: Scientific Litcra-
cy in Japan. China, The Germanies.
and the Soviet Union. Edited by Mar-
grete Klein and lames Rutherford. New
York: Macmillan. 1983.
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Teachers' salaries in Japan rank higher
tban in the US. Furthermore, their status
is much bigher, and their conditions of
wuor are generally better."

required. The total for grades one to
nine, then, is 908 periods(10.2 percent)
of science and 1,396 periods (1 5.6 per-
cent) of arithmetic and mathematics out
of 8,935 total (see Figure 2).

Though high school science is less
readily measured because of more elec-
tives, a liberal estimate of textbooks
produced in 1979 suggests that the avcr-
age student in Japan takes 11/4 science
courses per year in three years of high
school."') Hence, in terms of volume,
Japanese students take more science and
mathematics than their American coun-
terparts. In addition, because 94 percent
of Japanese go to high school, this
results in a more scientifically literate
public.

Science Curriculum: Quality
In terms of quality, two measures indi-
cate superior performance in Japanese
science education. First, the Japanese
did far better on the IEA science exams

than did students in the U.S. The Japa-
nese were ranked first of 19 for 10- and
14-year-olds in overall science achievc-
ment while the U.S. ranked 4th for 10-
year-olds and 7th for 14-year-olds (and
14th of 18 countries for senior high
school students; Japan did not partici-
pate). The Japanese did particularly well
on higher mental processes.

A second measure of curriculum
quality is the volume of material mas-
tered and its sophistication. The "oppor-
tunity to learn" index for Japanese jun-
ior high students on the IEA study
ranked first (they had the greatest topical
coverage,"2 inferentially suggesting a
higher quality). Furthermore, the topics
covered in Japan are more advanced. I

In mathematics, the basic high school
course to be mastered by all students
includes not only second year algebra
but also plain and solid geometry, elc-
mentary statistics, and exposure to cal-
culus (differentiation and integration);
science courses in junior high school

cover topics reserved in the U S for
high school. 14

Japanese science courses typically in-
tegrate mathematics more than most
U.S. courses. For example, the ad-
vanced physics course presupposes cal-
culus. Topics in advanced mathematics
include limits, differential equations,
statistical inference, and operations rc-
search. Advanced science courses re-
semble college courses in the U.S. in
terms of mathematical sophistication
and topical coverage. Under the old
curriculum approximately one-fifth of
Japanese students took advanced courses
in physics, chemistry, biology, or earth
science, whereas only about 2 percent of
American students have taken a calcu-
lus course in high school, let alone a
science course that presupposes expo-
sure to calculus. I'

Teacher Training and Status
At the university level, approximately
the same fraction of students in Japan
and the U.S. major in natural science
(3. I percent in Japan); engineering is a
more important major in Japan (19.7
percent of university enrollment plus
technical and junior colleges). 16

Well-trained science teachers are
also part or Japan's success in teaching
science. The training of science teach-
ers is oriented primarily toward science
courses, though many education
courses are offered. Much teacher train-
ing takes place at the university level.
National Universities, which are the
most selective of the college-level insti-
tutions, train most of the science teach-
ers, while the Science Education Pro-
motion Law aids the effort to recruit
them by supplementing teacher sala-
ries. 7

Relative to other occupations, science
teacher salaries in Japan rank higher
than in the U.S. Furthermore, their
status is much higher, and their condi-
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Rpure 1. Percent of apanese School Curriculum in Subject Areas, by Grade
Level

Grades
1-2 3-4 5-6 1-6 7-9 1-9

Science and 25.5 (13) 28.1 (16) 27.6 (16) 27.1 (45) 23.3 (21) 25.8 (66)
arithmetic

Japanese 31.4 (16) 28.1 (16) 20.7 (12) 26.5 (44) 14.4 (13) 22.3 (57)
language

Arts, music, 15.7 (8) 14.0 (8) 20.7 (12) 16.9 (28) 18.9 (17) 17.6 (45)
home
economics

Phys. ed. and
special 15.7 (8) 15.8 (9) 17.2 (10) 16.3 (27) 16.7 (15) 16.4 (42)
activities

Social studies and 11.8 (6) 14.0 (8) 13.8 (8) 13.3 (22) 15.6 (14) 14.1 (36)
moral
education

Elective subjects 11.1 (10) 3.9 (10)

Total 100.1 (51) 100 (57) 100 (58) 100.1 (166) 100 (90) 100.1 (256)

Source: Adapted from Mornbush6 (see Footnote 1).
Notes: The two-year grouping of primary grades corresponds to Japanese convention;
the numbers in parentheses are the credits in that area.



tions of work arc generally better than in
the U.S. I

Finally, the IEA study found Japa-
nese science teachers to be more profes-
sional than their U.S. counterparts (at-
tendance at meetings, professional
association membership). 19 The profes-
sionalism and quality of Japanese sci-
cnce teachers is further aided by 200
Science Education Centers oriented pri-
marily toward inservicc training of
teachers and the encouragement of re-
search in science education.2"

Science Outside School
Young people in Japan also have oppor-
tunities to learn about science outside of
school. For example, the monthly cir-
culation of one magazine. Kagaku No
Zasshi (Science Magazine) with its asso-
ciation "kits" is 5,670,000-nearly a
million per grade per month, reaching
about half of the households at each
grade level in primary school. 21 In addi-
tion, both commercial and public tele-
vision in Japan broadcast scientifically
more advanced programs than in the
U.S. This is because Japan has a more
knowledgeable audience for such pro-
gramming.

Overview and Application
In sum, perhaps the most important
features promoting science learning in
Japan are the demanding curriculum,
the amount of time spent studying sci-
ence, the examination system, and the
crucial role of the home in developing
commitment to learning science.
Teacher professionalism is also impor-
tant, including commitment to equality
of educational opportunity.

What are the possible adoptions and
the limits to adoption in the United
States? Two limits are provided by a
strong mistrust of centralization and the
lack of widespread respect for learning
(anti-intellectualism?) in the U.S. Fur-
ther, how committed are we to full
equality of educational opportunihty?
Could we institute a meritocratic exami-
nation system with financial support for
all those who need it? Will the econom-
ically privileged pay so that all schools
are equally good at the compulsory lev-
els or allow merit to be the sole judge of
entrance? Are family and youth moti-
vated to support such a massive involve-
ment of time and energy?

Among the possible adoptions are
heightened family involvement in sci-
ence learning, primary school science,
primary school science magazines, sci-
ence education centers, stronger support
for science teaching (including salary
and status), a lessened babysitting role
for teachers, and support for research on
science learning. Heightened concern
with equal mastery by all and a more
demanding curriculum might be adopt-
ed, and perhaps a system of merit ex-
aminations encouraging equality of op-
portunity might be instituted. Surely the
goal of greater science literacy for all-
student, parent, citizen, and decision
maker-is a worthy goal.l1
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