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PLC....

(Professional Learning Community)

1

Plan

Plan a lesson together
Address each activities
to your enquiry
Questions and Predict
how pupils will react and

how you will access this

3 Reflect & Plan

* As soon after the
lesson as possible ,
reflect how each
activity elicited

Teacher Development Trust Network

Lesson Study

Observe

Teach the lesson with your
colleges observing.

Pay particular attention to
the case pupils

Conduct my assessments

and/or interviews
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Research on the Development of Teaching and Learning to Enhance

Thinking Skills: The Experience of Japan

Prof. Hideyo Emori

Otani University for Research and International, Japan

Introduction

Thank you for giving me the opportunity to have a Special Lecture today at the
17th National Open Class. My relationship with Thailand started in 1993 when Dr.
Maitree Inprasitha of Khon Kaen University came to Japan to study at the Graduate
School of Tsukuba University. Since our meeting in 1993, Dr. Maitree and | have both
worked to promote and improve mathematics education. The results of our efforts, as
this conference today demonstrates, mathematics education today is much more
developed than it was 30 years ago.

Many researchers have grown up in Thailand, and many researchers who
received their degrees from Khon Kaen University are educating mathematics teachers
and researchers in many universities in Thailand. | believe that the development over
the past 30 years is very much owed to Dr. Maitree’s contribution, as many of you will
agree with me. | would like to take this opportunity to express my sincere respect to my
long-time best friend, Dr. Maitree, for his efforts. And thank you, Dr. Maitree, for all your
long years of hard work.

| am now at the age of retirement. As | look back on my life, | ask myself if the
education we have worked so hard to provide has truly made us happy. Today, even at
this moment in time, there are many social conflicts and wars going on in the world. We
have been in social conflicts for a long time. Even though the quality of education has
been developed, and people have become wiser, our hearts seem to remain the same

as they were in the past.
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Every day, various social conflicts and wars are reported to us in the news with
horrifying pictures. Whenever | am faced with such news, | cannot help but feel how
helpless we are. The advancement of education has brought about the development of
science and technology. The weapons used in the social conflicts and wars that are still
being fought in various parts of the world today are much more advanced than they
were a few decades ago. Missiles faster than the speed of sound have been developed,
and weapons to knock down such missiles have been developed. These latest
technologies are without a doubt supported by the development of mathematics and
computer science.

We have been striving for a world without war, dreaming that the education we
provide will create an ideal society without social conflicts and wars. However, contrary
to our wishes, social conflicts and wars have brought deeper hurts to people’s bodies
and minds through the many human resources trained by mathematics education. It is
an undeniable fact that our educational efforts, which we consider good, are somehow
contributing to social conflicts and wars. The world is so closely connected that none of
us can say that we are not involved in social conflicts and wars.

In Japan, where | live, mathematics has become a tool for winning university
entrance examinations and obtaining a better life. Because one’s life is now determined
by whether or not one can do mathematics, the purpose of learning mathematics has
become to beat others, and people have lost the time to enjoy mathematics as an
academic discipline. The objective of developing a rich way of thinking and seeing things
through the study of mathematics, which we mathematics educators had dreamed of,
has been completely forgotten, and the priority has been given to how to accurately
launch a rocket from the sky.

Children are already tired of learning mathematics. And they have realized that
it is a kind of illusion that learning mathematics will make the world a better place. In
such an environment, | believe that those of us involved in mathematics education need

to reexamine our own views on education and sincerely address the question of what
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we need to convey to children through learning mathematics. In this 30-minute lecture,
| would like to share with you our own views on education and to think together about

what mathematics education should be in the future.

Refining our view of education
When we carry the name “mathematics educator” on our shoulders, we tend to
focus on the question, “How should we teach mathematics?” However, children do not
study only mathematics. Children grow up through learning language arts, social studies,
physical education, music, art, and many other subjects. When mathematics educators
and teachers emphasize only mathematics, the same thing happens in language arts,
social studies, and other subjects. In a subject-centered education, the activity of

education becomes less about developing people and more about test scores.

To this aim, mathematics teachers must ask themselves, “What is more
important than the content of the subject matter?” and “Are we really teaching what is
more important than the content of the subject?” | believe that this meeting will provide
an opportunity to think about what kind of abilities children need to acquire as human

beings through the study of mathematics.

Research on the development of teaching and learning to enhance thinking skills:
The experience of Japan

In today’s lecture, what | would like to share with you is that one direction we

have been emphasizing over the past 30 years regarding “mathematical thinking and

seeing things,” or the theme of today’s lecture, “Research on the development of

teaching and learning to enhance thinking skills,” is the “ability to see the invisible as

mathematical communication skills.” | would like to talk about the ability to see the

invisible as an ability of mathematical communication.
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| spoke on this topic in my keynote address at the PME Regional Conference
held at Khon Kaen University last December. And even at the beginning of this talk, |
spoke about the social conflicts and wars that are taking place around the world today.
Why do people fight each other for their own justice? Why is my justice different from
yours? Why can’'t we share the same universal justice, even though we are the same
people?

To this question, | think it is because the two opposing parties live in different
worlds. In other words, | think it is because the everyday world we see, hear, and feel
is completely different from the world others see, hear, and feel. We mistakenly believe
that we have the same sense organs and perceive the world in the same way as human
beings, even though we have different colors of skin and hair, different religions and
customs.

Research on mathematics education, such as Dr. Maitree’s work on “Emotional
Experiences” and my work on “Mathematical Communication,” has shown that people
feel, approach, and think differently about simple mathematical figures and expressions,
and even about how they perceive a problem. Dr. Maitree showed that even in rational
thinking, such as mathematical problem solving, a person’s emotions affect each
moment differently.

For a long time, mathematics education has talked about the importance of
“developing a mathematical way of thinking and seeing things.” However, there have
been no concrete proposals as to what kind of mathematical thinking and seeing things
will make the world a more enriched society.

Each of us has our own sense of values. Each of us has unique values that give
us our own answers to these questions of what is important and what is good.
Unfortunately, however, we may not always be able to accept the values of the other
side. Each party in a war has justice on its side. “| am right. It is the other side that is
wrong.” This is the opposing structure that is always present in social conflicts or wars.

| believe that a cognitive gap exists behind this structure of conflict, in that | do not see
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what others see. In other words, there is a world that | cannot see, and | believe that
reflective thinking toward the self is necessary.

The perception that what seems natural to me is not seen by the other person
brings about the philosophical crisis that the world | believe | see is not perfect. Thus,
we criticize the other for not seeing, but if we put ourselves in the other’s shoes, it also
leads to my not perceiving the world as the other sees it. As a result, we blame each
other, saying that it is the other person who is at fault. But simply continuing in this state
of affairs is not a solution.

So, what | would like to share with you in my lecture today is a suggestion that
we consider the educational goal of “developing the ability to see the invisible” as one
of the goals of mathematics education. We sometimes do not see the world as the other
sees it. Therefore, in order to understand each other, we must make an effort to see the

world that is visible to the other but not to me.

Recommendation as research on the development of teaching and learning to
enhance thinking skills: The ability to see the invisible

Finally, | would like to give some examples of what the ability to see the invisible

means in the context of mathematics education.

Example 1: Here are three numbers in a row. Let us put these three nhumbers in
order from smallest to largest: “230 (two to the power of thirty), 320 (three to the

power of twenty), 710 (seven to the power of ten).”

Please try to answer this question intuitively first, without doing any calculations.
Since it is difficult to put them in order, so | would like to change the question to answer
the largest number among these three numbers. Which one is the largest? All of the
numbers are so large that they cannot be calculated by a calculator. Perhaps your

opinions can be separated into one of three numbers. Many of you probably think that

23



P Tloa A ABegmEF "D
1anaisus:naunisus:yunIsiladuiSsus:aus1a Asvia 17 S:K3703UR 23-24 BunAU 2567

the only way to answer the question is by “intuition.” On the other hand, some of you
may confidently answer that this number is the largest. What the less confident cannot
see, the more confident can see. This is one example of the ability to see the invisible.

Now, let me explain how to think and see the invisible. For example, the number
of 230 (two to the power of thirty) is equal to (23)10 (two to the power of three to the
power of ten). This number is equal to 810 (eight to the power of ten). The next number
of 320 (three to the power of twenty) is equal to (32)10 (three to the power of two to the
power of ten). This number is equal to 910 (nine to the power of ten). The third number
is 710 (seven to the power of ten). Thus, by matching the exponents to 10, we can see
without calculating that 320 (three to the power of twenty) is the largest among the three

numbers.

230 - (23)10 - 810 320 - (32)10 - 910 710.

Figure 1: Numbers rewritten to match their exponents to ten

The second example is the question, “What does an octahedron look like when
viewed from above and from the side, respectively?” Here, an octahedron is a three-
dimensional geometric shape characterized by eight equilateral triangular faces. This

Power Point shows an octahedron drawn freehand.

Example 2: What does an octahedron look like when viewed from above and

from the side?

@ e More accurate diagram
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Figure 2: The views of an octahedron from above and from the side

When we are asked this question, we look at our freehand drawing and intuitively
answer that it looks like a “square” when viewed from directly above, but it looks like a
“rhombus” when viewed from the side. Because we have always been accustomed to
freehand diagrams that are slightly stretched vertically, this figure inevitably looks like a
‘rhombus” when viewed from directly to the side. However, if you think about this
problem carefully, if you know the mathematical knowledge that the octahedron is a
three-dimensional figure with the characteristics of symmetry, you will realize that the
octahedron is a symmetrical figure, so it looks like a “square” when viewed from above
or from the side.

As these two examples illustrate, we see things based on the knowledge and
experience we possess. The importance of learning and experiencing various things, or
so-called “being educated,” is that learning something can be a force that corrects the

world as we see it and teaches us how this world is.

Final Remarks

We have similar sense organs. Therefore, we tend to think that the other person
perceives the world in the same way as | do. Why can’t you and | think in the same
way? Why can’t you understand my justice? | think it is time for us to realize that these
questions are actually due to the fact that we see and perceive the world differently.

We should understand that | cannot see the world as you see it, and you cannot
see the world as | see it. Therefore, | believe we should make an effort to understand
each other’s perspectives. We should strive to comprehend your worldview, which | do
not share, and you should also endeavor to see things from my perspective. This mutual
effort is essential to avoid social conflicts and wars. In this sense, | believe that
mathematics education has the power to make social conflicts and wars more avoidable.
| hope to share the future of building such an ideal world with the people of Thailand

who have shared this time with me today.
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My lecture today was entitled “Research on the Development of Teaching and
Learning to Enhance Thinking Skills: The Experience of Japan.” The thinking skill |
showed in my lecture is “the ability to see the invisible as a mathematical communication

skill.” Thank you very much for your kind attention.
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INTROSPECTIVE THINKING AND CONTEMPLATIVE THINKING
IN MATHEMATICAL COMMUNICATION
-THE POWER OF SEEING THE INVISIBLE TO OVERCOME
A FRAGMENTED WORLD-

Hideyo Emori
Otani University, Kyoto, Japan

From introspective thinking to contemplative thinking

Given only the problem statement, the students first attempted to represent the
problem situation in a diagram. However, freehand drawings often have various troubles
and have not been a sufficient source of information to solve the problem. Introspective
thinking encourages efforts to draw diagrams accurately. Then, the realization that “it is
the location of the intersection of the two semicircles that matters” brought about by the
improved diagram recalls knowledge related to the location of the intersection. At this
stage, students A and B observe the figure, students C and E draw lines on the figure,
and student D rotates the figure. Students arrive at contemplative thinking as various
realizations by manipulating the figures as a physical stimulant represented outside of
themselves.

Such case analysis indicates that the process of “initial primitive diagram—>
introspective thinking: manipulation of representations, adding lines and rotating the
diagram — improved diagram —> contemplative thinking: recalling images — problem
solving,” as shown in Emori (2010), was also confirmed in the cases analyzed in this
paper. Figure 1 shows a model of two types of “reflective thinking” using metaphor of

incidence and reflection of the light.

Proceedings of the Regional Conference of the International Group for the Psychology

of Mathematics Education 2023. Khon Kaen, Thailand: PME.
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Figure 2 shows that there are two types, X and Y, in the processes of
“knowledge — image —> solution”. The fact that students may see the same figure
but recall different images was found in the cognitive processes of Student C and
Student E in this case study. Thus, a wide diversity is derived from manipulation of
representations in introspective thinking and from the relationship between images and

knowledge recalled in contemplative thinking.

Introspective Thinking Contemplative Thinking

metaphor of
Reflection

metaphor of
Incidence

&
~H-H-K

Primitive diagrams Improved diagrams

3_/

Process of improving diagrams

Figure 1: Model of two types of reflective thinking using metaphor of the light

;\ —  Manipulation of representations
Primitive diagram
4 -

Adding lines Rotation

Introspective Thinking

a\ —— Recalling of images

Improved diagram Knowledge X Knowledge Y
Contemplative Thinking E

Solution X Solution Y

Problem-solving

Figure 2: Representation and image in introspective and contemplative thinking
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Seeing the invisible

If we organize the perception of the figure as an object of thought from the
perspective of what is visible, what is invisible, and what becomes visible, we can say
that: (1) what is visible = the figure perceived as a collection of lines, (2) what is invisible
= the relationship between the two semicircles and the tangent lines of them; the
relationship between the intersection of semicircles and the intersection of diagonals of
a square, and (3) what becomes visible = the shape of two squares connected (half of
the whole); the right-angled isosceles triangle (half of the whole). The diagram that
became visible through the use of knowledge was, in the case of Student C, in the form
of two squares divided into four parts, and in the case of Student E, in the form of a
right-angled isosceles triangle. The instance of tangents and diagonals becoming visible
in the figure means, as Hattori (1997) points out that “the recognition of an object means
that there are two opportunities in our knowledge at the same time: the object illuminated
by our knowledge and the knowledge that illuminates the object (p. 116) *.” The
relationship between object and knowledge proposed by Dignéga(g), who takes the
position of contemplative thinking, can be organized as (1) knowledge of how to see the
object and (2) knowledge related to the object. In the context of mathematics education,
these two categories can be rephrased as (1) knowledge of finding mathematical

structures and (2) knowledge of verbalizing mathematical structures.

A consideration of introspective thinking based on the theory of knowledge without
an image

Selective perception is the perception of the parts of an object illuminated by
knowledge, and the recognition of the mathematical structure produced by the
combination of the parts of the perceived object. Hence, in order to understand the
mathematical structure required to solve this problem, we must possess the knowledge

that “the intersection of the semicircles coincides with the intersection of the diagonals.”
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The primordial diagram, first drawn by each student, makes the meaning of the problem
known as the object of selective perception of the lines and shapes to be focused on
as a result of the cognitive action of how the diagram is viewed.

The fact that this external figure contains within it mathematical knowledge that
is not directly reveal is what the theory of knowledge without an image claims to mean
what it says “the nature of knownness arises in the object.” The nature of knownness
suggests that the message, or the object, possesses the function of representing a

mathematical meaning that remains invisible when we attempt to observe it.

A consideration of contemplative thinking based on the theory of knowledge with
images

In the examples presented in this paper, there was a conscious process of
recognition by the students, who tried to find mathematical structures in the diagrams,
by expressing a certain awareness as a diagram, by contemplating their own diagrams,
not by looking at the diagram itself, but by comprehensively adding their own knowledge
to it. These cognitive processes can be organized as follows.

“The initial representation acquired when observing the first drawing of the
primitive figure produces an initial image of the figure as a more genuine mathematical
object, which leads to the operation of improving the first drawing in order to make it
the object of thought. Then, by using mathematical knowledge to contemplate the
improved diagram, the image as a mathematically authentic visual picture is produced
in the mind.”

In the cognitive process that continues, “what do you see first (selective
perception) — what hypothesis do you make based on what you see (primitive
inference) — how do you change your selective perception when it doesn’t work —
improved inference,” the perception and cognition when the invisible becomes visible

will never be lost again. Looking back on that state of matter, it seems as if the message
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was saying, “Perceive, recognize in that way,” and the mode of perception, once
acquired, has spread to the present and the future. We have described this state of
affairs as “contemplative thinking brought about by a message telling us something.”
When we study such contemplative thinking within the framework of object and
knowledge, we are forced to interpret that the message speaks to us in this way because
the message acts as if it already possesses some information.

In this paper, we refer to the property of a message (i.e., object) that behaves
in such a way that it encourages the receiver to interpret it in a certain way as the
“knownness of the message.” As previous studies have indicated, messages do not
contain information or meaning within them. However, the message in front of the eyes
has the power to encourage the receiver to perceive it as if it were being presented
there. It is power as a stimulant, as defined by Berlo (1960). In the process of

recognizing external stimuli, we use our experiential intuition to instantly recall the

knowledge we possess as relevant knowledge, but this recall is done as the recall of

an image. The concept of “knownness (Sanskrit: jidtatd = the being known or
understood)” adopted in this paper is a research methodology that transcends the

principle of “subjective interpretation” that we have maintained in our research to date

(10)

This paper tries to explain the research question, “How can the difference in the
orientation of cognitive action in seen introspective thinking and contemplative thinking
be explained as a cognitive process that occurs between the object and the knowledge
possessed by the learner?” by using the theory of knowledge without an image and the

theory of knowledge with images in Buddhism.
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Conclusions of the study
Introspective thinking based on the theory of knowledge without an image

The direction of the cognitive action on the object, which we have called
“introspective thinking,” from the receiver to the object, can be explained by the theory
of knowledge without an image in the discussion of this paper.

Introspective thinking, in which object recognition takes place by looking at the
object, is done in such a way as to search for the problem as a representation of the
object. In the theory of knowledge without an image, which holds that it is possible to
perceive external objects directly, the external object of thought itself is depicted in the
brain as a visual image. We then approach the solution to the problem, manipulating its
external figure. When we manipulate the figure, we take the visual image as a
representation and manipulate that representation in our mind.

Contemplative thinking based on the theory of knowledge with images

The direction of the cognitive action of the object, which we have called
“contemplative thinking,” from the object to the receiver, can be explained by the theory
of knowledge with images in the discussion of this paper.

The object, refined by introspective thinking, gives rise to a view of the object
called selective perception, and the contemplation by that selective perception gives rise
to contemplative thinking. In contemplative thinking, external stimulants function as if
they make known the information needed to solve the problem. The receiver is
stimulated by the object that has been refined as a representation and visualizes the
newly recalled relevant knowledge as an image. Recall of images leads to economical
communication that reduces the difficulty of recalling all of the recalled relevant
knowledge as verbalized knowledge.

What makes mathematical communication mathematical?
When we use the term mathematical communication, we have always faced the

question: What makes mathematical communication mathematical? In this paper, we
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answer this question by saying that the power of seeing the invisible is what makes
mathematical communication mathematical. Because mathematics is invisible.
Future issues

In this paper, we have been discussing the research problem under the
assumption that experience is also included in knowledge. As Dewey (1916) stated,
“The nature of experience can be understood only by noting that it includes an active
and a passive element peculiarly combined (p. 139).” If the essence of experience is to
manipulate the object and to perceive something from the object, then the two-phase
relationship between object and knowledge in introspective thinking and contemplative
thinking can be reintegrated as reflective thinking from the perspective of experience. A
discussion of introspective thinking and contemplative thinking, based on the perspective

of experience, is the theme for future research.

Footnotes

(1) In this paper, the English term “reverberative thought” used in Emori (2010) is renamed
“contemplative thinking.”

(2) “Reflective thinking: the kind of thinking that consists in turning a subjective over in the mind and
giving it serious and consecutive consideration (Dewey, 1933, p. 3).” When Dewey used the
term reflection, it may have been foreseen that reflective thinking consists of two kinds of
thinking: introspective thinking and contemplative thinking, much like there are two different
actions, incidence and reflection, when light is reflected off of an object.

(3) Pierce (1961, pp. 427-428) states that much the same thing about the idea of “knownness of the
message,” which | adopt in this paper, as follows. “I note that a Percept cannot be dismissed
at will, even from memory. Much less can a person prevent himself from perceiving that which,
as we say, stares him in the face. [...] Suffice it to say that the perceiver is aware of being
compelled to perceive what he perceives. Now existence means precisely the exercise of

compulsion [4-541].”
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(4) The knowledge theory in Buddhism, which developed as a branch of Buddhist epistemology,
consists of two theories of knowledge; the theory of knowledge without an image (Sanskrit:
nirakarajidnavada) and the theory of knowledge with images (Sanskrit: sakarajidnavada)
(Kajiyama, 1965, 1977; Monier-Williams, 1998). The theory of knowledge without an image (3™
century B.C. to 1% century B.C.) nullifies the difference between perception and thought, giving
the object of perception and the object of thought the same existence (Kajiyama, 1983, pp. vii-
V|||) *. On the other hand, the theory of knowledge with images (4" to 5" century A.D.) holds
that what we directly perceive are the images given to us in this knowledge, but the existence
of the external world that gave them to us is inferred (Kajiyama, 1983, p. 39) *.

(5) In Japan, fifth-grade students learn to classify quadrilaterals into squares, rectangles,
parallelograms, rhombuses, and trapezoids using the three diagonal conditions.

(6) “Jidta” is a Buddhist term meaning “what is to be known” (Nakamura, et al., 2002, p. 946) *.
Ueki (2019) provides an explanation for the Sanskrit suffix “ta” in jﬁétaté (knownness): “In
Sanskrit, all nouns, adjectives, and adverbs become abstract nouns simply by adding “-ta (-
ness)’ to the end of the word. The abundance of abstract nouns is an indication of the (Indian)
national character, which emphasizes the universality behind things rather than what is right in
front of it (pp. 255-256) *.”

(7) The Tarkabhé§é (Sanskrit: Language of Logic) was written by Mok§ékaragupta at some time
between 1050 and 1202 A.D. (Kajiyama, 1966, p. 1).

(8) This problem was provided by Prof. Akira Morimoto of Fukushima University.

(9) Dignaga (circa 480-540) was an establisher of Buddhist logic (Nakamura, et al., 2002, p. 579).
He established the theory of knowledge with images on the basis of the self-awareness theory
of knowledge, in which knowledge recognizes images within the self (see above, p. 1024).

(10) Schutz (1970, pp. 265-293) states that to understand human bodily activity as human action is
nothing other than to attach the subjective meaning of the actor to the action and gives the
principle of “subjective interpretation (see above, pp. 274-275)" as a basic principle of sociology
(Emori, 2006, pp. 77-80). This paper, which introduces the concept of knownness, does not
deny the principle of “subjective interpretation” in that it considers knowledge at work in the
interpretation of the subject.

* For quotations, the author of this paper has translated the Japanese texts into English. Therefore,

the author is responsible for any mistranslations or misinterpretations.
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LEARNING TO THINK MATHEMATICALLY IN THAI CLASSROOM USING
THAILAND LESSON STUDY INCORPORATED WITH OPEN APPROACH
(TLSOA)

Maitree Inprasitha

Khon Kaen University, Thailand

Mathematical thinking is crucial in teaching mathematics for several reasons
such as foundation for problem solving, understanding concepts deeply, transferability
of skills, critical thinking skills, preparation for advanced mathematics, promoting
creativity, life skills, enhancing communication skills, building confidence, preventing
mathematics anxiety, and meeting the demands of the 21 st century. Mathematical
thinking provides a solid foundation for problem-solving. It equips students with the skills
to analyze problems, identify relevant information, and develop effective strategies for
finding solutions hence forming foundation for problem solving (Inprasitha, 2022).
Following this line of reasoning, | define mathematical thinking development as
cultivating a mindset and skills that enable students to approach problems, analyze
situations, and make reasoned decisions using mathematical principles. Therefore,
mathematical thinking development in classroom is somehow important in the teaching
of mathematics.

In addition, | found that mathematical thinking development is not only
encourages students go beyond memorization and rote learning but also promotes a
deep understanding of mathematical concepts, allowing students to grasp the underlying

principles and connections between different ideas (Inprasitha & Loipha, 2007).
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Moreover, mathematical thinking is a transferable skill. If students have undergone an
appropriate teaching and learning process using Thailand Lesson Study incorporated
with Open Approach (TLSOA) model, they possessed the ability t o think mathematically
that can be applied not only to solve mathematical problems but also to address
challenges in various disciplines and real-life situations (Inprasitha, 2022).

We cannot deny that cultivating mathematical thinking can foster students’
critical thinking skills. This is because students learn to evaluate information, make
logical connections, and construct well-reasoned arguments. These skills are valuable
in both academic and professional contexts (Inprasitha, 2006 ). Consequently,
mathematical thinking development provides the groundwork for more complex
mathematical concepts and helps students navigate higher-level courses with
confidence thus mathematical thinking is essential for success in advanced mathematics
(Inprasitha, 2023). There is no doubt that mathematical thinking encourages creativity
by challenging students to explore different approaches to problem-solving. It involves
thinking outside the box, making connections between seemingly unrelated concepts,
and developing innovative solutions (Inprasitha, 2023). In other words, we can consider
mathematical thinking as a life skill that extends beyond the classroom. It equips
students with the ability to analyze data, make informed decisions, and solve real-world
problems, contributing to their success in various personal and professional endeavors.

In general, teachers who utilize the TLSOA model involves developing
communication skills of students because students learn to express their mathematical
ideas clearly and coherently, both in written and verbal form. In my opinion, this skill is
valuable for collaborating with others and explaining mathematical reasoning to enhance
their communication skills along the way of mathematical thinking development
(Inprasitha, 2022 ). As students develop problem-solving skills and a deeper

understanding of mathematical concepts, they become more comfortable tackling
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challenges, which positively impacts their overall attitude toward mathematics, ultimately
mathematical thinking helps to build confidence in students.

On top of that, encouraging mathematical thinking among students can help
reduce mathematics anxiety. When students approach mathematics with a mindset
focused on understanding and problem-solving, they are less likely to feel overwhelmed
or discouraged by the subject. In the 2 1% century, where analytical and quantitative
skills are increasingly important, mathematical thinking is a key competency. Therefore,
teachers have to be aware that mathematical thinking skill is essential in preparing
students for the demands of a rapidly changing world and enhances their ability to adapt
to new challenges.

In summary, mathematical thinking is fundamental to teaching mathematics as
it lays the groundwork for problem-solving, deep understanding of concepts, critical
thinking, creativity, and the development of skills that are valuable both within and
beyond the realm of mathematics. It empowers students to become effective learners

and critical thinkers in a variety of contexts.

TLSOA MODEL IN THAI CLASSROOM

| transformed the Japanese ideas of Lesson Study and Open Approach to create
and sustain the TLSOA model in order to successfully create the Thai local contexts of
how students learn to think mathematically in the classroom. | have been actively
involved in promoting Lesson Study as a professional development that involves
teachers collaboratively planning, observing, and analyzing lessons to improve their
teaching practices. Moreover, | have been instrumental in adapting and implementing
Lesson Study in various educational contexts, emphasizing its potential for enhancing
both teachers’ professional development and students’ mathematical thinking. Unlike
Japanese Lesson Study model, | incorporate Open Approach that emphasizes a “unique

collaboration” in every step of the Lesson Study cycle; this is because traditional Thai
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classroom culture denies students opportunities to explore various forms of
mathematical free thinking (Inprasitha, 2022).

The uniqueness of TLSOA model is teachers must change their teaching
approach from emphasizing the rote learning of mathematics content, formulas or
theories to an innovative method that encourages students to express their
mathematical thinking (Inprasitha, 2022). In 2004, | proposed the TLSOA model consists
of a three-steps Lesson Study process, namely collaboratively design lesson (Plan),
collaboratively observe lesson (Do), and collaboratively reflect on teaching practice
(See) to change the paradigm of teaching practices using the Japanese Lesson Study
as a reference. Besides, | incorporated Open Approach in the Do step and the weekly
Plan-Do-Check-Act (PDCA) procedure in the See step. The rationale of incorporating
Open Approach in the Lesson Study process is to generate students’ independent
learning and mathematical thinking development. Likewise, the weekly PDCA procedure
uses the “Kaizen” concept as a cycle of instructional improvement in which teachers
work together to formulate goals for student learning in long-term practices so that they
learn to think mathematically in the classroom. This weekly PDCA is found to be more
important than the numbers of steps in the Lesson Study model. The unit of analysis in
Japan context is the “lesson” but the unit of analysis in Thailand context is the
“classroom”.

Before the use of TLSOA model, students in Thailand were rarely given
opportunities to pose their mathematics problems. | acknowledge the importance of
student generated problem posing and formulated that along with problem-solving, there
are two components of instructional activity, as emphasized by Silver (1994) in the
contemporary constructivist theories of teaching and learning. As discussed above,
Silver (1994) defined problem-posing as both the generation of a new problem and the
re-formulation of given problems to be included in the first phase of Open Approach.

This was followed by adopting the “What-if-not?” process from Brown and Walter (1983)
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in the following phases of Open Approach. The urgent issue of Thai education can be
transformed from the product-oriented approach to that of Open Approach, which

emphasizes both the product and the process (Inprasitha, 2006).

The details of the TLSOA model are illustrated in Figure 1 as follows:
Step 1: Collaboratively design a plan (PLAN)

The Lesson Study group members are required to meet, discuss, and design a
lesson plan by taking into account students’ thinking skills development in their learning.
Therefore, they determine open-ended mathematical problem situations and organize
the learning activities by engaging students in open-ended problems in terms of the
Open Approach which is formulated to have multiple answers.

Step 2: Collaboratively observe the lesson (DO)

One of the Lesson Study group members implements the lesson that has been
planned in Step 1. The other Lesson Study group members observe the learning
activities targeting to identify students’ mathematical thinking processes. Inprasitha
(2006) emphasizes the importance of teachers understanding students’ ideas so that
teachers know the methods to support students’ progress in their learning processes.
The four phases of the Open Approach consist of (i) posing open-ended problems; (ii)
students’ self-learning; (iii) whole-class discussion and comparison, and (iv)
summarizing by connecting students’ mathematical ideas is incorporated in the DO step.
Step 3: Collaboratively discuss and reflect on the lesson (SEE)

Those observers in Step 2 are required to reflect on what they have observed
in a weekly cycle. Moreover, two more cycles of reflection to make sure the Lesson
Study group members have sufficient reflection chances, such as Open Class Activity
at the district level and National Open Class at the national level for the respective
semester and yearly basis. Figure 1 above illustrates the process of the TLSOA model

in a weekly cycle.
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Figure 1: TLSOA model

Inprasitha (2004 ) has associated mathematical thinking development and
promotion of the Open Approach in TLSOA model. The Open Approach encourages
students to engage in problem-solving, exploration, and discussions, fostering a deep
and flexible understanding of mathematical concepts. This approach aligns with the
broader trend in mathematics education that emphasizes student-centered learning,
critical thinking, and the application of mathematical knowledge in real-world contexts.

“Bansho” refers to a teaching method adopted from Japanese education means
“blackboard writing” is used in TLSOA model. In the context of Lesson Study, Bansho
involves the collaboration creation of a detailed, high-quality blackboard display that
serves as a visual representation of the lesson content. Bansho is used during the “Do”
step for writing and drawing key points, examples, and explanations related to the lesson
content. The board becomes a dynamic visual aid that evolves as the lesson progresses.
After the lesson, the teachers engage in PDCA cycle of the “See” step. The Lesson
Study group members analyze the Bansho board, discuss student responses, and
evaluate the effectiveness of the instructional strategies employed. This discussion aims

to refine teaching practices and enhance student learning in subsequent lessons.

o

A
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The TLSOA model plays a crucial role in cultivating students’ mathematical
thinking development. This model combines both Lesson Study and Open Approach to
provide teachers with effective strategies for improving mathematical instruction. By
incorporating Lesson Study, teachers can collaboratively plan and refine lessons and
through the Open Approach, they can create an environment that encourages students
to actively participate in mathematical thinking and problem-solving. Moreover, my
contributions to the integration of these approaches in TLSOA model have had a positive
impact on mathematics education globally, providing teachers with practical tools and
methodologies for fostering a deeper and more meaningful understanding of
mathematics among their students.

In addition, the TLSOA model provides a structured framework for teaching
mathematics. It outlines the sequence of problem situations, teaching methods, and
learning activities. This structure helps to guide both teachers and students through the
mathematical curriculum, ensuring a systematic and organized approach to learning.
The Bansho method in the TLSOA model emphasizes the importance of visual
representation and collaboration reflection. The visual nature of the Bansho board allow
teachers to make their thought processes explicit, fostering a shared understanding of
effective teaching practices.

In conclusion, the TLSOA model is aligned with specific learning objectives. It
ensures that the teaching methods and activities chosen are purposeful and contribute
directly to the development of mathematical thinking skills. This alignment helps the
teachers focus the educational process on the desired outcomes. This helps students
develop the ability to think critically about mathematical concepts and apply their

knowledge to real-world situations.
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TLSOA Teaching plan (Shert version)

Grade 6

Teacher : Assist.Prof.Narumon Changsri

15 primary 6th students from Nong Khung Wittaya School

Topic : Let’s write and paint

Task/ Problem situation

Flow 1

Problem situation : Let’s colour

Instruction : Follow the instructions below and
colour pictures.

1. Paint the dress green.

2. In each box paint at least two blue balls.
Flow 2

Problem situation : Let’s create the instructions
and colour the pictures.

Instruction : Students create the instructions and

colour the pictures.

Objectives

- The students can follow the instruction.

- The students are enjoying with colouring.

- The students are realizing the steps of colouring

- The students are realizing the position mentioned in the
instruction,

- The students understand the words ‘at least 2 balls’.

- The students can explain the idea about the positions when
they colour the pictures.

- The Students can create the instructions for colours.

Main Materials (For creating problem situation) : Problem situation pictures, The
instructions

Additional Materials (For supporting the students’idea presentation) : Numbers card,

the circle with colours

Concept/Main Ideas :

- Colour the pictures by following the steps of
instructions.

- Follow the instructions and write down the
numbers of 2 ball. (at least 2 balls)

- Create the instructions by writing down the
positions {Left, Right)

- Explain the reason for the position they've

been coloured.

Students’ Problem Anticipation :

- Students cannot finish their job on time
because they take too much time when they are
colouring.

- There's no colour that the students want.

Student idea anticipation

Flow 1

- The students isnore the steps in the instruction/condition.

- The students paint other items beside the instruction/conditicn.

- The students don't follow the condition ‘at least 2 balls’.

- The students follow the steps in the instruction/condition

Flow 2

- The students create the instruction that is familiar with Activity 1. For
examnple 1) change the colour 2) change the amount of the balls.

- The students create the instruction that is not familiar with Activity 1
For example 1) mention on the box that the balls must be coloured 2)
Add up the positions of a ball, such as on, under.

- The students create the first instruction accerding to the second
instruction. For example, the cclours that have been used in the first
instruction must be used in the second instruction.

- The students write down the instruction after colouring the items.
(without planing)

- The students write down the instruction after colourine the items.
(planing)

- The students write down the instruction for each item, after that thay
celour sach itermn.

- The students write down two instructions and colour two items, but
not in order.

- The students write down two instructions and colour two items in
order

- The students colour the other items that are not in the instruction.

4 steps of Open Approach

Flow 1

Step 1 posing open-ended problems.

The teacher poses the picture without any instruction, then poses the instruction “Follow the
instructions below and colour pictures” to the students.

1. Paint the dress green.

2. In each box paint at least two blue balls.

Step 2 students’ self-learning.

The students solve problems by themselves. Then, they observe their classmates’ ideas, and look
for classmate who have similar ideas. After that, the teacher make some observations and rearranges
students’ ideas.

Step 3 whole-class discussion and comparison.

Teacher invites students to present their ideas.

Step 4 summarizing by connecting students' mathematical ideas.

Issues for discussion: - the steps when students colour the pictures

- the amount of balls - make it different from the others.

Flow 2

Step 1 posing open-ended problems.

The teacher poses the picture without any instruction, then poses the instruction “Students create
the instructions and colour the pictures.” to the students

Step 2 students’ self-learning.

The students solve problems by themselves and work in groups. Then, the teacher makes some
observations and rearrances students’ ideas.

Step 3 whole-class discussion and comparison.

1. The teacher chooses each group to present their ideas.

2. The teacher chooses 1 idea to challenge the other students to follow the instruction and colour
the picture.

Step 4 summarizing by connecting students' mathematical ideas.

Discussion issue :

1) The students create the instruction that is familiar with Activity 1. For example: -change the colour
— change the numbers of a ball that have been coloured.

2) The students create the instruction that is not familiar with Activity 1. For example: - mention on
the box that the balls must be coloured

- Add up the positions of a ball, such as on, under.
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- the steps when students colour

the pictures
—the amount of balls

— make it different from the others.
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1) The students create the instruction that is familiar u
with Activity 1. For example:

-change the colour

Creatathe
Instruction that is

Createthe
instruction thatis
familliar with Activity
1. For exampile:
-change the colour
—changethe

not familiar with
Activity 1. For
Scampla:
- mention on the bo
that the ballsmust
e colourad

B Addupthe
positions of a ball,

—changethe numbers of a ball that have been

coloured.

2) The students create the instruction that is not familiar

numbers ofa ball
that have been
coloured

with Activity 1. For example:
- mention on the box that the balls must be coloured

- Add up the positions of a ball, suchas on, under.
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We have so many things to do
in our ¥j3duR THE PEACEFUL FIELD,
what's your favorite one?

;
1. Write a sentence to tell your friends about . 7 &
"What do you like to do in The Peaceful Field?" ﬁz“-“ *:“a
aonwnisoblynn
2. From the sentence you made, describe it
by drawing and coloring it beautifully. |
A3UALTNIT o
granuajllan
o -
Jﬁau@m “uIAA”
nnaduyasinisen

(Inprasitha, 2006)
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Tell the words / phrases.
Feed the fish Fly a kite

| like to do something
| like to fly a kite.
I like to feed the fish.
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o WWW.FACEBOOK.COM/CRME2003
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