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Number and Calculations, Number and Algebraic Expressions

KOYAMA Masataka, Hiroshima University

Abstract : The purpose of this paper is to summarize the changes of teaching and leamning contents in the areas of
“Number and Calculations” and “Number and Algebraic Expressions” in the Course of Studies for elementary and
secondary school mathematics after 1945 in Japan. As a result, the followings are found out as three main
characteristics. (a) There is a remarkable difference between the period of “Life-Unite Learning” (1945 — 1957) and the
period of “Systematic Learning” (1958 — 1967) regarding to the teaching and learning contents and their sequences in
these areas shown in the Course of Studies. (b) The contents and sequences shown in the Course of Study (1958) has
been the prototype of those shown in the following Course of Studies (1968, 1977, and 1989). In the new one (1998),
however, we notice that calculations are rather lightened; decimal numbers and fractions are introduced one year later
than the before (1989); the using of algebraic expressions with alphabetic letters is shifted from elementary to lower
secondary school mathematics. (c) The dealing with equations and inequalities in secondary schools is gradually

lightened in recent years.

1. Introduction

The purpose of this paper is to summarize the changes of
teaching and learning contents in the areas of “Number and
Calculations” and “Number and Algebraic Expressions” in
elementary and secondary school mathematics after 1945 in
Japan. In doing so, we refer to the Course of Studies that
have been revised every about ten years by the Ministry of
Education.

2. Changes in “Number and Calculations”

The tables 1, 2, 3, and 4 show the summary of changes of
the teaching and leamning contents regarding to the number
and calculations shown in the Course of Studies (1947, 1951,
1958, 1968, 1977, 1989, and 1998).

In the tentative Course of Study (1947), the four
operations with fractions were dealt with in the sixth grade.
In the tentative one (1951), the timing of dealing with
teaching and learning contents in this area was generally
one- or two-year later than the before. For example,
multiplication facts was in third grade; division by two-digit
numbers was in fifth grade; multiplication and division with
fractions were in the first grade at lower secondary level,
and four operations with positive and negative numbers
were in the second at lower secondary level (Table 1).

In the period of “Systematic Leaming” (1958 — 1967), the
timing was modified to be one-year earlier than the before.

For example, the simple addition and subtraction with
two-digit and one-digit numbers were in the first grade;
multiplication facts were in second grade; division by
two-digit numbers was in fourth grade; multiplication and
division with fractions were in the sixth grade; and four
operations with positive and negative numbers were in the
first grade at lower secondary school level (Table 2). The
contents and sequences shown in the Course of Study
(1958) has been the prototype of those shown in the
following Course of Studies (1968, 1977, and 1989).

In the period of “Modemization” (1968 — 1976), at
elementary school level no remarkable changes were made
except completing the four operations with fractions in
elementary school. On the other hand, at lower secondary
level, the idea and structure of number sets was introduced
as new teaching and leaming content in the second grade
(Table 2).

In the period of “Back to Basics” (1977 — 1988), however,
the idea and structure of number sets was eliminated (Table
3). In this period, the need for careful selection of the
teaching and learning contents in mathematics was
emphasized. But we cannot find out the remarkable changes
in this area of number and calculations. It means that the
area seems to be basic and important in school mathematics.

In the Course of Study (1989), there were no changes in
this area at elementary level. At secondary level, some
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Table 1. Changes of the Teaching and Learning Contents in "Number and Calculations” (Part 1)

Tentative Course of Study (1947)

Tentative Course of Study (1951)

Number Addition & Subtraction Multiplication & Division Number Addition & Subtraction Multiplication & Division
Ist *Counting, reading, and } -Mecanings end mutual *Numbers up to 50 “Knowing the meanings *Having a rich, bnckground
Grade | vriting numbers up to relations -Principle of place unit of Addi and of multiplication and

100 +hal{ & half of half Subtraction division
P {2nd *Numbers up to 1000 +Addition & Subtraction : -Multiplication facts *Numbers up to 500 *Facts -Having a rich background
R | Grade with 2-digit numbers *Understanding of meanings ~Prmc|p|= of place unlt Dy «en culculu(ivn by using the idcas o
1 sum up to | of equal djvision and Esnmanon ng numbers . & Subtraction miultiple and fraction
M ough estimation of inclusive division 172, With 2.4 it pumbers
A Addmon & Subtraction *Mutual rﬁnlmns of
5 with bridging addition & subtraction
3rd “Unit fractions «Addition & Sub “Numbers up t - Addition & - ing Itiplicati
Grade with abacus Exlensnon of Principle of } with 3-digit numbers cts "
- Written cnlcu!allon Elace unit *Mixed calculations *Mutual relations
- Addition & Subiraction imple fractions (units) +Connecting the meanings
with same denominator -Using decimal numbers of unit fractions 1o,
fractions multiplication & division
4th *Numbers Ies: then one | - Addition & Sub - Written i *Numbers uvp to 50000 - Addition & i = Written calculati
Grade | hundred million with d . i with 3-digit -Decimal posmonnl with 4-d|gn numbers +2-digit * 2-digit
*Meanings of decimal numbers numbers - notation * With abaci Dlvman by I-digit
numbers and decimal *Division with 3-digit -Size of fractions & Mu'uul 1 among foul
point numbers decimal numbers
-Relative size & Round
numbers
5th *Matltiple relations of *Multiplication & DMs:on Numhers up to With abac e - 3-digit * 3- digit
Grade | natural numbers and with decimal num 100000000 -Addlllon k Subtvactlun 1 +Division by 2-digit
fractions “Multiplication & Dmslun NFunhty of fractions witl same denominator : -Multiplicaiion &. Division
-Rate and puc:mag with abacus utual relations of fractiol 1 with decimal numbe
- Approximate numl| decimals and fractions 'Wilh declmll numbers |
6th +Fractions Four computations with fractions «Approximate numbers - Abacus : *Division by 3-digit
Grade *Size of fractions ' +Denling with 0
*Ratio Four computations with Fraciions
*Rate & percentage
L |1st -Positive numbers & Four computations with positive and negative numbers -Numhzrs less than one Fou with whole t
O | Grade | negative numbers . . trillion dcclmnl numbers, and fractions
w Understanding and applying the rules of computations -Fraction & decimals
ER *Ratio, rate, percentage
2nd *Square numbers & Using the table of square and square root numbers *Positive numbers & Four computations with positive and negative numbers
S. | Grade Sgusre root numbers negative numbers
3rd History of numbers and computations, and its relation to our daily life -Square numbers & Computations with square bers &
Grade Square root numbers Using the table of square root numbers
UPPER S. { -Complex numbers E Four jons with pl L -Complex numbers Four T with pl
. . Ha 1) H "
Table 2. Changes of the Teaching and Learning Contents in "Number and Calculations" (Part 2)
Course of Study (1958) Course of Study (1968)

Number Addition & Subtraction Multiplication & Division Number Addition & Subtraction Multiplication & Division
1st - Connting, reading. and { - Situations nnd signs of | -Counting coll:cilvely end *Counting things and * Situations o!‘ Addition *Counting collzcuvcly ond
Grade | wriling numbers up to -ho Subnuchon dividing eq; vepresenting with & Subtractios dividing cqual

(blckground expcnences) numbers (teps-unit mennings; (Underslandmg the basics)
-Cnnslmcling nuinbers 2-d|gll - I égul Sequence. size and order ddition & Subtraction
of num! with s|mp|e 2-digit
enmngs of place unit 'Relnllng one numhcr to numbers
P f 2-digit numbers h: other num!
R 'Sequence, size an: epr!senllng 2- d:gh
lM order of numbers
A l2ad *Reading -nd wrilln of ; *Addition & Subtraction | °Situations and sign of *Thousands-unit *Muytual refations of *Situations of
R | Grade 5 with 3-digit numbers multiptica *Decimal positional Addition & Subtractjon multiplication
Y . Jnderslln mg of the * Written calculations ~Mul||phcal|on facts notation, size, order of - Addition & Subtraction : *Multiplication facts
dea of place unit +Understanding an m.mb:ys up to 4-digit with 3-digit numbers
*Meaning of 0 using the basic relations num -Wrmen calculetion
+Basic idea of rate of Add. & Subtraction Slmple fncuons such as § <Usin, iropemes of
Addi |o|1 Subtraction
3rd *Rending snd writing of { - Addition & Sut i * Writte fation of *Ten Thoussnds-unit g the properties of ! *Using the prupemes of
Grade | numbers up 10 10000, with 4-dlgn numbers mulliphcn(inn Wmmg the num fion & Subtraction multiplicatio
~l’r|ncvple of place unit 'Devmn calculation of { -3-digit x 1-digit of 10, 100, l/l(!llmes dition & Subtraction ! *Written calculnuan of
riting the numbers ubtraction *Using the relations of “How decimals with decimal numbers multiplical
of 10, 100, 1/10times Ill lication and +3-digit * 2 Fi
'Slmpfe fractions tyations and sign of *With abacus *Wri cn cajculation of
*Simple decimals I«i divisi .
*Division by 1-digit -Dnvulon by 1-digit
4th *Decimal positional M lations of four operatio *Units of million and Meanings and properties of four operations
Grade | notation 'Addllmn & Suhlnellnn Multlpllea(lon by 3-digit trillion - Addition & Subtraction , *Division by 2-dig;
Nrproxmm(e numbers wnh dc:lmnl numbers *Written calculation of Dec-mll positional with decimal numbers Muhlphullon & Di
utual relations of - Addi Subtraction division otation -Addition & Subtraction  of decimal numbers by
decimals and fractions wuh ame denomlmlor N{vpmxlmnle numbers with same naturs
with natural numbers fractios [esnings and wnting of fractions
Me-mngl of unit *With abacus of decimal numbers by declmn numbers * With abacus
frac natural numbers “How to write fnchons
Eq\mhly and size of and munltz
fractions numerator & denominator
Sth Unhs nr million and * Addition & Subtraction Mulughcmcn & Dnvuwn ~Clnssiﬁc-llon of natural *Addition & Subtraction | -Division with decimal
Grade § trilii with decimal numbers al bers numb, en (odd and even with different -
Undersllndmg of +Addition & Subtraction } -Multiplication & Dlvmon num i & Division
decimals with different - of fractions by natural -Mnluplu and divisors of fractions by natural
*Mutual v:lnncn among i = Understandi Ing the numbers
natural numbers, *With abacus decimal numbers deeply
decimal numibers and -Equullly and size of
fractions fractior
»Percentage and rate Pzreenuge end rate
6th - Approximate numbers Meanings of four operations *Mutual relation among Possibility of four computa
Grade -Cnmpanng sizes of - Addition & Subiraction , *Multiplication & Di naturel humbers, decimal Properties of addition and multi|
num with fractions + with fractions numbers and fractions
H . * With fractions
1st * Properties of natural Mutual relations and lows of four operations [Course of Study for Lower Secondary (1970)}
L | Grade | numbers (multiples and *Positional notsiion
o divisors) “Properties ol‘ natural .
w “Positive numbers & numbers (primes, Four computations with positive and negative numbers
E negative numbers . multiples, dlvrsars
R * Approxiraate values , * With slide rule «Positive numbe
‘_:rror and significant ' negative numbers
s. igure) H - Approximate values
i s_en'or and significant * With slide rule
nd -Positive numbers & Four computations with positive and negative numbers | -Structure of number sets
Grade | negative numbers
3rd - Square Using the table of square root & *Square root Using the table of square root and slide rule &
Grade (nu%nal lnd frrational spplication of the Jows of “eaiculation (rational and irrational computation of simple algebraic expressions

UPPER
SECOND.

= Com)

[Couru of Study for Upper Seccndlry (1960): Mllhemnncs I]

mbers

[Course of Stud;

“Real and complex num!

for Upger Secondary (I970) Mathemati;

= 1]
Operations with rcal numbers
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Table 3. Changes of the Teaching and Leamning Contents in "Number and Calculations” (Part 3)

Course of Study (1989)

Cousse of Study (1977)
Number Addition & Subtraction Mullipllcllion & Division Number Addition & Subtraction Multiplication & Division
1st “Representing the 'Sihlnlions ol' Addition +Cou 1y and the number i of Addition «Ci ting collectively and
Grade rder of bir dwldlng equllly .nJ order nhhmgs with § & Sublnchon ing equally
h numbers “Ad nn & Sub"acuon numbers (tens-unit) (meaning: &
with simple 2-digit -Size, arder, and sequence - Addition & Subtraction
lze order, and numbers of numbers with simple 2-digit
r rluence of numbers “Relating one numberto & numbers
R elnting one number the other number
] |n the other number “Representing 2-digit
M -Representing 2-digit number
Q numbers
Y | 2nd * Thousands-u *Mutua! relations of * Sityati nit *Mutual relations of * Situations of
Grade | *Dccimal pos Addition & Subtraction : +Using the propeme: ol' 'chmul pesmrmll Addition & Subtraction multiplication
notation, size. ord - Addition & Subtraction multiplicatios notstion, size, order of - Addition & Subtraction : *Using the prupemes of
numbers up to 4~digh with 3-digit numbers -Mnllrpllcnhon facts .numbers up o 4-digit with 3-digit numbers mulu_phc-u
numbers -Wnnen calculations numbers - Written facts
*Usin roperties of ‘Relative size of number +Using |he£mpcmes of
Addi |nn isub(rar.lkm Addition & Subtraction
3rd -Ten Thousands-unit ~Usm the properties of | -Using the properties of «Ten Thoussnds-unit “Using, ‘{mpcmes of { -Using the pmpemu of
Grade 'er(lng the numbers Addifion & Subtraction multiplication -Wmlng the numbers Admuon Subtraction multiplicatior
of 10, “100. 1/]0times 1 - Addition & Subtraction { - Written ell:\llulion of 10, 100, 1/10times - Addition & Subtraction ; *Written cnlc\ ion
*How to write decimal with decimal numbers - 3-digit * 2- “Relatlve size of number with decimal numbers *3-digit » 2-d
numbers and fractions and fraction 'Munmgs of 5|vlsion <How to write decimsl and fractions 'Mnnlngs of division
*With abacus . n en calculation of numbers and fractions * With abacus :n calculation of
—Dmslnn by 1-digit -Dlvlsiun by I-digit
ath “Units of million and Meanings and properties of fou Unls of million ang Meanings and properties of four operations
Grode | trillio - Addition & Subtraction + - Division b ‘y ~Addmon & Subtraction , *Division by 2-digit
-Becimal positionat with decimal numbers | -Multiplicafion Sl division | -Becimat positional with decimal numbers  the properiics of
notation * Addition & Subtraction of decimal numbers by notation «Addition & Subtraction
~Mrpmxmnte numbers ‘with same denominator natural numher 'Ap roximate numbers ith same denominator + - hphclhon and
eanings and writing ractions !(u usefulness ractions ision of decimal
of decimnal numbers 'Meanlngs and writing « With ebacu numbers by natural
How to write fnc(lcn! of decimal numbers «Estimation 'oF sum and numbers
its meanings *How to write fractions difference
and its meanings
Sth *Classification of - Addition & Subm\cllon ~D|vmon with decimal * Classification of *Addition & Subtrnc(lnn -Division with decimal
Grade | natural numbers (odd with differe mbers nnlunl numbns odd with differe: numbers
and even number) dencmlm\mr fucnons Mnlnphcu!nn & d-vnslnn even nu denomm-lur rncnens 'Elllmlllun of product and
Multipies and divisors of fractions by natural -Multiptes and divisors quotient
< Understanding decimal numbers 'Undersundm decimal
numbers decpl numbers deeply H
~Equnhly and size of ‘Equnhly -nd size of H
fraction: fraction H
-Perc:nlng: {rate) ~Percentage and rate 1
Gth “Mutunl relation smong Possibility of four operations *Mutltiplication & division
Grade } natural numbers, with fractions
decimal numbers and Muttiplication & division
s with gnclions
. mbers to
represent possil rliry of
uncertain events
Ist 'Fmperﬂzs of natural . -Positive numbers &
L | Grade | numbers es, Four operations with positive and negative numhers negative numbers Four operations with positive and negative numbers
(o] mnlllpleq, divisors
w - Positive numbers
E negative numbers
R * Approximate values
s. | 2nd : *Representation of :
Grade H numbers (binary system H
H spproximate value i
rd *Square roo Iculation of basic expressi i i * Square root C: of basic exp! includi
Grede | (rational nnd irrational square root *Prime numbers square root
numbers;
UPPER {Course of Study for Upper Secondn 1978): Mathemntics 1 Coutse of Study for Upper d 1989): M ics A, M ics B
SECOND. | “Renl and complex num . AicuTationy ith el mombers et oo g e emimiohe b ey and cammplon wocrpens” 2

Table 4. Changes of the Teaching and Leamning Contents in "Number and Calculations" (Part 4)

Caurse of Study (1998,
Number Addillon & Sublraction | Muliiplication & Division
13t | Representing the “Sitan .
Gindo [ mamoer andCorder of 8 Swbmacton " " Siunlig collectively and
fhings with rumbers G J‘
ensumit) Subteaction
R e, order, and igh numbers
iequence of mubers
R elnting ona mmlber to
i “Ihe lnds oy
M . lepvutnlm[ nmbers
A o 100
Y [2nd |-Thowsands-unit “Mutyal rel .
B | Bttt XUy G e
nafnlion, size, order f ~Addvllon & Subtraction | multiplicat
numbers vp 1o 4-digit v 2-digil numbers  § -Multfplication facts
s cnlcalntions
“Relative size of nuniber { Using tho properties of
Adddon & Shimaction
3rd 1 -Ten Thousends-unit Addi .
Grade '\VII|In 'rf'g.:m'é"m of Sl:h'gnix.fs"h'"c"un g:v‘l':nlpl‘lh oy of
imes . 1 i .
Kelnite ce of mavber § Sk ”l S raciion .‘.Y.ﬁ{i;ﬂ oo of
-With sbae 3.digit
. eunln'! of !IV'!‘OII
+Division by 1-digh
ath 15 of million and  {-Meanings of Addition & §-Using the propent]
Grade Mncfmu R G | S properties of
D:=| al positionn!
-Addition & Sublracti divi
hfpnnlmnle pumbers | with simple decimal |- Diuision by 2-digit
emnings end writing § numbers (unlt of 1/10)
. of decimal nus
and fm:honl
Sth | -Classification of natural § -Meani i .
Grnde | umbert (0dd wnd even ?If!'l;‘l';ﬁ;: Cdiion & §-Measings of mulilicaton
) fractions
Undnsmmllnﬁ decimal £+ Addition & Subtraction Muhlpllullon & Diviston
m::;‘r;’ eply it same denaminator simple declmal
vm ing et
of decimal numbers Bndi (roper Fraciions) b o o)
fractinns stimation of sum an
“Equality of finctions | difference
“Ferceninge (rate)
6th | -Divisors and multiples §- Addition & ion | +Men
Grnde Emmlxly and size of with different and dlvnlon with fractions
fractio denominator factions  § -Multiplication & Division
(proper Fractions) with faciion
emeent mixed fractions) |
*Estimation of product »
quolient
tst_ |-Positive numbers &
b {Bie Tosidve mumbers Four ooerntlons with poshive and negative numbers
W e i
E [Grade H
d s,
s, [U34e | Saumee oot (cacent Eqnlculn(ln!l of basic expressions Including
-Prime nunbers
yreee ICourse of Study for Unper Secondary (1999): Basle Mathematics, Math 1, Math 1)
SECOND. |“Reat numbers {rationnt §-Calcolaiions with resl numbers
and irrational numbers
-Complox mumbers
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changes were made. For example, the teaching and learning
of real numbers and complex numbers was set in an optional
mathematics subject at upper secondary school level.

Then in the new Course of Study (1998), the total number
of school hours for mathematics is inevitably decreased by
the implementation of the five-day schooling system. As a
result, calculations are rather lightened; decimal numbers
and fractions are introduced one year later than the before
(1989); the using of algebraic expressions with alphabetic
letters is shifted from elementary to lower secondary school
mathematics. In contrast, the meanings of number and four
operations, the making use of properties of four operations
to construct and learn algorithms of complicate calculations
(Table 4).

3. Changes in “Algebraic Expression and Operations”

The table 5 shows the summary of changes of the
teaching and learning contents regarding to the algebraic
expression and operations. In this table, not only the content
of algebraic expressions but also the content of symbolic
expressions at elementary level and the content of equation
and inequalities at secondary levels are included. In addition,
there were no explicit mentions about algebraic expressions
in the tentative Course of Studies (1947 and 1948). So the
contents in this area in the Course of Studies (1951, 1958,
1968, 1977, 1989, and 1998) are summarized in the table 5.

As you can see in the table, regarding to the algebraic
expression and operations, the contents and sequences
shown in the Course of Study (1958) has been the prototype
of those shown in the following Course of Studies (1968,
1977, and 1989). According to the emphasis of
mathematical thinking, even at elementary school level, the
following contents were gradually introduced; presenting
the quantitative relations in symbolic expressions and
interpreting these expressions in some real contexts,
presenting and using mathematical formulas; using
alphabetic letters and symbols such as x and . At the
lower secondary level, basing on the experiences in
elementary school, the rule of writing algebraic expressions,
the multiplication and division with algebraic expressions,
and the linear equations and quadratic equations were set as
the teaching and leaming contents. In the Course of Study
(1960) for upper secondary mathematics, the fractionat and
irrational expressions, the higher-order equations, the
quadratic inequalities were set as the teaching and leaming

contents.

In the Course of Study (1968), at elementary school,
using symbols such as [] and A to represent numbers
and quantiies was set in the third grade; and the using
alphabetic letters such as a and x instead of words and
symbols of [J and A was set in the fifth grade. At the
lower secondary level, the addition and subtraction with
linear expressions and the properties of equality and linear
equations were set in the first grade; the properties of
inequality and linear inequalities were set in the second
grade; the multiplication and division with linear
expressions and the quadratic equations were set in the third
grade as main contents. The one prominent characteristic in
this period is emphasizing the integrated view on equations
and inequalities.

In the Course of Study (1977), the more careful attention
was paid to introducing of symbols and alphabetic letters
gradually in order to make a connection with algebraic
expressions in elementary school as follows; using the
symbol of [0 in the third grade; using the symbols of (J
and A was in the fourth grade; and using the alphabetic
letters such as a and x in the fifth grade. On the other hand,
at lower sccondary level, linear inequalities with two
unknowns was eliminated.

In the Course of Study (1989), at elementary level, the
activity of representing and interpreting symbolic
expressions of four operations with whole numbers was put
more emphasized. At lower secondary school, the
simultaneous system of linear equation and inequality was
eliminated. Moreover, at upper secondary level, the dealing
with equations and inequalities was lightened. '

Then in the new Course of Study (1998), as the total
number of school hours for mathematics is decreased, some
remarkable changes are made. At elementary school, using
the sign of inequality is eliminated; using the symbols of ]
and A is introduced one year later than the before (1989).
On the other hand, the activity of representing and
interpreting symbolic expressions is put more emphasized.
The using of algebraic expressions with alphabetic letters is
shiffted from elementary to lower secondary school
mathematics. Moreover, at lower secondary level, the
propetties of inequality and linear inequalities are
eliminated; the quadratic equations are limited to the simple
and the solution formula of quadratic equations is not dealt
in lower secondary school. These contents eliminated in the
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Table 5. Changes of the Teaching and Learning Contents in "Algebraic Expression and Operations”
C. 5. (1951) C. S.(1958) C. S. (1968) C.5.(1977) C. S. (1989) C. 5. (1998)
Ist +Writing and reading Representing and *Representing and |
Grade symbolic expressions interpreting situations of | interpreting situations of
by using signs of +, — addition and subtraction addition and subtraction
with symbolic expressions | with symbolic expressions
2nd *Writing and reading *Representing and *Representing and *Representing and *Representing and
Grade the relations among interpreting quantitative interpreting the things and | interpreting situations of | interpreting situations of
concrete things by using refations (=,<) refations (=,<) multiplication multiplication
signs of +,—,x *Representing and
interpreting the things and
relations (=,<)
3rd *Using symbolic -Putting the quantitative -Putting the quantitative *Putting the quantitative *Representing and *Representing rnd
Grade | expressions relations into formulas relations into formulas relations inta formulas interpreting situations of | interpreting situations of
with words *Making symbolic *Making symbolic division " division
*Making symbolic expressions by using signs | expressions by using 2 +Putting the quantitative
P expressions by using a , A and inquiring sign O and inquiring relations into formulas
R sign O as vnknown numbers fit the signs numbers fit the sign and interpreting them
1 +Making symbolic
M| ' expressions by using a
A sign O and inquiring
5 numbers fit the sign
4th *Putting symbolic +*Order of Calculati M gs and calculati ‘M gs and calculati *Meanings and calculati ~Puni? the relation
Grade | expressions into one | +Making symbolic expressions with () expressions with () expressions with () regarding to division into
*Writing expressions expressions with () 'ngenies of sign = +1deas of formula +Ideas of formula formula o
by using () *Meaning of sign = Understanding the ideas of | - Making symbolic *Making symboli Meanings and
*Putting the quantitative formula and using them expressions by using signs | expressions by using signs | expressions with ()
refations into formulas O, A and inquiring 0O, A and inquiring *Understanding the ideas of
and using them numbers fit the signs numbers fit the signs formula and using them
Sth *Knowing the +Using to solve | *Undi ding the +Understanding the +Understanding the +Summarizing the properties
Grade | meaning of sign = quanfitative problems applicability of formulas applicability of formulas applicability of formulas | regarding to four operations
*Making expressions by widely widely widel. {7 using signs 0, A
using a symbol x as +Using alphabetic letters a, | *Using alphabetic letters g, | *Using alphabetic letters a, | -Understanding the
unknown and finding out t | x to represent quentity and | x fo represent quantity and | x to represent quantity and| applicability of formulas
he value of x finding out the values finding out the values finding out the values widely
+Using formulas
6th «Applying formulas in case | +Applying formulas in case
Grade of Fra’clion: and of ch(igns and
interpreting the relations interpreting the refations
p more p more gt
*Interpreting expressions
in the form by noticing
addition and multiplication
structures
Ist *Representing quantities [C. 5. (1969)] *Rules for writing algebraic | + Using alphabelic letters +Using alphabetic letters
Grade and the relations snd rules | Repi ing algebrai i *Rules for writing algebraic | - Rules for writing algebraic
by using alphabetic letters :xpressions%y using ‘| - Addition & Subtraction expressions ex‘!)rpgsions i
* Alphabetic letters as alphabetic fetiers with linear expressions *Addition & Subtraction | *Addition & Subtraction
L unknowns *Rules for writing algebraic | - Meanings of equation with linear expressions with linear expressions
0 - Substituting value for x i *Properties of equality and | *Meanings of equati Meanings of equation*
Ad *Rules for writing algebraic | *Addition & Subtraction linear equations with one | +Properties of equality and { +Propertics of equality and
E exprassions with linear expressione unknown linear equations with one | linear equations with one
R +Finding out a value of x M of equation and . unknown unknown
by inverse operation nequality
+Properties of equality and
E inear equations
Cl2nd | *Rey ing the *Meanings of alphabeti *Calculations with +Calculations with *Calculations with +Calculations with
O Grade | quantities and relation | letters and algebrai Igebrai i Igebraic expressi algebraic expressi Igebraic ex 3
N by using letters and expressions -Properties of inequali *Using algebrai idd & Sub: polynomials)| (Add & Sub: polynomials)
D T =,< +Calculations with *Linear Inequalities with +Transforming simple Mul & Div: monomials) | (Mul & Div: monomials)
A *Rules for writing Igebraic expressi one and equalities - Using algebrai ion | + Using algebraic
R algebraic expressions Add & Sub: polynomials) | with two unknowns *Properties of inequality & | * Transforming simple * Transforming snmpTe
Y *Using letter x Mul & Div: monomials) | -Linear equations with two | linear inequalities with equalities equalities
*Properties of equality | - Properties of equali:{ unknowns one unknown *Properties of inequality & |- Simwltaneous system of
*Simple equations *Linear equations an. *Simultaneous system of *Linear equations with two | linear inequalities with linear equations with two
simultaneous equations linear equation and unknowns one unknown unknowns
inequality +Simultaneous system of « Simultaneous system of .
linear equation and linear equations with two
inequality unknowns
3rd | -Linear equations *Calculation with algebraic with linear | ‘Multiplication with linear | -Multiplication with linear |-Multiplication with linear
Grade | * Simul system pressions (expansi p s p expressions expressions .
of linear equations factorizing by las) Expanding and factorizing | *Exp g and factorizing | +Expanding and factorizing | -Expanding and factorizing
* Transforming simple 'ReplacinF an expressi Igebrai ions by Igeb ion! Igebrai ions by Igebrai ions by
equalities by one alphabetic letter formulas formulas formulas formulas : )
* Calculations with “*Quadratic equations *Quadratic equations +Quadratic equations +Quadratic equations - +Simple Quadratic equations
Igebraic expressi +Simull system +Linear inequalities with }y factorizing, solution factorizing, solution §by actorizing)
+Expanding and of linear equations two unknowns ormula etc.) ormula etc.) except solution formula)
factorizing algebraic
expressions
[Analysis 1] C. S. (1960)] C. S. (1970)) . [c. s.(1978)] [C.S. (1299)’
*Four operations with | {Mathematics T} Mathematics I} Mathematics 1) [Mathematics [) {Mathematics 1]
integral expressions | *Four operations with *Four operations with *Integral expressions and | * Quadratic equations & ‘Linear inequalities
UPPER and fractional integral expressions and integral expressions and rational expressions uadratic inequaliti *Quadratic equations &
SECON. pressi fractional expressi rational expressions *Quadralic equations {only real roots) uadralic inequalities
*Simuitaneous syslem | +Irrational expressions *Quadratic equations +Simple higher-order (only real roots)
of linear equations *Quadratic equations -Equations & factor equations {Mathematics A] ,
*Quadsatic equations wgliscriminnn() theorem -Simultancous system *Integral evpression [Mathematics 11]
(relations between *Fractional equation & -Simple absolute of equations -Equalities and *Division with integral
rools and irrational equation inequalities *Quadratic inequalities inequalities expressions & fractional
coefficients; -Higher-order equations *Quadratic inequalities * Algebraic expressions and expressions
discrimi *Simu! system proof [Mathematics B) +Complex numbers &

*Properties of equality
and inequality
«Fractiona! equation &
irrational equation

* Properties of
proportional
expressions

of quadratic equations

with two unknowns
-*Linear inequalities &

quadratic inequalities

*Complex numbers &
Quadratic equations

Quadratic equations
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lower secondary are shifted to and set in the mathematic
subject at upper secondary school level.

4. Conclusion

The purpose of this paper was to summarize the changes
of teaching and learning contents in the areas of “Number
and Calculations” and “Number and Algebraic Expressions”
in the Course of Studies for elementary and secondary
~ school mathematics after 1945 in Japan. To do so, the tables
of 1 to 5 were shown.

As a result of overview and some considerations, the
followings are found out as three main characteristics. (a)
There is a remarkable difference between the period of
“Life-Unite Learning” (1945 — 1957) and the period of
“Systematic Leaming” (1958 — 1967) regarding to the
teaching and leaming contents and their sequences in these
areas shown in the Course of Studies. (b) The contents and
sequences shown in the Course of Study (1958) has been the
prototype of those shown in the following Course of Studies
(1968, 1977, and 1989). In the new one (1998), however, we
notice that calculations are rather lightened, decimal
numbers and fractions are introduced one year later than the
before (1989); the using of algebraic expressions with
alphabetic letters is shified from elementary to lower
secondary school mathematics. (c) The dealing with
equations and inequalities in secondary schools is gradually
lightened in recent years.

Generally speaking, education is the dynamic system with
purposes and designs to meet and supply the needs of
society and students through long generations, not excepting
mathematics education. In this sense, it is important for us as
mathematics researchers/educators to rethink the teaching
and leaming contents and their sequences in the areas of
“Number and Calculations” and “Number and Algebraic
Expressions” in one whole vision including their aims,
teaching methods, and the ways of evaluation in light of
historical lessons.
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