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Introduction

First, we shall discuss about background and
our aim in this paper.

“Bunkei” and “Rikei”. In Japan, in many
cases, each senior high school is divided into 2
courses, “Bunkei” and “Rikei” for the prepara-
tion of the entrance examination of universi-
ties. In “Bunkei” course, they study social and
human sciences, mainly. In “Rikei”, they study
natural science, mainly. At the end of first grade
of senior high school (=tenth grade), they have
to choose one of them. Teachers recommend
“Rikei” to excellent students, not after their in-
terest but the score of mathematics. So, almost
all “Bunkei” students hate or avoid mathemat-
ics. Yes, they do not need math for their en-
trance examination at university. Hence, at the
entrance of university, many “Bunkei” students
have very few (or sometimes no) knowledge of
mathematics.

New plan in math education as liberal arts
in 21st century. Waseda university, one of the
oldest, biggest and strongest private universities

in Japan, has constructed a new plan on liberal
arts’. It has five divisions — academic writing,
English, information (and communication)
technology, statistics and mathematics. In our
math division, we teach in four parts: 1) calculus,
2) linear algebra, 3) mathematical structures, 4)
mathematics, logic and communication.

Such “Bunkei” students, 80 percent of Wase-
da’s students, need to learn high school math
again, but we decided that we DO NOT give
“high school math” itself. It should be some kind
of “university math”.

In 2007, the second author S. Takagi started
to plan the course, especially, parts 1 and 2.
He named them as “Introduction to Univer-
sity Math” and planned that we teach not only
high school math but also some application to
economy or commerce. So, in part 1, we teach
calculating interest and its preparation in high
school/university math, and linear algebra and

! In Waseda university, that plan is named “Waseda
Next 125” after the 125th anniversary year in 2007 [1].
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linear programming, in part 2. Later, the third
author H. Uesu reinforced such application in
part 1 after his knowledge of math education.
The first author, T. Sobukawa has constructed
part 4 in 2014 and other version of part 1 in
2017. Part 3 is just in preparation.

In this paper, we shall introduce the history
of part 1, as a new suggestion on math education
in university.

Main part: On calculus — Basic policy

They say math is an important tool for
“Bunkei” studies. So, classes of basic mathemat-
ics, calculus and linear algebra in many cases,
have been organized at each university. How-
ever, in general mathematics classes, emphasis is
often placed on solving mathematical problems
without the point of contact with the real world.
Hence, the motivation for learning mathematics
is reduced for “Bunkei” students who wish to use
mathematics as a tool.

Therefore, we decide the goals of this course
are the following: 1) simple and compound in-
terest, 2) install deposit, 3) repayment of loan, 4)
mini/max problems of 2 variable functions, used
in mathematical economy.

In high school in Japan, they learn the fol-
lowing topics in calculus and related fields:

1) linear and quadratic function, 2) expo-
nential functions, 3) logarithmic functions, 4)
trigonometric functions, 5) other functions, 6)
sequence and series (arithmetic, geometric etc.),
7) recursive relation in sequence, 8) limit, 9) de-
rivative/differentiation, 10) integration.

We pick up useful topics of them to study our
goal. So, we have constructed 3 courses.

Version 1.0, Takagi’s plan (2008—2014)

A basic plan of the course is “prepare first,
then apply”.

Course A. Takagi created the elementary
level “Course A” for “Bunkei” students who es-
pecially hate or avoid mathematics until now. In
2008, as the first version 1.0, he put the following
units of this course:

1) concept of numbers and sets,

2) exponential and logarithmic functions,

3) sequence and series,

4) limit,

5) binomial theorem,

6) Napier’s number and proof of existence
the number,

7) concepts of interest, simple and com-
pound interest, continuous compound interest,
calculation of simple and compound interest.

The flow of learning that deals math and eco-
nomics separately is as usual.

He also wrote a textbook dedicated to these
learning contents [2], and made video lectures
based on it. The main feature of this textbook
is that the notations of University Math are
explained as the first section for elementary
“Bunkei” students. After the first quarter, most
students felt hard to study especially the proof
of existence of Napier’s number. Therefore, he
revised the course units each year. Finally, he
arranged this course as version 1.4 with the fol-
lowing units:

1) exponential functions,

2) logarithmic functions,

3) sequence and series,

4) binomial theorem,

5) limit and Napier’s number,

6) concepts of interest, simple and com-
pound interest, continuous compound interest,

7) calculation of simple and compound in-
terest.

This revised textbook [3] contains the ap-
pendix that deals with not only economics but
other applications, pyramid scheme, magnitude
of earthquake, hydrogen-ion exponent (pH),
equilibrium state of heat etc. Recurring deci-
mal, the e-N method of limit, the continuity of
real line are also discussed in appendix. Another
feature of this revised textbook is used square
root, exponential and logarithm tables. These
would support that students understand math
deeply.

Course B. In 2009, Takagi set up a new in-
termediate level “Course B” for those who took
the elementary level “Course A”. This “Course
B” has the following units:

1) concepts of interest, revisited,

2) useful functions (revisited),
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3) limit and continuity of functions

4) recursive definition of arithmetic and geo-
metric sequences,

5) recursive definition by affine transform,

6) equal principal/total payment,

7) annual rate and real annual rate.

One of the features of this course is that the
concepts of interest are explained in detail that
depends upon the Japanese language. He wrote
a textbook dedicated to this course [4]. In this
textbook, recursive definition between 3 terms
is not treated in the main course. Fibonacci se-
quence is considered in appendix, only. As to this
course, there are few revisions of contents [].

For the “Bunkei” students with some mathe-
matics skills, Takagi also put a pretest which can
judge which course should be taken. Even if the
“Bunkei” students do not take the elementary
level “Course A”, they can take the intermedi-
ate level “Course B” without taking “Course A”
if they pass the pretest. The pretest consists of
the following five questions of five alternatives’:

1. Which one is correctly calculated

(1\2/5)36?

2. When expressing 1,1* = 2 using logarithm,
which one is correctly represented?

3. Whats the limit value lim 1+ ] 2

n—so0 n

4. When a person who always walks at
4 km/h is walking y km for x hours without rest,
which one does correctly represent the rela-
tionship between x and y?

5. Which is the correct limit as x — 0 of the
function f(x) = —1(x < 0), 0(x = 0), 1(x >0)?

Course C. As the advanced class, for intro-
duction to calculus, the followings were given’:

1) functions,

2) definition of derivative,

3) derivative of polynomial functions,

4) (local) maximum and minimum, convex-
ity and concavity,

2 Here, we omit the choice of five alternatives.

3 This course was given by Dr. R. Shinjo, Associate
Professor of Kokushikan University, former Assistant
Professor of Waseda University.

5) partial differential of 2 variable functions,

6) extreme problems of 2 variable functions,

7) utility function method.

There three courses have a big feature that
trigonometric functions and integrations are
NOT treated.

Minor version up has been given every year.
Finally, we got version 1.4.

Version 2.0, Uesu’s plan (2014-)

The plan of this version is “studying math
among economy”.

H. Uesu arranged Takagi’s version (ver.1.4)
and rewrote the textbook of calculus [6—8]. The
big difference between ver.1.4 and ver. 2.0 is the
introduction of each learning content. Takagi
wrote textbooks (like ordinary mathematical
textbooks) in the order of “definition, theorem,
proving”. Uesu had considered that such text-
book style would be very tough for mathemat-
ics learning for “Bunkei” students who are not
used to studying mathematics. Therefore, he
wrote mathematical contents after introducing
economic examples so that the mathematical
meaning can be understood smoothly. In other
words, he wrote examples of economics and the
mathematics used there, rather than suddenly
introducing mathematical concepts.

In addition, he composed Course A and
Course B as a series of courses. As with ver.1.4,
Course A is an elementary level and Course B
is an intermediate level, but Uesu wrote a text-
book with the aim of learning “Napier’s num-
ber” through Courses A and B. For that reason,
he advised “Bunkei” students to take Courses A
and B in order.

Course C is for students who wish to learn
mathematics more. The difference from ver.1.4
is that the first concrete examples are placed in
the middle of the course. As with Courses A and
B, he wrote students to make understand basic
mathematical concepts through concrete ex-
amples.

The contents of each course are as follows.

Course A. Course A’s subject goal is “to ac-
quire important basic knowledge of calculus”.
We explained the fundamental of the sequence,
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exponential function, and logarithmic function,
by taking an example of the compound interest
calculation. It consists of the following 7 lec-
tures:

1) simple interest and sequence;

2) simple interest and arithmetic series.
Through these 2 lectures, students learn about
the basis of a sequence (general term of se-
quence, sum of sequence, etc.) and arithmetic
progression;

3) compound interest, then geometric pro-
gression and series;

4) annual/half year compound interest, then
exponential function;

5) quarterly or shorter compound interest
and comparison of simple/compound inter-
est. As an example of compound interest in the
length of the period, students learn about the
mathematical characteristics of exponential
functions and linear functions;

6) compound interest and logarithmic func-
tion. Students learn about logarithmic function
after an example of number of years reaching
target amount in compound interest;

7) loan repayment, then recursive definition
of sequence.

Course A includes important items of ba-
sic mathematics. Students can acquire useful
knowledge in real life such as simple/compound
interest calculation and loan calculation.

Course B. Course B’s subject goal is “to un-
derstand Napier’s number”. We explained the
recurrence relations of the sequence, the limit,
and Napier’s number, by taking an example of
the loan calculation. The following lectures are
included:

1) simple and compound interest (revisited);

2) the system of repayment of loan, equal
principal/equal total repayment, add on repay-
ment;

3) equal total repayment and recursive defi-
nition of sequence, real annual rate;

4) monthly equal total repayment. In these
two lectures, student also learns how to solve
the recurrence relations of a sequence;

5) limit of sequence to consider continuous
compound interest;

6) binomial theorem, as an example of total
amount in compound interest calculation;

7) Napier’s number and continuous com-
pound interest.

We explain about the knowledge for ad-
vanced students such as loan calculation and
loan repayment.

Course C. Course C’s subject goal is “method
of Lagrange multiplier”. We explained the dif-
ferentiation of one variable and the differentia-
tion of two variables, by taking an example of
the utility maximization problem. The course
includes the following lectures:

1) definition of derivative, exponential/loga-
rithmic functions;

2) formulae of derivative and mean value
theorem;

3) higher derivative and graph of functions;

4) application to economy I, utility function
and budget constraint and maximization prob-
lem;

5) function of 2 variables, definition, conti-
nuity and partial derivative;

6) implicit function theorem and conditional
extremal problems of 2 variable functions, then,
the method of Lagrange multiplier;

7) utility limit, indifference curve and utili-
ty maximization, an example of multivariable
calculus.

We composed Course C as ver.1.4 redesign.
The goal of the subject is to learn the represent-
ative solution of the conditional maximization
problem “method of Lagrange multiplier”. As
an example, we explain the utility maximization
problem, etc.

We consider that there are two significances
of learning these courses as follows: 1) mathe-
matical economy is studied deeply; 2) every
mathematical tool is explained among eco-
nomy. So, this course is, so to say, good for the
“Rikei” students, because they have no chance
to study such topics.

About the former, mathematics is necessary
to model the problem and to clarify its mecha-
nism and to suggest a solution. From these
courses, students are able to learn it with rea-
sonable pace.
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About the latter, in general “Rikei” mathe-
matics classes, emphasis is often placed on
solving mathematical problems without
much emphasis on the point of contact with
the real world. Therefore, it is very meaning-
ful for students to learn the application of
mathematics.

Version 1.5, Sobukawa’s plan
in English (2017-)

After the policy of Japanese government,
Waseda is preparing many lectures in English.
Some students, educated in foreign countries,
need such math courses. They have each math-
history. Therefore, it is difficult to construct
in the method of version 2.0, depending on the
education in Japan or Japanese language.

Therefore, T. Sobukawa has constructed the
course NOT after Uesu’s idea but Takagi’s.

Course A. This course consists of:

1) exponential functions,

2) logarithmic functions,

3) sequence and series,

4) binomial theorem,

5) limit and Napier’s number,

6) simple and compound interest,

7) install deposit.

This course has several features. Before the
version 1.4, notation of university math was ex-
plained [3], because the student who has studied
in Japan does not use it. However, it is closely
related to the expression in English. This ver-
sion is given for the students studied abroad.
So, we omit it. Moreover, many mathematical
concepts are treated slightly, e.g. the definition
of limit. We need it for pure math but not in
economy. On the other hand, we add the theory
of install deposit in lecture 7 to use the theory
of arithmetic/geometric series. In the version
before 1.4, we cannot find the reason why they
study them. We DO NOT treat the definition
of limit of sequence/function rigidly than other
versions.

Course B. This course consists of the follow-
ing lectures:

1) useful tools, exponential/logarithmic
functions, sequence and series, revisited;

2) install deposit, revisited;

3) linear and quadratic approximation of
data;

4) sequence, recursive definition by affine
transform;

5) recursive definition among 3 terms;

6) equal principal payment;

7) total equal payment.

This course has several features: in the lec-
ture 3, we treat Lagrange (linear and quad-
ratic) interpolation (approximation). It is just
the preparation to correlation coefficient on
statistics. Recursive definition among 3 terms
of sequence has treated in the lecture 5. It is a
preparation to numerical analysis.

Sobukawa claims these courses have to give
such preparation for other studies.

Conclusion
We have offered three courses on math edu-
cation for “Bunkei” students at university. They
are also useful for “Rikei” students for their
study.
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