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INQUIRY IN JAPANESE (FUKUI) MATH 
CLASSROOM: USING STUDENTS’ IDEAS TO 
DEVELOP THE CURRICULUM

TEXT

PRIMARY MATHEMATICS IN JAPAN

▸ OECD, 2010 

▸ grounded in a deep commitment to children: concrete and 
enduring 

▸ teaching force (autonomy), family support at home, 
carefully selected resources, and incentives 

▸ SPIRAL CURRICULUM: centered on core topics with a clear 
goal of:  ‘fostering deep conceptual understanding’ 

▸ high level of cognitive challenge

TIME ALLOCATION FOR PRIMARY MATHEMATICS (算数) 
MINISTRY OF EDUCATION (JAPAN)

Japan recognizes the benefits of teaching students how to invent solutions. Usually, teachers provide a 
context for the lesson so that what follows has greater meaning than merely getting the correct answer 
on a worksheet.  

The objective is to engage students through hatsumon (question 
addressing a concept). When done effectively, students see the 
connections between what they’re learning and real life situations. In the 
process, they gain self-confidence and enthusiasm (Japan Times, 2016). 

Problem Solving Approach

Source: Characteristics of Japanese Math Lessons by Akihiko Takashi

Students 
individually 

solve problems.

Teacher poses 
a problem for 

the class.

The teacher leads 
the whole-class 
discussion to  

compare 
individual 

approaches and 
solutions.



PRIMARY MATHEMATICS IN FUKUI
▸ Teachers as learners and curriculum 

designers. 

▸ hetero-groupings: creating a 
community of learners 

▸ student committees  

▸ responsibility 

▸  assist the teacher

theme-
setting

contextuali
zation

construct/ 
implement

communica
te/ express

check and 
reflect

theme-
setting

contextuali
zation

construct/ 
implement

communica
te/ express

check and 
reflect

cycle 1 = prior knowledge + new experiences
cycle 2 = cycle 1 + new experiences
cycle 3 = cycle 2 + new experiences

… lifelong learning beyond classroom and school

Multi-tiered Learning Spiral: 
Cycles of Inquiry
Yanagisawa, Teraoka, Matsuki, 
Mori (1992, 1993, 1995, 2012, 2016)

CREATIVE LEARNING SPIRAL (RESNICK, 2017)

P5 INTRODUCTORY SESSIONS ON CONGRUENT FIGURES THROUGH 
COLLABORATION AND INQUIRY  

DEEPENING INDIVIDUAL CONCEPTUAL LEARNING THROUGH 
COLLABORATION AND HANDS ON INQUIRY  

TO HAVE A DEEPER GRASP OF FIGURES AND THEIR PROPERTIES 
THROUGH CONSTRUCTION

Mr. Igarashi 
P5 Math and Science Teacher

EXAMPLE 1: CONGRUENT FIGURES



IN THE PREVIOUS UNIT, STUDENTS LEARNED WORKED ON MULTI-
STEP WORD PROBLEMS 

STUDENTS PUT WORDS INTO FIGURES AND THEN INTO EQUATIONS. 
THEY ALSO EXPLAINED THEIR THINKING PROCESSES TO THEIR PEERS.  

STUDENTS SHOULD BE ABLE TO FIND JOY IN SHARING AND THINKING 
MATHEMATICALLY. 

Mr. Igarashi 
P5 Math and Science Teacher

EXAMPLE 1: CONGRUENT FIGURES DAY 1: LET US SAME CONGRUENT FIGURES

WHAT DOES IT MEAN FOR TWO OBJECTS 
TO BE MATHEMATICALLY SAME AND FOR 
TWO FIGURES TO BE THE SAME?

▸ Activity 1: Each student was given an 
origami paper and was asked to: 

▸ ‘Using the origami paper, create same 
shapes.’

▸ Activity 2: In groups, compare your work 
and try to describe what ‘same figures’ are 
as oppose to what are numerically the same. 

DAY 1: LET US SAME CONGRUENT FIGURES

▸ One group wrote, it 
should be the same 
figure, the sizes are also 
the same, area should 
also be the same 

▸ But for numbers, the 
answer should be equal, 
the size of the numbers 
should be the same

WHAT DOES IT MEAN FOR TWO OBJECTS 
TO BE MATHEMATICALLY THE SAME SAME 
AND FOR TWO FIGURES TO BE THE SAME?

DAY 1: LET US CREATE SAME FIGURES

▸ the equations should be the 
same 

▸ the areas should be the 
same 

▸ each part of the figure 
should be corresponding to 
each other

WHAT DOES IT MEAN FOR TWO OBJECTS 
TO BE MATHEMATICALLY THE SAME SAME 
AND FOR TWO FIGURES TO BE THE SAME?



DAY 1: LET US CREATE SAME FIGURES

▸ In the end,  

▸ mathematically, they are the same if their values are equal even if the 
equations are different 

▸ figures are the same if they have same shapes, same areas and same lengths

WHAT DOES IT MEAN FOR TWO OBJECTS 
TO BE MATHEMATICALLY THE SAME SAME 
AND FOR TWO FIGURES TO BE THE SAME?

DAY 2: REDEFINING CONGRUENCE IN FIGURES AND EXERCISE FROM THE BOOK

FROM WHAT IS THE SAME 
TO WHAT IS CONGRUENT

▸ Unresolved ideas from last meeting, 

1. if the figures look the same, then are they 
really the same? (if the sizes are, too)


2. if the areas are equal, then the figures are 
same? (here is where the conflict is)


3. if the sizes are the same, then the figures 
are the same? (the shapes should be the 
same)

DAY 2: REDEFINING CONGRUENCE IN FIGURES AND EXERCISE FROM THE BOOK

FROM WHAT IS THE SAME 
TO WHAT IS CONGRUENT

▸ are these two sets 
of examples same 
figures? 

▸ explain how they 
are 
counterexamples 
to your ideas

DAY 2: REDEFINING CONGRUENCE IN FIGURES AND EXERCISE FROM THE BOOK

FROM WHAT IS THE SAME 
TO WHAT IS CONGRUENT

▸ From students,  

▸ areas and appearances are 
same 

▸ all corresponding sides and 
angles are the same 

▸ perfectly fits together 
(overlaps) 

▸ all parts corresponds

Congruent 
Figures



FROM WHAT IS THE SAME 
TO WHAT IS CONGRUENT

▸ students worked on an example on the 
book using a tracing paper 

▸ some students thought of using 

▸ angles 

▸ just the vertices 

▸ tracing 

▸ two sides and vertices 

▸ extension: their own process

DAY 2: REDEFINING CONGRUENCE IN FIGURES AND EXERCISE FROM THE BOOK

STUDENTS WENT BEYOND WHAT WAS EXPECTED (CURRICULUM)

▸students were able to talk about corresponding sides and 
angles —> JHS level 

▸through the use of tracing paper, they explained that they can 
just flip or rotate to get a corresponding congruent figure 

▸CONFIDENCE: affirmation from teacher

DAY 3: DEEPENING UNDERSTANDING ABOUT CONGRUENT SHAPES

DEEPENING MATHEMATICAL THINKING THROUGH DRILLS
DAY 3: DEEPENING UNDERSTANDING ABOUT CONGRUENT SHAPES

DEEPENING MATHEMATICAL THINKING THROUGH DRILLS
▸ they started with a review of what 

are congruent figures (the 
teacher marked which 
description was in the book) 

▸ T: are you up for my next 
challenge about congruent 
figures?



DAY 3: DEEPENING UNDERSTANDING ABOUT CONGRUENT SHAPES

DEEPENING MATHEMATICAL THINKING THROUGH DRILLS
▸ Students were asked to compare their ideas and 

answers in small groups.  

▸ Teacher was going around the classroom to listen to 
discussions and elicit potential inquiry ideas. 

DAY 3: DEEPENING UNDERSTANDING ABOUT CONGRUENT SHAPES

DEEPENING MATHEMATICAL THINKING THROUGH DRILLS

isosceles trapezoid
diagonals of parallelograms

similar properties between 
a square and a rhombus

opposite angles naming a triangle vs. an angle

DAY 4: INVESTIGATING CONDITIONS FOR TRIANGLE CONGRUENCE

USING STUDENT QUESTION TO DEVELOP MATHEMATICS
▸ transitioning from a 3-minute review of mathematical terms and 

learned concept to investigating how to construct congruent figures

isosceles trapezoid

diagonals of parallelograms

similar properties between 
a square and a rhombus

opposite angles and sides naming a triangle vs. an angle

DAY 4: INVESTIGATING CONDITIONS FOR TRIANGLE CONGRUENCE

USING STUDENT QUESTION TO DEVELOP MATHEMATICS
▸ from all the activities on congruent triangles, is there something else 

that you would want to investigate about?

How can we transform a 
figure to its corresponding 
congruent square? 

I want to invest about how 
many congruent triangles can 
be formed if you continue to 
take draw the angle bisectors 
from the line of symmetry. 

How can we construct (draw) a corresponding 
figure without using a tracing paper (question 
from another class)?



DAY 4: INVESTIGATING CONDITIONS FOR TRIANGLE CONGRUENCE

USING STUDENT QUESTION TO DEVELOP MATHEMATICS
▸ What is the least number of steps that you need so that you 

can you copy the triangle below?

Teacher models the 
instruction to ensure that 

student understood the 
instruction. 

DAY 4: INVESTIGATING CONDITIONS FOR TRIANGLE CONGRUENCE

USING STUDENT QUESTION TO DEVELOP MATHEMATICS
▸ What is the least number of steps that you need so that you 

can you copy the triangle below? Explain.

Students were 
encouraged to use tools 

from their math kits. 

allowed students 
to be creative 
and resourceful

task was 
engaging and 

challenging

there was time 
for trial-and-error

students were 
constantly reflecting 

and revising



DAY 4: INVESTIGATING CONDITIONS FOR TRIANGLE CONGRUENCE

I was able to do the activity. My 
process is the one above without 

measuring the angles. I don’t think 
that it is very mathematical and it is 

also bit difficult to explain. What 
shall I do? I used the idea of the 

right angle in my solution. 

DAY 4: INVESTIGATING CONDITIONS FOR TRIANGLE CONGRUENCE

I was able to discover that I can copy a 
triangle just by copying its sides. But I have 

a new question: why is it that a 
corresponding congruent triangle cannot be 

copied in two steps only?

DAY 5: CONDITIONS FOR CONGRUENT TRIANGLES

LET’S FIND THE BEST WAY TO COPY A TRIANGLE!
▸ it is time for them to share their ideas 

▸ students have to explain how they did it while showing their 
classmates; they should choose their words carefully so their 
classmates will be able to understand them (students) 

▸ each student will be given a chance to share; the group 
should choose the best idea among the presentations

DAY 5: CONDITIONS FOR CONGRUENT TRIANGLES

LET’S FIND THE BEST WAY TO COPY A TRIANGLE!
▸ copying all three sides using a compass was the method that 

already was shared in the previous session. 



DAY 5: CONDITIONS FOR CONGRUENT TRIANGLES

LET’S FIND THE BEST WAY TO COPY A TRIANGLE!
S: We thought of using 
the compass but we all 
agreed that using the 
protractor and ruler is 
easier. We copied one 
side, then copied the 
angle, and then copied 
the second side. (S-A-S) 

S: It is easier to use than a 
compass.  

S: We do not need to 
measure all the sides. 

T: So, you don’t have to measure the 
3rd side? 

T: Those who agree with that group, 
stand… Why is this your 
recommendation?

DAY 5: CONDITIONS FOR CONGRUENT TRIANGLES

LET’S FIND THE BEST WAY TO COPY A TRIANGLE!
There was one group 
who claimed that they 
found 4 different ways.  

So, the whole class went 
through it and classified 
them: S-A-S or S-S-S. 

DAY 5: CONDITIONS FOR CONGRUENT TRIANGLES

LET’S FIND THE BEST WAY TO COPY A TRIANGLE!
Reflection: 

Today, we were able to find two 
best ways to draw a corresponding 
triangle with only three steps 
involving angles and sides.  

From the activity, now I want to 
know if I can do it too with 
quadrilaterals.  

Second, during the sharing, many 
thought of the tools we used. Is it 
possible to use materials other 
than what we already have now?

a material for the teacher to move on 
to the next part of the lesson which is 

creating parallelograms using 
congruent triangles which will be 

extended to creating other geometric 
figures. 

REFLECTION

IN THIS UNIT,

CREATE NEW 
VALUES

COLLABORATE 
WITH PEERS

COMMUNICATE 
MATHEMATICALLY

LEARN NECESSARY 
SKILLS AND KNOWLEDGE

APPLY PREVIOUSLY 
LEARNED SKILLS

GIVE AND 
RECEIVE 

FEEDBACKS; 
REFLECT

HAVE NECESSARY 
AMOUNT OF DRILLS 

AND PRACTICE 
OWN THEIR LEARNING

THE TEACHER REFLECTED, 
LISTENING TO STUDENT VOICES, 

ALLOWS HIM TO DESIGN 
MEANINGFUL LESSONS

TRADITIONAL APPROACH 
MAY NOT ALLOW STUDENTS 

TO ACHIEVE SUCH DEPTH AND 
REFINE THEIR WORDS AND 

THINKING

REFLECTION AND SHARING ARE 
VITAL FOR DEEP ACTIVE 

LEARNING IN MATHEMATICS



ANOTHER EXAMPLE THROUGH PICTURES

GROUPWORK TO REINFORCE AND DEEPEN IDEAS —> PATTERN

HOW DO WE SUPPORT TEACHER’S MEANINGFUL 
INQUIRY, AND JOURNEY AS A PROFESSIONAL LEARNER?

(Mangulabnan, Nishimura, 2017) 

it narrates the practitioner’s take on the:

(math) reflective 
practice records

learning design 
(intended curr.)

learning story 
(implemented curr.)

reflection  
(attained curr.)

what do you want 
students to achieve?
what kind of learning 
will take place?

making sense of 
the episodes. what 
does it mean?

how does this 
practice affect 
succeeding 
practices?

how does this develop 
a lifelong learning?

episodes of 
learning and 
students’ 
thoughts

different 
learning stories 
portraying 
flexibility of 
plan

LET US TAKE A LOOK AT A P1 PRACTICE RECORD

STAMPING GAME 
TRANSLATIONS BY PROF SABURI YUTAKA



Background 
• This is based on the reflective practice record of 

Teacher Yamazaki, a P1 teacher.  
• In her school, teachers collaboratively research about 

student learning and how they can recreate the 
curriculum - integrating cycles of inquiry

 41

Background 
• PREVIOUS LESSON: students described 3D shapes 

using boxes, cans, etc. —> triangles, circles, squares 
and rectangles  

• Kids classified 3D objects into those that can be: 
PILED (stack), ROLLED, both PILED and ROLLED  

• words used: round, flat, roll and pile 
• controversial 3D was the cylinder

 42

Session 1: 
• Recall of words learned using balls, 

canned goods, boxes, cups, etc.  

• And then, a discussion about cylinder 
came up. 
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 Classroom Dialogue 
Sakura:  Roll? 
Indefinites:  Eh? 
Teacher:  It’s not? 
Seitaro:  Pile. 
Indefinites:  Eh?  No. 
Teacher:  Isn’t it piled? 
Majority:  OK, piled.

Hayato:  Wait! It’s both. 
Teacher:  Both? Can anyone explain? 
Yusuke:  Both means Pile and Roll. 
Teacher: It can be piled up and rolled. So, it is both. 

All students were convinced! But… they need to 
clarify why so, 

Session 1: 
• teachers then asked the students to different a cube 

from a cuboid. Then, describe a triangular prism. And 
then, compare the three.  
• S: surfaces of all those three are same so they can 

be stack (PILE) 

• S: balls and balloons on the other hand, rolled 

• S: cylinder has two same shaped surface so it can be 
piled and also rolled. 

 44



Session 2: Make Shapes by Stamping  
• At first, the teacher gave each student congruent 

triangles and asked them to create different shapes 
out of it.  

• A student pointed out that A and C are same; only the 
directions are different.  

• S: One looked like a Christmas Present, another is a 
menko, etc.  

• The teacher felt that students are now ready for the 
Stamping Game. 
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(A) (B)

(C)

(D)

Session 2: Make Shapes by Stamping  
• OBJECTIVES: to discover the elements of solid figures 

• RULES of the GAME 
• you can use any part of the 3D shapes to stamp 
• use sufficient amount of ink 
• do not slide the 3D shape when you stamp 

• Yutaro: I think I know why we cannot slide it. 
Because we will no longer see the shape.  

• Tomohiro: Teacher, I made a TINY TINY THREE ANGLES 
(using a cube and not a triangular prism)

 46

Session 3-4: What are shapes made of? 
(Reversing the Approach) 

• Students looked at each other’s work and chose 
(encircled) their favorite one. 

• S: Mika’s broken upside-down snowman. I like that! 
• T: Okay, so how do you think did she created that?

 47

Session 3-4: What are shapes made of? 
(Reversing the Approach) 

• S: I think she used the flat parts of this PILE and ROLL 
(cylinder). 

• S: The upper is stamped using this part… 
• T: What do you mean by ‘this part’? 
• S: This round shape at the top (pointing at the base 

of the cylinder).  

• Teacher asked the others of their opinions… 
• The discussions of the students continued while 

comparing the work to other favorite ones. 
 48



Session 3-4: What are shapes made of? 
(Reversing the Approach) 

• Then, one student noticed that the arm of the 
snowman (of Yuko) is so thin that it is not a surface 
of any of the blocks.  

• Students were puzzled. They were asked to imagine 
what their classmate did…  

• Hiroki: Did you stamp using this side (face of a 
cylinder)? 

• Most of them agreed that it created by the face of a 
cylinder. 
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Session 3-4: What are shapes made of? 
(Reversing the Approach) 

• However, Yuko informed them that she actually made 
use of the side of the one with triangle (triangular 
prism) which surprised everyone.  

• The kids wanted to know how it happened and how it 
is possible. This is the next theme of the next 
session. 
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Session 3-4: What are shapes made of? 
(Reversing the Approach) 

• The teacher distributed a hand-out with the chosen 
outputs of the class. 
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Yuko: Here (edge of a 
triangular prism). I used this! 

Teacher: Here?  How do you 
call this ‘here’ (pointing at 
the edge)? 

Others also answered and the 
loudest was ‘CORNER!’ They 
all agreed on the term.  

Teacher: Anyone else who 
used this?

Session 3-4: What are shapes made of? 
(Reversing the Approach) 

• Some thought that the thin bar was also made by the 
‘corner’. 
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HIroki: Nope! I used the 
corner (edge) of this (a 
cuboid).  

Other students doubted 
again. So, the teacher asked 
the rest of the class to verify 
by stamping again.



Session 3-4: What are shapes made of? 
(Reversing the Approach) 

• Then, they moved on to other favorites and 
described what they saw and verified it to the maker.
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• Satomi pointed another corner (vertex) 
     of a triangular prism.  

Teacher: A while ago, you guys called 
     this (edge) a corner.  Then, how do 
     you call this now (vertex)? 
Anonymous: Corner. 
Teacher: You call this corner as well?  Is it a 
corner of a corner? 

S: End. 
T: Do you all agree that this (vertex) is an end? 

WHAT ROLE DOES YOUR MATHEMATICS CLASS PLAY IN YOUR 
STUDENTS’ FUTURE?  

HOW ARE THESE THINGS THEY ARE LEARNING (WHAT ARE 
THEY LEARNING) IN YOUR CLASS GOING TO CONTRIBUTE TO 
WHO THEY ARE IN THIS KNOWLEDGE SOCIETY? 

Conclusion

CHALLENGES IN MATH EDUCATION


