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Overview

Authentic
Math. Act.
Oriented

Students do Math. like
Mathematician without Teachers!

Students Agency il
Math. Thinking
and Ideas

Math. Value &
Attitude

Done by teachers who do by

Dialectic Approach (since Isaoda 1991): For Overcoming
Contradiction which is a part of Problem Solving Approach

L B T well Know Mathematical

ould be selected by teachers depending on what students we would like to
develop. Good teachers can manage various approaches and control them as their
preference because they know these as parameters depending on the objective of the class.

Student Agency: *ﬁm

Learned how to learn

Done by teachers who . Constructivism is the theory for
knowing on Epistemology
actvity  (Philosophy).

> On this philosophical
perspective, any learning can be
explained by constructivism
from the perspective of
students: Even though they
learned mathematics by
Injection Approach.

> Thus, it does not mean teaching
approach itself. However, some
math-educators try to explain
their own developéd teaching
approaches based on
constructivism: It is possible
however it produced
misunderstanding that the
approaches themselves is
constructivism:

» Why | do not think so?
Crucial issue is what content
students learned in relation to

“ Open Approach
:

how to learn. Depending on the
objective, learning content
itself changes.

Mathematical Yalues, Attitudes and Hzbits for Human Character

Student Agency:
Learned how to learn

Student i ieal Attituds
Agency in frap s R— S e :
this lecture: Reasanablonsssand ¥ otmere
Develop >
students

who learn
mathematics

for

themselves

§

Crucial issue is what
content students learned
in relation to how to learn.
Depending on the
objective, learning content
itself changes.

Autanomously and soclally
Creatively, o wely dril

harmonlously ta develop cluzenship
Judiciously in using various toals
predicting
the future through litelong Iearning.

> Appreciate others’ Ideas and
hange representations for

YV ¥y vg

usefuiness and
Fhciency

Simpler and casier
EBoautfuiness

thematical Thinking and Processes

Mathematieal ldeas of:  Mathematical Ways of Thinking:
Set, Unit, Comparisan,
Operstion, dlgorithm,

Mathematical Activities:
=

Curriculum and Literacy
frameworks are the source of
objectives:
> The frameworks just show
us the necessary ways of
Sharing writing objective only.
Concrete objectives
themselves are usually
written based on the
curriculum standards.

Extension and Integration ¥ Explocation and Enquiry
Ingucth =

Permanence of Form, Mathematisation and

Programming
Ermbodiment > Conjecturing, lustiying snd
©bjectifying by fepresentation and Proving

olizing. > Conceptualisation and
Relatianal and Functianal Thinking. Proceduralisation

Tesnslations.

uonoa|yey

Kew Staga 1
¥ Humbers & Operations
Quantity & Measurament |
Shapes, Figures & Solids
Patiem & Data Plane Figures & Space Figures
Data Handling & Graphs.

ey stage 3

> Numbers & algebra

» Relations & Funcrions
Measuramant & Relations. > Space & Geometey

 Statistics & Probabillty

Represantations

On this lecture, we
use SEA-BES: CCRLS
to explain objectives

All these are the content of learning!!

Review of Part Ill, Lesson 4

lathematics should not have the contradiction;
However, School Mathematics Curricula have huge number

of contradictions from the perspective of learners.
That s o difficulty of learning mathematics for students!

Ex.the extension of numbers
7 Multiglication increase the number! - NO! Not awas!
7 Subtract smaller number from larger number! <) NO! Any number can subtract!
Could we teach th Jusi parts) from the beginning? We could not, right?

Whatwe candois P

Itis the nature for mathematics which was known as a Hegelian, Imre Lakatos (1976) on his book ‘Proofs
and Refutations,

Ancients

Thus, the principle of curricula s necessary such as:
# Mathematization (as réirwention by Freudental, H. 1973}

of the thinkng on the upper e
7 Eitens Jum since 1968 t derel thinkeg
asapartof indassroom for the

Theprinceles post )
oppartunity o develop mathematica tinking.

Long term task sequence

Process of { Extension & I

the perspective of Conceptual and Procedural Knowledge
(Isoda & Olfos, 2021; In Japanese lsoda, 1991 Learners met the difficulties because they could onl
think by using what they already learned as lang as we ask students to use what they learned

", procedure, produoy
/" meaning vith fom)

M Cornectivty wilth
9’ﬁ.,\ P L2

e, three times
gﬁy £ I




22/06/2022

Fuaom

Mathematization (Freudenthal, 19/3) and van Hiele Levels (van Hiele,1950)
Freudenthal defined Mathematization by the re-organization of (mathematical) experience by mathematical means.

@ Curriculum Sequence under Mathematization Principle (Freudenthal, 1973) *i"g:‘:m

Freudenthal defined Mathematization by the re-organization of (mathematical) experience via mathematical means.

van Hiele Levels (Level of Thinking by Freudenthal): Teaching is the activity for students to be able to think on upper level.

Object Operation/ | Nature of language: Contradiction between levels
Means ways of thinking

[ first introduced my discovery in the following way (;/an Hiele, 1955, p. 289): Lo

You can say somebody has attained a higher level of thinking when a new order of L1 Concrete Shape (%)  Concreteobjectis "o
thinking enables him, with regard to certain operations, to apply these operations on new CUisst :i%é:;:: g{tgﬁte of | (asfigure). Cont"afjti;ttiort]hi's f(he d
. 5 o 5 opportunity to think an
objects. The attainment of the new level cannot be effected by teaching, but still, by a each shape el ] e el e discuss mathematically
suitable choice of exercises the teacher can create a situation for the pupil favorable to ' ?Citrcle Mllhe" it was folded
B > ocret g ¥ ¥ L2 Figure(® ®attribute Attribute belonging B @YEER: Square, rhombus and rectangle
the attainment of the higher level of thinking. van Hiele, P. M. (1986). Structure and Insight, Accademic Press. p39. ) each figure s treated | o et e (hEms)
van Hiele Levels (Level of Thinking by Freudenthal): Teaching is the activity for students to be able to think on upper level. as the properties of wli[c(}; ec;terra:/nnd r’;;fu:.pass Properties of figure are
Object Operation/Means | Nature of language: ways of thinking figure attribute of figure (shape).
Concrete O.  Shape (%) Concrete object is treated by the hidden attribute of each shape L3 Properties‘roposition Figures are AT We pOVIE T ST T
(FmE ] the opportunity to think by and f )
L2 Figure(ﬂﬁmttribute Attribute belonging each shape is treated by the properties of figure F:plane figure) :)erzgi?;iz:: by theer'::;zll’ve?lary‘dTea::ing):‘::: mo?r gquave is rho{nbsls_
. quare Is rectangle.
L3 Properties ®Proposition Figures are recognized/operated by properties. TTEIEEITY) TIEEEIELT Te Shotmbuls is Siuafg if.
" p_— X r B e e [ | Sty ectangle is rhombus if ...
L4 Proposition ®™Proof Proposition are explained by proof (local theory) = | T"“i:;"_..n, J
1 Srbadionars  Usetulneds and
L5 Proof Logic Each proposition become a part of Axiomatic system (general theory) - st | ey By Isoda such as 2015 .
- A r Retational and functional Thankng | > and 2018

T

Mathematization from L1 to L2 [ 3= @

Mathematical Ideas of:
S Why this activity
Stacking s is necessary?

. Boxes

1 | Let's trace shapes and draw a picture

»> Japanese had already
developed the task sequence
of it from 1934 textbook up to
1950s curriculum reform
because they had been
distinguished shape, figure and
plane figure in Japanese at the
beginning of school system in
1870s.

Let's explain by
using terminology.

Did you use? & : S s
w57 T = 4

. Mathematical Values s this coh Tused this
»> If we use appropriate Seeking to draw the
terminology to distinguish » Generality and
conceptual differences, we can expar\dabnlrty
produce appropriate task -~
sequence for students’ activity. —- g U:::'"Ims and
> What terminology is the key Vi WY > ;im;;(:nd atar
on those two pages’ activity? = - > Beautifulness
Hiklps, Mifflhuis vl = ﬂi Mathematical Attitude Mathematical Activities: > Conceptuaiisation and
collecting, touching, Mathematical Ways of 'mlnklng. e Y o etTalng e = N eemptiag o Proceduralisation
stacking and making > Generalisation and Specialisation Ermbodiment ' . 3 See and think mathematical # Representation and Sharing & "
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Cbject treated by the. Cbject treated by the.
Piddan stliute of Piddan stliute of
oach shaps

@ Triangles and Quadrangles

ribute  Atirbuts beloning
each igumw s ireate
of

Aliraute belorging
each igumw s ireate
a3 the properts

o

colored cardboard shaped ke this

o Various Shapes 2| Wik shapes by using 4 sheets of I .
’ D

D Make the shape shown in @

2 From @, make (®, ©, @ and ©

b G |

Those pages are NOT
independently existed.
It has task sequence

beyond chapters and
grades as well as other
content-strands.

Sttt Lines )

@ 0
1 | Use string to make cat's cradles as shown above.
2 | Make a straight fine.
Stretch an elastic band

2) Fold a piece of paper.

https://support.gakuto.co.jp/
r2s_sansu_translation/

1| Make various shapes by using 2 sheets of colored 3 | Make the following shapes from =
- . I =J win shepe & The line that is like a piece of string pulled
cardboard shaped fike this colored cardbosrd shaped like this e
i tight is called "a straight line.
a @
3 | Draw a straight line
. using a ruler and check ﬁf (Tronges and Quastranges )
H 5 that the fine is really 1 | Connect the points using S
E 1 e ey 2 straight by comparing it to a tight string. straight lines to enclose each animal L b {
- 9 0
5 a 0 "

Ceect reated by ihe.
don lirioute of
sach shaps

Froeei Mottributs.  Attriute elorging
¥l sach fuew s treatad

e e 4] raw various trangles and auatrangies by ¢ L’ ‘ - ’ ‘
ape made using 3 sra ii = 5 4
ting points with stralght i o o ’ \ e‘ln
lines is called “a triangle.” R R kol } P ’ b ' S

‘g e R /\J V/—\ \/\/h |Ch |e\/e | |S |t? l_ Color the triangles red and the quadrangles blue.

lines s called "a quadrangle " 7% )
3 | Find the triangles and quadrangles. o e e e w e m el s e e M
5 | Cut the paper to make

the following shapes. »\ f

@ 2 triangles.

@ 2 quadrangles.
2 Cut colored paper in the same shapes and make patterns.

J @ A triangle and a quadrangle.

6 | Look for things that are shaped like & triangle or &

quadrangle.

=
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L3

van Hiele Levels (Level of Thinking by Freudenthal):

ect Operation/ | Nature of language:
Means ways of thinking

L1 Concrete S
Object

'attribute ‘

Properties‘roposition

Mathematization (Freudenthal, 19/3) and van Hiele Levels (van Hiele,1950)
Freudenthal defined Mathematization by the re-organization of (mathematical) experience by mathematical means. Japan

hape (£)  Concrete object is
treated by the

Esansion

:
et B
=S

== !
orstr M
= !
e S
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Inductive, Ansiogical and Dechcive
Abstracting. Concretisng snd
[r—

Onjechtying by Aepresentaion ana
ol

sire
Retacional amd Pramctional Tharking

hidden attribute of
each shape

Attribute belonging

each figure is treated
\ as the properties of
figure

Figures are

(FmEE i
#:plane figure) recognl;ed by
properties.
Mathematical Activities. [Mathemancal Ways of Thinking. Mathematical Values
" o s Seeting

eaching is the activity for students to be able to think on upper level.
Contradiction between levels

-
Round shape is not a circle e
(as figure). Contradiction is the

opportunity to think and

Fold round shapes and find discuss mathematically
a circle when it was folded

just overlap.

Square, rhombus and rectangle
are different figure (shape).
Properties of figure are
attribute of figure (shape).

Circle is drawn by compass
with center and radius.

“How can we provide our students for
the opportunity to think by and for

e 0? Square is rhombus.

Square is rectangle.
Rhombus is square if ... .

Rectangle is rhombus if ... .

By Isoda such as 2015, ,
and 2018
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