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RELATIRG TO TWO CONCEPTIONS OF MATHEMATICS
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Until about one hundred and twenty years ago, we Japanese studied 'Wazan’,
native mathematics of Japan, which was originating mainly in Chinese mathematics
and peculiarly developed by some Japanese mathematicians in the 18th and 19th
centuries. In the study of Wazan, 'San-ngi’ and ' Soroban’, two kinds of hand
held calculators, which were also originating in China and revised in Japan,
were used. Since the first formal Japanese school system was established along
with European system, espcially French one, of education in 1872, the students
of the schools under the system began to learn 'Yohzan', which means European
arithmetic or mathematics, as an important subject. This consciousness on math-
ematics seems to be almost held in our society (Becker et al., 1990), especially
by adults of Japan.

At the time of around 1940, the main schooling system of Japan consisted of
six-years of Lhe compulsory elementary schoel (entering at six-plus years old),
five-years of the middle school for academic elite, three-years of Lhe high
school, and three-years of Lhe university. In the middle school, arithmetic,
algebra, geometry, trigonometry, and a little amount of functions were taught.

After the reformation of the educational system in 1947, at two years after
the end of the World War II, nine-years' compulsory schooling was put in force
which consisted of six-years schooling in the elementary, and three-years in
the lower scondary (junior high) schools. Following these schools, three-years
of the upper secondary (senior high) school and four through six-years of the
university are provided.

Nowadays in the lower secondary school, mathematics is learned in three
(first grade), four (second grade), and four (third grade) periods with optional
study where each period is 50 minutes long, in a week. The contents are divided
into, but co-related with three areas: numbers and algebraic expressions, geo-
metrical figures, and quantitative relations (JSME, 1990; Becker et al., 1990).

Paper presented to ICMI-CHINA Regional Conference on Math. Educ. 1994, Shanghai.
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Hixing many pieces of information on malhemtics and mathematics education
in the world and the long history of our attitudes toward society, humanity,
science, and also mathematics, Japanese have developed a characteristic style
of mathematics education. And now, mathematics education of our country may be
noted for its memorizing and immediate recalling of the multiplication table,
and high achievement but low attitude. High (92 or more) pecentage of students
in the upper secondary school/age cohort is also notable (Robitaille & Garden,
1989).

The Second International Hathematics Study involving many educational
systems, one of which was Japan, was performed, and three volumes involving
exact situation of mathematics education of Japan were published (Travers, &
Westbury,1989; Robitaille, & Garden, 1989; Anderson, Rayan, & Shapiro, 1989).
There are other researches into the nature of mathematics teaching of Japan,
especially in contrast with American counterparts (Horvath, 1987; Stigler, Lee,
& Stevenson, 1987; McKnight et al., 1887; Stigler, 1988; Becker et al., 1990;
Reys et al., 1991; Mayer, Tajika, & Stanley, 1991). Due to the reason that
researches into mathematics education of Japan were conducted for obtaining some
pieces of valuable information on revising mathemalics education of own's
countries, attitude toward mathematics education of Japan in these research
studies seems to be almost favorable, but mathematics education of Japan has
really, I think, some difficult probless.

Although there have been heavy pressures of entrance examinaltions in Japan
from Meiji Era, and it has been a steady problem up Lo the present, more impor-
tant and crucial factors affecting teaching and learning mathematics have been
recently evoked, which are, in my view, relating to the economic and philosophic
change of our society, and corresponding teachers’ conceptions of mathematics.
As Hinato (1983) pointed out, academic mathemalics and also school mathematics
were, in the past, favorable representatives of European civilization, and they
seemed to be necessary for student’s future success. MNow their status may be
drastically declining against our developed sociely, where students think that
favorable representatives of modern civilization are not such a cumbersome
subject, but TV, video sets, and several types of game machines, which are
arranged in their own rooms.

In spite of the fact that Lhe above mentioned change has been undergone in
our society, mathematics teaching and also teachers of mathematics have little
changed to suit the changing society and students who are not elites, bult Tom,

Dick, and Betty with normal, average ability. The discrepancies between society
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and students, and teaching mathematics for elite as in the old schooling system
and that for all in the compulsory, lower secondary school seem to be more and
pore increasing.

[n the report, I intend chiefly to deal with mathematics education of
compulsory schoels, the elementary and lower secondary (junior high) schools, of
Japan, especially the latter, and present historically the mode of the classroom
teaching from the late of the nineteenth to the near end of the twentieth cen-
turies. FPollowing these, a required competence of prospective and in-service

teachers of mathematics from now on is analyzed.

THREE MODES OF MATHEMATICS CLASSROOM TEACHING
Three modes of mathematics classroom teaching can be historically observed
and identified in mathematics education of Japan. They are as follows:
Mode A: Academic Mathematics-Centered, Lecture Mode,
which was strongly supported before the end of the World War I,
Mode B: Transitional, Question and Answer Mode,
which was widely implemented after the end of the World War Il until
recently or now, and
Mode C: Activity-Oriented, Problem-Solving and Discussion Mode,
which was recently intended and is expected to be held widely.

In Mode A, teaching of mathematics is exclusively constrained by the con-
tent, methods and characteristics of the then academic mathematics. In the mode
not only psychology of students but also students Lhemselves were absolutely
neglected. For example, geomelry, as an important subject of the middle school
was identical with, or similar to the first three or four chapters of Euclid.
In teaching geometry, demonstration depending upon algebraic operations was
strictly prohibited, because geometry was scemed to be stemed differently
from algebra (Kikuchi, 1897). Mathematics, taught in middle schools was
formal and meaningless.

Owing to the difficulty of getting understood in mathematics, and little
motivation of learning mathematics in this mode, classroom teaching should be
revised into such a mode as enhancing and involving student’s activity, and
Mode B appeared. This mode, Mode B is characterized as teacher-question and
student-answer style. At the beginning of the revision, a teacher appointed
a student to request his answer, and then the student answered. The teacher

soon estimated the student's answer, and said 'yes' or 'no’, or 'right’ or
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"wrong'. This early stage of Hode B is called 'One question, one answer’
(Ichimon-itto) approach in Japan. Although sometimes a sludent’s answer
yielded a variety of rich responses of students, and discussion among students
and their teacher evoked, it was rare in the early stage of this mode, and if
such discussion happened, teachers who were not talented might be anxious.

The changing of the mode was gradual before the end of the World War II,
but it was rapidly and widely implemented after the revision of the school
system on the extension of compulsory education to the children of age fifteen.

In Mode B, mathematics teacher of Japan have made very much effective and
efficient teaching styles, and attained student’s high achievement, applying
some theories or methods from psychology, for example competition, motivation,
small-steps, concrete operation, formative evaluation, and so forth, seemed to
be more or less effective. But the higher achievement was attained, the larger
unequilibrated state between achievemenl of and attitude toward mathematics was
actualized. This unequilibration is one of the most important problems to be
solved today (Minato, submitted; Minato, in preparation).

As the reflection on the above mentioned problem goes on, and the intention
of mathematics curriculum is gradually changed frou the acquisition of large
amount of mathematical knowledge to student’s socialization or culturalization,
which might mean alwmost Germany 'Bildung', the main focus on mathemalics
education was changed from teaching formal mathematics to meaningful aclivity
of student. Then Mode C, Activity-Oriented, Problem-Solving and Discussion mode
of mathematics learning, one of the model was presented by Anbo (1968), did or
is going to appear.

In Hode C, teachers do not stress Leaching bul learning. This alternalion
of the quality of teaching is recommended by the revised program of mathematics
education now in force (JSME, 1990). The program also recommended subjctive
learning and student's activity in mathematics classroom, especially in the

learning of so-called problem situation learning (Kadai gakushyu, in Japanese).

CORRESPONDENCE TO AND DIFFERENCE FROM BEEBY'S MODEL
Researching into educational systems in developing countries, Beeby (1980)
contended that educational progress grows inevitably through the following four
stages:
[. Dame School Stage,...like dame schools, or pastor's schools in villages,

1l. Stage of Formalism,...meaningless contents and formalistic methods,
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[11. Stage of Transition,...same goals as 11, bul more effective methods,

IV. Stage of Meaning,...meaningful contents with affective, aesthetic value.
Boeby says that educational stages are yielded differently by the degree of
education of teachers and the amount of training they were received. He states
that in Stage | teachers are ill educated and ill trained, in Stage Il teachers
are ill educated but trained, in Stage III which has roughly the same goals as
in Stage I1, more effective achievement is requested, and teachers are better
educated and trained, and in the last stage of Stage IV teachers are well
educated and well trained. In Stage I and Stage II, educated teachers were few,
therefore students who would be teachers were not sufficiently educated when
they were in elementary schools, but teacher training for prospective teachers
was possible in some extent. Although his argument focuses on elementary school
education, and "educated’ means generally educated in his theory, our develop-
mental history of the middle school through the lower secondary school from
Meiji Era shows such correspondence as Stage II to Mode A, Stage III to Mode B,
and Stage IV to Mode C in the sense of the quality of teaching. Schooling on
Stage | may correspond to that of private school’ Terakoya' in Edo Era before
the beginning of the formal educational system in Meiji Era.

In spite of the existence of the above mentioned correspondence between two
notions of stage and mode, the reason for transition of teaching mode in Japan
pight be against Beeby's model in the strengthening of teacher education in
pathematics. The possibility of the transition from Mode A to Mode B was
partly due to the teacher education in mathematics. When the compulsory edu-
cation was extended to the lower secondary school, almost all Lhe teachers were
at least better educated mathematics teachers, a part of whom were educated at
normal schools or special courses of them, which were for prospective elementary
school teachers, and others were well educated at advanced normal schools or
universities. FPor the duration of Mode A in Japan, mathematics teachers of the
niddle school were already well educated in mathematics at advanced norsal
school or university. Therefore formalism of teaching mathematics in Mode A
is not due to the ill education of teachers of mathematics in case of Japan. It
can be said thal well educated teachers in mathematics may be necessary, but it
wust not be sufficient for transition of higher mode or stage. To know what
kind of force to go to a higher mode is might be very important to research into
expected transition from Mode B to Mode C.
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CHARACTERISTICS OF LEARNING IN THE HODES

For researching into the above mentioned force, analyses of the character-
istics of learning mathematics, perception of mathemalics by teachers and the
status of mathematics teachers are useful. In Mode A, teaching of mathematics
Is characterized as indoctrination, and learning is strictly passive. Mathe-
matics is percepted as an absolute truth which are external, and does not commit
to humanity but Platonic idea, or God. In this mode, teachers of mathematics
are authorities, guardians or speakers of absolute Truh, or God.

In Mode B, teachers must apply psychology to classroom for effective
teaching. There are activity of student such as answering teacher’s question,
but perception of mathematics supported in this mode may be the same as in Hode
A, and the status of mathematics teacﬁers is unchanged, except that teachers are
estimated with their effectiveness and efficacy of their teaching which are
represented by students’ achievement scores.

Activity of student is centered in Mode C. In the mode, learning is nec-
essarily personal. This does not mean that topics learned are always different
from student to student. Students construct their personal knowledge with their
experience. In this mode, mathematics is necessarily personal and internal.
Contents and methods of teaching mathematics must be fairly free from those
of academic mathematics as Bishop (1988) stressed from cultural perspective of
mathematics education.

As the status of mathematics itself is altered, the status of teacher of
pathematics should be altered. A teacher of mathematics in this mode may not be
a terrible speaker of Truth who earnestly says 'right’ or 'wrong', or 'true’ or
"false’ to his students, but a planner, introducer, co-ordinator, co-worker, or

supporter for students in mathematics classroom.

TEACHER'S CONCEPTIONS OF MATHEMATICS
There would be mathematicians who believed formal and external conceptions

of mathematics, for example Bourbaki (1949). This belief is, as Hardy (1969)
wrote, that mathematical reality lies outside us, that our function is to
discover or observe it, and that the theorems which we prove, and which we
describe grandiloquently as our 'creations’, are simply our notes of our
observations. This view has been held, in one form or another, by many philo-
sophers of high reputation from Plato onwards.... . His Platonic view, or an

external conception of mathematics may be widely distribueted also over mathe-
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natics teachers today (Dossey, 1992). Against external conceptions of mathe-
matics there are internal conceptions or Aristoterian view of mathematics or
mathematics education (Dossey, 1992).

If we expect the transition from Hode B to Hode C in mathematics education,
teachers of mathematics should bear a corresponding suitable conception for this
transition, which should be an internal conception of mathematics. By virture
of the analyses performed in the above sections, one of the major and necessary
transitional forces from Hode 8 to Mode C is the teachers' possession of
internal conceptions of mathematics, when they are well educated in mathematics.
Hinato and Hamada (1994) has contended that teachers' external, or Platonic view
of mathematics can not ensure the subjective learning, which is almost the same
as the learning qualified in Mode C.

CONCLUSIONS

In Japan it has been said teacher’'s ability is the most important factor
for good education, and up to the present teacher’s ability expected is almost
only the ability in academic mathematics, and in addition, if permitted, earnest
for teaching, and positive attitude toward students are desirable. This
expectation coincides with Beeby's model, and may not greatly vary from country
to country. McGalliard (1983) suggests that Leachers do not possess abilities
to picture deep and wide goals of mathematics teaching for realizing problem-
solving mode, and they are not so educated and not so expected.

The study insists on that the transition of mathematics teaching to Mode C
necessitates the teachers' possession of internal conceptions of mathematics.
Several previous researches (Ernest, 1985; Thompson, 1984; Brown, 1985; Cooney,
1985; Kesler, 1985; Owens, 1987; Thompson, 1992; Dossey, 1992) suggested that
conceptions of mathematics possessed by Leachers affected more or less their
teaching of mathematics. Thompson (1984) tells us that teachers' belief about
mathematics and teaching plays a significant, albeit subtle, role in shaping
their behavior. If he had conducted his research bringing a focus on the teach-
ing mode as in this study, he would have found conceptions of mathematics more
important. As cited above, Minato and Hamada (1994) concludes that teacher’s
Platonic view contradicts student’s learning of mathematics in Mode C.
Conceptions of mathematics will be dealt with as a more and more important
factor in mathematics education (Hersh, 1979; Brown, Cooney, & Jones, 1990).

How can we solve the problem of teachers' possession of expected concep-
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tions of mathematics? Conceptions of mathematics of a teacher have been formed
nainly through the experience he was taught by his teachers. But his teachers
were taught by their teachers, and so on. This situation is exactly alike in
case of general education for revising teacher's ability in developing countries
described by Beeby (1980). In this paradigm change in mathematics education,
prospective and in-service education providing some courses of philosophy and
history of mathematics, and history of mathematics education as well as
curriculum of mathematics should be required.

Acknowledgment: Teaching practice on the three modes (Minato & Yatsuyanagi,
(1989) and their demonstrative tapes are owed to three teachers Yatsuyanagi, i
Iwama, T., and Echigoya, M. who were or is teachers of the Attached Experimental
Elementary School, Akita University, Akita, Japan.
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