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Murakami ,Haruo and Matsumoto, Shigeki, Konan University, Japan, and Yoshida, Kenji, Konan
Boy's School, Japan: A new way of teaching mathematics at a distance.

There are a variety of methods of distance learning, from conventional correspondence by
mail, through to the use of such high technology as satellite communications. BHowever, all
these methods have drawbacks: -- time delays in the case of mail, and time constraints and
high cost (at both ends) in the case of high-tech methods.

We have developed a new method, using electronic mail and bulletin boards (for the moment
over conventional telephone lines). This overcomes these drawbacks, and has the additional
merit of enabling not only dialogue between teacher and student, but also participation by
a whole "class" of students in such dialogues.

By installing appropriate software such as Mathematica in both host (teacher) and terminal
(student) machines, messages can be sent (cheaply and rapidly) in textfile form. Students
are able to use the software to expand textfile commands into mathematical expressions,
graphics, geometric figures etc., which require the transmission of prohibitive quantities
of data if sent in "raw" form.

This method has been shown to stimulate student interest and to enable learning by
discovery in depth, even with students hitherto regarded as lacking mathematical aptitude.

We feel that this method will be particularly suited to conditions in large and sparsely-
populated countries, and in much of the third world, where specialists are in short supply.




An Example of Learning by
Discovery

— Factorization of x*+n —

DISTANCE MATHEMATICS

A NEW WAY OF TEACHING MATHEMATICS
AT A DISTANCE

B How about* x*+ 2 = 2 Or " x4+3"7

And I can't do
this either!
(sob, sob, sob).

Oh. no! I still
can't do it!
(sob, sob, sob).

By asking the compuer,
1find that x*+ 2 or
**+ 3 cannot be factorized.

Of course !!

B Then how about ” x4+ 4 * 77
You may ask the computer first.

Oh, wow!
1got an answer !1t

x4+ 4=(x2—2x + 21 22 +2x + 2}

ORI

So we know that we
can factorize x*+a |
for some a, saya =4,

WeTh 1 fuw U s Lo latet

Part 3
Let's arrange the expressions in order.

x4+ 4
x4+ 64

x'+ 324
x*+ 1024 Take a look and sce what

x*+ 2500 relationship you can find. 4
84 4

x‘+ 51
x'+ 9624
Well, for &
start, there
wre lous of
fours...

Even numbers! Now you're
getting warm. Let's start by
trying to divide them by 2.

2 :
32 :
s12 ;
1250
2592 ~

Oh, I sec, they all
have positive integers

16 as square roots*.
81
256
625
1296
2401 * When a is not a negative number, its square

root is a number which, when squared, gives a.

— Factorization —

Part |

We know thatx— 1=(x*+ 1Xx+ 1 Xx—1).
So what happens if we change the “-" sign in "x*- 1~
to a "+" sign?

2 . The answer the computer
el givesis | +x*. So, x*+ 1

cannot be factorized.

Part 2

Well, what's the next number a
for which we can factorize x*+ a ?

Aha! It will
be x'+1§
Ask the computer ! \

"y Ican't do it!
Why not?

Well, if x4+ 16 can't be factorized, let's try to find
the next number & for which x%+a can be
ize by asking the P
The next number is 64.
So x‘+ 64 can be factorized.

x'+d=(x2—2x +2X x? +2x + 2) |
W x4 64=(x7-4x+8)(2*+4x+8)
Have a look at these two equations and

see if you can find any similarities. <
Pov————

The computer gives the next possible case, like
x'+ 324 = ( x* — 6x + 18X x? + 6x + 18)
x*+ 1024 = ( x* - 8x + 32)( x* + 8z + 32)

Absolutely
nothing ! I

What can I sce ?

That's absolutely right. Let's work them out.

1

4

9

16 We cando it
25 again, can’t we,
36
49

Oh, I see, the
numbers are
consccutive.

What is the value of a
in" x'+a "7

Well, we can get
that by using a = 45*.
That's casy!

Finished!




Oh, I getit!

xt+4=(x2-2x+ 202 +2x + 2)
x'+ 64=(x2—4x + 8} x? +4x + 8)

x'+ 324 =(x*-6x + 18)( x? + 6x + 18)
Multiples of two. And they're in the order
2x1=22,2x2=4,2x3=6,and soon.

And the last part, + 2, + 8, +18, +32, and so on, we get by

multiplying the coefficient of the center parts (2, 4, 6, 8)

by 1, 2, 3, 4, etc., in that order.

Once we get these, we can get the answers by expanding

the expressions.

Ve

We did it!
— 3

(Ex.) Factorize x'+4 .

We know the answeris x*+4 = (x? - 2x + 2)( x% +2x + 2).

Now set X = x*and compare
x+4=X"+4
with (X+2V=X"+4X +4,
Since X'+4=X"+4+4X-4X
=(X+2)-4X,
weseethat X*+4=(x'+2Y-4x* (. y=yx)
=(2?+27-(2x)
=(P+2+2x N x?+2-2x)
=(x*+2x+2)x?-2x+2)

And, in passing, how about x'+64 ?

Setting X = x? and comparing the following two expressions
x+64=X"+64
(X +8)=X"+16X +64,

Now it's easy.

The next will be You've got it!
T <2500, 5184, and

9604...

BUT, there's a rule to understand even if we don't look at the answers. we see that
X*+64=X"+64+16X - 16X
@, =(X+8)-16X
=(x*+8) - 16x? (- X=x)
Therefore,
2 +64=(x2+8) —(4x)
=(x*+8+16x)(x?+8-16x)
=(x7+16x+8) 2 16x+8)
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