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Implementing Japanese Lesson Study in Foreign Countries:
Misconceptions and Constraints revealed

FUJII Toshiakira
Tokyo Gakugei University

Abstract

Since the TIMSS Video study was brought to public attention, and 7The Teaching
Gap (Stigler & Hilbert, 1999) was released, many mathematics teachers and teacher
educators have become involved in Lesson Study. Outside of Japan, however, it seems
that many aspects of Lesson Study that are well understood by Japanese teachers
have not readily transferred to other countries. For that transfer to happen, the
structure of the Japanese model of Lesson Study needs to be more explicitly defined.
This paper tries to clarify key factors embedded in Japanese Lesson study based on the
author's experience with short visits to Malawi and Uganda. Some can be viewed as
either affordances or constraints on the practice, while others are best understood
against several misconceptions that seem to be common outside Japan. The
misconceptions include: 1) Lesson Study is a form of workshop; 2) the focus of
consideration at a research lesson is the teacher rather than teaching; 3) Lesson Study
is an isolated activity; and 4) structured problem solving means having students solve
a task; and 5) a research lesson should always be re-taught.
Key words: Lesson Study, Research Lesson, Problem solving Oriented Lesson,

Kyozai-kenkyu

1. Introduction

Since the TIMSS Video study has been brought to public attention, teaching
activities in schools seem to become one of the most interesting research targets in
educational studies. 7he Teaching Gap (James W. Stigler & James Hilbert, 1999),
particularly the seventh chapter of that titled “Japan’s approach to the improvement of
classroom teaching,” which is based on Makoto Yoshida’s work and now available in
Fernandez and Yoshida (2004), provoked enormous interest in Lesson Study as a
process for professional development among non-Japanese educators and researchers.
In fact, recently not only the U.S. but also other countries such as APEC countries and
African nations are keen to implement Lesson Study.

So far, many mathematics teachers and teacher educators are involved in
Lesson Study, and many books and research papers have been written on various
aspects of Lesson Study and the typical lesson pattern for Japanese problem solving
oriented mathematics lessons.

Outside of Japan, however, it seems that many aspects of Lesson Study that are

well understood by Japanese teachers have not transferred readily to other countries.
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For that transfer to happen, the Japanese model of Lesson Study needs to be more
explicitly defined, including the beliefs and attitudes of Japanese teachers that
underlie the process of Lesson Study.

This paper tries to clarify key factors embedded in Japanese model of Lesson
Study, based on the author’s experience with short visits on Malawi and Uganda in
Africa, which were conducted as a follow-up study by project IMPULS®) and JICA.
These key factors are characterized as affordances or constrains on Japanese Lesson
Study, or misconceptions that commonly occur when the process is implemented

outside Japan.

2. Affordances and constrains on Lesson Study
The Teaching Gap (1999, p.150) proposed implementing Lesson Study in the
United States. One year later, C. Lewis (2000) identified seven features of the

Japanese educational landscape that support the effectiveness of research lessons:

(1) Ashared, frugal curriculum

(2) Established norms of collaboration

(3) Abelief that teaching can be implemented through collective effort
(4) Norms of self-critical reflection

(5) Stability of Educational Policy

(6) Professional development time is focused on instruction

(7)  Afocus on the whole child

To the extent that these features may not exist in other countries, they act as
constraints on the implementation of Lesson Study. Groves and Doig (2010) identified
and examined some of the affordances and constrains in the adaptation and
implementation of Japanese Lesson Study outside Japan based on their experiences in
Australia, Japan, China, and the Czech Republic. They categorize the affordances and
constrains into three headings: Cultural Issues, School Contexts, and Research
Lessons. Features (2), (3), and (4) identified by Lewis relate to Cultural issues, (1), (5),
and (6) relate to School Contexts, and (3) and (7) relate to Research Lessons.

Cultural Issues

According to Groves and Doig, the cultural issues consist of four factors:
tradition, teaching as a public activity, the status of teachers, and a focus on learning
as a community rather than an individual activity.

Concerning the tradition, most non-Japanese researchers may be surprised to
learn the origin of Lesson Study. Makinae (2010) argues that the origin of Japanese
Lesson Study can be traced to U.S. books from the late 1880’s. He pointed out that one
of these books by Edward Sheldon (1862) describes methods for learning about new
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teaching approaches through criticism lessons and model lessons in normal schools.
That seems to be the beginning of Japanese Lesson Study. According to Makinae,
teacher conferences utilizing criticism lessons were conducted by local school districts
in the early 1900s. Some of these conferences were already called “Jyugyo-hihyo-kai
(criticism lesson conference) or Jyugyo-kenkyu-kai (Lesson Study conferences). The
author has personally investigated and found a reference in a school journal published
by a local school called Seishi Elementary School in Tokyo. According to the Seishi
journal, the first criticism lesson conference was held May 21, Meiji 19 (1886). This
school record also mentions other criticism lesson conferences held in the Tokyo
district: “There are many criticism lesson conferences that have been organized in
Tokyo around Meiji 20’s [1887]” And it continues to say that “a criticism lesson should
be held once a month in order to improve lessons; however, the order and method of
implementing it is up to the principal of the school.” The record thus already shows the
significant nature of Lesson Study: that it is school based, teacher-led, and aiming to
improve lessons.

The school journal I found is of an elementary school. I could not find documents
to prove that criticism lessons had been held at secondary schools. This fact may lead
to the present situation, pointed out by Fernandez & Yoshida (2004), which Lesson
Study is rarely carried out in Japanese high schools. The reason for this situation
might be related to the second point made by Groves and Doig, that of teaching being
viewed as a public vs. a private activity. In Japan, teaching seems to be considered
public at the elementary school level, but much less so at the secondary school level.
Therefore teachers at secondary schools are reluctant to open their lessons to the
public.

Groves and Doig (2010) also mention the focus in Japan on the classroom as a
community of learners as opposed to a focus on individuals. This is a social norm of
classroom culture in Japan, and may be a constraint in other countries with a different
norm. This focus on the classroom as a community of learners is a foundation for the
problem solving oriented lessons. Without this foundation, the problem solving lesson
is difficult to implement. Because of the close connection in the eyes of non-Japanese
educators between Lesson Study and Japanese-style problem solving lessons,
impediments to problem solving lessons, like these differences in social norms, become
obstacles to the implementation of Lesson Study itself. This issue will come up again
later.

School Contexts

Groves and Doig (2010) also mentions the effect of curriculum in school contexts.
It is commonly said that the U.S. curriculum is “a mile wide and an inch deep.” It also
varies from state to state. The Japanese curriculum is “a frugal, shared curriculum”
(Lewis & Tsuchida, 1998, Lewis, 2000). In The Teaching Gap, Stigler and Hilbert
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ultimately suggest that Lesson Study in the U.S. needs to begin at the local district
level simply because teachers need to share knowledge of the curriculum. The lack of
common curricular ground impedes effective Lesson Study at levels above the local
district. A frugal, shared curriculum may be needed also to implement research lessons
designed around problem solving. Observers of such a lesson need to clearly
understand why the particular task has been posed. This means the observers need to
understand: the value of the task within the curriculum, the prerequisite knowledge
needed to solve the task, the position of the prerequisite knowledge in curriculum, the
level of difficulty of the task, closely related tasks in other grades in the curriculum,
and so on. The value of the task in the curriculum may not be written explicitly in any
curriculum, so the teacher needs to do a close study of the teaching materials, a process
called kyozai-kenkyu in Japanese. The basic information that should be included in a
research lesson plan includes the results of this kyozai-kenkyu, which is important

also for anticipating students’ solutions.

The Research Lessons

The research lesson is the critical and focal point of Lesson Study. However, as
Groves and Doig (2010) point out, cultural obstacles to implementing Japanese Lesson
Study in mathematics arise because research lessons in Japan usually are problem
solving oriented lessons or use “structured problem solving” (James W. Stigler &
James Hilbert,1999). But this Japanese model of lesson does not fit well with “typical”
Australian lessons. In other words, those who adapt Japanese Lesson Study in
non-Japanese countries seem to expect or experience a different model of teaching
mathematics, one that is unique or distinctive in many ways (Becker, J. P., Silver, E. A.,
Kantowski, M. G., Travers, K. J., & Wilson, J. W. 1990). Furthermore, the design of a
problem solving lesson requires careful consideration of certain details, consideration
which is made explicit in Japanese Lesson Study. The Teaching Gap describe eight
topics that Japanese teachers discuss in detail over the weeks spent planning the
lesson. Among them are two topics related to designing a main task or problem, such
as “the problem with which the lesson would begin, including such details as the exact
wording and numbers to be used,” and “the anticipated solutions, thoughts, and
responses that students might develop as they struggled with the problem” (p.117).
The numbers used in the task directly affect the generality of the task, and thus its
connection to the curriculum, and they also affect the ways students will approach the
task, and therefore the anticipated solutions. Probably these ways of thinking itself is a
tacit idea of Japanese Lesson Study.

So far, the paper describes affordances and constrains to Japanese Lesson Study

mainly based on Groves and Doig (2010). In the next section the author describes his

experience in Africa focusing on the misconceptions revealed through a follow-up study
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in Uganda and Malawi. The aim of the follow up study was to see the situation of
former participants from African countries who had come to Tokyo Gakugei University

to learn the Japanese model of Lesson Study.

3. Misconceptions uncovered through the follow-up study in Uganda and Malawi
Is Lesson Study a Workshop?

If Lesson Study is “A”, then there should also be “non-A”. Having been exposed
to the Japanese form of Lesson Study naturally, it never crossed my mind nor had I
given a thought to what this “non-A” might be until I went for a follow-up study in
Africa, at which point several misconceptions about Lesson Study became evident.
Consequently, I believe that these misconceptions merit attention and need to be
addressed.

I learned in Africa that workshops seem to be one form of non-A. Three years
after The Teaching Gap was published, Lewis (2002) clearly stated the difference

between Lesson Study and workshops as follows:

Traditional Workshop Lesson Study

* Begins with answer + Begins with question

* Driven by outside “expert” + Driven by participants

+ Communication flow: trainer to + Communication flow: among
teachers teachers

+ Hierarchical relations between * Reciprocal relations among
trainer and teachers learners

+ Research informs practice + Practice 1s research

In America, teachers are familiar with workshops. Upon the introduction of
Lesson Study there, it might have been inevitable for Lewis to contrast Lesson Study
to workshops. It is impressive that she sees how a workshop begins differently from
Lesson Study. The former starts with an answer while the latter begins with a
question.

In Malawi, teaching using problem solving lessons were of interest and
conferences and demonstration lessons were conducted around this topic. However, as
I saw, these activities were treated as workshops.

In Uganda, they have “science-clinic” activities which they consider to be Lesson
Study. These well-organized activities included observing live lessons and debriefing
them. Good results seem to have come out of these activities which made us, the
observers, wonder whether these “science-clinics” are Lesson Study or not.

At the surface, it looks like Lesson Study. However, on a closer examination of
the details of the research lesson, particularly of the selection of the topic, one could see

a deviation from one of the key points that Lesson Study holds to be important. In
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Lesson Study, the topic is chosen for a reason. The chosen topic could be one that is
hard for teachers to teach, or for children it may seem to be too difficult, or it may seem
easy but important misconceptions arise. The topic may be related to newly-introduced
content in the national curriculum. And so on. In the above-mentioned “science-clinic,”
the selection of the topic seemed to be based on the simplicity of the content, or it was
chosen because it was the teacher’s favorite topic to teach. Even in the debriefing
session, the reason for choosing the topic was never asked or discussed. Instead, the
debriefing sessions focused on general issues like teaching techniques.

Considering Lewis’s table of comparisons above, the “science-clinic” did not
begin with a question, a crucial deviation from Lesson Study. People may ask why it is
important to begin with a question. Such a question is important for framing a specific
and attainable aim of the lesson, an aim which should be clearly stated in the lesson
plan. Starting Lesson Study without such a question would likely result to begin a
Lesson Study without a teaching plan. The teachers in Malawi and Uganda seemed to
have not yet seriously considered the importance of it.

In Japan, we do not observe a lesson without a lesson plan. This is because the
evaluation depends on the aims stipulated therein and the lesson plan serves also as a
platform to see the mathematical and educational values of conducting such a lesson.
In the context of school-based Lesson Study, the beginning question of a Lesson Study
should be connected to the mission of the school and the children’s current state. It
must be then broken down into an achievable lesson, one with coherent aims and
methods. Therefore in Japan, having this shared idea of the necessity of a lesson plan
in Lesson Study, the committee assigned for a research lesson provides lesson plan

copies for the observers.

Is Lesson Plan to be taught exactly?

The second misconception I saw in these visits is in the African teachers’
interpretation of the title “lesson plan.” In Japan, a lesson plan is called
gakushu-shidou-an (%855 %) which when translated in verbatim English means

“learning/teaching proposal.” For this reason, if a lesson steers away a bit from what
was written in the lesson plan due to the actual classroom situation, this is never
thought to be wrong. However, in non-Japanese countries, the idea of a lesson plan like
a script, and if everything that is written on the paper is not accomplished, then that
reflects badly on the whole enterprise.

In some lessons that I have observed in Uganda and Malawi, the teacher
demonstrators got into a situation where they felt obligated to follow the steps in the
lesson plan when instead they should have gone with the lessons’ natural flow based
on the actual classroom scenario. This feeling is probably because of the English
translation of “lesson plan” which suggests a sequence of tasks to execute and

accomplish in the allotted time. However, if they were to see it just as a proposal the
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way Japanese teachers see it, and then maybe they would feel differently.
Then what is a “lesson plan” in a Lesson Study? Akihiko Takahashi (2006) said
that the lesson plan is equivalent to a research proposal in any research field. Shown

below is the comparison between these two fields:

General Educational Research Field Lesson Study

* Research Proposal + Lesson Plan
» Data Gathering * Observing Research Lesson
- Interpretation and Analysis of Data + Debriefing Session

If teachers consider the lesson plan as a research proposal, then their attitude
towards the conduct of the lesson may differ when they face a gap between students’
reality and the original plan.

There 1s no doubt that a lesson plan is a necessary component of Lesson Study.
Furthermore this firm belief probed me to re-think the role and function of the lesson
plan. One function of a lesson plan is that it serves as a unifying force. The writing of it
brings teachers together for a common purpose. Secondly, it brings out the results of
kyozai-kenkyu (FHF1H7%). When a teacher writes a lesson plan, she may study and
draw out the essentials of her instructional materials. The writing process itself is
kyozai-kenkyu the concrete result of which is the lesson plan. Another role of the
lesson plan is that it makes people focus on lessons in terms of teaching, not the

teacher. Let me elaborate on this in the next section.

Is the focus of consideration teaching or the teacher?

In the follow-up studies in Africa, I realized that in the debriefing sessions, the
participants focused on the teacher who had demonstrated the lesson and not on the
teaching that just occurred. This practice was particularly manifested in the
science-clinic in Uganda where the object of diagnosis and treatment was clearly the
teacher. Just the word “clinic” carries the medical notion someone needs treatment. As
a natural result of this, in some lessons that I have observed, participants criticized the
teacher during the debriefing sessions. Then the teacher demonstrator strongly
defended himself against any criticism. This was not productive. It appeared clear to
me that the implicit purpose here of Lesson Study was to improve teachers, not to
improve teaching.

At research lessons, participants used checklists. In those checklists the object of
analysis and evaluation was the teacher. The use of a checklist is not wrong depending
on the context. In Japan, school principals do use a checklist too in evaluating teachers
for purposes other than teaching. But the purpose of checklists in Lesson Study in

Africa needs to be reconsidered.
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When the teachers in both countries studied the lesson plan before observing a
lesson, the nature of the debriefing changed significantly, in an appropriate way, from
what it was when the teachers did not study the lesson plan ahead of time. This
confirmed my thinking that one of the functions of the lesson plan is to shift the focus

from teachers to teaching during lesson observation and debriefing.

Is Lesson Study a momentary activity?

In Malawi, the continuity of Lesson Study was not evident. Excellent teaching is
not easy to accomplish. This is the reason why Lesson Study is purpose-oriented and
an on-going, life-long practice. A clinic is where sick people go to get better. However, in
Lesson Study anyone, neophyte or tenured, gets involved in order to better his
teaching. This makes Lesson Study different from a clinic. In Japan, teachers believe
that the lesson is a proving ground for teachers. They consider kyozai-kenkyu inherent
in a teacher’s life so they are actively involved in this endeavor in the hope of
improving their level of teaching. In Lesson Study, continuity is a fundamental feature.
In the case of school-based Lesson Study, the members of a certain school set the goals
of Lesson Study based on the children’s existing state and also on the thrusts of
educational reform. The purpose of Lesson Study is coherent and consistent with the
mission of that school. Therefore Lesson Study is strongly connected with the
educational pursuits of that school. In this light, one may see that continuity is
inherent in Lesson Study. Schools keep on trying to improve their educational
activities, a self-imposed improvement function. Continuity and self-improvement
function are critical factors of Lesson Study which distinguish it from workshops.

Akihiko Takahashi (2001) distinguished two professional development programs,
Phase 1 and Phase 2. Phase 1 professional development is for gaining richer
knowledge while Phase 2 for developing expertise at using that new knowledge. Lesson
Study is an ideal form of Phase 2 professional development.

In Japan, professional development - whether Phase 1 or 2- is embraced
naturally by teachers. This i1s a phenomenon which is difficult to explain to
non-Japanese educators. For example, even a workshop-like Phase 1 professional
development program in Japan is unlikely to end. Evidence of this appeared in
mathematics education monthly journal named Atarashii Sansuu Kyouiku G L\ VA
H##E). That journal has a  “Lesson Study now” corner which takes up two pages.
That part of the journal introduces a local Japanese group, for example, Mishima
Sansuu Kyouiku Seminar. In this seminar, the group meets every first Saturday of the
month. Here fresh and veteran teachers are involved where a leader has a key role in
that group. They do not observe a live lesson but discuss the content of a lesson plan
from several angles. Continuity and self-improvement features are observable there.
Ms. Yoko Matsumoto, a member of this group, explained that the motivation of the
participants in this seminar is to become more skillful teachers in teaching

— 108 —



mathematics. In teaching mathematics lessons, they want to see children’s eyes
brighten; that is, they want their lessons to be more attractive and interesting. Ms.
Yoko Matsumoto concluded that the participants of the seminar absolutely liked

mathematics.

Is Structured Problem Solving Lesson just solving a task?

In a structured problem solving lesson in Japan (Stigler and Hiebert, 1999 p. 77),
the teacher presents a problem to the students without first demonstrating how to
solve the problem. Normal mathematics teaching in the U.S. has never been like this.
In the case of Uganda and Malawi, the problem solving approach they employ does
somewhat resemble the Japanese way. In fact, teachers in both countries (Uganda and
Malawi) highly value student-centered lessons. Hence, during the live lesson
observations, teacher demonstrators presented the task and let the students solve the
task by themselves just like what Japanese teachers do in a problem solving oriented
lesson. However, I felt that this “present a problem/students solve” feature was the
only part of structured problem solving lessons which African teachers had understood
so far because what they were doing beyond this part were practices which could not be
identified with the Japanese approach. Hence, the African teachers seem to have
grasped only the surface of the structured problem solving lesson.

The structured problem solving lesson requires not just solving a task but level 3
type of teaching. Professor Sugiyama (2008) distinguished three levels of teaching:
level 1: just explain how to do it; level 2: explain how to do it and why; and level 3: let
the students discover for themselves how to do it and why. Akihiko Takahashi (2011)

summarizes the three levels as follows:

Level 1: The teacher can tell students important basic ideas of mathematics such as
facts, concepts, and procedures.

Level 2: The teacher can explain the meanings of and reasons behind the important
basic ideas of mathematics in order for students to understand them.

Level 3: The teacher can provide students opportunities to understand these basic
ideas, and support their learning so that the students become independent

learners.

Level 1 teachers provide the “what and how”, and the level 2 teachers provide
“what, how and why”. These are instrumental and relational understanding in R.R
Skemp’s terminology(Skemp,R.R.,1976). Level 3 teachers provide students the
opportunities to discover by themselves mathematical ideas resulting from their own
thinking and understanding. These teachers help to develop students as independent
problem solvers. A Level 3 lesson is student-centered because it is where students

discover new concepts, relations, rules, etc.. not out of spoon-feeding or deliberate
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coaching from the teacher but mostly due to their own efforts. Thus in a level 3 lesson,
the bulk of the concepts or ideas originate from the students, and it is their voice which
is mostly heard during the lesson. It is here that students become the center of the
teaching-learning process and not the teacher. Therefore, teachers who can do
student-centered and problem solving oriented lesson are level 3 teachers.

In some instances, it might be misconstrued that doing level 3 lessons makes a

teacher’s life easy since most of the work is apparently done by the students. This
perception is far from reality. Level 3 teaching absolutely requires a lot of work from
the teacher. So the question is, what specific “work” is done on level 3 type of teaching
besides providing a discovery atmosphere to the students?
Let us take, for instance, the topic, “Fraction divided by a Fraction,” that was given by
Prof. Sugiyama (2008). A number of people may think that level 3 teaching in this case
means the teacher will just pose the problem and then let the students work on it, and
whatever happens after this is not so important. This is a typical misconception of level
3 teaching.

In the case of teaching “Fraction divided by a Fraction,” important factors to
consider include students’ prior learning on equivalent fractions, the concept of division,
the rule of division, etc. By the rule of division, I mean
a+b =(aXec)+-(bXc)=(a+c) =+ (b + ¢),wherec # 0
Such that, for example,

Prof. Sugiyama said that ordinary teaching is not sufficient to deliver a level 3
lesson because it does not consider factors like these. To implement a level 3 lesson,
teachers must be able to choose a good task, be able to identify the pre-requisite
knowledge, and, most importantly, must be able to nurture children to be able to apply
their knowledge to a new situation. And the viability of the students’ prior knowledge
depends, of course, on the teaching that the students have previously received. In this
respect, structured problem solving lesson may also serve, to some extent, as an
evaluation of the children’s former learning experiences.

In the lessons I saw in Malawi, the teacher posed the task and let the students
solve it by themselves. However, the teacher did not foresee many of the responses
from the students. This is most likely because the teacher was not able to thoroughly
study the instructional materials beforehand, or because he lacked the knowledge of
the children’s capabilities, or was unmindful of the scope and sequence of the

curriculum.
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Since problem solving lessons require solving a task that requires pre-requisite
knowledge and skills, African teachers tend to think that in doing problem solving
lessons, the teacher should develop a lot of concepts, treating all concepts as equally
important. This is another misconception. It should be possible to tell which concepts
are more significant than the others. Differentiating the significance of various
concepts can be done through kyouzai-kenyu. Level 3 teaching is then based on a

profound kyozai-kenkyu by the teacher.

Should a research lesson be always re-taught?

In some countries, teachers believe that re-teaching the research lesson is
necessary. In so doing, this practice evaluates the teacher demonstrator’s performance
and the feasibility of the lesson plan. I think the possible roots of this misconception
may stem from the steps in Lesson Study written in the Teaching Gap (p.112-113,
1999). These include: Step 3: Teaching the Lesson; Step 4: Evaluating the lesson and
reflecting on its effect; Step 5: Revising the lesson; and Step 6: Teaching the revised
lesson. This is wrong, and it is perilous. An inorganic system, like a car, i1s composed of
parts that may be easily replaced. However, in an organic system like a lesson, each
part is systemic, not systematic. Changing one problematic part of the lesson does not
guarantee things will work out once this part is fixed. Another problem with
re-teaching is that it reinforces an idea that the same lesson plan can be used with
different students. In this kind of thinking, the students are not an important
consideration. This is in outright opposition to a core value of Lesson Study.
Consideration of students is not special in problem solving lessons, but is a focus of
Lesson Study. Lastly, re-teaching is disrespectful of the students’ right to the best
education one can provide them. Having the thought of re-teaching at the back of one’s
mind is like making the first class a pawn in order to improve classroom teaching. This

benefits teachers and lesson plan makers at the expense of the children.

4. Final Remarks

Lesson Study in Japan is like air. It is felt everywhere because it is implemented
in everyday school activity. Lesson Study is so natural that it is difficult for Japanese
educators to identify the critical and important features of it. This is true for
researchers as well; Akihiko Takahashi (in press) argues that despite the long history
of Lesson Study in Japan, Japanese mathematics researchers and other researchers
have not been interested in studying Lesson Study itself until recently. As evidence, he
notes that the recent publication by the Japan Society of Mathematics Education, the
Handbook of Research in Mathematics Education (2010), does not include any
research that focuses on mathematics Lesson Study under the section of mathematics
teacher education/professional development.

When there is call for us to introduce something of Japanese origin, like Lesson
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Study, to other countries, we have to grasp the fundamental nature of it and carefully
describe it with due consideration to cross-cultural differences. We have done Lesson
Study for over one hundred twenty years as a way of life, without always realizing that
we were doing a good thing. This lack of awareness is to some extent a flaw. When
people do good things without awareness, the most regrettable case is that people lose
it without hesitation. Therefore it benefits the Japanese as well as foreign educators

that we identify the authentic nature of Lesson Study.

#)The Project IMPLUS is a newly established project funded by the Ministry of
Education, Culture, Sports, Science & Technology of Japan. The Project is housed in
the Mathematics Education Department of Tokyo Gakugei University, Tokyo, Japan.
The purpose of the project is two-fold. First, as an international center of Lesson Study
in mathematics, Tokyo Gakugei University and its network of laboratory schools will
help teacher professionals from throughout the region learn about Lesson Study and
will thereby prepare them to create Lesson Study systems in their own countries for
long-term, independent educational improvement in mathematics teaching. Second,
the project will conduct several research projects examining the mechanism of

Japanese Lesson Study in order to maximize its impact on schools in Japan.
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HPM and Development of the Professional Competency of Junior
High School Mathematics Teachers
: The Case Study of a Teacher in Shanghai

WANG Xiao-qin
East China Normal University

China has a large number of methods for developing the competency of junior
high school mathematics teachers. They include training of teachers in service,
master degree programs in education, participation in super teachers’ research project
seminars, etc. This paper aims to make clear the processes in which a junior high
school teacher has developed her competency as a mathematics teacher.

Ms. Wang is has been a mathematics teacher in a junior high school for ten
years. She entered the Department of Mathematics in the Master Course of East
China Normal University in 2008. She had never studied the history of
mathematics at university, nor had experienced it in her long career of mathematics
teaching. In the summer of 2009 she attended a class “The history and pedagogy of
mathematics” in the Master Course. She recognized the relations between the history
and pedagogy of mathematics for the first time, and was increasingly interested in it.

At the second international congress of mathematics education in 1972, P.S.
Jones, an American scholar, and L. Rogers, a British scholar, organized the
International Study Group on the relations between the HISTORY and PEDAGOGY of
MATHEMATICS. This is a creation of a new academic research area regarding the
relations between the history and pedagogy of mathematics (HPM). This research
group was formally placed under the supervision of the Committee of International
Mathematics Education in 1976. HPM is an actively investigated area at present,
which has been attracting many people’s increasing attention.

Ms. Wang began to introduce the history of mathematics in her mathematics
education at the new semester of September in 2009.

1. Introduction of the history of mathematics for the first time

In treating “application of similar triangles,” Ms. Wang introduced the history of
mathematics for the first time in her teaching career. Teaching of this topic was
divided into three lessons.

The aim of the first lesson was presented after reviewing the characteristics of
similar triangles. A brief introduction to application of how to measure the
characteristics of similar triangles in different historical periods was given with an
example as follows. All examples were quoted from Chapter 1 on right-angled
triangles of “JLERIN” (the Nine Chapters on the Art of Mathematics).
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Example 1. (1) There is a square shaped castle with the eastern and southern
sides having a gate at the center. With fifteen walking steps from the eastern
gate, you will see a tree.

Question: With how many steps from the southern gate, can you see the tree?

15 steps
eastern

gate tree
southern gate

100
steps

Figurel. Question on a Castle

(2) There is a castle with the distance between its east and west being 7 ri (3.92
km), and that of its south and north being 9 ri. The castle has a gate at the center
of the eastern and southern sides. With fifteen waking steps from the eastern
gate you can see a tree.

Question: With how many steps from the southern gate, can you see the tree?
(The students are required to answer it by drawing a figure for themselves.)

(3) There is a square shaped castle. There is a gate at the center of each side of
the castle. With 30 steps from the northern gate you can see a tree. With 750
steps from the western gate you can see a tree.

Question: What is the area of the castle? (The students are required to answer it

by drawing a figure for themselves.)

Example 2. There is a mountain to the west of the tree. Its height is uncertain.
The mountain is 53 ri far from the tree, whose height is 95 shaku (30.3 cm). With
3 ri to the east of the tree, one can see both its top and the summit of the mountain
diagonally in a straight line. The eye height is 7 shaku.

Question: How high is the mountain?
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summit

the end of
a tree

a person’s eye
95 syaku

7 syaku

53 r1 3 ri

Figure2. Question of the mountain being to the west of the tree

Example 3. There is a well of 5 shaku. in diameter. The depth is uncertain. We
set up a rod of 5 shaku in length on the well. The diagonal straight line from the
top of the rod touching exactly upon the surface of the water intersects at the point
of 4 sun (3.03 cm) away in the diameter of the well.

Question: How deep is the well?

50
4\ 46
the depth of
a well

water /
the shadow the shadow
of a rod of a tower

Figure3. Question on the well Figure4. Question on the height of the tower

The teacher introduces the contents of the Nine Chapters on the Art of
Mathematics and Tocho, a mathmatician’s, contribution to mathematics in the periods
of Gi1 and Shin, and gives exercises: Thales, originator of the ancient Greek geometry,
when young, visited Egypt and measured the height of Pyramids. Represent how
Thales measured it. (Among the representations by the students the teacher chooses

excellent ones and exhibits them. Refer to Figure 4.)
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In the second lesson the teacher introduces a question to ask about the ‘side of
inscribed quadrangle’ in the Nine Chapters on the Art of Mathematics based on the
characteristics of similar triangles, and proceeds to a question of the inscribed

quadrangle in a general triangle.

Example 1. The lengths of the three sides of the right-angled triangle are
respectively 3, 4, and 5. Answer the length of the side of the inscribed quadrangle
in this right-angled triangle. (This question is a modified one based on Chapter 1
of the Nine Chapters on the Art of Mathematics.)

Figure5. Question on the inscribed quadrangle in a triangle

First the students tried to answer this question for themselves, and talked about
it with one another. They put forward two solutions (Figure 5). They solved this
problem by employing the characteristics of similar triangles and assuming unknown
quantities. Quoting the source of this question, the teacher showed the original one:
‘There is a right-angled triangle of 12 ho (steps) in height and 5 ho (steps) in depth.
Question: What is the length of the side of the inscribed quadrangle?

Example 2. Asis shown in Figure 6, the side £Fof the square is on the side BCof
the triangle. The vertexes D and Care respectively on ABand AC. Answer the
side of the square DEFG (the side BC=60cm, the height AH=40cm). Furthermore,
without changing the length of AH and the height of AH, let us change the shape
of a triangle ABC. In this way does the length of the side of the square change.
If so, why?
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C
D P G
P 0
B E H F C A B
Figure6. Question on the inscribed Figure7. Applied question on the
quadrangle in a triangle characteristics of similar triangles

Exercise: As shown in Figure 7, there is a triangle ABC(AB=5, BC=3, AC=4, PQ
J/AB). The point A is on the side AC (the points 4 and C do not overlap), and the
point ¢ 1is on the side BC.

(1) Suppose that the area of the triangle CPQ is the same with that of the
quadrilateral PABO, answer the length of the side P.

(2) Suppose that the side AB has the point M let us transform the triangle PQM
into an isosceles triangle. Is it possible to assume this kind of A/ If it were not

for M, explain the reason why. If there exists M, answer the length of the side
PQ.

In the third lesson of an advanced level, the teacher deals with application of the
theorem of similar triangles to a practical question. There is a tunnel for supplying
water—Eupalinos tunnel—which was built up in the six century on Samos Island, the
eighth largest island in the ancient Greece. The tunnel has a total length of 1036
meters. The width and height of the cross-section of the tunnel are respectively 1.8 m.
It passes through the mountain straightforwardly. To shorten the construction period,
Eupalinos, the architect, divided the manufacturing team into two groups, and made
each group begin to build the tunnel from the two ends of the mountain at the same
time, and successfully join together at the center of it. 2500 years ago when they had
no exact measuring instruments, I wonder why he could direct those two groups to join
together somewhere at the bottom of the mountain. To my surprise, Eupalinos did it.
How can we believe that the tunnel passed through the mountain! The idea of both
groups merging with each other was only natural and artless. I have no idea as to
how Eupalinos did achieve this construction. The teacher encourages the students to
ask these questions and to discuss them. Later she explains how the ancient Greek

designed the construction. Refer to Figure 8. (Fauvel & Maanen, 2000)
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Figure8. Eupalinos’s design

In the first lesson the teacher adopted the method to deal directly with the
historical materials of mathematics. The students had already had established
fundamental knowledge about them, and thus had little difficulty in answering the
questions about them. Part of the questions seem to have been useless, and since
teaching was not worked out well, it seems to have lacked in the plurality of
mathematics culture and to have failed in representing the attractiveness of the
history of mathematics. One may doubt that it was a lesson merely for introducing a
history of mathematics. In the second lesson the teacher began to teach ‘the
right-angular triangle’ in the period of Kan in China, and gave exercises on it. Since
she took precautionary measures in choosing upon historically significant events, the
students were very much impressed with them with good effects on them. The third
lesson was what the students favored the most. They were strongly interested in the
stories of historical events, on which they were able to concentrate. The excellent
method of their solutions was by application of a ‘similar triangle’ they were learning
at the moment, and so they were encouraged to reconsider their way of thinking about
mathematics. They were exalted with great joy. They had strong incentives to
aspire the ancient Greek mathematics civilization, enjoy to the full the beautiful sights
of Samos Island, respect Euparinos, have great wonders about magical powers of
geometry, etc. This introduction of the history of mathematics brought about very
good effects on the students, which was beyond our imagination.

The questionnaire after the lessons showed that 84.4 % students were
interested in the history of mathematics, and that 86.7 % students had a favorite view
of the introduction of the history of English to mathematics education, and that 93.3 %
students were anxious to know the history of mathematics and therefore placed a high
value on its role. These evaluations supported most of the significances in the history
of mathematics stated by Fauvel (1991).
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2. Research activities

Ms. Wang was greatly moved by the students’ responses to the history of
mathematics, and decided to continue teaching it. Afterwards she moved to another
junior high school, and made the following research plan of ‘Introduction of the history
of mathematics to a junior high school mathematics education.’

+ Indication of numbers by letters

* Multiplication of or raising the numbers with the same base to the power
+ Formulae of the difference of a square

+ Concept of the real numbers

+ Finding of an approximate value of a square root

+ Application of congruent triangles

In what follows, I will show how Ms. Wang dealt with the history of
mathematics in her mathematics teaching. She illustrated it with an example of
congruent triangles.

First she begins to teach a story of ‘Napoleon encounters with a river.’

She says: ‘Class, I guess you have heard of Napoleon. This famous militarist
commanded the whole army, fought many battles, and affected the world a great deal.
Napoleon once proposed ‘Let us have scholars in the army.” This proposal came to be
known widely to the public with an implication that he respected scholars. Why did
he so? Of course there is a reason for this. One day, in marching to the destination
his party was prevented from going by the swiftly running river. They had to build a
bridge over the river. But they had no materials for that. They had to look for them
as quickly as possible. To make clear how many materials were needed for it they had
to make a rough estimate of the width of the river. Since Napoleon, a great militarist,
had no idea of how to estimate it, he was completely at a loss. Now, everyone, how can
you do it for Napoleon?’

Ms. Wang made the following plan. She merely presented the problem. The
students were free in their way of thinking. If they had difficulty in solving it, she
would show them a hint of using congruent triangles. ‘Application of the students’
gained knowledge into actual use’ in mathematics education is nothing more than
solving a problem, and therefore the problem in the actual situation above is assumed
to be difficult to tackle with. On this point the interview after the lesson offers a piece
of evidence, which reveals the students’ response ‘I did not understand Ms. Wang’s first
question at all.’

Ms. Wang noticed the students’ difficulty, and gave them a hint ‘Why don’t you
use the knowledge of congruent triangles?. They appreciated that hint, and worked
out varieties of ways to solve the problem. Among them we had this way. A stands
for the reference point on the opposite side of the river, and BD does the rod
perpendicular to the earth. The eye measurement makes ~ABD = .~ CBD, which
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makes ABD € ACBD. Inother words, the width of the river is counted as AD= CD.
This is exactly the way adopted by Thales, ancient Greek mathematician. But the
student’s explanation about it was not easy to understand. This method was still
uncertain to most students. Ms. Wang used a teaching tool for this, which was very
helpful.

Ms. Wang here explained Thales’ way of measurement. Thales (BC 6¢) was an
originator of ancient Greek geometry, and the first mathematician and philosopher in
ancient Greece. When young he visited Egypt and measured the height of Pyramid
based on the knowledge of congruent triangles. He stopped a war by predicting the
solar eclipse. He was able to measure the distance between a ship and a shore by
using the knowledge of congruent triangles and similar triangles.

As shown in Figure 9, Thales measured the width of a river by using a simple
tool on a high hill (or cliff or lighthouse). We have a rod EF perpendicular to the earth.
Anail Ais fixed on the rod. We can turn around another rod by the nail A. Then we
can fix it on the spot which we like. We turn around the small rod and fix it on a
particular point of the opposite side of the river. Then we turn around the rod EF
(with it being perpendicular to the earth), and fix it on the point Con the shore of the
river. According to the theorem of an included angle between the sides (SAS), we
have the following result DC= DB.

F

N

/ N
N
/ N
/ N

C

Figure9. Thales’s way for measuring a distance

After teaching the method above, Ms. Wang told class to represent Thales’s way.

‘Now let us demonstrate Thales’s way (see Figure 10).” The students used the
two rods the teacher prepared for by using the knowledge of congruent triangles and
measured the distance between the front blackboard and the back blackboard in the
room.

‘I's there any other way for it than that you used just now?’
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Figurel0. How the students demonstrate Thales’s way

With the hints given to them, the students worked out one way after another.
There are for instance: a way of using congruent triangles (Figures 11-13), a way of
using right-angled triangles, a way of similar triangles (including the law of cosines).
How the students’ knowledge was expanded and their discussion was activated
surpassed the teacher’s imagination. Because teaching was strictly limited in time,
Ms. Wang gave the students a homework which required them to collect the ways they
showed in their discussion. She noticed an interesting fact there. Way 2 in Figure

12 was exactly an alternative way Thales, a mathematician, conjectured.

A A A
N ) N
N A N
| S L\\ | i
B C C B C
/ B E\ N
/ \
D D D

Figurell. Congruent way 1 Figurel2. Congruent way 2 Figurel3. Congruent way 3
In the end we have further applications of similar triangles.

Question 1. As shown in Figure 14, we have a z-shaped road ABCD. On the
road AB/ CD is a small stone chair £and Mrespectively on the road ABand BC,
with M exactly in the middle of BC. Because a train stops on the road AB, one
cannot measure directly the distance between B and £ Now is there any good

way for measuring it?
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Figurel4. Distance measurement in a park

Question2. An extra-curriculum activity group is thinking to do something
significant by using the knowledge they learned. They happen to find a pond in
the park near to their school. They are trying to measure the distance between

the two ends of the pond.. Is there any good way for this?

As regards ‘application of similar triangles,” Ms. Wang made an interview to
some students (S) and teachers (T).

(1) Will you let me know what you have felt about the lesson of ‘application of similar

triangles’?

S1: I was attracted by Ms. Wang’s unique way of talk, and strongly interested in it.
I was impressed with solving a practical problem in our daily life, which I found
was of great use. This is quite different from merely solving a problem in a
textbook. We students had a chance to discuss it with one another and were
greatly enlightened through it. The way of teaching mathematics was very new
and we were able to gain not only mathematics knowledge but also other kinds of
knowledge. I thought we discussed problems in our daily life and were not
restricted only to theories in the lessons.

S2: 1 was interested in all talks in the lessons, which I think was helpful to heighten
the efficiency of teaching. Whatsoever time may pass away, the story I heard will
remain in my mind. In a supplementary private school I went to, I asked my
school classmates about the similar question to what I had. They said they had
no idea as to how to use the knowledge of similar triangles. At that time I felt as
if I were a scholar, and felt very proud of it. When I taught other classmates the
same knowledge, I felt very pleased with it. .

T1: Through this lesson I knew for the first time the letters important in the history
of mathematics, and came to recognize that mathematics contributed a great deal
to economy and culture. I am interested to do it

T2: I think this lesson is interesting both to a teacher and students. I found that
the students were positively involved in the lesson since it was full of stimulation.

(2) This is a nice instance of the coalition between education and practice. However,

the preparation for this lesson was surely laborious.
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S3: Through this lesson I got to be very curious about daily events. 1 would like to
take more interest in daily matters and expand my perspective. 1 was aware that
daily matters were not necessarily difficult and insolvable. Once we got a way for
solving them, I thought we could gain one way after another.

S4: Through this lesson I was able to increase the knowledge of the history of
mathematics. I had had little knowledge of it. I think it was very important to
know it. The historical knowledge of it may not be used in a test. In view of
solving a practical problem, however, it is of great use. Furthermore it is
impressive, encourages me to consider the problem more, and to know more about
it. When Ms. Wang presented the question to us, I was very anxious to know the
answer.

T3: I found the lesson was very useful. In an ordinary lesson there are very few
chances to apply the learned theory to a practical problem. This lesson is useful
in that it induces us to think more about how to put the learned knowledge to an
actual use.

T4: I think this lesson is useful for students. They are encouraged to solve practical
problems, build up a new awareness of mathematics, and have a favorable view of
it.

(3) Is there any advice about this lesson?

S5: I hope teachers will give us this kind of lesson once a week. Or I hope they will
start up a research question group, which will enable us to participate in it. I
would like to attend as many lessons of this kind as possible.

T5: I hope for as many model lessons of this kind as possible so that we can share the
benefits of them. We will get the students to be aware of the close relations
between mathematics and daily events and of mathematical problems latent in
daily lives, and encourage them to solve those practical problems by using the
knowledge they learned. If every lesson of mathematics is done in this way, all
students will surely love mathematics.

According to the interview to the teachers and students and the questionnaire to
the students, we may safely say that Ms. Wang’s lessons above are highly effective and

thus are evaluated by everyone as a great success.

3. Ms. Wang’s Change

Based on observations of the lessons and interviews to Ms. Wang, her colleague
teachers, and educational researchers in the borough, I found that her two years’
mathematics education with the use of the history of mathematics changed her. The
details are as follows.
3.1.Formation of her own educational style

It 1is difficult for a junior high school mathematics teacher to build up his or her

own educational style. Particularly it will be difficult for a ten-year experienced
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teacher to progress to a new direction. By introducing HPM, Ms. Wang has opened a
new horizon of mathematics education, and is developing her own educational style.

Introducing her lesson by using the history of mathematics In her lesson on
‘mean semisquared difference’, Ms. Wang combined the historical letters (Choso,
Diophantus) as well as the knowledge of history with the contents in a textbook. The
integration the three things into one brought about a good effect.

Breaking through the difficult spot In the lesson on ‘Indicating numbers by
alphabets (letters) she got the students to consider ‘shape and number by Pythagorus’
and showed them ‘simplicity based on the unity of shape and number and on alphabets
(letters), and helped them to break through the difficult spot with ease.

Adopting the question of applying the history of mathematics as exercises In
the lesson on ‘application of similar triangles’ she presented to the students the
question in the Nine Chapters on the Art of Mathematics as an example, encouraged
them to be aware of the significance of observation and thinking, and got them to feel
that similar triangles are present here and there in our daily lives.

Applying the history of mathematics for putting together ideas and thoughts
In the lesson on ‘movement of figures,” Ms. Wang gave the students a ten-minute
chance to appreciate the works of famous artists and architects both inside and outside
China. These works are figures themselves of geometry which are concerned with the
knowledge of parallel movement, turning movements, symmetrical movements of
figures, etc.

Comparing a historical method with a method by a textbook In the lesson on

‘getting an approximation of 2 by the way of approach,” Ms. Wang was able to

expand the students’ way of thinking by comparing the way of a textbook with the way
of Heron, an ancient Greek mathmatician.

Reconstructing the birth of mathematics knowledge by means of the history of
mathematics In the lesson on ‘multiplication of or raising the numbers with the
same base to the power,” Ms. Wang used The Calculator of Sand by Archimedes, and
represented the story of the birth of raising the numbers with the same base to the
power. She got the students to consider the way of The Calculator of Sand and
acquire a number of calculations on raising the numbers with the same base to the
power.

By introducing the history of mathematics to mathematics education, Ms. Wang
brought ‘a climate of culture’ to her mathematics teachings and formed her own style of
mathematics education. She was given a great honor with this achievement and
became a leader of the mathematics education research group in school.

3.2. Deeper understanding of students’ problem consciousness

According to the discipline of the origin of history, students’ understanding of

mathematical concepts is said to be similar to the development of mathematical
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concept. The similarity between these two gives us helpful directions for
mathematical way of thinking. In other words, in order to predict the trouble spots
students might encounter with, we have to investigate the history of mathematics.
Through this history we are able to make a teaching plan which best suits students’
problem awareness.

We will give you ‘indicating numbers by letters’ as an example. Before Ms.
Wang’s investigation of the history of mathematics she was restricted to the
information from the reference books as shown in ‘Letters show ways of calculation,
formulae, unknown numbers in an equation, and variables show a rule of change.
But Ms. Wang studied the history of mathematics and understood that there were
three stages of historical changes in ‘letters show numbers.” That is, the first stage is
that letters show unknown numbers, the second stage is that letters show any
numbers, and the third is that letters shows variables. Students come to experience
these three stages while studying algebra.  Therefore the knowledge of the history of
mathematics provides theoretical grounds for Ms. Wang’s teaching plan.

F. Cajori, 1859-1930—a pioneer of HPM—, an American researcher of the
history of mathematics, states: ‘Most of the difficulties students were confronted with
are solved through the deep considerations and discussions to which the scholars
originating this research area have been devoted for many years’ (Cajori, 1899).
Further, D. F. Smith, 1800-1944 states: “Those who trouble our society also trouble our
children. Therefore conquering social difficulties suggest that children develop
themselves to be able to conquer their confronted difficulties by using similar ways to
conquer social difficulties.” M. Kline, 1908-1993, is in the same vein. He states:
‘Those difficulties experienced by mathematicians will be obstacles in students’
studying mathematics. Therefore the history of mathematics is a good guide to
mathematics education’ (Kline, 1966, 1970).

The deeper understanding Ms. Wang had of the history of mathematics, the
deeper understanding she had of the errors the students had made and the difficulties
they had experienced in studying mathematics. By researching into the history of
mathematics she was encouraged to search for the causes for the above mentioned
errors and difficulties.

3.3. Development of the competency to analyze teaching materials critically and
distinguishingly

As her study progressed, Ms. Wang grew able to analyze her teaching materials
in terms of HPM, and thus to develop her competency to treat it critically. The
following example is Ms. Wang’s treatment of distinguishing ‘congruent triangles,’
which is contained in her teaching materials.

A mathematics textbook contains four distinguishing methods for
demonstration as follows: ‘SAS Postulate: Two sides and the included angle of the
triangle are congruent to the corresponding sides and the included angle of another
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triangle,” ‘ASA: Two angles and the included side of one triangle are congruent to the
corresponding two angles and included side of another triangle ,’ ‘AAS: Two angles and
the non-included side of the triangle are congruent to the corresponding two angles
and the non-included side of another triangle. (This is sometimes referred to as
AAcorrS and then includes ASA above.), and ‘SSS: Each of the three sides of the
triangle is congruent to the corresponding side of another triangle’  The
demonstrations SAS and ASA are explained by Planning Method. But no
demonstration is given for SSS, whose theorem is directly presented. The additional
note she made refers to the point that the demonstration by SSS can be added, which
is dependent on the contents she deals with later. I investigated Ms. Wang’s teaching
plan, and found the following description in her notes: ‘The method by SSS is
presented with no demonstration in the textbook, which has a description that that
method is introduced at the first semester of the eighth grade. Further, the method
for distinguishing the congruence of a right-angled triangle with the diagonal and
neighboring sides being equal to each other is classified into the knowledge of a
right-angled triangle. In the textbook there exist only demonstrations by the method
for connecting two triangles and the method for proving the congruence of a
right-angled triangle by using the knowledge of isosceles triangle with no further
explanation of SSS. But the method for connecting two triangles and the method for
demonstrating SSS by using the knowledge of isosceles triangles can be dealt with at
the first semester of the seventh grade, not the eighth grade, just after the students’
study of 1sosceles triangles in their textbook.

According to the history of mathematics, Philo (BC 1c), a mathematician in
Byzantine Empire, worked out the following method: ‘Let us move one of the two
triangles, and lay one side of the triangle on the side of another triangle. We have the
following result. The vertex of this side being regarded as an opposite side and its
corresponding vertex of another triangle are both sides of the overlapping sides.
Connect the two vertexes by a line, and you can get an isosceles triangle. The two
vertical angles with overlapping sides being opposite sides are congruent. By using
SAS, we can say that the triangles are congruent’. Given the knowledge of the history
of mathematics, the knowledge of congruent triangles is systematized by students in a
short learning period. Moreover, they can get not only the knowledge of mathematics,
but also its origin and history. This shows a great contribution of the history of
mathematics to the pedagogy of mathematics.

When Ms. Wang made a teaching plan of isosceles of triangles, she modified an
example in the textbook. For instance, see SAS, ASA, and AAS. After teaching
these three theorems, she taught the students how to demonstrate the isosceles
triangles. She illustrated it with an example. In addition to the method of adding a
line in the textbook, she introduced Euclid’s method of demonstration. See Figure 15.
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Figurel5. Euclid’s method for demonstrating the base angles
of an isosceles triangle being the congruent

We have AABCand AB=AC,then / B= /C.
Proof: Extend the line ABto the point ), and the line ACto the point %, and make
AD=AE. Youwill have AADC <« NAEB (SAS) .

Thus, £ E= /D, BE= CD.

If so, ABCE < NCBD (SAS) .

Thus, £ DBC= Z ECB.

Thus, £LABC= ZACB.

Because of the above mentioned knowledge of ‘the opposite angles of the
opposite sides being congruent,” students will naturally be able to demonstrate the
theorem of SSS. Only with the history of mathematics, Ms. Wang was able to achieve
her research question ‘teachers should exploit and use creative teaching materials.’
3.4. Development of a teacher’s competency for the pedagogical study of mathematics

Through her teaching activities for two years, Ms. Wang developed her
competency for studying mathematics education. She contributed an article to
Mathematics Education, and got the third prize in the section of Educational Papers in
Shanghai city. She has contributed another paper, which is under review.

Ms. Wang is an only participant in the Speech Contest of junior high school
teachers in the Seian Board of Shanghai city. In that context she was awarded with
the first prize by her speech ‘Activating students’ way of thinking by introducing the

history of mathematics.” See Figure 16.
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Figurel6. Ms. Wang’s speech on “Activating students’ way of thinking
by introducing the history of mathematics.’

In the fourth congress of the International Group of the History and Pedagogy of
Mathematics held in East China Normal University in May, 2011, Ms. Wang presented
a paper entitled ‘Investigation into the activities of introducing the history of
mathematics in junior high school mathematics education,” which was highly
evaluated by the participants. By this paper presentation she was widely recognized
in the pedagogical world of mathematics. Since then, she has regularly held research
meetings together with scholars of mathematics education in East China Normal
University and mathematics teachers having the same ambitions and visions, and
discussed the issues concerned with the history of mathematics in junior high schools
and the pedagogy of mathematics in terms of HPM. Now she is a member of the HPM
group in Kanto University of Education.

At the very moment when Ms. Wang deals with the history of mathematics, she
acutely feels lacking in its knowledge. Involved in the research into HPM, she is
increasingly sensitive to her poverty of the training at the history of mathematics and

devoted positively to the books and papers of the history of mathematics.

4. Conclusion

From the case study of Ms. Wang, we can conclude that HPM can contribute a
great deal to the professional development of the competency of a junior high school
mathematics teacher. My investigation, on the other hand, has shown that the
introduction of the history of mathematics in a junior high school is ‘highly evaluated,’
but application of it is very difficult.” One of the reasons is that most teachers know a
very little of the history of mathematics. Therefore in the instructional seminars for
teachers, it will be necessary to strengthen the training of mathematics education
based on the history of mathematics. The training should be designed in this way. It

should not be a mere introduction of the history of mathematics, but organized to
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encourage teachers to apply it, and thus to be able to explore and uncover particular
points which may be latent in or hidden behind the apparent knowledge of
mathematics. If this is done successfully, mathematics teachers will be interested
more in the history of mathematics. It is also conceivable that scholars of
mathematics education should first exploit teaching plans and apply them to practical
teachings in school and that mathematics teachers in school would be able to
appreciate the effects of the history of mathematics in the pedagogy of mathematics.
By so doing more mathematics teachers will endeavor themselves to enter the domains
of HPM.

It is necessary to strengthen the link between university scholars and junior
high school mathematics teachers so that HPM may be advanced from its theoretical
stage to its practical. It is our sincere hope that scholars will research into the history
of mathematics for pedagogical purpose, and that teachers in school will apply the
scholars’ findings to their practical lessons. Ms. Wang’s case is a successful example of

the coalition between research and practice.
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Pilot Lesson Study to Improve Algebraic Reasoning Ability:
The Relations among Teacher, Students and Tool

LEW Hee-Chan
Korea National University of Education

This study investigated two types of justification, namely empirical and

deductive displayed by Korean high school students in the process of solving
algebraic problems using graphing technology and the type of influence graphing
technology has on the justification process. Graphing technology was found to ease
empirical justification when solving problems in which solutions are difficult to obtain
purely by means of pencil and paper. Graphing technology facilitated mathematical
assumption through operational activities that were followed by immediate
experimentation and corroboration and also provided a significant clue for deductive
justification. The study showed that operational activities using graphing technology
guided and supported by the teacher as a collaborator or thought-provoker could be
important elements in solving algebraic problems.

Key words: Algebraic Reasoning ability, Graphing technology, Teachers’ role

Introduction

Justification is an important theme in mathematics instruction. It is a
comprehensive concept that encompasses rigidly developed deductive proofs and a
psychological activity that involves systematic persuasion based on one's personal
point of view (Lannin, 2005; Harel & Sowder, 1998). The curricula of many countries
including that of Korea emphasize activities that allow students to independently
justify mathematical facts through induction and deduction (MOE & HRD, 2007;
NCTM, 2000; MOE, 1999; DOE, 1995; AES, 1994; NCTM, 1991). Many researchers in
mathematics education have underscored the educational meaning of justification for a
long time (Lannin, 2005; Healy & Hoyles, 2000; Harel & Sowder, 1998; Knuth & Elliott,
1998; Hoyels, 1997; Simon & Blume, 1996; Battista & Clements, 1995). However,
preceding research, for the most part, focused on proofs in the realm of geometry
(Knuth & Elliott, 1998; Harel & Sowder, 1998; Battista & Clements, 1995), and with
the exclusion of just a few like Healy & Hoyles (2000), research on proofs in algebra is
hard to find. In addition, most prior research dealt with the types of justification
showed by middle and high school students or pre-service elementary and middle
school teachers (See Simon & Blume, 1996). Moreover, there is inadequate research on
how instructional media such as computers influence the justification process, the role
a teacher plays in justification, and the relation the process of justification has in
solving complicated problems.

Considering this widely unexplored area, this research aims to explore the
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justification process displayed by students when solving algebraic problems using
graphing technology and the role it plays in the justification process. The paper will
discuss the justification process features identified by this study, and set forth a model

for the role teachers ought to play when addressing justification in the classroom.

Methodology
Problem

In traditional algebraic learning, students are expected to identify regularities
in the problem solving process on their own and express such regularities as equations
and graphs; consequently, the aspects of justification are not fully addressed NCTM,
2000). In an effort to find an effective methodology to compensate such shortcomings in
algebraic learning, the present research selected an algebraic problem (Figure 1) that
focused on exploration of the reoccurring regularity that students exhibit as they carry

out operational activities involving graphic technology and the justification process.

The problem is : Find two linear functions f{x) and g(x) such that the product i(x) =
f(x) g(x) intercepts with f{x) and g(x) as shown below.

AN

Figurel. The algebraic problem given to students

Procedure

This experiment was conducted with second year high school students in the
humanities track, who personally volunteered to participate in the study, had attained
a reference from their homeroom teacher and received the consent of their parents.
Two students who were above average in terms of academic achievement were selected
to participate. Over the course of two weeks, three experiments were conducted. The
students were asked to solve problems with the aid of a computer and continuous
communication and discussion. At first, the students were asked to solve the problems
with pencil and paper, but when it became evident that the students could not attain a
solution, they were asked to use graphing technology. Although the students were
trained on particular software and used the software two hours prior to the experiment,

students could use any type of software that produced resultant graphs once functional
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formulae were input.

Data Collection

The researcher played the role of teacher in the data collection process and
therefore participated in and observed the entire experiment process. In addition, the
researcher also provided guidance for the students whenever they needed help.
Throughout the course of data collection, whenever deemed necessary, the researcher
also carried out non-structured interviews with the students in order to clarify
utterances overheard in their communications. A video camera was used to record
instruction and learning, computer screens captured students’ activities, and

utterances were captured as moving pictures.

Results
The Process of Discovering a Particular Solution by Controlling Parameters

After trying to solve a problem in the pencil and paper environment for
approximately 15 minutes, students gave up when they realized that the 4 parameters
including the two functions’ intercepts and slopes were convolutedly intertwined.
When it was suggested that they make use of a computer, they fixed the intercept of f{x)
to 0, input random values into the other variables, and input f{x)=2x, g(x)=—2x+4, and
h(x)=2x(—2x+4). After drawing a graph and several trials and errors, the students
altered the slope and intercept of f(x) and g(x) until they arrived at the solutions of
f(x)=x and g(x)=—x+1. Although the activity, which lasted for approximately 30 minutes,
might seem non-systematic, the act of controlling parameters provided a significant

clue for the activities that followed.

So-jung: (After setting the intercept of f{x) to 0, randomly changing the remaining
parameters and observing the shape of the three graphs) Ah, this is so vague.

Soo-yeon: Let’s try changing f(x) to a simpler one.

So-jung: (Inputs f{x)=x, g(x)=—1/3x+1, and h(x)=x(—1/3x+1) Should we increase the
slope? Instead of —1/3, —3/4?

So-jung, Soo-yeon: (Input f{x)=x, g(x)=—3/4x+1, and h(x)=x(—3/4x+1)) Oh... it’s similar.

Soo-yeon: Shall we try increasing the slope of g(x)?

So-jung: 5/6? (Inputs f{x)=x, g(x)=—5/6x+1, and h(x)=x(—5/6x+1)) It decreased.

Soo-yeon: 8/9? (Inputs f{x)=x, g(x)=—8/9x+1, and h(x)=x(—8/9x+1)) It decreased even
more.

So-jung: (After inputting f{x)=x, g(x)= —x+1, and h(x)=x(—x+1)) We got it.

Empirical Justification in the Process of Establishing and Examining Hypotheses

The students first thought that the two linear functions f{x) and g(x) needed to

form a right angle in order to satisfy the problem based on what they had learned in
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the previous session; the slope of g(x) is —1 and the slope of f(x) is 1 in the functions
f(x)=x, and g(x)= —x+1. In order to examine their hypothesis, the students first thought
that for the two functions to form a right angle the product of the slopes of the two
functions should be —1. Based on such an assumption, the students tried inputting
f(x)=2x, and g(x)=—1/2 x, and then f{x)=3x+1 and g(x)=—1/3 x, which are combination of
functions that form right angles. They discovered that this did not coincide with the
conditions required in the problem and thus came to the conclusion that formation of a
right angle would not be possible. This was the first instance of the use of empirical
justification - confirming examples. While the results were mathematically correct, the
students did not consider the possibility that there might be a difference once the
intercept value changed. As a result, they concluded that a solution was impossible
with the two functions set perpendicularly unless f(x)=x and g(x)=—x+I after
examination of few examples. Note worthy is the fact that the students did not attempt
to mathematically prove such facts.

After rejecting their first hypothesis, the students believed the absolute value of
f(x) and g(x) might be the same value but with opposing symbols. The students started
to examine this new hypothesis. As they had done previously, i.e. after several trials
and errors, they reached to a second solution of f{x)=2x and g(x)=—2x+1, which satisfied
the conditions given in the problem. In the process, they set the slope of f{x) and g(x) to
2 and changed only the intercept value, which produced the desired solution.

Soo-yeon: OK..Let’s try it. Let’s try changing it to 2. (Inputs f{x)=2x and g(x)=—2x+1/2).
Hmm... It’s roughly similar. Then should we try gradually increasing the y
intercept? It is kind of hovers.

So-jung: Let’s try 1. Oh, come to think of it we already tried 1.

Soo-yeon: Then 3/4? (Inputs f{x)=2x, g(x)=—2x+3/4, and h(x)=2x(—2x+3/4).)

So-jung: Since we can’t use 1, let’s try using a value that’s bigger than 1.

Soo-yeon: Bigger than 1? 3/2? (Inputs f{x)=2x, g(x)=—2x+3/2, and h(x)=2x(—2x+3/2))
It’s not working...

Soo-yeon: It has to be smaller than 1.

So-jung: Smaller than 1? But we already tried doing that and it didn’t work. Then
try 1.

Soo-yeon: 1? (Inputs f{x)=2x and g(x)=—2x+1.) That’s it.

After several attempts, the students found that the two solutions differed in
slope when the y intercepts were set at both 0 and 1. In order to meet the requirements
of the problem they ascertained that the absolute value of the slopes of the two linear
functions f(x) and g(x) are the same while the actual values differed in symbols. They
also concluded that only the y intercepts, to satisfy the problem, should be 0 and 1.
This is a clear example of empirical justification. The researcher, who served as the
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teacher, could have raised a counter example but did not suggest alternative activities

under the judgment that independent thinking needed to be encouraged.

Deductive Justification

At the beginning of the third session, the teacher tried to remind the students of
the results in the second session by suggesting a few examples and counter examples.
Through this process, the students discover that the intersection points of f{x), g(x) and
h(x) always appear on the x axis even when they do not intersect.

When the teacher encouraged the students to ponder why the intersection point
1s always set on the x axis, at first the students were unable to think of a reason. After
a while, the students understood that because A(x)=f(x)g(x), h(x)=0 when f{x)=0, g(x)=0,
therefore the intersection point appears on the x axis. The students were also able to
conclude that for f{x), g(x) and A(x) to meet at the x axis, f{x) and g(x) should be
symmetrically positioned around the vertex of 4(x) because the teacher encouraged the
students to think of both the point of contact and the intersection point. The students
were able to go ahead and deductively justify that, based on such certainty, the slopes
of f{x) and g(x) should be a and —a for the conditions of the problem to be satisfied.

Soo-yeon: But... the intersection point always appears on the x axis... Why is that?

So-jung: Oh you'’re right...

Teacher: Let’s try thinking of the reason why the intersection point always
appears on the x axis. How is 4(x) made? Isn’t it the multiplied value of f(x) and
g(x)? Then what do we get when we factorize /(x)?

Soo-yeon, So-jung: f(x) and g(x)...

Teacher: Then how do we get the root in a quadratic equation?

(Approximately 10 minutes passes.)

Soo-yeon:.Well... since they always meet at the x axis...hmm......Ok, I get it... When
we factorize h(x) we get f{x) and g(x) so ... i(x)=0 when we use an x that makes
f(x)=0, and g(x)=0 ... That’s quite evident....

Teacher: Think about the intersection point and point of contact.

So-jung: Since it is certain that they meet at the x axis..... Even if there are two
intersection points if we eventually increase it then they meet at the x
axis...Now I see...they meet at the x axis...so they should be positioned
symmetrically...

Soo-yeon: Oh... ok....I see...If f{x), h(x), and g(x) should meet then f(x) and g(x)
should be symmetrical... and so the slope in the graph .....

So-jung: Oh....from the x axis.....Then the slope of this (f{x)) is tan 0 , and this (g(x))
is tan(z—0). Hmm... Soif f{x) is a then g(x) is —a...I get it..

Soo-yeon and So-jung deductively justified that the symbols of the slopes are
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opposite. They empirically justified that the intercepts are 0 and 1, respectively, in the
second session and connect these two findings. They started proving that f{x)=ax and
g(x)=—ax+1 intersect with h(x)=ax(—ax+1).

Soo-yeon: Is this right? (asking the teacher) Since this is how they should
meet.....We used the discriminant and we got...0.

Teacher: That’s right... What does this mean? That the discriminant is 0?...

Soo-yeon, So-jung: They meet..

Y- -0x 1
Y= Ao+
GiKl- 0o 1) = X GX(~ 0+ 1) = — X+
—-917(1*07‘ =0 ~ (< ot - Qox [
032(1;‘7 O 420K 1 =
7 N=0"-0" =2

Figure2. Soo-yeon’s deductive justification: y=ax, y=—ax+1

Teacher: As we have seen so far they will meet as long as the symbols of the slopes are
opposite and the y intercepts are 0 and 1... But it seems to me that while we've
identified that the slopes are numbers of which symbols are opposite, we haven’t been
able to prove anything about the intercept yet. What kind of formula should we use if
we would like to make a proof about the intercepts of f{x) and g(x)?

(After some discussion, the two students put the intercept of f{x) as a and the intercept
of g(x) as b and then used the discriminant to examine the relationship between a and
b.)

ﬁ: ’K.‘:& ‘ 2.2 rQb \
- ; [ ped)ph) b bt destan
O: ' -'F ) L,.: 2 :
elh= 26~ + b 00 0% 4| +20b -2 20

re i
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Figure3. Soo-yeon’s deductive justification: y=x+a, y=—x+b
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Consequently, the students deductively identified that since a+b —1=0, the
intercepts of the two functions are not just respectively O and 1, but that their added
value is 1. The students also tried confirming this by inputting f(x)=x+4/5, g(x)=—x+1/5
and f(x)=x+1/2, g(x)=—x+1/2. When the graph was found to satisfy the given conditions,
the students arrived at the final conclusion that the conditions would be satisfied when
the slopes of the two functions f(x) and g(x) have different symbols with the same

absolute value and that the intercepts are added to be 1.

Discussion

The results of the present research show that two types of justification, namely
empirical and deductive justification are displayed in the process of solving algebraic
problems using graphing technology. These two types of justification were both
stimulated by virtue of graphing technology. In exploring graphs, the students
employed mathematical experiments by controlling variables, setting a hypothesis and
corroborating the hypothesis. As such the students were able to empirically confirm
the hypothesis and move on to deductive justification using the visual clues
represented by the graphs. Exploratory activities using technology make accessible
aspects that are not possible in a pencil and paper environment. In this respect, such
activities open up opportunities for students to advance to broader reasoning.

The empirical justification identified in the present research is slightly similar
to the second level found in Simon & Blume (1996), but the deductive justification in
this research differs from the third and fourth level in the same study. In view of the
fact that the third level exhibited deductive justification through ‘particular examples’
or ‘comprehensive examples’, it differs from the deductive justification found in this
research because it went beyond simply examining specific examples. The deductive
justification found in this research is also different with the fourth level in that it did
not reach a fully deductive level. Such results have significant implications for
mathematics instruction. First, the results show a process of transfer from empirical
justification to deductive justification. Such a transfer can be attributed to the visual
clues provided by the technology, but it is also important to point out that the
suggestions given by the teacher also played an imperative role. The students were
certain that their arguments were true by giving a few specific examples that
supported their hypothesis, but did not go on to ponder why they came to such a
judgment. Therefore the present research sheds light on the need for the teacher’s
instructional judgment in deductive justification. This candidly shows the significance
of the teacher’s role in the transfer to deductive justification.

Second, the research emphasizes the role of the teacher in the justification
process. The role of the teacher as a collaborator helps students draw a line between
the ideas formed with the help of graphing technology and the students’ previous

mathematical knowledge. Moreover, the role of the teacher as a thought-provoker in
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mathematical justification was identified. Although the teacher’s role as a collaborator
or thought-provoker was not found in the empirical justification process, but it was
found in the process of transfer from empirical to deductive justification. There are
limitations to solely relying on the use of graphic technology to reach deductive
justification. The teacher needs to carefully observe and sensitively respond to the
students’ activities and continuously encourage the students to mathematically
explain and justify what they have empirically justified. Such results have strong
implications for the role teachers should play in order to provide a meaningful learning

experience for students in teaching justification in a classroom environment.
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- A case study in Singapore -
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Abstract

The quality of teachers has been identified as one of the critical success factors of
high-performing education systems. The main purpose of this study is to investigate
how lesson study can deepen the professional development of teachers in Singapore.
The findings will be derived from a case study in a secondary school. The findings will
be discussed in terms of knowledge of subject matter, instruction and other impacts
such as teachers’ perceptions of collegiality among colleagues. Implications from these
findings can help school leaders and/ or policy makers consider the choice and
implementation of lesson study as an effective ground up, teacher-driven professional

development platform to raise the collective expertise of teachers in the long run.

Introduction

Over the past five decades, the Singapore education system has evolved
continually to meet the needs of the independent nation at different stages of her
development. The series of reforms have proven to build a robust education system
with high achievements in international studies such as TIMSS and PISA, particularly
in Mathematics and Science. The international study by McKinsey & Company (2007)
has identified Singapore’s education system as one of the best performing education

¢

systems in the world. Concluding that the “quality of an education system cannot
exceed the quality of its teachers”, the study identifies the quality of teachers and the
quality of instruction as two of the three main factors for the consistently high
performance of our education system. In addition, a more recent study published by
the National Staff Development Council (NSDC) (Feb 2009) has affirmed the high
standing of our education system and recognized the effective strategies put in place by
the Ministry of Education, Singapore (MOE) in relation to teachers’ professional

development.

Mathematics Education

Singapore’s Mathematics education focuses on mathematical problem-solving at
the heart of its curriculum. It was last revised in 2007 and continues to emphasize on
conceptual understanding, skill proficiencies and thinking skills in the teaching and

learning of Mathematics. Teachers were asked to provide more opportunities for
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students to discover, reason and communicate Mathematics. Students were
encouraged to engage in discussions and activities where they can explore possibilities

and make connections.

21¢t Century Education

Though Singapore has gained a high recognition for her Mathematics education,
there is an urgent need to take stock of the strengths of the system and concerns of the
21t century learning, given the context of a rapidly changing world. Like many
countries, Singapore faces the challenge of preparing students for life and work in the
215t century. In response to the global trends, MOE developed a 21%t Century
Framework to articulate the new sets of competencies and desired student outcomes.
They key competencies were 1) civil literacy, global awareness and cross cultural skills;
2) critical and inventive thinking; and 3) information and communication skills. The
desired student outcomes being a confident person, a self-directed learner, an active
contributor and a concerned citizen (NIE TE 21, 2010).

In order to develop the above competencies and achieve the desired outcomes,
teachers need to change their instructional approaches in the classroom. MOE
recognizes that teachers are the key to the change and is committed to enhance the
professional development of teachers to enable the change.

Professional Learning Community

In 2008, MOE announced a nation-wide effort to enhance the professional
expertise of their teachers by developing each school into a Professional Learning
Community (PLC).

The key objective of PLCs is to improve instructional practice that leads to
improved student learning outcomes. Each PLC will embrace 3 Big Ideas, namely
(DuFour & Eaker, 1998)

1) Focus on Student Learning
2) Focus on Collaborative Culture

3) Focus on Data-Driven Outcomes

Within a PLC, teachers are grouped into learning teams. Each team is guided by

4 critical questions on improving instructional approaches in the classroom. They are

What is it we expect students to learn?
How will we know when they have learned it?
How will we respond when they don't learn it?

L

How will we respond when they already know it?
- www.allthingsplc.org
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In this PLC context, schools are encouraged to choose any professional

development tools or platforms to embrace the 3 Big Ideas and 4 critical questions.

Lesson Study

One of the tools is Lesson Study. In particular, Japan’s method of teaching
Lesson Study is focused on because of Japanese students’ high levels of achievement
and it being centred on the idea that teaching is a complex, cultural activity (Stifler &
Hiebert, 1999).

Lesson Study, also termed as research lesson, is known as kenkyuu jugyou in
Japanese (Lewis, 2002), where kenkyuu means research or study, and jugyou means
lesson(s) or instruction. It is seen as a shift from teaching as telling to teaching for
understanding in Japanese Mathematics and Science education (Lewis, 2002), valued
by educators in Japan. The idea is simple: teachers coming together working in a group
throughout the lesson study process, collaborating to plan, observe and reflect on
lessons. However, developing and implementing effective lesson study can be complex,
as there are factors at work (Stifler & Hiebert, 1999).

The lesson study process consists of different parts — goal setting, research
lesson planning, lesson teaching and evaluation, and consolidation of learning.

For goal setting, a group of teachers identifies the research theme. It could be
students’ weakness in an area of learning, or a topic which educators find challenging
to teach.

Based on the identified goal, the team develops a lesson, called a research lesson.
The lesson goals are defined, with the teachers spending time investigating possible
resources, considering available lesson plans to start with while tapping on their own
experiences (Lewis, 2002). The thoughtful design of the lesson plan is the crux of an
effective lesson — a commonality in the professional practice of effective teachers
(Cowan, 2006).

The lesson planned is then taught by one teacher while the other team members
are present to observe the lesson and make notes as well as collect evidence of student
learning and thinking. There is then a discussion involving everyone in the lesson
study group, evaluating and reflecting on the lesson. The original lesson plan is then
revised.

With the revised plan, it is taught to another group of students. Meeting up after
the lesson to evaluate, reflect and work on the lesson plan will take place and the cycle
can be repeated with each new class the improved plan is delivered to (Appel, Leong,
Mangan, Mitchell & Stepnaek, 2007).

Finally, there is a consolidation of learning for sharing purposes. This is seen as
an important part of the lesson study process as the consolidating and sharing consist
of the findings about teaching and learning, together with the teachers’ reflections.
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With the knowledge gained, teachers can use them in planning and conducting future
lessons (Lewis, 2002).

Research Question
In this study, the research question being investigated is “What are the impacts
of Lesson Study on the professional development of Secondary Mathematics teachers?”

Method

Participants
The participants are seven Mathematics teachers of a learning team in a

secondary school. The profiles of the teachers and their roles are shown in Table 1

below.
Tablel. Profiles of teachers involved
Teacher | Profiles (years of teaching experience Role during research lessons
in Mathematics) (Sample size of classes, N,
shown in brackets)_
Experienced Teacher (eight years) Teaching : Class 1 (N = 39)
Observer : Class 3
B Experienced Teacher Teaching : Class 2 (N = 36)
(thirty-two years) Teaching : Class 3 (N = 37)
Observer : Class 1
C Beginning Teacher Observer : Class 2 and 3
(two years and six months)
D Experienced Teacher Observer : Class 2
(eleven years)
K Experienced Teacher Observer : Class 2 and 3
(six years and six months)
F Beginning Teacher (one year) Observer : Class 2 and 3
G Beginning Teacher (six months) Observer : Class 2 and 3

Two of these teachers were research teachers for three Secondary One
Mathematics classes (in three cycles). 112 Secondary One Express stream students (13
years old) were involved. The team consisted of four experienced and three beginning

teachers i.e. less than 3 years of teaching experience.
Procedure

Stage 1: Craft Research Theme

At the start of the lesson study cycle, the learning team came together to
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identify the research theme based on the school’s mission, vision, Mathematics
curriculum goals and 215t Century Competencies Framework. From the discussion, the
teachers decided on “developing students to be self-directed and collaborative
learners.” This theme gave the learning team focus and direction as they commenced

their lesson study cycle.

Stage 2: Plan a Lesson

In the lesson planning sessions, the team explored using group work to facilitate
the forming and solving of algebraic equations through the use of Polya’s model for
problem solving. Prior to the research lesson, two lessons were conducted to introduce

the Polya’s 4-step model to students (refer to Appendix 1).

Stage 3: Conduct the research lesson

For the research lesson, the lesson objectives are:
(a) Apply Polya's model to solve algebraic word problems
(b) Use the strategy of forming algebraic equation in one unknown to solve word
problems

The 45-minute research lesson was divided into 4 main phases: Introduction,
Group Work, Presentation, and Consolidation phases.

Students had been previously assigned to groups of four and the roles of the
group members were clearly explained (namely, Leader and Gatekeeper, Scribe and
Checker, Presenter and Praiser and Taskmaster and Timekeeper).

At the Introduction phase, the first 5 minutes of the lesson was used to brief the
students on the goals of the lesson and to reiterate the roles of the group members. In
their groups, students were tasked to solve a problem. It was a scenario where a piece
of rectangular land was divided into small square patches. Students were required to
find the length of each square, to express y in terms of x, and to formulate algebraic
equations to solve questions related to the problem (refer to Appendix 2). During the
group work phase, the teacher circulated among the groups to check on their progress,
attend to queries and provide affective support. At the Presentation phase, students
from some groups were called upon to present their solutions to the class. At the
Consolidation phase, the teacher discussed the solutions and consolidated the learning
with the class.

The research lesson was observed by members of the learning team. Observers
were tasked to take notes on the student outcomes and behaviours related to
self-directed and collaborative learning.

Stage 4: Conduct a Post-Lesson Discussion

After the research lesson, the learning team engaged in a post-lesson discussion

on the same day as the research lesson.
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Stage 5: Revise the Lesson

After the post-lesson discussion, the learning team went on to revise the lesson
plan carried out for Class 1 by Teacher A. The revised lesson was then repeated for
Class 2 and subsequently Class 3 by Teacher B. Hence, there were 3 cycles of research

lessons and post lesson discussions.

Data and Collection Methods

To measure the impacts of lesson study on the professional development of

teachers, both quantitative and qualitative data were collected using Pawtucket
Lesson Study Questionnaires (Adapted) (refer to Appendix 3) and teachers’ reflection
based on Key Learning Pathways (refer to Appendix 4).

Preliminary Findings
The following data were collected from the adapted Pawtucket Lesson Study
Questionnaires. The items were based on a Likert scale of 1 to 5. The following

statements showed evidence of positive results:

Pawtucket Lesson Study Questionnaire:

Part A of Survey

Item | Statement Mean

1 The research lesson matched our overarching goal 4.17

2 Developing the research lesson allowed me to better understand | 4.17
student thinking and/or challenges in my content

3 Participating in LS Cycle was a valuable professional development | 4.83
activity

4 Observing student learning and thinking during the teaching of the | 4.83
research lesson was an important learning opportunity

Part B of Survey

1 I think about Lesson Planning and my teaching differently as a | 4.67
result of participating in LS

2 I more carefully select instructional materials and questions as a | 4.67
result of LS

3 I anticipate and plan for student understanding in my lessons as a | 4.67
result of LS.

4 Lesson Study has helped me to be a better teacher 4.67

These results were supplemented with teachers’ reflections based on Key

Learning Pathways which were summarized below:

Increased Knowledge of Subject Matter
Teachers studied the topic of algebra and the progression of this topic from
Primary 6 to Secondary 1. They clarified the sequence of the topic leading up to the

content they were planning to teach in the research lesson. This helped teachers to
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revisit the pre-requisites of the topic and make better connections from what students

have already learnt to what they were required to learn.

Increased Knowledge of Instruction

The team discussed on the challenges the students faced with the topic and
deliberated on the different ways that students could learn problem-solving more
effectively. One of the ways is to use Polya’s model for problem solving which provides a
framework for students to practice systematic thinking. This model was new to the
beginning teachers and some of them highlighted that this model was useful in their
teaching of mathematical problem-solving.

The teachers also delved into literature related to self-directed and collaborative
learning. Specifically, they studied more about cooperative learning and learnt from
extensive literature that cooperative learning encourages higher achievement
compared to individualistic learning. With the newly acquired knowledge of the five
basic elements of cooperative learning, namely positive interdependence, face-to-face
interaction, individual and group accountability, interpersonal and small group skills
as well as group processing, they team facilitated group work and designed the task/
problem more purposefully to promote collaboration among the students. One teacher
commented, ‘Using cooperative learning in our teaching approach can help students to
develop one of the 21t century skills i.e., to develop students to become collaborative

learners.’

Increased Ability to Observe Students

Teacher-observers made use of the observation checklist provided to observe and
analyse student thinking, understanding, problem solving and the cooperative or non-
cooperative group dynamics taking place among the students. Team members had
observed some ineffective leaders’ behaviour in the groups which affected the learning
outcomes and the dynamics of the group. One teacher commented, ‘The undesirable
behaviour exhibited by some students could be due to ‘mismatch’ in the group. In
subsequent group work, I have to be mindful how to assign the students based on their
characteristics to bring about the desired behaviour.’

Stronger Collegial Networks

Evidence for stronger collegial networks was seen in the building of a
community of professional practice where the team of teachers discussed student
learning, teaching strategies, teaching resources and student learning outcomes. As a
result of this lesson study collaboration, teachers had become more comfortable with
observing one another’s lessons, and discussing strengths and weaknesses with the
common goal of improving student learning. There had also been a greater willingness

to learn from one another, share teaching resources and help one another.
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Stronger Connection of Daily Practice to Long-Term Goals

Throughout the lesson study cycle, the team discussed at length how they could
link the 21%t century competencies to prepare students for learning and life. As the
team worked on the lesson plan, the long term overarching goals, to develop students
to be self-directed and collaborative learners, were constantly surfaced. Teachers also
reflected that after the lesson study experience, they were mindful of applying this goal

in their preparation of daily lessons.

Limitations

The main constraint is time factor. It was a great challenge for teachers to find
common time to meet and engage in discussions. Due to heavy teaching commitments,
the members in the team were also not able to observe all research lessons. Another
limitation is the small sample size. Teachers’ difficulty in observing, recording and
analysing data is another limitation. This could be addressed by collaborating with
knowledgeable others from educational institutes who have the content knowledge,

lesson study experience and data management expertise.

Conclusion & Implications

Lesson Study has become increasingly popular in Singapore schools as it
provides opportunities for teachers to enhance their professional knowledge through
collaborative efforts in designing a lesson plan, observing a real lesson and discussing
observations of student learning. Such a collaborative learning platform shows positive
impacts on teachers in a secondary school in terms of increased knowledge of subject
matter, instruction for promoting mathematical problem-solving, enhanced ability to
observe student learning and others. These findings can be used by school leaders
and/or policy makers to promote such ground-up, teacher-driven professional
development platform to enhance teachers’ competencies and to enable school-based
curriculum innovations in the future. This calls for further research on the
effectiveness of Lesson Study as an alternative form of professional development for

teachers versus traditional workshops in training settings.

References

Barber, M., & Mourshed, M. (2007). How the worlds best performing school systems
come out on top. London: McKinsey and Company.

Wei, R.C., Darling Hammon, L., Andree, A., Richardson, N. & Orphanos, S. (2009).
Professional learning in the learning profession: A status report on teacher
development 1n the United States and abroad. Dallas, TX. National Staff

Development Council.

— 188 —



Chong-Mok, W. Y. (2010). Teaching and learning of 215 century competencies in schools.
NIE TE21 Summit, 2 Nov 2010. Retrieved 29 September 2011 from
www.nie.edu.sg/files/ EPD%20Presentation%20%40%20TE21%20Summit

DuFour, R., & Eaker, R. (1998). Professional learning communities at work: Best
practices for enhancing student achievement. Bloomington, IN: Solution Tree
(formerly National Educational Service).

Stifler, J.W. & Hiebert, J. (1999). The teaching gap: Best ideas from the worlds
teachers for improving education in the classroom. New York: The Free Press.

Lewis, C. C. (2002). Lesson study: a handbook of teacher-led instructional change.
Philadelphia, PA: Research for Better Schools, Inc.

Cowan, P. (2006). Teaching Mathematics: A handbook for primary and secondary
school teachers. New York: Routledge Taylor & Francis Group.

Appel, G., Leong, M., Mangan, M.T., Mitchell, M. & Stepanek, J. (2007). Leading lesson
study: A practical guide for teachers and facilitators. Thousand Oaks, California:

Corwin Press.

Copyright (C) 2012 < Yeap Ban Har, Peggy Foo, Soh Poh Suan>. The author grants a
non-exclusive license to the organizers of the Hiroshima Conference (Graduate School
of Education, Hiroshima University) to publish this document in the Conference
Reports. Any other usage is prohibited without the consent or permission of the author.

— 189 —



Appendix 1

Polya’s Model
Formulate Linear Equations in One Unknown

Problem Solving Processes (Polya’s Model)

Step 1: Understanding the problem.
O What do you want to find?
O What information is given?
O What are the unknowns?

Step 2: Devising a plan.
O Formulate an algebraic equation

Step 3: Carrying out the plan.
O Solve the algebraic equation

Step 4: Looking back.
O Is the solution reasonable?
O Does it satisfy the original problem?
O Is there another easier method to find the solution?
O Extend the solution to solve other problems
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Appendix 2
Problem

A school decides to give out small patches of their land to students, who will be given
the responsibility of growing their own garden in these patches.

The rectangular land is divided into small square patches as shown in the figure below.
The length of the smallest patch is x metres. The length of square patch H is y metres.
[Note: the diagram is not drawn to scale]

.
A I 1
B
-}' X -w
G
F
E
C.
D
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Make use of the Polya’s model to solve each of the following questions.

a)

b)

c)

d)

e)

Find the length of each square patch in terms of x and y.
Express y in terms of x.

The sum of one-sixth of the perimeter of F and two-thirds of the perimeter of E
is 208 metres. Find the value of x.

The total cost of fencing up the perimeter of the rectangular land is $2 860.

Given that each metre of fence costs $2.20, find the value of x.

A boy ran round the perimeter of B at a speed of 8 metres per second.

A gir]l ran round the perimeter of F at a speed of 5 metres per second.

The total time taken by both the boy and girl to complete their run is 124
seconds.

Find the value of x.

(Source adapted from HeyMath!@Sankhyaa Learning (P) Ltd)
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Appendix 3

Pawtucket Lesson Study Questionnaire

SD D N
Strongly Disagree = Disagree Neutral

Part 1: The Lesson Study Cycle

1

10

11

12

Meetings during the LS cycle were held at
convenient times.

I was able to attend all of the meetings during
the LS cycle.

My LS team collaborated effectively to plan a
research lesson.

The research lesson matched our overarching
goal.

My LS group used textbooks, research, or
other outside information to help plan the
research lesson.

We had an opportunity during the LS cycle to
do the problem of the research lesson to help
anticipate student understanding.
Developing the research lesson allowed me to

think deeply about issues in my content or
teaching.

Developing the research lesson allowed me to
increase my content knowledge.

Developing the research lesson allowed me to

to better understand student thinking and/or
challenges in my content.

Observing student learning and thinking
during the teaching of the research lesson

was an important learning opportunity.
I feel our research lesson was successful.

Participating in a LLS cycle was a valuable
professional development activity.
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SD

1

SA
Strongly Agree

N A
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4

SA



Part 3: Applying and Learning From Lesson Study SD D N A SA

13 I gained specific new understandings about 1 2 3 4 5
my content and teaching from LS.

14 I have been able to apply these new 1 2 3 4 5
understandings to my teaching.

15 I think about lesson planning and my teaching 1 2 3 4 5
differently as a result of participating in LS.

16 I more carefully-select instructional materials 1 2 3 4 5
and questions as a result of LS.

17 I anticipate and plan for student 1 2 3 4 5
understanding in my lessons as a result of LLS.

18 Lesson study has helped me to be a better 1 2 3 4 5
teacher.

19 What do you think are the strengths of lesson study?
20 What are your concerns about lesson study?

21  What suggestions do you have that would help us better implement lesson study?

Adapted from Jennifer Stepanek, Gary Appel, Melinda Leong, Michelle Turner
Mangan, and Mark Mitchell, Leading Lesson Study- A Practical Guide for Teachers
and Facilitators, (Thousand Oaks, Corwin Press) 147-148.
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Appendix 4

Teachers’ Reflections
Key Learning Pathways

Increased knowledge of subject matter

Evidence:

Barriers:

Increased knowledge of instruction

Evidence:

Barriers:

Increased ability to observe students

Evidence:

Barriers:

Stronger collegial networks

Evidence:

Barriers:
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Stronger connection of daily practice to long-term goals

Evidence:

Barriers:

Stronger motivation and sense of efficacy

Evidence:

Barriers:

Improved quality of available lesson plans

Evidence:

Barriers:
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