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Chapter 6. Multipiication and Division of Fraction

For children who produce the multiplication and division of fraction by and for
themselves. this chapter explains the necessary knowledge needed to produce the ides

‘W did Professor (To explain the meaning of colculation. we suust change
recon

0d us to the representation which explains the process visible
Which are useful

‘number line® —

1£ we do not use propartional number line,
we only teach skill as a rule. Where shall
we use it to explain the meaning? We have

10 teach bow to deaw J

Tha idea of proportsanal number line was criginated from Lune Descartes
(1637) 85 the extension of Euclid. Japanese Math Educators such as
Takeshi Ito invented it to establish the Heuristic Teaching Approach for
elementary he B

curriculum sequence in 160s. From 80s. it has been becoming the world
famous approach as for the represectations to develop the competency for
proporticnal reascning. Japanese textbook such a2 Gakko Tosho
established well teaching sequence for developing it
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In chapter 1 and 2. we recognize that shading activities the parts for counting i the root
for the misconceptians of fractions for missing the idea of whole as for a uni

vho learn mathe and {zee Chapter 1)
childrer are necessary to draw and use appropriate dingram for explaining their ideas.
On the previous chapters. appropriate diagram needs to show original unit with
quantity frsction and the unit fraction for measurine its number like measuring by
using the reminder as for operational fraction. The tape and nutmber line with

For
draw such  diagram. firstly, we have to develop childron who draw the number line by

and for themselves

Number line which shows the position of number on the line is introduced by taking the
by the unit vel for comparing the size of
number. At this moment. it looks a line the discrete number is given becauss it is given,
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by interval as for the scale on the line and thers is only one interval but 5o number
between two numbers. On the process of extension of numbers, when students rescale it
by using smaller unit or larger unit. it begina to function as number lines which shaws
the position of various numbers and used for extension of numbers. At the beginning.
children learn the U’ is the starting point cn
the line instead of ‘nothing” On the number
s the origiz of pos for
measuring by the interval (unit), The
difference of positions shows the distance (the
number of intervals: cardinal number).

1¢ teacher does not teach the measuring by
the uni from the starting paint O, children (8] Wrke the carmct rumbars n the.
may confuse one on counting intervals as
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and ordering of numbers and recognize the
number on the base ten systems. Taking
interval i the preparations for the
multiplication and division, 100
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1t your children do not knew how to dra
opportunity
arbitrary unit

w the number line. let's give them the
aw it by themselves. It is the activity of measurement by using

(Gakko Toaho, Grade 2. vol.2 pp2 3. 2005: ppé

Tn the case for Jower elementary school mathematics. children study how to use daily
language mathematically on the situation. Definition of arithmetic operations is usually
dons on the situation in daily context because we have to develop children to use four
arithmetic on their daily life.
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O this issue. multiplication is introduced at the following situations! the number of
dishes and the number of objects for each dish.

From the viewpoint of measurement, the situstion is used to explain multiplication that
the multiplication is measuring the amount of the quantity by the unit of quantity when
the unit for the amount is known by the quantity (Ministry of Education. Japan. 1960
Freudenthal. 1989). For example. when the amount is 8 dishes and the unit for the
amount is 2 cakes in each dish. the measured amount by the quantity is Sx 2216
fcakes).

‘This definition works for multiplication of decimal numbers and fractsons as well as the
situation of repeated addition. For example. when the amount of steel is 2.4 m and the
unit weight for the steel is 1.5 kg for ane meter, the measured amount by the quantity is
15%2.4= 3.6 ke
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In relation to bow to caleulste, muliplication is explained with the repeated sddition.
however, multiplication of decimal numbers and fractions is not explained by the
repeated addition but explained by multiplication table with distribution law on base
ten place value svstem, For explaining the multiplication of decimal pumbers and

ve can use the proportional number line which represents the meaning of
‘multiplication by the measuring

At the end of last chapter, you learned bow to draw the proportional number line by the
task below.

4 This textbook using Japanese notation 1.5 (kgim) x 2.4 (m) = 3.6 (kg). In English
notation. it should be 2.4 () x 1.3 (kgm) when 2.4.% 1.5 is read a5 2.4 times 15 In
English, 2.4 times' implicates ‘multiplied by 2.4 Thue, as long a2 you read 1.5 x 2.4'ns
1.5 multiplied by 2.4 of Indeed. ‘s
X b can be read as ‘s multiphied by b even in Enslish. English usase bas inconsistency
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(G2 7t sric o th ribkon a 80 yen per meter Let fnd out bow
mch it wosld cost for (.

‘The b (in blanket)is 2.4 st the end of last chapter. The children who have not yet
learned the multiplication of decimal numbers and fractions cannot ensily recognize that
this task is multiplicstion. On the other hands. if we put the whole number such ns 2
into the box. children who learned the multiplication of whole number could easily
because introduced in daily

situations an the whale number.

prefer this probl strategy like this form ard ask children to put any number
they want into the bax and discuss how. Through putting into the simple number.

hild: 20 this task d in the case of they
already learned and in the case of fraction and decimal number, they did not yet learn.
he class begins this way, children recognize this task as the task for
multiplication and they would like to inquire bow to find the anawer using what they
already learned,
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Lets drae the proprtional mumber lie when the bo (lanketis 2, 2.3 () o )

wfl]

In this exercise. for answering in the case of 2.3 m. we have 1o change the unit from 1
t0 0.1m as well as the case of 2.4, In the case of fraction. we usually change the unit

from 1 to the unit fraction; this case 3 1 is the unit for messuring. If 1m is 80 yen. 1 m

1830+ 2 en. 1} m i 80+ 2 yen.  m s 80+ 2 x 3 e, For considering ke this,
hildrea meeds 1o draw peoportional Bumber line xnd app d divison

on the number line.

Please explain the following

4] We w0 mabe 4 pesas of tae that are euch § o
Horm s o do e oees?

T pr—
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Let's draw rumber line when the 45 2 (m), 2.3 (m) o

m-m price of the ribbon is 80 yen per meter. Let's find out how
‘much it wauld cost for .
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Let's draw the proportional number line when the bax (blanket) is 2 (m), 2.3 (m) or 2 (m)

1 this exseion, foramswering i the cas of 23 . we have 1o change the unitfrom 1m
100,12 well as the case of2.en. T the caseoffacticn, we usually chasige the unit
is803en. 1 m

from 1m to the unit fraction; this case 3 m is the unit for messuring. If 1

+2 x 3 yen, For considering like this,

children needs to draw propor number line and app d division
on the number line.

Please explain the following

4] We w0 mabe 4 pesas of tae that are euch § o
Horm s o do e oees?
o o
Lml::I

oo —————
] T pr—
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o and addition of frar

ons s known, 4 pices ave x4 =T+ 14101

After the explanstion. we should ask children as follows: Is it possible 10 find an easier

4

or faster way? Then. 22 is vecognized as a simple way for -

In mathematics, Iy and simple ways. sa
basic value of mathematics.
In Gakko Tosho textbooks, proportional number line changes from the tape diagram and

‘number line to two number lines at Grade 6. Let's put the

answer: "Wo can cover an area of £ m* with 1d] paint. How many mcan we cow

[t ofthe paine

1f the box is a whole number, we already learned

If the box b & fraction such as 3 dl, we can draw Painted. ““17

the proporcional number line
oy o

f ealeulation as well as

1f we develap the way
multiplication of dec

il umbers, it can be =7

ealeulated as follows: +3x 2
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After the explanation. we ask children as follows: Is it possible to find easier or faster

In school mathematics. area diagram is usually recommended for use in explaining
(avhlchdi=actadsberbd. On the ares dingram, multiplication is the two dimen
ides and it functions s for the model of commutativity. Some people stronely believe

that the area diagrain is the best way for explaining m 0 or because
it provides the wall painting

misconception will appear i students do not feel the necessity to draw the same size

diagram
As long as teachers tey %o explain fraction as dividing fraction true, however
shading activi ception if

chuldren recogaize fraction caly by dividing fraction (see Chapter

‘What is necessary to develop students by and for themselves is that students are able to
draw the area diageam by and themselves as for the tool for reasoning as well as the
uber lines

proportic
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Historically, Euclid produced the theoey under the dimension and Descartes overcame
between dimensions by the propertional mumber line which define
multiplication by the measurements

1) Let's solve the following task by three different methods.

() Mutipiication of Fractions

1) Let's compare three methods, Which ane do you recommend? Why do we need more?

2) There are a number of students who get the answer using the area diagram such as

$x3=2 Why does the aven diagram produce such answer?
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Thece are two types of area diagram. The fisst type is alssady chown in the textbook. It
shows the area of the wall itself for showing the painting Another type of area diagram
represents the following situstion

There is a wall which we use the paint {dL. for painting 1 mater of wall. How much
litter do we meed for painting 3 meters?

For thic tack we draw the following two diagrams for the came meaning.

B

“is
[
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I both diagrams, the denominations of quantities are necessary because children might

develop isundersanding vuch 3.3 = Zif thers are o depeminations,

fine 1o explain esning, Howerer,the children who il kesp the
misunderetand the meaning of whole. ndecd. the et hand side o€ the
above diagramcan be seed aa i thesquareis the wholeeven though it shows quantity

Her,the ey i  uni raction. AL quantity racion)aa wel as the whale 1 L

tenchers ask students just shading without considering these two units, we are not sure
students understand well or not even though teachers felt success 1o explain for
him/herself
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